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Abstract

The literature suggests that CD44 has the potential to be used as a non-invasive
tumour specific marker for early detection and monitoring. The gene transcript can
undergo alternative splicing, leading to the production of a number of isoforms and it
has been noted that in neoplastic states this splicing becomes abberant, leading to the
production of a number of variant isoforms. The aim of this study was to analyse
CD44 variant expression with the goal of reaching a platform from which a non-
invasive assay for routine clinical use could be produced.

In this study, the analysis of exon junction splicing in bladder cancer has also led to
the finding of a tumour specific junction expressed in 64% of tumours studied. This
exon junction (5/11) was found to be the same as that expressed in colorectal cancer.
Though mRNA based assays would provide a satisfactory method for exon junction
identification, a protein based approach would provide the platform for a more robust
assay.

Translation of gene expression data led to the design of a short synthetic peptide
which overlapped the 5/11 junction, and this was used to produce a novel polyclonal
antibody for this transitional epitope. The resulting polyclonal antibody was affinity
purified and used in a pilot study of 5/11 expression in bladder and colorectal
tumours.

In bladder tumours the antibody demonstrated an overall specificity of 76.5% and an
overal sensitivity of 73.1 %, comparable to current commercially available early
detection assays. In a Dukes staged colorectal cancer study, no link between stage
and grade was noted, but the antibody gave an overall specificity of 76%.

Though further analysis is required, it is thought the 5/11 antibody may prove to be a
useful tool in the development of a sensitive and specific assay for the non-invasive
detection of bladder and colorectal cancer.
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1 Introduction

In 2001 ‘the National Statistics Office published a report examining the trends in
cancer rates in England and Wales between 1950 and 1999. A comparison of the
mortality rates from cancer and those from three other major causes of death (heart
disease, stroke and infectious disease) demonstrated that mortality from cancer
exceeds that found with the other conditions. This is not due to a significant increase
within mortality rates, but due to a decrease within mortality rates from the three other
named conditions. This suggests that though changes in the detection and
management of these conditions have been effective, much work is still needed in the

field of cancer (National Statistics Office, 2001).

Within the UK, cancer is predominantly a disease of the elderly, and with an
increasing population age , mortality rates could be set to increase. As our scientific
knowledge about cancer develops, so our ability to treat or slow down its progress
becomes greater. We cannot yet eliminate this condition, therefore we need to have a
method of detecting the disease at an early stage, before it becomes too advanced to

treat.
1.1 Introduction to cancer biology

Cancer has been described as “a disease of uncontrolled proliferation” (Rubin and
Farber, 1995). Though this may appear true from a pathological respect, this
description gives no indication as to the complexity of the underlying factors involved

in its development.

To convey the intricate nature and to present the wide ranging research required to
elucidate all mechanisms involved in the development of cancer, an overview of
tumour formation, including cellular control in both normal and tumour states is
required and described herein. It is the key regulators within these mechanisms that
can be used as markers for the presence of cancer, and which can be exploited in

assays for early detection and management through the monitoring of recurrence.



1.1.1 The molecular basis of cancer

The etiologic basis of cancer is broadly divided between those that arise due to an
inherited susceptibility and those that do not. It is the latter sporadic form which
predominates in all populations, and is caused due to the interaction of a number of
both internal and environmental factors, through a process described as

carcinogenesis.

Carcinogenesis

Carcinogenesis is a multistep process which constitutes the first step towards
neoplastic tumour development. The first step within the carcinogenic pathway is
initiation. It is at this point that an initiating factor (or carcinogen) whether chemical,
form of radiation or viral, generates a genetic mutation within a cell. This mutation
does not take effect until a secondary factor, a promoting agent, is present. These
factors stimulate increased growth and proliferation, resulting in the presence of an

increased number of mutated cells (King, 2000).

This mechanism was elucidated through the use of skin painting experiments in mice,
and these exemplify the simplest carcinogenic process. Classically DMBA (a
polycyclic hydrocarbon) when painted onto the skin generates an inheritable
mutation. No phenotypic effect is seen until croton oil (the promoting agent) is
painted on, weeks after the initial DMBA treatment. The croton oil induces signalling

cascades within the cell which increase its proliferative ability.

Initiation is therefore the point at which the primary genetic mutation occurs. Cells
may differ genotypically, bﬁt phenotypically are no different to those in the
surrounding population. Cells may remain in this initiated yet latent stage for a
number of years until acted upon by a promoting agent. These are numerous, and
vary from cell specific factors to hormones and normal growth promoters. The aim of
the promoting agent is to stimulate and then increase a cells proliferative ability. This
may involve the effects of a number of agents over a period of time, rather than one
single event. Once a cell begins to proliferate it enters the stage of progression, where
an increasing number of mutations and loss of growth regulation lead to eventual

tumour formation if left unchecked.



Cell growth and proliferation

Cellular growth and proliferation in normal tissues is highly regulated. The cell cycle
(Figure 1.1b) is central to this and is composed of four main phases G1, S, G2 and M,
though cells may also undergo a G0 or quiescent phase where cells are neither
growing or proliferating. Of these stages S and M could be considered the most
important, as it is during S phase that DNA synthesis occurs, in preparation for the
cell to divide during M (Mitosis) phase. G1 and G2 are growth phases during which
the cell grows and accumulates the necessary proteins for S and M phases to proceed.
“The cell cycle is controlled through the interaction of three protein families — cyclins
(phosphatases), cyclin-dependent serine / threonine kinases and cyclin-dependent-
kinase inhibitors. The cyclin-dependent kinases are activated via the cyclins, or
inhibited via the kinase inhibitors. These proteins are present throughout the cell

cycle, with different family members prese‘nt at each phase (Pardee, 1989).

A cell enters G1 when stimulated to grow by cell-specific growth factors, hormones
or cell contacts. Stimulatory signals induce signalling cascades within the cell,
resulting in transcriptibn of regulatory proteins for cell cycle progression to begin.
During G1 a cell may undergo a number of growth and arrest periods before passing
the restriction point (R) at which a cell commits to division (Pardee, 1989; Hartwell
and Weinert, 1989). Before entering S phase the cell must traverse a “checkpoint”
where the inhibitory force of Rb (the protein product of the retinoblastoma gene) is
removed and to ensure DNA integrity before synthesis at S phase. The protein p53
mediates this process and delays cell cycle progression if DNA damage is detected.
This occurs via stimulation of p21 protein to inhibit DNA synthesis, and subsequently
to stimulate DNA repair mechanisms. If the damage is irreparable then p53 mediates
the entry of cells into apoptosis (cell death). Progression through S phase is rapid, to
minimise the possibility of DNA damage due to external factors during replication. A
second checkpoint is present between G2 and M, to assess DNA integrity after S
phase. Any aberrant cells will not enter M phase, but will enter the apoptotic

pathway, again mediated by p53 (Hartwell and Weinert, 1989).

A number of signal transduction pathways may be résponsible for the signalling
cascades which trigger cell growth (figure 1.1a). The most well characterised of all

pathways is the Ras / Map kinase pathway, which involves binding of a signalling -

LI
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molecule to a specific transmembrane receptor. This activates a Ras protein by
phosphorylation, either through activation of a G-linked protein or via intrinsic
tyrosine kinase activity. Ras is a monomeric GTPase which is membrane-bound, and
activation of this protein starts a serine / threonine phosphorylation cascade within the
cytoplasm via the Raf and Mek protein kinases, and a tyrosine / threonine
phosphorylation, to activate Map kinase. Activation of Map kinase (MAPK) allows it
to enter the nucleus where it can phosphorylate specific transcription factors such as

Myc, Fos and Jun (Lodish et al, 1995).

In normal tissues, cellular proliferation does not occur on its own, but occurs in
balance with cellular death. Apoptosis is the process by which cells which have
sustained lethal or irreversible damage may be removed from tissue without causing
damage to surrounding cells. It is a highly regﬁlated process which can be divided

into three phases — induction, commitment and degradation.

Apoptosis

A cell may enter apoptosis due to a number of inducing factors including a decrease
or complete withdrawal of growth signals, the influence of “death signals™ from TNF
(Tumour Necfosis Factor) and Fas ligand, or via pS3 dﬁe to DNA damage degected
during the cell cycle (figure 1.1.c). The movement from the induction to commitment
phase occurs due to the activation of one of a group of proteins known as the caspases
(cysteine aspartate proteins) within the cytoplasm. This caspase cleaves a protein,
Bid, which then enters the mitochondrial membrane where it interacts with a group of
regulatory proteins — the BC] family. This family consists of BCI2, an anti-apoptotic
protein, and the pro-apoptotic proteins, BAX and Bad. If the concentration of BAX is
high enough, then the cell will enter the degradation phase from which it cannot
return; whilst if BCI2 is present in a high enough concentration then a cell will not
enter apoptosis. Cells that enter apoptosis via p53 enter the effector phase at this BCI2
/ BAX level, as p53 induces an increase in the presence of BAX at the mitochondrial
membrane. If a cell enters the degradation phase then a change in the permeability of
the mitochondrial membrane results in the release of cytochrome C and calcium ions
from within the mitochondria. Cytochrome C activates procaspase 9 which leads to
the activation of a number caspases within the cytoplasm, resulting in the breakdown

of membranes and the cytoskeleton. The release of calcium ions leads to the



degradation of DNA by calcium ion sensitive nucleases. The end result of apoptosis
is cellular fragmentation resulting in the production of apoptotic bodies which are

engulfed by neighbouring cells (Bossy-Wetzel and Green, 1999; King, 2000).

For the balance between cellular proliferation and cellular death to be maintained, all
mechanisms discussed must be in place. In cancer, loss of controls in favour of
increased proliferation and decreased apoptosis lead to tumour formation. The loss of
control may occur at any level such as signal transduction or G1 phase, and is due to
either mutation or the complete loss of any number of proteins required for these
mechanisms. At a DNA level, the genes encoding these proteins have been divided

into two groups — oncogenes and tumour suppressor genes.

Oncogenes and tumour suppressor genes
Oncogenes were discovered after investigations into the effect of transforming
retroviruses on animal cells found that viral genes responsible for certain changes
have cellular homologues. To distinguish between oncogene types, those of viral
origin are denoted as v-onc, and those of cellular origin as c-onc. Mutations within the
oncogene result in a gain of function, therefore the “normal” non-mutated forms are
described as proto-oncogenes. This gain of function is termed transforming potential
and is due to mutations within the coding regions and / or regulatory sequences of the
oncogene. The resultant phenotype changes may be either qualitative (altered
product), quantitative (change in levels of product) or a combination of both. For
example, within the Ras family of proteins a number of possible mutations can occur,
but all result in a permanently active GTPase. There are five classes of oncogenes,
grouped according to function of the proto-oncogene protein product :

Class I — Growth factors eg sis (Platelet derived growth factor)

Class II — Receptors eg-erbB (Epidermal growth factor receptor)

Class III — Intracellular transducers. There are four classes of transducer;

tyrosine kinases, serine/threonine kinases, Ras proteins and adaptor proteins.

Class IV — Nuclear transcription factors eg myc, fos.

Tumour suppressor genes were found to be responsible for the inhibition of certain
processes, and their regulatory functions must be reversibly inactivated for cell

growth to occur. Tumour suppressor genes are therefore directly involved in the



control of cellular proliferation. Instead of a gain of function due to mutation, tumour
suppressors suffer loss of function. p53 and Rb are the two most widely researched
tumour suppressor genes, though others are known. Of all the genes mutated in
cancer, p53 is the most frequently changed and over 2000 inactivating mutations have
been noted this far. It is one of a group of proteins, but the role of others within this
family is not yet fully understood. Due to its involvement in both cell proliferation
and apoptosis it 1s considered to be of importance within the development of most

cancers (Lodish ef a/ 1995; King 2000).

Another mechanism which is linked to proliferation and apoptosis is that of
differentiation. This can be defined as “changes in gene expression by which a
precursor cell becomes a distinct specialised cell type”.  Proliferation and
differentiation are processes which do not occur at the same time and not all
differentiated cells retain the ability to proliferate. Cell cycle regulators such as Rb,
p53 and some cyclins are thought to be involved in the control of differentiation, the
importance being that tumour cells are often found to be poorly differentiated though

they may have originated from a well differentiated cell type.

Cell adhesion molebules

As proliferation increases and tumour formation begins, a number of change's'in the
interaction with of cells with their surroundings occur. Cells are surrounded either by
other cells or extracellular matrix (ECM), and interact with these through the use of
cell adhesion molecules. These are specialised transmembrane proteins which cause
cells to adhere to the ECM and to maintain tissue architecture by cell to cell
adhesion. There are four main classes; integrins, cadherins, immunoglobulin

superfamily and selectins.

Integrins are expressed in all cell types and are involved in a number of normal
cellular functions including cell proliferation and apoptosis, through interaction of the
cell with the ECM. They are involved in signalling and have been shown to initiate
the MAPK cascade and hence influence gene expression and cell cycle control. As
cells become malignant it has been shown that integrin expression is either changed or

lost completely. Therefore they are thought to have the potential to mediate tumour



formation and metastasis and have also been shown to be positive mediators of

angiogenesis.

Cadherins are intracellular adhesion molecules and maintain tissue architecture and
differentiation status of epithelial tissues. The major epithelial form is E-Cadherin
and it has been shown that tumours which show a radical decrease or complete loss of
this form are poorly differentiated and highly invasive. Similarly, loss of members of
the immunoglobulin superfamily increases the metastatic potential of the cell.
Members of the immunoglobulin superfamily and selectins are also involved in
migration of tumour cells from the site of origin resulting in the formation of

metastases (Lodish ef al, 1995; Miyasaka, 1995)

1.1.2 Pathology of cancer

Pathological stages in the development of cancer

Pathologically, a number of distinct stages can be noted once cells enter progression
towards the formation of a multicellular tumour. It is here that an important
distinction needs to be made. The presence of a tumour mass does not equate to the
presence of a cancer. A benign tumour is a mass formed due to overproliferaﬁon of
cells, but which remains within its tissue boundaries. A cancerous (or malignant)
tumour is an overproliferation of cells, which has then gained the ability to invade

surrounding tissue areas and metastasise (Weinberg, 1995).

The initial pathological change seen in the development of a tumour is hyperplasia,
where a cell begins to proliferate with no apparent control. As cellullar defects
increase in number, less control exists on which cells enter the cycle and pass through
checkpoints. Cells with a genetic mutation begin to increase in number and show
phenotypic change,v a stage known as dysplasia. From the dysplastic stage cells then
enter a stage of metaplasia or anaplasia (depending on tissue type), where an
increasing phenotypic change is noted. The next stage is described as a cancer in situ,
as a tumour mass is formed of cells phenotypically different to those in the
surrounding cell population, but still confined to the boundaries of that population.

Further mutations may then enable it to invade the surrounding population, forming



an invasive cancer. Invasive tumours can then enter the blood vessels or lymphatic
system allowing tumour cells to circulate around the body and form tumours within
other tissue sites. If these tumours are still attached to the primary tumour then these
are described as secondary tumours. If the new tumours are found not to be attached,
and at distant sites within the body, they are described as metastases (Weinberg,
1995). |

Clinical classification of tumour stage
To aid in the diagnosis of cancer, there is a need for classification of tumour type.
Classification must identify tumour type according to cellular origin, pathological

grade and whether it has entered blood or lymph nodes.

The need for such a system was met by the TNM classification system developed by
Pierre Denoix and subsequently published by the International Union Against Cancer
(UICC). The first booklet published in 1958 gave recommendations for classification
of tumours of the breast and larynx, with the first complete book, classifying tumours
in 23 body sites, published in 1968 (Sobin, 2001). The classification book has now
reached its 6™ edition, and TNM is the system promoted by the World Health
Organisation (WHO). It is an anatomic system, based on the extent of the tumour at
the primary site (T), presence or absence of tumour in regional lymph nodes (N) and
presence or absence of tumour beyond regional lymph nodes (M). The objectives of
the system are to provide information useful in the planning of treatment, indication
of prognosis and also to evaluate results of treatment. The system covers all known
tumour types, but does not classify each tumour in the same way (Sobin, 2001). Other
similar methods of classification are available for some tumours. For example,
colorectal cancer can also be classified under a system known as Dukes staging, this

being the method of choice within the UK.
1.1.3 Diagnosis, detection and screening

Research into the underlying causes of cancer leads directly to an important factor in
its clinical management, namely early detection and diagnosis of the disease. To
discuss these topics, a clear definition of these terms is required. Diagnosis is defined

as the “identification of a disease from its symptoms” (Oxford Dictionary), therefore



the disease has progressed to the stage where clinical symptoms are present. Early
detection determines whether or not a disease is present before its symptoms appear,
usually in the form of a screening test. Screening involves the testing of clinically
asymptomatic individuals to determine whether the disease, or markers of that disease

are present.

In the case of cancer, reaching the stage of diagnosis due to clinical symptoms may be
considered to be too late, as the tumour may be well established and difficult to treat.
[t may also have become invasive or metastatic and therefore spread to other body
tissues distal to its site of origin. Early detection strategies aim to detect the tumour at
an early stage in its progression (dysplasia) at a point where it can easily be treated

and has caused no threat to other body tissues.

Current diagnostic tests Vary.greatly, and strategies for diagnosis often involve the
interaction of a number of methods. For many cancers imaging of the affected organ
may be the first step eg in cancers of the oesophagus, colon and bladder, endoscopic
methods are used to investigate the presence of a tumour mass and find its exact
location within that organ. Similarly ultrasound and x-ray techniques are invaluable
in the detection of gynaecological malignancies and tumours of the lung. Once the
tumour has been located the next step is the taking of a small section of tumour, a
biopsy, and the subsequent evaluation of this tissue by trained pathology staff to
assess whether the tumour is malignant or benign, and if found to be malignant, assess
its stage and grade. These methods are often described as the'diagnostic “gold
standards” and any new diagnostic methods described must be comparable to these in

terms of specificity, sensitivity and reliability.

Tests for monitoring of malignancy, through early detection, are not intended to
replace diagnostic methods, but to complement them. A successful test must be able
to detect the presence of disease markers reliably, such that the positive presence of a
marker then requires further examination to determine at what stage the disease is; A
negative result can definitively state, that at the point of testing, the patient is
considered disease free. This ensures that the more invasive, involved, expensive
procedures of full investigation are only undertaken on patients who require this in-

depth study, and confirms that patients who do not appear to require these tests really
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do not require them. The reliability of the assay is of importance, as a high number of
false positives will result in a high number of unnecessary investigations and
conversely a high number of false negatives will result in a large number of diseased
patients being missed, therefore leading to increases in late stage treatment and
possibly mortality. Though the same requirements can be applied to assays for
population screening, these require a higher sensitivity and specificity than is
expected within monitoring assays. The requirement for cheap, quick non-invasive
assays had led to the search for markers of disease which can be used in such assays.
A number of routine diagnostic tests now employ such markers, but many are not
sufficiently sensitive for monitoring purposes due to their inability to detect tumours

at sufficiently early stage.
1.1.4 Tumour markers

The molecules investigated for their potential within detection or diagnostic uses have
often been described as tumour markers. These markers indicate the presence ‘of
cancer and may give some insight into prognosis. For a marker to be of use, it must
be easily detectable and must show a difference in expression when compared to
normal tissue, either a loss or gain of expression or a significant change in the level of
expression. These markers may be either causative within tumour developmént (eg
p53 tumour suppressor gene mutation) or be useful as a conequence of the changes

occurring (eg Carcinoembryonic antigen production).

The most widely investigated group of markers are those involved in the regulation of
normal mechanisms such as proliferation and apoptosis, where mutational change
causes a change in function which aids tumourigenesis. These are the oncogenes,
tumour suppressor genes and cell adhesion molecules which were discussed in section
1.1.2. As they are thought to be involved in the development of most cancers,
investigations into their use as general markers of cancer have been undertaken. p53
is one of the most widely investigated marker at both gene and protein level and has

been shown to provide information about the stage of tumour as well as prognosis
(King, 2000).
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As more information is gained about the development of cancer, the number of
markers which can be exploited for diagnostic purposes will also increase. Our
knowledge to this point has provided a variety of markers which can, and have been
investigated in terms of diagnostic and prognostic potential. Some (eg Prostate
Specific Antigen (PSA)) are speciﬁé for one tumour type and are being used
clinically, others (eg telomerase) have been found to be present in a wide range of

tumours but are currently research tools only.

The work presented in this thesis investigates the potential of one marker, CD44 as a
detection tool for both bladder and colorectal cancer. A review of current knowledge
regarding CD44 will now be presented, followed by reviews of bladder and colorectal

cancer, including aetiology, pathology and current detection techniques.

1.2 CD44

CD44 is a transmembrane glycoprotein which is expressed on virtuall‘y all human cell
types. It is a cell adhesion molecule with Hyaluronan, a coinponent of the ECM,
being its primary ligand. The gene can undergo alternative splicing, a process which
can result in a number of variable isoforms, leading to the production of variable
protein isoforms, a number of which havé been shown to differ in their adhesive
qualities. The loss of regulation and overexpression of these variant isoforms within
tumour cells has implicated CD44 in the formation of metastases, and has led to its
investigation as a posSiblétumour marker (Lesley and Hyman, 1998; Goodison and

Tarin, 1998(b)).
1.2.1 Background

The presence of CD44 protein was first noted in 1980 by Dalchau ef al, through the
use of a monoclonal aﬁtibody directed against it. [t was first described as brain-
granulocyte-T lymphocyte antigen due to its expression on these cell types, though
later work demonstrated its presence on all haematopoietic cells and most other cell
types (Dalchau et a/, 1980). Many other groups detected similar proteins, again

through the use of monoclonal antibodies leading to a variety of labels for the same
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protein. Confirmation that all antibodies detected the same protein led to CD44

gaining the CD designation in 1987 (Naor et al, 1997; Haynes ef al, 2001).

Initial investigation into its role demonstrated its ability to bind to hyaluronan, and
later studies also noted binding of CD44 to fibronectin and collagen (Haynes et al,
2001). The finding by Jalkanen ef a/ in 1986 that CD44 protein (here defined as
hermes, due to the monoclonal antibody used in its detection) was involved in
lymphocyte interaction with endothelial venules led to its description as a lymphocyte

homing receptor (Jalkanen et al, 1986).

Early studies on the expression of CD44 at a gene level suggested the presence of an
alternative splicing mechanism, highlighted by the difference in size of the protein

form on haematopoietic cells and that on epithelial cells.

1.2.2 The CD44 gene

In humans, the gene for CD44 has been mapped to the short arm of chromosome 11,
in close proximity to a region involved in suppression of metastasis in some tumour
types (Giinthert, 2001). Analysis of CDNA transcripts from a variety of cell types
suggests the involvemenf of an altemafive splicing mechanism in the arrangement of
the gene due to differences in transcript size. Sequencing of the gene by Screaton et
al in 1992 demonstrated a gene containing at least 19 exons, of which 12 were
_ thought to be alternatively spliced (Screaton et al, 1992). It has since been noted that
h fhere are at leést 20 exons in total, spanning approximately 60kb (Giinthert, 2001). Of
these 20 exons, 10 are constitutively expressed and 10 are expressed through
alternative splicing. The presence of 10 variant exons was confirmed by Tolg et al in
1993, and it was this group that suggested a standard and variant nomenclature for the
exons. The 10 constitutively expressed exons (1-5 and 16-19) were described as
standard exons and formed the standard form 0f the gene — CD44S. The 10 alternative
exons (6-15) were described as variant, and inclusion of these into the standard
backbone produces the variant form of the gene — CD44V (Tolg ef al, 1993). The

gene structure as described here is illustrated in figure 1.2 below.
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Figure 1.2 — Structure of the CD44 gene, demonstrating the presence of both standard and variant
exons. Exons 1-5 and 16-20 produce the standard bacbkbone, whilst the presence of variant exons
(numbered exons 6-15) between exons 5 and 16 produces the variant form of the gene. Figure adapted

from Woodman et al, 1996.

It is with the exon nomenclature that some confusion can arise. Variant exons can
either be described by their exon number within the gene structure, ie 6-15, or they
may also be described by their variant number ie 1-10. In this thesis, the standard

numbering system of exons 1-20 will be employed in the main.

Alternative splicing of the gene occurs at exon 5, with alternative splicing and donor
sites present at exon 5 and exon 7 (variant 2). It was also noted by Screaton et al
(1992) that some alternative splicing took place at exons 18 and 19, though this was
later shown to also include exon 20 (Screaton et al, 1992). This splicing results in a
change within the length of the cytoplasmic tail of the CD44 protein, with the short

form encoded by exon 19, and the longer predominant form encoded by exon 20
(Giinthert, 2001).

1.2.3 Alternative splicing
It has been suggested that the number of possible variant forms due to alternative
splicing of the CD44 gene could be over 1000. This makes it the most variable

adhesion molecule, when compared to other such molecules (including Fibronectin

NCAM and CD45) that are known to be alternatively spliced.
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Figure 1.3 — The pathway from gene to protein, via mRNA. The genetic information is transcribed into
RNA within the nucleus, and this is then translated to the protein within the endoplasmic reticulum

(figure adapted from Philips and Cooper, 2000).

Figure 1.3 above illustrates the pathway from DNA to active protein. The first RNA
transcript, which is produced in the nucleus, is described as heterogenous RNA
(hnRNA) and consists of both introns and exons bound to proteins. hnRNA will be
both pre-mRNA transcripts for protein production, and other RNA which will not
progress to translation eg misprocessed transcripts. After post-transcriptional
modification of the RNA, by capping at the 5’ end and polyadenylation of the 3’end,
splicing out of the introns begins. For the splicing reaction to occur, a spliceosome
must be formed, and proteins and ribonucléoproteins responsible for this process
assembled. Splicing starts with the cutting of the 5° end of the intron and formation
of a lariat. This is where the 5’ end of the intron loops back on itself and binds to a
base within a sequence described as the branch site. The 3’ end of the intron is then
cut, released (still in lariat formation), and fhe exons joined. Regulation of splicing is
through the presence of short consensus sequences at the 5° and 3’ splice sites, and at

the branch site (Lewin et al, 2000; Phillips and Cooper, 2000).

It is during this process that alternative splicing occurs. For the standard form of
CD44 to be produced splicing out of all variant exons will occur at the same time as
splicing out of introns between standard exons. During alternative splicing, not all
variant exons are spliced out. - The exact mechanisms which govern alternative
splicing within CD44 are unknown, though it is known that alternative splice sites are
generally weaker in affinity than constitutive splice sites, leading to the hypothesis

that a change must occur in the splicing mechanism to favour the weaker site.

Some insight has been given into splicing in CD44 by Stickeler et al (1999) through

investigation of splicing in mammary tumourigenesis. Analysis of the expression of
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the SR splicing factors demonstrated an increase of these factors in line with an
increase in alternative splicing of CD44. SR proteins are a group of serine-arginine
proteins that are involved in the splicing of pre-mRNA and are known to influence

alternative splicing in other genes (Stickeler ef al/, 1999).

A further question in the alternative splicing of CD44 is whether the exon assembly

patterns noted are random, or have influencing factors.

Bell et al (1998) studied CD44 isoform expression and found that though there is a
possible splicing pattern of over 1000, some isoforms were seen very commonly.
They found that there was a distinct hierarchy of expression, with 3’ variant exons
being included the most and 5° variant exons the least. Exon 15 (V10) was observed
approximately 100 times more frequently than exon 6 (V1). They also noted that if an
alternative exon was present it was most likely to be included together with other
variant exons found downstream in sequence. Finally it was found that intron length
played a major role in which exons were included together, with those having shorter
introns being more likely to be included together than those with large introns (Bell et
al, 1998).

Matsumara et al (1994) investigated the possibility that intron retention was also a
factor in the production of large variant forms ‘of the mRNA in tumours. Investigation
of CD44 transcripts in bladder cancer samples demonstrated that this was the case. Of
tumour samples investigated, 60% demonstrated retention of intron 9, and preliminary
studies (results of which were not given in detail within this paper) had also
demonstrated retention of introns 14 and 15. This could have implications for the
final protein product, with the production of a radically different form of CD44
protem It was unknown however, whether these transcripts were translated to form

mature CD44 protein (Matsumara et al, 1994).

1.2.4 CD44 protein structure

The standard form of CD44 is a type I transmembrane protein which is synthesised as

a 37 — 38 kDa protein which undergoes extensive post-translational modification.
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These changes occur either due to glycosylation resulting in a protein of 85 — 95 kDa,
or through the addition of chondroitin sulphate producing a protein of 180-200 kDa.

The cytoplasmi’c tail of the protein may also undergo modification and be

phosphorylated.
Extracellular domain [_‘l
Region of addition of Link
variant exon encoded Module -

peptides. \

Transmembrane segment

Cytoplasmic domain

c-terminus

Figure 1.4 — Diagrammatic representation of CD44 protein structure. This illustrates the presence of
three domains and indicates the area of variability due to variant exon translation (adapted from
Bajorath, 2000).

The protein can be divided into three domains; cytoplasmic, transmembrane and
extracellular (see figure 1.4 above). The cytoplasmic domain is composed of 72
amino acids and is encoded by exons 19 and 20. It contains six pdtential
phosphorylation sites on serine residues (Naor et al, 1997). The transmembrane
domain is single-pass in nature and composed of 21 amino acids, encoded by exon 18.
The extracellular. domain is the largest, consisting of approximately 207 amino acids
in CD44S. 1t is encoded‘by exons 1-17, though in CD44V amino acids encoded by
variant exons may be inserted. The protein has a “link module” for hyaluronan tHA)
binding (named due to its resemblance to the HA binding domain of cartilage link
protein) and a number of sites for potential N- and O- glycosylation. Variant amino
acids are included in the middle of the membrane proximal region of the protein

(Naor et al, 1997; Lesley and Hyman, 1998).
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1.2.5 CD44 ligands

HA is the principle ligand for CD44, but although all CD44 proteins express the link
module, not all will bind HA. Three activation states for HA binding have been
noted:- Active —can bind HA
Inducible — can only bind HA in presence of inducing
monoclonal antibodies
Inactive — unable to bind HA, even in presence of

inducing factors.

These activation states appear to be determined according to the cell type in which
CD44 is expressed. Changes within all regions of the CD44 protein (other than the
link module) have been shown to affect HA binding and it has been suggested that the
main regulating factor in this binding 1s the glycosylation state of the protein (Lesley
and Hyman. 1998; Bajorath, 2000). |

Several other ligands have also been noted for CD44, including chondroitin sulphate,
collagen and fibronectin (via its heparin binding domain). It has also been shown that
CD44 proteins which contain exon 8 (V3) have heparan sulphate side-chains -which
are able to bind heparin-binding grthh factors and chemokines. The addition of
other variants has also been shown to increase the level of glycosylation due to the
presence of extra potential O-linked glycosylation sites (Lesley and Hyman, 1998;
Bajorath, 2000).

It has been suggested that the cytoplasmic tail is involved in interaction with
cytoskeletal components. [n vitro studies have demonstrated CD44 binding to
ankyrin and have correlated this to HA binding. There is also some evidence for actin

microfilament binding, but this is still inconclusive (Lesley and Hyman, 1998).
1.2.6 CD44 functions

The main function associated with CD44 is adhesion. Its primary ligand in standard

form is HA and therefore CD44 has been associated with binding to the ECM in a
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number of cell types. Initial studies observed the role of CD44 in Iymphocyte
adhesion to vascular endothelial walls and also in lymphocyte homing. This is
thought to occur in an organ specific manner when lymphocyte recruitment is
required. Due to its involvement in lymphocyte homing CD44 has also been shown
to be present during wound healing. Other suggested functions include involvement
in cell motility, degradation of HA and as a signal transducer for growth signals.
Binding of growth factors to CD44 were demonstrated to cause an increase in
intracellular calcium and protein phosphorylation, resulting in cell activity, including

HA binding and proliferation (Naor ef al, 1997; Haynes et al, 2001).

Further examination of CD44 and proliferation showed a positive correlation between
CD44 expression and proliferation in colorectal epithelial cells, both normal and
neoplastic in nature. CD44 was detected (by a mAb) in only the proliferative zones of ’
normal colorectal crypts and proliferative status was assessed through the use of Ki-

67 mAb (Abassi et al, 1993).
1.2.7 CD44 and Cancer

The first definitive link between CD44 and cancer arose from a study by Giinthert et
al  (1991). - Their study investigated CD44 expression in a métastasisihg rat
carcinoma cell line, from which a library of ¢cDNA clones was created and their
protein expression assessed. One clone coded for a protein with an extra 152 amino
acids in the extracellular domain. Upon insertion of this clone into a non-
metastasising cell line the cells became metastatic, with expression of the extra
domain at both RNA and protein level. It was also noted that co-injection of the
metastatic cell line with a mAb specific for CD44 stopped the formation of tumours in
vivo. In their opinion this demonstrated a direct relationship between the presence of

CD44 variants and the metastatic process (Glinthert et a/, 1991).

Further work by this group investigated the presence of this metastasing variant in a
number of human cell lines. Most cell lines were tumour-derived including; colon,
breast, lung and cervix. For normal comparison, two immortalised cell lines
(fibroblast and keratinocyte) and peripheral blood leucocytes were studied. Most cell

lines expressed CD44, but not all tumour lines demonstrated variant expression. Of
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the cell lines that did express CD44V it was noted that they did not all express the
same variants. The keratinocytes were shown to express CD44V, a finding which
may link the keratinocyte differentiation pathway to that of metastatic cells as they
share the properties of decreased adhesion to the ECM and the production of matrix
degrading enzymes. At the end of this study the group suggested that CD44 variants
may be a normal part of the differentiation pathway, but when expressed incorrectly

can cause metastasis (Hofmann et al, 1996).

Guo ef al (1994) were able to demonstrate the metastatic potential of CD44 within
melanoma cell lines, again one metastasising and one non-metastasising. In in vitro
studies only the metastasising cell line expressed CD44, and its growth in vitro could
be halted by the addition of an mAb directed against CD44. They were also able to
correlate expression of CD44 with increased tumour growth and metastasis. Again it
was suggested that CD44 was linked with metastasis, but also that interactions
between CD44 and its ligands were important for tumour growth and metastasis (Guo
et al, 1994).

The first investigation of CD44 variant expression within real human tissue samples
was undertaken by Matsumara and Tarin (1992). They investigated expression of
CD44 in both neoplastic and non-neoplastic tissue using the technique of reverse
transcription polymerase chain reaction (RT-PCR). This technique is frequently used
in the investigation of gene expression and evaluates the level of mMRNA transcription.
Unlike normal PCR, where genomic DNA is the template, mRNA is the starting
point, and this is reverse transcribed to complementary DNA (cDNA) to generate the
template for PCR. Using PCR primers anchored at standard exons (one either side of
the variant insertion site) Matsumara and Tarin (1992) could amplify the whole gene,
thereby including any variant exons which may be inserted. All tumour samples
expressed CD44, but the presence of a number of variant forms was noted. General
expression levels were increased when compared to levels within normal tissues and
most of the CD44 forms noted were above the expected size for that of CD44S or the
normal epithelial form (which contains exons 12-14 (V7-9)). These differences began
to suggest that CD44 could have potential as a diagnostic tool (Matsumara and Tarin,
1992).
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In a review of CD44 expression within a number of tissues, Tarin et al (1995)
demonstrated that the two general features of expression within tumours that were
CD44 positive, were general overexpression and expression of a number of variant
forms, described as “aberrant”. The tissues reviewed were breast, gastrointestinal
(GI), lymph, cervix, urological (mainly bladder) and lung. Expression in breast and
GI tissues showed not just an increase in expression, but a change that could be
correlated with the severity of disease. They concluded by stating that CD44, in their
opinion, could be useful diagnostically with the presence of deranged expression
being a possible marker for early detection. If the link between metastasis and variant
expression could be proven, they also suggested CD44 could be used for prognosis

(Tarin et al, 1995).

The correlation between CD44 expression and tumour burden has been investigated in
a number of tissues, but the relationship appears to differ among tissue types. In
colorectal cancer overexpression of CD44V indicates the presence of a high grade
aggressive cancer, yet in bladder cancer this was found not to be the case. It has been
observed that as cancers of the bladder become more invasive they lose CD44

expression, though an initial overexpression was present (Sugino et al, 1996).

The overexpression of a number of CD44 variants at an mRNA level as detected by
RT-PCR could be expected to result in the overexpression of protein forms. However,
in a study of comparative expression in breast, bladder and colon has shown this not
to be the case. An increase of both standard and variant forms was seen, though only
in tumour cells but not in the normal cells surrounding the tumour. When numbers of
mRNA forms were compared with the number of protein forms present, less protein
forms were noted. This suggests that not all regulatory mechanisms for translation

were lost within the cancer cells (Woodman et al, 1996).

The role of CD44 in metastasis and its associated regulation is still unclear. Okamoto
et al (1999) demonstrated that cancer cell migration in metastasis was not simply due
to degradation of the ECM by metalloproteases. They showed that there was also
cleavage of CD44 at the membrane proximal region, thereby removing its link
module and rendering it incapable of HA binding (Okamoto et al, 1999). Bruno et al

(2000) have noted that CD44 plays a role in proliferation of squamous cells in
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squamous cell carcinoma, though this is independent of form or density on the cell
surface. Binding of a specific mAb to the protein triggered a signal transduction

pathway, resulting in proliferation (Bruno et a/, 2000).

Though the exact role of CD44 within tumour development and the regulatory
mechanisms which gdvern its splicing are not yet fully understood, it is under
investigation as a potential tumour marker. The splicing patterns within variant forms
have not been noted for each tumour type, yet the presence of deranged patterns is
considered to be enough to investigate its diagnostic potential. When figures for
sensitivity and specificity of CD44 detection have been compared to those for p53, H-

ras and K-ras, the results appear to be promising (Goodison and Tarin, 1998(a)).

A number of methods have been used to study CD44 expression and as such, all can
be considered as possible candidates for diagnostic purposes. Due to the variety of
antibodies produced for initial studies of CD44, a large array of both monoclonal and
polyclonal antibodies exist for the standard form of the protein, though later work has

also produced a number of antibodies directed against variant portions of the protein.

At an mRNA level, RT-PCR and southern blotting have been employed with
excellent results. Sensitivity and specificity in many of these studies has been 90% or
above, but these techniques though useful in a research setting are not compatible

with clinical use.

Goodison and Tarin (1998 (a and b)) have suggested that the most useful formats for
diagnostic tests would be either enzyme linked immunosorbent assay (ELISA) for
protein detection, or RT-PCR-ELISA for RNA detection. They have also suggested
that single marker assays do not provide enough information and that for the best

diagnostic use addition of other new markers would be required (Goodison and Tarin,

1998 a and b).
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1.3 Bladder Cancer

Bladder cancer is one of the most common malignancies in the UK. It predominates
within the male population, with an incidence ratio of 3 to 1 in comparison with the
female popuiation. As such in England and Wales, it is the fourth most common
malignancy in males and ninth most common in females. Incidence is rare below the
age of 45, but rises sharply up to the age of 60 until it peaks at 85 years. Though
incident rates differ between sexes, incident age does not (National Statistics Office,

2001).

1.3.1 Aectiology of bladder cancer
A number of factors believed to be causative in the development of bladder cancer
have been identified, and can be broadly divided into occupational and non-

occupational factors.

Occupational factors

-Occupational causes of bladder cancer have been linked to chemical exposure within
the workplace, the main chemicals implicated being the aromatic amines. The link
between exposure to such chemicals and bladder carcinogenesis was established in
1954, in a study investigating the effects of aromatic amine exposure on workers in
the dye industries, and also in those involved in the production of rubber, textiles and
chemicals. It was noted that there was a 10-50 fold increase in the risk of bladder
cancer after exbosuré. to these chemicals (including 2-naphthylamine, 4-amino-
biphenyl and benzidine). Further studies at later dates found similar results, but with
the implementation of working conditions which promote.less exposure to such
chemicals, the risk level has decreased (Johansson and Cohen, '1'997; Silverman et al,
1999). A study by Sorahan et al (2000) in a company préducing chemicals for the
rubber industry demonstrated that incidence rates for bladder cancer among a cohort
of male staff was not too dissimilar to the general population. However, exposure to
one chemical (phenyl-p-napthylamine) was suspected to have caused a small number

of cases noted (Sorahan et al, 2000).



Though a change in working conditions has decreased cancer rates in some industries,
it has been noted that drivers of trucks, buses and taxis, and workers in the aluminium
industry appear to be showing increased rates. Polycyclic Aromatic Hydrocarbons
(PAHs) present in exhaust fumes are thought to be the influencing factor in the
deveIopment of cancer within drivers, with an increased rate of cancer positively
correlating with length of employment. Within the aluminium industry the effects are
thought to be caused by volatiles released from coal-tar pitch during the production
process. The constituents of these volatiles are not fully known, but aromatic amines

are thought to be present (Silverman et al/, 1999).

In summary, occupational exposure to a number of chemical carcinogens is a factor in
the development of bladder cancer in a sizeable section of the population. Though
risk levels have decreased in some occupations, regular screening of the workforce
for bladder cancer is undertaken. It could be expected that the majority of persons
within these occupations are male, therefore this could explain the higher incidence

rates noted in this gender.

Non-occupational factors

Non-occupational factors are those that can affect the whole population, and the
factors that have been investigated for bladder cancer include cigarette smoking, diet

and alcohol intakef

The link between cigarette smoking and a number of cancers (especially those of the
' lvung) has been known for a number of years, and has also been implicated as a factor
in the development of bladder cancer. The risk increases as the number of pack years
increases, but as with other cancers, this risk decreases uinon cessation of smoking.
Some variance in the level of risk has been noted eg a higher risk has been associated
with people who smoke stronger tobacco, along with those who smoke unfiltered
cigarettes and inhale the smoke deeply. The mechanisms involved in the
development of bladder cancer are not fully understood, but appear to be linked to
constituents of the smoke such as the aromatic amines and PAHs (Johanssen and

Cohen, 1997, Silverman et al, 1999).
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Caffeine and saccharin are two dietary factors that have been implicated within
bladder cancer development, but with no substantial evidence to suggest these are
carcinogenic within humans. A number of epidemiological studies have investigated
the effects of caffeine intake, but study cohorts contained large numbers of smokers, a
factor which could have affected any trends noted. Saccharin was found to be
carcinogenic in studies on rats, though no such evidence has arisen from human
studies (Johanssen and Cohen, 1997; Silverman ef al, 1999). Studies of urothelial
cancers within obese subjects has shown a general increase in risk for such tumours,
but not specifically for bladder cancer (Mydlo et al, 1999). Other dietary related
studies have investigated the effects of fruit and vegetable consumption on risk levels,
to determine whether these provide a protective effect. It was noted in one such study
that some vegetables did appear to cause a slight decrease in risk, but that most

appeared to have no effect (Zeegers et al, 2001).

Though alcohol has been demonstrated to be of importance within the development of

other cancers, it appears to have no major effect on the development of bladder cancer

(Silverman et al, 1999).

The final risk factor known to be of importance is infection with the pérasite
Schistosoma haematobium, though the exact mechanisms by which this occurs are not
known. Though not a problem in the UK, it is of great importance in areas of the
world where this parasite is endemic eg Africa and the Middle East (Johanssen and
Cohen, 1997).

Though there are no inherited disorders which are directly involved in the
development of bladder cancer, there are some genetic mutations which make their
carriers more susceptible. One such mutation occurs within the gene for N-
acetyltransferase, an enzyme responsible for a process described as N-acetylation.
This process is important within the de-toxification pathway of aromatic amines.
These chemicals must be metabolised to produce their carcinogenic effect, but
acetylation of the metabolites allows them to be excreted before they can exert their
effect. Two acetylation phenotypes are noted in humans; normal acetylators (who

carry the normal gene) and slow acetylators (who are homozygous for the mutated
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gene). As slow acetylators are unable to detoxify chemicals as efficiently as those
without the mutated gene, they are at a higher risk of carcinogenic damage. Other
mutations investigated are absence of a functional human glutathione S-transferase
and changes to the cytochrome P-450 enzymes. Again these are enzymes known to
be involved in de-toxification pathways and have been linked to aromatic amine
breakdown. However, studies on the links between the mutated forms of these genes

and the development of bladder cancer are inconclusive (Silverman et al, 1999).
1.3.2 The molecular basis of bladder cancer

The most noted feature in the underlying basis of this cancer is the number of
alterations detected within chromosome 9. These changes range from monosomy
(complete loss of one chromosome) to specific allellic losses, occurring on both arms

of the chromosome.

Czemiak et al (1999) studied the losses noted in this chromosome in detail, with a
view to utilising the information for early detection. No specific patterns of alteration
were noted, though loss of certain regions did appear frequently. Linking the losses to
tumour stage demonstrated they were more likely to be found in early tumours
suggesting that alterations within chromosome 9 are an early tumour event. This
hypothesis that was proved through the study of normal urothelial cells adjacent to
tumour cells. Micfoscopically these cells appeared to be normal, but further
investigation demonstrated similar chromosomal alterations to those in the tumour
cells. The reésons for the importance of these alterations are not fully understood, but
a number of putative tumour suppressor genes have been mapped to some of the

deleted loci (Czerniak et al, 1999).

Other chromosome alterations have also been noted in bladder cancer. The initial
move to investigate these chromosomal changes was to produce a model genetic
pathway for the progression of transitional cell carcinoma (TCC) of the bladder,
similar to that produced by Fearon and Vogelstein (1990) for colorectal caﬁcer (see
section 1.4 “Colorectal cancer”). Knowles (1999) has now produced such a model,

which summarises all genetic knowledge at that point in time. The model is
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demonstrated in figure 1.5 below and includes all known chromosomal alterations at

the various pathological stages.

Normal Urothelium

9n/9a-
9p/99- | Hyperplasia Atypia/ Gl
TP33
Y
; Atypia/ G2
typia/ G2
9p/9q- Atypia P
TP53 (65%)
A4 v
Superficial Papillary (Ta) Carcinoma in situ
G1-G2-G3
N\ 10-20% 3p-, 8p-
9p/9q- (34%) N 14g-, 13-
TP53 (3%) N 9p/9g- (12%)
N - - TPS3 (32%)
X\ T1- Invadmg lamina 9p-9g- (59%)
propria gains : 1q, 8q, 3p, 3q, 5p, 6p, 10p
losses : 2q, 8p, 11p
amplification : 1q, 3p, 6p, 8p, 8q, 10p, 11q,
12q, 13q. xp, Xq
v
Muscle invasive TP33 (51%)
Carcinoma (>T2) Multiole other changes

Figure 1.5 — A model for the progression of transitional cell carcinoma (TCC). Evidence suggests that
there are two possible pathways for bladder tumour development. This model summarises many of the
chromosomal changes noted thus far, with loss of a chromosome described using the minus sign (-).

Figure taken from Knowles, 1999.

The model consists of two pathways as evidence suggests most muscle invasive
tumours do not arise from superficial tumours, but instead from carcinoma in sifu.
This evidence is mainly histopathological in origin and more study is required to
explain this at a genetic level. Since the publication of this model, alterations in
chromosomes 3,7, 16 and 17 have been noted (Watters et al, 2000; Yu et al, 2001;
Wada et al, 2001). Most recently Hoglund ef a/ (2001) have studied chromosomal

changes at specific tumour stages. They were able to correlate specific changes with
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tumour stage and grade and also demonstrated the presence of two pathways as
illustrated by Knowles (1999, above). They noted that the two pathways are well
separated at the early stages, but during the later stages, the changes noted become

more similar (Hoglund et al, 2001).

Oncogene expression within this cancer has been related mainly to late stage invasive
tumours. Overexpression of H-Ras, erbB-2 and c-myc has been demonstrated though
their roles in the developmerﬁ of TCC specifically are still unknown. The finding that
these oncogenes are expressed in late stage tumours has suggested their use as
prognostic markers. It is possible that alterations of chromosomes may provide
information on other putative oncogenes specific for bladder céncér, but further work

is required.

A number of tumour suppressor genes have also been implicated in bladder cancer,
including a group of putative genes found through chromosomal analysis in areas of
change. Of the known tumour suppressor genes expressed, p53 and RB are the best
- characterised, though as for the oncogenes, thre_jsé also appear to be more highly
expressed in iate stage tumours. Again, the rdlés,spéciﬁcally und.ertake.iiliAri'i"CC by

these are not yet fully understood.

Of the adhesion molecules expressed in normal urothelium, studies have
demonstrated that it is changes within E-Cadherin expre‘ssion: that pfédominate in the
progression of TCC. E-Cadherin is involved in cell-cell adheéion via interactions
~ with members of the catenin family of adhesion molecules. It has been described as a
tumour suppressor gene in relation to bladder cancer, as its loss appears to correlate
with increased stage and grade of tumour, leading to an invasive phenotype.
Similarly, loss of catenins and the catenin-cadherin complex has demonstrated these
findings. The loss of function can be attributed to a number of factors, including
chromosomal loss, mutation of the gene and degradation of the protein (Cohen et al,

1997; Davies et al, 1999; Bindels et al, 2000).

Expression of the other Iﬁajbr adhesion families, the selectins, integrins and the
immunoglobulin superfamily has been»invest'igated, but conflicting results regarding

their exact role in the progression of bladder cancer havé arisen from different studies.
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It has however been suggested that a number of these proteins may be of use in a

diagnostic or prognostic setting (Davies ef al, 1999).

One further adhesion molecule, CD44 does appear to be of importance in bladder
cancer as both overexpression and deranged expression are seen at early stages within
the progression of TCC. The expression of this protein in bladder cancer is discussed

in section 1.3.6.
1.3.3 Pathology and Staging of bladder cancer

The majority of bladder cancers are epithelial in origin, with the most common being
transitional cell carcinoma (the epithelial layer of the bladder, or urothelium, being
transitional in nature). This epithelial layer consists of a layer of basal epithelial cells,
approximately four layers of epithelial cells and covered by larger flattened epithelial

cells described as umbrella or superficial cells.

TCC is divided into two distinct pathological forms; papillary and non-papillary, both
of which may be either invasive or non-invasive. Papillary tumours tend to be less
aggressive in nature and are the least likely to metastasise, but are the type most often

associated with recurrent disease.

Early pre;héoplastic changes are noted within the bladder, comprising of hyperplasia,
metaplasia and dysplasia, though development of tumoufs may not occur through this
ordered pathway. Hyperplastic urothelium is mainly noted as an increase in the
thickness of the urothelium, due to an increase in cell layers. Dysplastic tissue may
show this thickening, or may be normal in cell layer number. It is the cells

themselves that begin to differ, with a number of possible nuclear abnormalities.

The genetic progression model described in the previous section illustrated two
pathways for tumour progression. The pathological features of bladder cancer
progression are the main factor in the determination of these two pathways.
Hyperplastic tissue may lead directly to the formation of a papillary TCC, or it may
progress to dysplasia. Dysplastic tissue may also arise directly from normal tissue,

with no hyperplastic stage, and can be graded into three types. Urothelial dysplasia is
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thought to be the precursor for a highly invasive form of TCC, progressing to a

carcinoma in situ, or tumour in situ (Tis), the non-papillary form of TCC.

There may also be a number of pathological changes appearing within one bladder, eg
the presence of Tis, a papillary tumour and areas of hyperplastic tissue. These are
described as field changes and are thought to account for the high level of recurrence
noted for this cancer. Staging of bladder cancer is carried out using the TNM staging

method, as described in section 1.1.2. Figure 1.6 demonstrates the extent of tumour

growth for each stage.
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Figure 1.6 — Diagram demonstrating the TNM staging system in bladder cancer. From the Tis towards
the base of the bladder, the tumour stage increases as the diagram moves clockwise around the bladder.

The majority of tumours presented by patients are Ta stage (Figure from van der Meijden, 1998).

Staging of bladder cancer is carried out under the TNM classification system, as
described in section 1.1.2. Non-invasive papillary tumours are described as Ta, and
carcinoma in sifu as Tis. Stages then increase from T1 — T4, depending on invasion
into surrounding tissue, beginning with subepithelial connective tissue (T1), muscle
invasion (T2), invasion of perivesical tissue (T3) and invasion of other organs such as
the prostate and uterus (T4). If multiple tumours exist, then “m” is also included in the

description. Tumour grading depends on the differentiation status of the tumour, and



is graded I-III, with I being well-differentiated, and III being the least differentiated
(Sobin and Wittekind, 1997).

1.3.5 Diagnosis of bladder cancer

Clinical signs and symptoms

The most common symptom seen in bladder cancer is the presence of blood within
the urine, to an extent where it can be noted by the patient. This is described as
macroscopic or frank haematuria and is usually a painless blood loss, occurring
intermittently, which may also be accompanied by frequency and urgency of
urination. If Tis or invasive bladder cancer is present the patient may suffer from
some thigh pain. The presence of haematuria does not equal the presence of cancer,

but all presenting patients should be treated as such.

Gold standards for diagnosis

The gold standards for diagnosis of bladder cancer are cystoscopy and voided urine
cytology. Cystoscopy is the ultimate diagnostic method, and allows full visualisation
of the bladder surface and the ability to biopsy for pathological evaluation. This
method is carried out under anaesthetic, and in the case of some small b'ladder
tumours, resection of the whole tumour can be carried out concurrently with

visualisation.

Voided urine cytology is carried out as an adjunct to cystoscopy, and examines‘\
urothelial cells shed from the lining of the bladder (and other areas of the urinary
tract) and excreted in the urine. Cytology has been demonstrated to be very sensitive
and specific for well differentiated high grade tumours, but not for the lower grade
tumours. The reliability of this method has been questioned on a number of
occasions, with sensitivity and specificity results varying greatly between some
studies. Farrow (1990) examined the technique, and states areas where problems
arise. Extrinsic factors he noféd" which influenced the result included sample
collection and sample preparation, areas where cells could become damaged and
degraded, thereby causing changes to their morphology. Intrinsic factors within the

samples themselves were difficulties in distinguishing low grade tumour cells from



normal cells and the limited number of cells which some tumours shed (Farrow,
1990). Paez et al (1999) went further, and assessed the reliability of three cytologists
in assessing sample stage and grade. They noted clear differences in the cytologists
abilities with the heterogeneity of results gained (Paez et al, 1999). Worries about
cytology have led to variations within the method through the use of antibody
mediated tests, but it may also be replaced by the new generation of tumour marker

assays currently available or still at the research stage.

Urinary based marker assays currently in clinical use

BTA stat and TRAK assays

These assays detect human complement factor H-related protein (hCFHrp), a protein
first detected in the culture supernatant of a number of human bladder cancer cell
lines. It is thought that production of this protein provides a growth advantage to the
cells by facilitatingvevasion of immune surveillance, due to the role of complement

factor H within the immune system.

The BTA stat was the first to be produced and is a disposable
immunochromatographic assay which does not require laboratory use and provides a
qualitative result. Urine is placed into the well of the plastic test device and reacts
with a colloidal gold-conjugated antibody. This antibody-antigen complex is captured
by a secohdéry antibody and a visible coloured line is formed within five minutes if
the antigen is present (Pode et al, 1999). Studies of the assay have demonstrated a
specificity of 64 — 68.9% and sensitivity of 65-82.8%. In comparison with cytology it
has been shown to be more sensitive overall, but it is more specific and sensitive than
cytology for lower grade tumours, and both sensitivity and specificity increase with

higher stage and grade tumours (Leyh et al, 1999; Pode et al, 1999).

BTA TRAK is a laboratory based assay. It is a solid-phase sandwich ELISA which
provides a quantitative result. This assay can be correlated to grade and stage but is
more sensitive and specific for high stage, high grade larger tumours. Studies
evaluating this assay have demonstrated a specificity of 50 — 69%, and a sensitivity of
66 — 72%. Again, when compared to cytology, this is the more sensitive assay
(Heicappell et al, 1999; Thomas et al, 1999).
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In a comparative study, Irani et a/ (1999) found BTA TRAK to be the most sensitive
of the two assays, especially in lower stage and grade tumours. Both showed limited
specificity when investigating patients with other genitourinary disorders but no
bladder tumour (Irani ef a/, 1999). All studies thus far have suggested more work is
required to improve sensitivity and specificity, but all believed either assay to be a

useful adjunct to cystoscopy in place of cytology.

NMP22

This is a component protein of the nuclear mitotic apparatus protein (NUMA). The
proteins which make up this complex are members of the nuclear matrix protein
family, a group of proteins which constitute part of the non-chromatin scaffolding
within the cell nucleus. In TCC, NUMA is overexpressed and NMP22 (a component
of this apparatus) is found to be present in levels 10 times greater in the urine of
patients with tumours than those without (Hughes and Cohen, 1999). Detection of
NMP22 is carried out through a lab based ELISA assay and is quantitative in nature.
Studies on this assay have demonstrated no significant relationship between stage and
grade of tumour, with‘an overall specificity of 80-89% and sensitivity of 64.3 —
90.8%. These values vary depending on the cut off value designated for units of
NMP22 / ml. This assay was found to be sensitive for high stage and grade tuinours,
along with those of a larger size (Miyanga ef al, 1997; Sanchez-Carbayo et al, 1999).
Due to its sensitivity in detecting recurrent disease, it has been evaluated as a
screening test for use in routine patient assessments following tumour resection.
Results appear promising, though it is suggested that it is still used as an adjunct to

cytology (Soloway et al, 1996).

Fibrin-degradation products

Bladder cancers are known to have well developed microvasculature within
developing tumours, and as such produce a number of factors such as fibrinogen and
other clotting factors. Breakdown of fibrin clots produces fibrin degradation products
(FDP) which have been shown to be present in increased concentrations within the
urine of tumour patients (Foresman and Messing, 1997; McCabe ef al, 2001). Ina
study by Ramakumar et a/ (1999) an assay for FDP was shown to have sensitivity of

52% and a specificity of 95%, with a positive correlation to grade of tumour, but not

a1
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to stage. Again this assay is affected by the presence of some urinary tract disease
(inflammatory disease), though frank haematuria did not appear to have a significant
impact. Comparing their results with previous studies they stated it was no greater in
sensitivity than cytology, but could be used as an adjunct to cystoscopy due to its

rapid test time (seven minutes).

Imunocyt

This 1s the newest assay to be approved for use and is an immunocytochemical assay
which uses three fluorescent-labelled monoclonal antibodies. The antibodies are
directed against a high molecular weight carcinoembryonic antigen (194211, labelled
with Texas red) and two mucins (M0.344 and LDQI10, labelled with fluoroscein).
Mucins are high molecular weight glycoproteins that are found on epithelial cell
membranes, whilst CEA is commonly produced by a number of tumours. The mucins
detected in this assay are not found on normal bladder urothelium and are only
expressed on tumours. The assay is an adjunct to cytology, and utilises voided urine
samples which are prepared and placed on slides as for cytology. Cells are first
stained with a modified papanicolau stain before incubation with the immunocyt
antibodies. Results are gained through inspecﬁon of the slides under a fluorescent
microscope, where CEA presence is indicated by red fluorescence, and mucin
presence by green fluorescence. Samples are considered positive when at 1eést one

green or one red cell is present (Mian et al, 1999).

Urinary markers in research

There is a continuing body of research to discover and investigate new markers which
are more specific and sensitive than the last generation. A number of markers are
currently being studied, including telomerase, cytokeratins and CD44. These markers
are currently proving to be the most promising when compared to the markers in

clinical use at this time.

Telomerase
To avoid degradation of chromosomes during successive cell replications, the ends of
chromosomes are capped with telomeres. These are tandem repeats of a TTAGGG

sequence, that are slowly lost with each replication cycle. Once the telomeres have



become too shortened the cells will enter senescence. In cancer cells due to their
rapid proliferation telomere shortening would be expected to occur quickly, thereby
causing cell senescence and slowing tumour progression. To avoid this event, cells
start producing telomerase, a ribonucleoprotein enzyme which synthesises telomeric
repeats, causing the cell to become “immortal”. As telomerase is absent from normal
cells (except during embryonic development) it has been suggested as a useful marker

for a number of cancers.

The most widely used protocol is the TRAP (telomeric repeat amplification protocol)
assay, a PCR based assay. Yoshida et a/ (1997), demonstrated that this assay gave a
sensitivity of 62% and a specificity of 96.4%, with the only false positives being in
patients with benign prostatic hyperplasia. Ohyashiki et al (1998) investigated
expression using a semi-quantitative method in a variety of urothelial cancers. They
also found no expression within normal samples and though they gave no indication
as to levels of telomerase activity noted, did suggest its usefulness as both a

diagnostic and prognostic indicator.

A comparative study by Saad er al (2002) investigated the possible use of telomerase
(in the form of a TRAP assay) as a non-invasive detection assay along with NMP22,
BTA stat and a haemoglobin (hb) dipstick test. The aim was to analyse their abilities |
as replacements for voided urine cytology (VUC). Of these assays, Telomerase,
NMP22 and BTA stat demonstrated higher levels of both éensitivity and specificity
than voided urine cytology. Telomerase alone demonstrated a sensitivity of 84% (the
highest noted) éﬁd a specificity of 93% (again the highest) and it was found that
combining this assay with NMP22 increased the specificity to 96%. Saad concluded
that the detection of superficial tumours by these methods was greatly increased and
in comparison to VUC, and that values were comparable to those gained with
cystoscopy. Telomerase therefore appears to be a possible contender for the role of a

marker for early detection (Saad et al, 2002).

Cytokeratin 20

Cytokeratin 20 is an intermediate filament involved in cell adhesion. In normal

urothelial cells, its expression is related to cellular differentiation and as such it is



only found in superficial and occasionally intermediate cells of the urothelium
(Harnden et al, 1999). The presence of cytokeratin 20 in a number of epithelial
tumours was first noted by Moll et al (1992) through immunohistochemical analysis
of paraffin-embedded tissue sections. Their demonstration of its presence within
bladder cancer was mirrored in a number of studies by Harnden er a/ (1995, 1996,
1999). In bladder tumours, cyiokeratin 20 is present throughout the urothelium, a
change which can be noted immunohistochemically. Two PCR-based methods for the
detection of cytokeratin 20 have been developed (Buchumnesky, 1998; Inoue, 2001),
though there has been worry over the reliability of the assay as normal superficial
cells express it, and these are the cells to be removed first. These methods could be
used in a quantitative method, but cut-off points between normal and tumour samples

would have to be decided upon, and these may involve an increase in false results.

Mini chromosomal maintenance proteins (MCMs)

This protein family is part of the pre-replicative complex essential for initiating
eukaryotic DNA replication. They have been shown to be novel markers for
proliferation, providing better information than more commonly used
immunohistochemical markers such as Ki-67. Antibodies to MCMs 2, 3,4, 5, 6 and 7
have been produced and of these MCM 2, 5 and 6 have been demonstrated. to be
present in bladder cancer. In normal urothelium expression of these proteins mainly
occurs within the basal cells, though occasional superficial cell staining has been
demonstrated. In non-invasive TCC, staining is dependent on grade, with well-
differentiated tumours showing staining in 40% of cells, with an increase to 85% in
cells of poorly differentiated tumours. In invasive cancers a similar staining pattern is
seen therefore suggesting a link between MCM expression and grade. Though much
of this work had been undertaken on paraffin sections, the authors alluded to
preliminary work on urinary cytology samples which suggested the usefulness of

antibodies to these proteins in a urine-based assay (Freeman et al, 2001).

Urinary bladder cancer antigen
This assay detects fragments of cytokeratin present in urine, specifically cytokeratins
8 and 18. The assay is in an ELISA format, marketed as the Ideal monoclonal UBC

ELISA. It is a two step sandwich assay, where exfoliated cell pellets are added to an



antibody-coated plate, and then detected using a labelled secondary antibody and
substrate system. Sanchez-Carbayo et al (1999) demonstrated a sensitivity of 73.1%
when a 95% specificity cut off point for absorbance was used. There was some
relation to stage and grade, with Grade I and II being similar, though an increase was
noted at grade III. The expression increased with stage, but decreased sharply at stage
3 upwards. Some false negatives were noted from other urological malignancies and
those from other areas of the body, thought to be due to kidney filtration (Sanchez-
Carbayo et al, 1999). Sumi et al (2000) also investigated this assay and demonstrated
a sensitivity of 86.9% and a specificity of 69.9%. Both groups suggested its use as an
adjunct to cystoscopy in place of cytology due to its higher sensitivity. Sumi et al
(2000) compared the ideal UBC ELISA with other available urinary tests, declaring it
to be better than BTA stat, but comparable to the NMP22 and TRAP assays.

This is simply a selection of some of the markers currently being researched as
possible urinary markers for the detection of bladder cancer. A number of other
markers are under investigation, and these have been extensively reviewed by Koenig

et al (2000), Grossman and Dinney (2000) and Saad et al (2001).

The most important requirement for any urine-based assay is the ability to detect the
early stages of cancer development, an ability which many of the current ﬁrinary
based assays do not have. It has been noted for a number of years that CD44
expression may prove to be a useful marker for early detection of this and a number of
other cancers. -The next section summarises current knowledge regarding CD44

expression within bladder tumours.

1.3.6 CD44 and Bladder Cancer

The detection of CD44 within exfoliated cells as a possible early detectfon assay was
undertaken by Matsumara et al (1994) using an RT-PCR and sduthern blotting
system. Through the use of these techniques they demonstrated the presence of large
variant forms of the gene within tumour cells and focused on a 735bp product (the
standard form gives a PCR product of 482bp) as a positive marker for tumour
presence. An initial study with four normal and four tumour samples demonstrated a

definitive difference in expression, and through serial dilution of samples, the assay
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was able to detect at a very low copy number. In a larger scale study, using the 735bp
product as the positive marker, a sensitivity of 91% and a specificity of 83% was
noted. Tests were carried out on a number of patients with very early stage disease.
Some expression was detected in patients with no clinical signs of the disease,
suggesting CD44 changes occur early in tumour development. Though this assay was
of high specificity and sensitivity, it was suggested that this assay format may be
difficult to undertake in a clinical environment due to the care required in sample

procurement and preparation with regard to mRNA protection (Matsumara et al,
1994).

Kan et al (1995) undertook a similar study, though their positive marker of choice
was a 1500bp product, never found in normal tissues. Though they demonstrated
both qualitative and quantitative changes within CD44 expression, they could find no
direct link between specific variants to correlate with progression or metastasis. With
their assay a sensitivity of 81% and specificity of 63.6% was achieved. Though this is
lower than that found by Matsumara et al (1994), this study utilised non-involved
tissue (taken from areas of the bladder normal to the eye) rather than normal tissue,

therefore some neoplastic change may have already begun in these areas (Kan et al,
1995).

To investigate non-invasive detection in a more stable syste.m,‘ Matsumara et al (1994)
moved onto protein based detection of CD44 expression (Sugiyama et al, 1995) using
antibodies directed against the standard form of CD44 and a variant form, 11 (V6).
Their study was based on western blot analysis of urinary cell pellets,
immunocytochemistry of these cells and immunohistochemistry of snap frozen
tissues. With western blotting, detection using the hermes (CD44S) antibody
demonstrated the presence of a number of high intensity bands of high molecular
weight (ranging from 70-220kDa) in samples from tumour patients, compared with
bands of 70-90kDa in normal samples. When the presence of bands above 160kDa
were used as a positive marker, the assay demonstrated a sensitivity of 75 % (100%
specificity). IHC of normal tissue samples with both hermes and V6 antibody
demonstrated staining within the basal layer of the urothelium, with some additional
stainihg in higher layers of the urothelium with hermes. Use of the antibodies

within tumour tissues illustrated a different pattern of staining, with strong
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membrane staining through the full urothelial layer. Upon ICC using V6, only
tumour samples were found to be positive, thereby demonstrating that the protein is
retained once the cell as been exfoliated. Of the samples tested, 66% of early stage
tumours and severe dysplasia expressed this abnormal CD44 expression, again

emphasising that CD44 changes occur at an early stage (Sugiyama et al, 1995).

The expression of CD44 as shown by both a standard antibody and V6 antibody has
been investigatéd by two other groups and they have also demonstrated similar
patterns of staining in normal and tumour tissues (Ross et al, 1996 and Lipponen et al,
1998). Ross et al (1996) showed that as stage and grade increase there is a loss of
reactivity with both antibodies, compared to the dense staining seen in both
membranes and cytoplasm at a low stage and grade. Lipponen et al (1998) compared
the expression of CD44 to a number of prognostic factors such as mitotic index, grade
and DNA ploidy and, from these comparisons, concluded. that though CDA44
expression appears to be related to differentiation state and hence prognosis

indication, the relationship is not clear cut.

Another variant under investigation is V2 (exon 7), to which an antibody was
produced by Borgya et a/ (1995) and in an invéstigation by Muller et al (1997) was
found to be present in tumours as homogenous staining in all layers of tumour tissue

though no stage or grade dependent differences were noted.

Woodman et al-(2001) have produced the first clinically relevant protein based assay
detecting CD44 ekpression within urine-voided exfoliated cells. The ass‘ay is an
ELISA assay which uses a double capture sandwich technique. Antibodies directed
against exon 1 and V6 are attached to the plate, followed by addition of the cell
protein, then a labelled Hermes antibody and detection system. To assess the
diagnostic potential, the highest absorbance level from a patient known to be tumour
free was used as the cut off point for the assay, where all values above this point were
taken to be caused by tumour presence. This gave the assay a sensitivity of 81.1%
(and a specificity of 100%). Therefore it is one of the most sensitive urinary based

systems being researched (Woodman et al, 2001).
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In conclusion, the current literature suggests that a protein based assay for urinary
detection of CD44 should produce a highly sensitive assay for the early detection of

bladder cancer.
1.4 Colorectal cancer

In England and Wales, colorectal cancer accounts for 13% of all cancers, being the
second most common cancer in women and the third most common in men. Unlike
bladder cancer, incidence is about equal in both sexes. Its incidence steadily increases
with age from about 45 years, but rises sharply from 55 years and above. The
incidence of this cancer is three to four times greater in developed countries such as
the UK, USA and Australia, when compared to less well developed countries.
Survival rates within England and Wales are approximately 40% after 5 years,

decreasing to 33% in 10 years (National Statistics Office, 2001).
1.4.1 Aetiology of colorectal cancer

Two main forms of colorectal cancer have been noted in humans; hereditary and non-
hereditary. The majority of colorectal cancers are non-hereditary (sporadic) and a
number of risk factors involved in their development have been identified. These can
be summarised as diet, physical activity levels, alcohol intake and cigarette smoking
(Midgley and Kerr, 1999). This work focuses on the sporadic form, though the

‘inherited forms will be briefly discussed in the next section (1.4.2).

The risk factors named above for colorectal development have been researched
extensively in number of different populations, yet no firm biological basis for many
of these factors has been determined. Dietary factors believed to be involved include
decreased intake in fruit, vegetables, fibre and folate and increased consumption of
meat (especially red meat) and fat. A Finnish study of dietary factors in a cohort of
men investigated the effects of fibre, meat, vegetable and fat consumption. Compared
to many developed countries, Finland has a lower colorectal éancer rate in both males
and females, thought to be due to increased fibre intake. Previous studies from this

group demonstrated that alcohol, especially at high levels, low folate levels and low
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protein levels within a diet increased the risk of colorectal cancer. This study
demonstrated no links between intake of fat etc., however calcium and vitamin D
levels appeared to have a preventative effect. In comparison to other study cohorts,
the Finnish population have a high dairy iﬁtake, especially milk. It is known that
vitamin D and calcium act together to bind bile acids and fatty acids and this is
thought to be the source of the protective effect. One strange result noted in this study
was that consumption of brassica vegetables (cabbage and broccoli) appeared to
increase cancer risk, whereas other countries have stated these decrease cancer risk. It
was noted however that in the Finnish population the white brassica (cauliflower,
white cabbage) are consumed more than the green brassica (Pietinen et al, 1995).
Conversely a study within a Swiss population demonstrated a direct association
between intake of meats, especially red meats and colorectal cancer, along with a
protective effect with intake of fruit, vegetables and wholegrain (Levi et al, 1995).
The protective effect gained from eating fruit and vegetables is thought to be due to
both the presence of anti-oxidants and the intake of fibre. Fibre is thought to increase
faecal transit time, thereby reducing the time that harmful carcinogens may remain in

the colon and rectum.

Folate is known to be essential for normal synthesis and metabolism of amino acids,
purines, pyrimi‘dines and lipids. It has also been demonstrated to be a co-factor in the
production of s-adenosylmethionine, which regulates methylation of specific bases to
block gene expression. In rats, when folate levels are decreased breaks and
hypomethylation-of the p53 tumour suppressor gene occur. In a study of a group of
US women it was found that decreased incidence of colorectal cancer occurred with
an increase in serum folate levels (Kato ef a/, 1995). In comparison another American
study demonstrated inconsistencies in the positive effect of folate, though
investigation of smoking and alcohol within the same study did show an antagonistic

effect upon folate levels by these two factors (Baron et a/, 1995)

Le Marchand ef al (1995) investigated the effects of physical activity and obesity on
colorectal cancer development, demonstrating a slight increase in risk from obesity,
but a strong link with physical activity. Though this activity had some link with
occupation, with those in sedentary occupations eg office workers, having an

increased risk of cancer development, the strongest protective effect came from

41



recreational physical activity in adulthood. This study also gave insight into how
cancer risk changes when people move from one population to another. Immigrants
to the US (an area of high cancer risk) who moved from areas of low colorectal cancer
risk (eg Japan) demonstrated an increase in cancer risk, highlighted more when first
generation people were studied. This effect has also been noted in countries where
westernisation 1s occurring, thought to be due to dietary change including an increase

in the intake of fast food (Le Marchand e al, 1995).

It has also been suggested that an increase in cancer risk can be attributed to socio-
economic status and social class. This is thought to be due to a decrease in physical
activity due to level of occupation and an increase in consumption of foods such as
meat and eggs. Though these factors provéd to be true in a study by Tavani et al

(1999) in Italy, this theory has not been proven in any other population.

Though a number of attributing factors have been identified and investigated in a
number of populations, results are conflicting for the effects of all factors. The main
problem appears to be the variation in diet between both countries and populations of
people within those countries. Aetiologic factors can therefore be considered as
population specific, though dramatic changes within a populations diet appear to

greatly affect incidence rates of this cancer type.
1.4.2 Molecular basis of colorectal cancer

Hereditary colorectal cancer

Two inherited conditions are known to predispose to colorectal cancer, namely
familial adenomatous polyposis (FAP) and hereditary non-polyposis colorectal cancer
(HNPCC). FAP is caused by a germ line mutation in the APC gene, causing the
growth of a large number of adenomatous polyps in the colon during the second and
third decades of life. If these polyps are not removed then there is a 100% risk of
colorectal cancer by the age of 40. These polyps are histologically identical to those
that precede sporadic cancer (Lynch and Smyrk, 1995; Midgley and Kerr, 1999). The
FAP phenotype presented varies in age of onset (from childhood to middle age) and
the number of adenomas present, but a number of non-malignant extra-colonic

features are also noted including osteomas, cysts and desmoid tumours (Lynch and
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Smyrk, 1995). The exact function of the APC gene is unknown, but it is known to
interact with beta-catenin and may therefore be involved in adhesion (Thomas, 1995).
The type of mutation affects the disease features, though some environmental
interaction also occurs, as noted in families where members all demonstrate the same

mutation, but different phenotypes.

HNPCC is caused by germline mutations in genes that code for mismatch repair
proteins. The best characterised are hMLH1 and hMSH2, though mutations in
hPMS2 and hMSH6 have also been implicated. Mismatch repair protein inactivation
leads to an accumulation of mutations- which, if found to occur in critical tumour
suppressor genes, can increase the possibility of malignant tumour development.
HNPCC is characterised by early onset of cancer (typically around 40 years), with a
number of tumours present throughout the colon and rectum. Other tumours may
arise including endometrial, ovarian, stomach and pancreatic cancers. HNPCC
accounts for approximately 5-10% of all colon cancers within the western population
and often displays distinctive pathology when compared to sporadic cancers (Lynch

and Smyrk, 1995; Wang et al, 1995).

Sporadic cancer
Colorectal cancer can be considered to be the most well characterised human cancer,
as a genetic model for its development was published in 1990 (Fearon and Vogelstein,

1990) and it has since been adopted (with variations) as a general model for cancer

development.
Chromosome 5q 12p 13q 17p
Alteration loss or mutation Mutation Loss Loss
Gene FAP K-Ras DCC? P33

Other
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Figure 1.7 — Genetic model for colorectal tumourigenesis (from Fearon and Vogelstein, 1990). This
mode! describes the genetic changes known to occur at each pathological stage within the development

of colorectal cancer.



Figure 1.7 illustrates the model presented by Fearon and Vogelstein (1990). It
demonstrates the pathological stages from normal colorectal epithelium to metastatic
tumour, and demonstrates the key genetic mutations thought to influence the
development of each stage. Though these mutations have been integrated into the
model at specific points, some mutations rﬁay occur at slightly different timepoints. It
was therefore suggested that the main factor is accumulation of mutations rather than

order.

The first change is either mutation or loss of the APC gene. This induces
hyperproliferation within the epithelium, and combined with DNA hypomethylation
leads to the formation of early adenomas. It has been suggested that this inhibits
chromosomal condensation and results in changes in chromosome number. It has
since been noted that some hypermethylation may also occur, therefore clarification
of the exact role of methylation in colorectal carcinogenesis is required (Navaratnam
et al, 1999). K-Ras is a member of the Ras family of oncogenes and mutations
within this gene lead to a permanent activation state, hence affecting the signalling
pathways of which it is an integral part. Ras mutations are commonly found in
approximately 50-80% of all colorectal tumours and it has been noted that adenomas
with Ras mutations are more likely to progress than those without (Fearon and
Vogelstein, 1990). DCC (deleted in colon cancer) mutations have been noted in 80%
of colorectal carcinomas, though the exact role of the protein product is unknown. It
does however show structural homology with the adhesion molecule ICAM1 and is
therefore believed to be involved in cell adhesion, though it has also been suggested it
expresses a tumour suppressor gene function. pS53 mutations are noted in many

tumours, with 70-80% of colorectal tumours demonstrating these.
1.4.3 Pathology and staging of colorectal cancer

The most common form of colorectal carcinoma is adenocarcinoma, that is epithelial
in origin, though with gland-like tissue involvement. As can be seen from the genetic
model, colorectal cancer develops through a number of distinct stages. The first
change within the epithelium is hyperproliferation of a group of cells, though
phenotypically they appear no different. Formation of an early adenoma can be

compared with dysplastic features in other tumour types. From this stage it then
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progresses through late adenoma to carcinoma with increasing phenotypic change
until reaching the point of metastatic tumour. Tumours of the colon and rectum
readily metastasise due to their close proximity to both blood and lymphatic systems,

based on their functions as absorptive organs.

Staging of colorectal cancer is carried out under two schemes — TNM and the Dukes
system. TNM tumour stages range from TO and Tis to T4, depending on depth of
invasion. Grading within this form of cancer is also highly variable, from GX, where
differentiation cannot be assessed, to G1 which is well differentiated to G4,
undifferentiated. Due to the proximity of the lymphatic system to these organs,
lymph node involvement is classed at higher levels than for other tumours, with the
highest level (N2) illustrating metastasis in 4 or more regional lymph nodes. Dukes
staging is classified as either A, B, C and D (Raraty and Winstanley, 1998). A
comparison between this method of staging and TNM is illustrated in table 1.1 below.

Table 1.1 — A comparison of TNM classification and Dukes stage in the staging of colorectal cancer
(Adapted from Raraty and Winstanley, 1998).

TNM stage Tumour Dukes stage
0 Tis -
I T1 '

T2 A
II T3

T4 B
II Any T, with nodal involvement

C

1\Y% ~ | Any T, with nodal involvment and

metastasis D .

1.4.4 Detection and diagnosis of colorectal cancer

Clinical signs and symptoms

These include changes in bowel habit which lasts for more than a few days, rectal
bleeding or presence of blood in stool and stomach pain, either cramping or steady.
Unfortunately, these signs alone could lead to diagnosis of a number of different

conditions, including infection, inflammatory bowel disease (eg crohns, ulcerative
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colitis) and haemorrhoids. Further thorough investigation is therefore required for

any patient demonstrating one or more of these symptoms (Dashwood, 1999).

Gold standards for diagnosis
The first step in diagnosis is digital rectal examination, followed by sigmoidoscopy

and colonoscopy (Dashwood, 1999).

Sigmoidoscopy is an endoscopic method, rigid or flexible, which allows visualisation
of the whole rectum to the descending (sigmoid) colon. It demonstrates high
specificity and sensitivity for tumour detection and is considered positive if the
presence of a cancer or polyp over 1 cm in diameter is noted. When using rigid
sigmoidoscopy, biopsy of affected areas is possible so that histological examination
can be undertaken. Adenoma presence requires full cblon examination as it has been
noted that finding on sigmoidoscopy give an indication as to the pathology expected
within the colon. For example, the presence of adenomas less than lcm in size has
been correlated with the absence of advanced pathology within the colon in most
cases. This technique however does have drawbacks. Firstly due to its invasive
nature, patient compliance for undergoing this form of examination may be low,
though patients with a known history of colorectal disease are more willing to
participate. Secondly, complications can arise with perforation of the colon occ.urring

at a rate of 2 in every 10,000 examinations (Anwar ef al, 1998).

Colonoscopy 1s the next stage of examination and involves the use of a ﬂexiblé'
endoscope which examines the rectum, entire colon and sorhetimes part of the
terminal ileum. Again this is a sensitive and specific technique and also allows for
therapeutic intervention as polypectomy (removal of polyps) can be undertaken at the
same time as the examination. This technique however also has similar drawbacks
with patient compliance and perforation risk. An added problem is complications due
to haemorrhaging after polypectomy, though this is rare (Abulafi and Marks, 1998;
Anwar ef al, 1998).

Non-invasive methods of detection |
The only current clinical method for non-invasive detection is determination of the

presence or absence of faecal occult blood (FOB). Colorectal cancers are known to
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bleed intermittenﬂy, with 2/3 of cancers bleeding at least once every week. The most
common of all FOB tests is the Haemoccult test, which is a qualitative assessment of
faecal haem through pseudoperoxidase activity testing. The haematin component of
haemoglobin catalyses the oxidation of Guaiac in the presence of H,O, to produce a
blue colour. The test fails to detect 20-25% of cancers and only provides an
indication of disease presence; it is therefore only useful in a screening capacity as an
adjunct to sigmoidoscopy and cystoscopy. Though the test is more acceptable for
patients due to its non-invasive nature, the dietary restrictions which are imposéd on
patients for the benefit of the assay decreases compliance somewhat. It has been
noted that a number of foods can produce false positives including red meat, broccoli,
potatoes and bananas. It is also susceptible to false negatives from vitamin C and
from the fact that not all cancers bleed, or bleed to a sufficient level for detection

(Anwar ef al, 1998).

Markers for non-invasive detection in research

There are two approaches to the study of tumour markers for colorectal cancer
detection: assessment of markers in stool samples (through analysis of exfoliated
cells) and serum markers. A large proportion of published work is based on the use of
markers as prognostic indicators for disease progression, but most markers

investigated appear to be “dual use” i.e. both diagnostic and prognostic.

Aside from the FOB test, stool marker assays are based on extraction of either protein
or DNA from exfoliated colorectal cells found within stool samples. Most protocols
are DNA baséd, detecting mutational changes within key genes involved in the
development and progression of colorectal cancer. A number of methods for both
extraction and subsequent analysis have been investigated, though results for some

markers appears to be quite variable.

K-ras has been highly investigated due to its early involvement in colorectal cancer
progression and its low variability in mutation. 40-50% of all colorectal tumours
demonstrate a mutation within K-ras and most of these occur within codon 12.
Through the use of an RFLP-PCR based method‘Puig et al (2000) were able to detect
mutations in stool samples from 55% of adenocarcinomas and 27% of adenomas,

whilst detecting no mutations within samples from patients with non-neoplastic
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disease and no disease. When corresponding tissue samples were analysed, there was
a direct match between stool and tissue result. Within this study K-ras detection
demonstrated 100% specificity, with sensitivity appearing to be linked to stage of
tumour. In a study by Dong ef a/ (2001) a sensitivity of 47% was noted, again with a

specificity of 100%, through the use of another PCR-based method.

Dong et al (2001) within the same study also investigated expression of p53 and a
microsatellite region (BAT26) for detection purposes. Much of the work on pS3
within colorectal cancer is based on its prognostic value, as its presence and mutation
status is thought to be linked to tumour aggressiveness (Seregni et al, 2001). As a
detection marker, mutations within the p53 gene could be considered to be occurring
at a considerably late stage according to the model presented by Fearon and
Vogelstein (1990 — see section 1.4.2). Investigation of eight mutations however, did
detect 59% of colorectal samples, with mutations in stool again matching those in the
tissue. Thesé tumours were of Dukes stage B and above (Dong et al, 2001).
Microsatellite instability was first noted within HNPCC patients, but the presence of
these mutations was subsequently seen within sporadic cancer cases. Within this
study, only 6% of samples showed a mutation within stool samples again mirrored by
tissue results. When the results of all three assays (K-ras, p53 and BAT26) were
combined 71% of all colorectal patients demonstrated some form of mutation and it
was suggested that a multiple marker form of assay such as this would be the most

useful for colorectal cancer detection.

The main serum marker linked with colorectal cancer is CEA, though it now appears
to be generally accepted that whilst this is a useful marker for prognostic purposes it
is of little or no value within early detection or screening. This is due to the finding
that sensitivity of CEA detection depends on tumour stage and ranges from about
30% in Dukes A to approximately 80% in Dukes D. It has also been noted that a
number of non-neoplastic conditions may also demonstrate high serum levels of CEA

(Dufty et al, 2001).
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From the literature there does not appear to be a large body of research on protein
analysis for marker detection from exfoliated cells in stool samples. DNA assays
have been demonstrated to be quite robust and as protein is less labile than DNA,

protein based assays should present no problem.
1.4.5 CD44 and colorectal cancer

Yoshida et al (1996) demonstrated that the expression of CD44 on colorectal cancer
cells exfoliated during luminal washings was abnormal. Though these luminal
washings were carried out on resected sections, it was thought that the technique
“could be adapted for use with exfoliated cells in stool. The expression of CD44 was
assessed using RT-PCR and southern blotting, with probes directed against exons V6
(exon 11), V7 (exon 12) and intron 9. Expression of V6 and V7 was noted in 73% of
luminal washing samples, which included tumour and inflammatory bowel disease
(IBD) samples. No expression of CD44 variants was noted in the IBD luminal wash
samples, but when corresponding tissue samples were assayed, some low level

expression was detected (Yoshida ef al, 1996).

To investigate the localisation of CD44 expression within both normal colorectal
tissue and tumour tissue, Gorham er al (1996a) employed the use of in situ
hybridisation, using a standard and variant probe, and immunohistochemistry using a
Hermes antibody (detects standard form of CD44) and an antibody directed against
exon 11. In normal cells, standard CD44 at both mRNA and protein level was located
within the epithelial cells lining the bases of crypts. No variant mRNA expression
was noted, though some weak staining with exon 11 antibody was observed. In
comparison, levels of standard CD44 mRNA and protein were higher in tumour
tissue, and was presént in all epithelial tissue within the tumour, though no association
between Dukes stage was noted. Variant mRNA was also increased, though
throughout the carcinoma as a whole, but no signal was detected within connective
tissue and inflammatory cells, findings mirrored by the antibody results. High
expression was especially noted in areas of invasion. This study again suggested the

clinical use of this marker for early detection (Gorham et al, 1996a).
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Goodison et al (1997) investigated variant exon splicing within CD44 isoforms
present in colorectal tumours, with the aim of producing a specific assay for early
detection based on the splicing patterns noted. Using a PCR based technique with a
primer anchored at exon 3 and a second primer anchored to the end of junction 5 and
the start of a variant exon, they investigated which variant exons were spliced next to
standard exon 5. Through examination of both tumour and normal tissue they were
able to detect a distinct pattern of CD44 expression. Within the tumour tissue, the
presence of most variant exon junctions (5/7, 5/8 etc) was noted, though 5/7, 5/9 and
5/11 were found in elevated levels compared to the other junctions present. In normal
tissue the 5/8 junction was most highly expressed. This demonstrated that there was a

specific pattern of expression which could be exploited in a diagnostic assay

(Goodison et al, 1997).

Ioachim et al (1999) noted that increased CD44 expression appears earlier than K-ras
and p53 mutations within a significant number of tumours. An immunohistochemical
study of CD44 expression compared with markers such as cathepsin D, ECM
components, p53, Rb, and bcl-2 demonstrated a positive correlation between CD44
and size of tumour, cathepsin D and Rb protein expression, with an inverse
correlation with bcl-2 (loachim et al, 1999). Though the exact nature of these
interactions and their influence on tumour development is unknown, it was suggested
that there may be some interaction between CD44 and Rb. Early expression of CD44
was also noted in colorectal polyps, in low and high grade polyps as well as those

demonstrating adenomatous features. CD44 expression was highest in the earlier

grade tumours using both standard and V5 (exon 10) antibodies. V6 (exon 11) was ~

also investigated, but did not appear to be present in comparable levels (Neumayer et
al, 1999). ’

CD44 has also been investigated as a prognostic indicator, through use of a serum
based assay for V6 (exon 11) or immunohistochemical analysis. Serum V6 levels
demonstrated a worse prognosis for those with elevated levels of this marker, and also

correlated with V6 expressing tissue (Yamane et al, 1999).
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It can therefore be seen that CD44 variant expression is a potential marker for early
detection of colorectal cancer. The demonstration of specific splice patterns by
Goodison et al (1997) could provide the basis for development of an assay either at
mRNA or protein level. Translation of these patterns into peptide sequences should
facilitate the production of a more specific antibody for detection than those currently

in use.
1.6 CD44 as a marker for the monitoring of recurrence

As can be seen from the literature reviewed, a number of groups have demonstrated
that CD44 is a potential marker of the presence of both bladder and colorectal
tumours. Furthermore, its presence has been demonstrated in early stage tumours,
rendering it a useful marker in the early detection of tumours for monitoring of

recurrent disease.

With both cancers discussed, recurrence of disease is common-place, and sufficient
monitoring of this presents a challenge to health professionals. Non-invasive methods

of monitoring are required;'and the use of CD44 presents one answer to this problem.

Though bladder andP colorectal tumours are 'Vefy separate in disease terms, current
work on CD44 has provided the poténtial for “crossover” in the studies carried out
thus far. Investigation of exon splicing with.in“ colorectal tumours has provided
specific information which could be exploited for detection purposes. In bladder
cancer, a protein based detection system based on standard and variant expression has

been shown to produce high levels of sensitivity and specificity.

By employing the exon-splicing analysis procedure used in colorectal cancer, tumour
specific markers could be analysed within bladder cancer. Comparison of these may
demonstrate the i)resente of common splice variants which may have wider
implications in other cancers. Identification of such markers could lead to asSayti‘ﬁ
development, whether DNA or protein based (as in the current bladder cancer ELISA)

through translation of information. The production of antibodies specific for the

51



variant proteins formed as a result of this splicing could potentially result in a highly

specific and sensitive assay.
Due to this crossover in knowledge and its potential benefits, it was decided to bring

the study of these two tumour types together. The analysis of CD44 splicing in both

these tumours is therefore the focus of this thesis.
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1.5 Aims and Objectives

Project Aim

« To analyse CD44 expression in neoplastic bladder and colorectal
tissue for the presence of novel tumour specific patterns and to assess
their potential as tumour markers.

« To utilise this information in reaching a platform from which an assay
for the monitoring of bladder and colorectal cancer could be

developed.

Analysis of junction expression has 'demonstratevd the presence of clinically relevant
junctions within colorectal tumours, yet no protein based detection system has been
designed using this information. A protein based detection system for bladder cancer
has been designed and tested, yet not specific information on the splice junction
expression within bladder tumours has been demonstrated. This project therefore
aims to complete this information with the intention of providing a basis for further
work on non-invasive assays for detection of these tumours suitable for use within

district general hospitals.

Project Objectives

The initial objective is the establishment of an in vitro model for CD44 expression,.
using human tumour derived cell lines of both bladder and colorectal origin. Once
initial expression studies at both mRNA and protein level have been assessed, the
study will move on to the second objective, an analysis of exon junction expression in
bladder cancer. This will be met by analysing expression at the mRNA level through
the use of the in vitro model and patient samples (tumour, non-involved and normal).
Once a tumour specific junction (or junctions) is discovered the third objective of
translating mRNA expression data into a protein based system will be undertaken,
This will involve the design of a syntheti.c peptide and the subsequent production of a
polyclonal antibody. The final objective is to evaluate the novel translational

antibody using the in vitro model and patient samples of bladder and colorectal tissue.



These objectives will each be achieved through a defined chapter of work, as

described below.
Chapter 1 — Introduction

This chapter aims to give an overview on basic cancer biology at a molecular and
cellular level, including an insight into diagnostic methods. It then investigates CD44
and its use as a tumour marker. The final sections review the molecular and cellular
basis of bladder and colorectal cancer, including current diagnostic methods and

current knowledge on CD44 expression within these tumours.
Chapter 2 — Evaluation of CD44 expression in relevant in vitro models

To fully investigate CD44 expression, an in vitro model based on human tumour
derived cell lines was established. This gives insight into expfession patterns within
bladder and colorectal tissue, with variation in the study arising from the use of two
cell lines of each tumour type. Expression studies at both mRNA (as an indicator of

gene expression) and protein level give the fullest account of expression possible.
» Chapter 3 — Analysis of CD44 variant exon splicing in bladder cancer.

This chapter describes the analysis of exon splicing based on the method described by
Goodison et al (1997). Use of the in vitro model established in chapter 2 provides the
initial study material, followed by investigation of patient derived samples of
neoplastic and non-involved tissue. The study moves from the exon link PCR method
(as described by Goodison) to a PCR-ELISA method. For normal comparison
exfoliated cells from voided-urine samples of a group of healthy volunteers was

utilised.
Chapter 4 — Polyclonal antibody production and characterisation

The finding of a potential clinically useful marker in chapter 3 led to the design of a
synthetic peptide to be used for antibody production. A polyclonal rabbit antibody

- was produced which was affinity purified to increase its specificity. Initial evaluation
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of the antibody was undertaken using an antigen-antibody titration assay, the results

of which are presented within this chapter.
Chapter 5 — Evaluation of 5/11 junction protein in cell lines and clinical samples

This chapter is the final study chapter and presents the results of the initial evaluation
of the 5/11 antibody within a number of clinical samples. Bladder cancer evaluation
was undertaken through use of two methods — western blotting and IHC, using
exfoliated urothelial cells in urine and paraffin embedded tissue sections. Colorectal
cancer evaluation involved IHC alone, and was carried out using paraffin embedded

sections of dukes staged tumour types.
Chapter 6 — Final discussion

This chapter evaluates the work presented in this thesis and relates its potential
diagnostic application. This includes a brief overview of the latest methods for
marker detection and analysis of detection requirements. A discussion on which form
of assay would be most viable for use within a district general hospital setting brings

the chapter to an end.
Chapter 7 — Conclusions and further work
This chapter draws conclusions on the work as a whole, derived from the final

discussion. The potential and possibilities for further work within the project will also

be examined.
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2 Evaluation of CD44 expression in human in vitro models

2.1 Introduction

The aim of this section of work was to investigate the expression of CD44, in both
standard and variant forms, within cells of bladder and colorectal origin, and to
establish an in vitro model within which subsequent work on detailed exon expression

could be carried out.

This work focused upon the use of four cell lines, two of each tumour type and all
human in origin. This in vitro model system may provide insight into CD44
expression within human tissues. Due to their ease of growth, large numbers of cells
can be cultivated in a relatively short period of time, allowing extraction of sizeable
quantities of mRNA and protein for study purposes. Although some variation within
cell line growth is thought to occur over successive generations, this variation should

not be too great as to lessen reproducibility.

The use of two cell lines of each cancer type may also provide insight into the
variability of expression within tumours of differing stage and grade, though an
assessment of this may prove to be difficult. For example, it is known that of the two
bladder cell lines used, RT112 cells will form tumours in nude mice, whereas T24 cell

lines will not, suggesting that the RT112 cell line is more metastatic when compared
to T24.

Two of the cell lines utilised within this study (namely RT112 and HT29) had been
used in previous studies of CD44 expression, and were therefore known to express
CD44. The T24 and CACO2 cell lines had not; and therefore their expression needed

to be investigated to ensure suitability for this project.
To fully investigate CD44 expression, assessment at two cellular levels was carried

out: studies focusing upon gene expression (transcriptional studies) and those

focusing upon protein expression (translational studies).
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The transcription of RNA and subsequently mRNA from DNA within the cell nucleus
is the first major step towards the cellular production of a protein. mRNA provides
the template from which ribosomes can then translate the genetic code into a peptide
sequence. Once this sequence has been formed it then undergoes post-translational
modification within the endoplasmic reticulum eg glycosylation, before entering the
golgi complex and being transported to its place within the cell as a fully formed
protein. This is especially important in the case of CD44 as this protein undergoes a
significant level of post-translational modification. Both glycosylation and

chondroitin sulphate addition occur, resulting in a protein of high molecular weight.

Transcriptional and translational studies are both required to give the fullest account
of expression possible. The presence of mRNA within a cell suggests that it intends
to produce that protein, yet without investigating the protein presence, we cannot be
sure that the protein is being produced. Also, as aberrant protein expression may be
noted, in the case of CD44, seen as the presence of a large number of variant
isoforms, it may prove to be important to find the basis of this aberrance ie whether

caused at post-transcriptional or post-translational stages.

Transcriptional studies

These studies focused upon the presence of mRNA using the technique of reverse
transcription — polymerase chain reaction (RT-PCR). mRNA is extracted from whole
cells and is then reverse transcribed into complementary DNA (cDNA) using a
reverse transcriptase (RT) enzyme. This cDNA is then used as the template within a
’ste.lr‘l.dard PCR reaction. CD44 amplification was carried out using a primer pair which
amplifies from exon 3 to exon 17, thereby encompassing the whole variant region. To
ensure the integrity of CD44 amplification, southern blotting was carried out on all
RT-PCRs using a “standard” probe aimed at exons 4 and 5 (see figure 1.2 for diagram

of gene assembly).

Translational studies

Protein expression was investigated through two antibody based methods using a
number of antibodies aimed at both standard and variant epitopes shown to be of
importance in previous studies. To investigate the presence of standard and variant

forms, total protein whole cell extracts were electrophoresed and then blotted (western
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blotting) providing information which can be directly compared to that gained from
RT-PCR.  To investigate the distribution of CD44 protein within cells,

immunohistochemistry was undertaken.

2.2 Materials and Methods

All buffer and solution formulations can be found in appendix B.

2.2.1 Cell Culture
All cell culture media and additives were supplied by Sigma ( Poole, Dorset, UK) and

all cell culture plastics were produced by Nalge Nunc (Fisher Scientific,

Loughborough,UK).

Cell lines

Four cell lines were used during this project as model systems for CD44 expression,
all human in origin. The bladder cell lines were RT112/84 (derived from a TCC of the
bladder with epithelial morphology from a female patient, age unknown — ECACC :
85061106) and T24 (derived from a TCC of the bladder with epithelial morphology
from an 81 year old caucasian female — ECACC : 85061108, also known by the
names EJ138 and MGH-U1). The colorectal cell lines were HT29 (derived from a
grade II adenocarcinoma, epithelial in origin from a 44 year old female caucésian -
ECACC : 91072201) and CACO?2 (derived from an adenocarcinoma with epithelial-
like morphology from a 72 year old caucasian male — ECACC : 86010202). All cells
were grown from seed culture stored under liquid nitrogen and were cultured in

‘Dulbeccos modified eagles medium (DMEM) containing HAMS F12 nutrient mix

(Sigma ref : D6421) , with the exception of T24 cells which were cultured in RPMI

1640 containing sodium bicarbonate (Sigma ref : R8758). All media was
supplemented with 10% heat inactivated foetal calf serum, 1 ml of 200mM glutamine
and 100ul of penicillin/streptomycin solution per 500ml bottle . Cultures were grown
at 37° C in a 5% CO, atmosphere and were maintained by passage when they had

grown to 70-80% confluence (typically every three to four days).
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Passage

As all four lines were adherent, paséaging required the use of Trypsin/EDTA to
detach the cells from the surface of the culture flasks. Cultures were first washed in
sterile PBS followed by the addition of 5 ml of 1x Trypsin/EDTA solution to each
flask. This was incubated at 37° C for approximately one minute, or until detachment
could be detected, upon which the cells were removed from the flask and placed into a
centrifuge tube containing 5 ml of media (containing 10% FCS, as above), to
inactivate the trypsin. This was then centrifuged at 218 xg for 5 minutes at 4° C. The
supernatant was discarded and the cells resuspended in an appropriate amount of

media and subcultured intd fresh flasks.

Cell growth for Immunohistochemistry

Cells required for immunohistochemistry (IHC) were grown in slide flasks, small
culture flasks with a detachable polystyrene slide as their base. Cells were seeded
into these flasks and were grown for three to four days, by which point the base of the
flask was covered by a monolayer of cells. The media was removed and the cells
were washed three times in cold sterile PBS, before detaching the flasks from the
slides. These slides were then placed in cold methanol for 10 minutes to fix the cells
and left to dry at 4° C. They were then wrapped in foil and stored at -20° C until

required.

~ 2.2.2 mRNA extraction
mRNA was extracted using the mRNA rhigro-fastrack kit (Invitrogen, Paisley,

Scotland, UK ) according to manufacturers guidelines.

Cell Preparation

Cells for mRNA extraction were grown in T75 flasks (area of 75cm?) until
approximately 80% confluent. Culture media was removed and cells were washed
with sterile PBS. Fresh sterile PBS (10ml) was added to the flask and cells were
detached from the surface using a cell scraper. The PBS (containing the detached
cells) was then removed and placed in a centrifuge tube. This was centrifuged at 218
xg for 5 minutes at 4° C. The supernatant was discarded and the cells resuspended in

sterile PBS (1ml), then transferred to a 2ml y-irradiated tube. This was then
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centrifuged for 5 minutes at 4° C. The supernatant was discarded and the cell pellet

then used for extraction.

Synopsis of micro-fastrack protocol (Invitrogen)

A lysis buffer containing a protein and RNAse degrader was preheated to 45° C then
added to the cell pellet. After incubation at 45 °C (where cells were lysed and their
proteins degraded), DNA was precipitated out of solution by addition of NaCl and
then sheared by passing through an 18g needle. The solution was then incubated with
oligo-dT cellulose (to which the mRNA binds), and subsequently transferred to a
column. The oligo-dT was washed a number of times, before eluting the mRNA;
mRNA was then precipitated using ethanol and sodium acetate and snap frozen in
liquid nitrogen. After centrifugation the ethanol mixture was removed and the mRNA

allowed to dry slightly before resuspending in 10p! of elution buffer.

Due to the small volumes gained from this procedure it was not possible to quantify
the mRNA.

2.2.3 cDNA production by Reverse Transcription (RT)
c¢DNA production was carried out using a cDNA cycle kit (Invitrogen), according to

the kit protocol.

mRNA (2pl) from cell extraction was mixed with 8.5 ul of water and 1 pl of oligo dT
primer. This was incubated at 65° C for 10 minutes, then for 2 minutes at room

temperature. The following reagents were then added :

RNAse Inhibitor Iml I
S5xRT Buffer 4ul

DNTPs 1l

Sodium Pyrophosphate | 1ul

AMV RT 0.5ul

This mix was then incubated at 42° C for 1 hour, then at 95°C for 2 minutes.

2.2.4 Standard CD44 PCR
cDNA from the above cycle was then used in a standard CD44 PCR reaction.

The PCR mastermix used was as follows :
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10x PCR buffer (with MgCly) | 10pul
DNTPs 4ul
P1 primer lul
P4 primer 1l
Nuclease free water 80ul
CDNA 3ul

The mix was spun briefly before being placed into the PCR machine. The PCR cycles

were as follows :

Hot Start 94 °C for 1 minute
1 cycle of 85 °C for 1 minute
[Taq polymerase (1ul) then added]

29 cycles of | 94 °C for 1 minute

55 °C for 1 minute
72 °C for 2 rhinutes

1 cycle of 94 °C for 1 minute
55 °C for 1 minute

72 °C for 5 minutes

Taq polymerase was purchased from Qiagen (Crawley, West Sussex, UK). Samples
were then placed on ice before analysis by agarose gel electrophoresis, in a 1.2% gel,
including a molecular weight marker (100 bp ladder, Promega, Southampton, UK)
with bands from 100bp to 1500bp, to ensure the PCR product was of the correct size.
A positive result was indicated by the presence of a number of bands, the smallest of
which is 482 bp. |

Positive and negative controls were included in each reaction, a negative control
included everything within the PCR mix except the cDNA to ensure that no
contamination was present. The positive control used was a Beta-Actin amplification.
Beta actin is an abundant protein within eukaryotic cells and is therefore readily

detectable by PCR via its mRNA.

2.2.5 Production of standard probe for Southern Blotting
To produce a probe for the purpose of Southern blotting, a CD44 plasmid (based on

pbluescript II SK, Stratagene, Gorham et al, 1996a), containing all standard exons,
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was grown using the method of bacterial transformation. The plasmid was linearised
using restriction digestion, and this was then the template DNA for a PCR to produce
the final probes. The protocols for plasmid growth and linearisation can be found in

appendix C.

Probe PCR
The standard probe hybridises to sections of CD44 exons 4 and 5.

The PCR reaction mix used was :

10 x buffer (with MgCl,) 10ul
DNTPs 4pl
P2 primer 1l
Plasmid DNA 10pl
Nuclease free H,O 74ul

The PCR was carried out using the same basic cycIe as for a standard CD44 PCR (see
section 2.4), but with 34 cycles for step 2 (instead of 29). Taq polymerase (1ul) was
added after the hot start. PCR products were then analysed by agarose gel
electrophoresis. Probes were purified using low melting point (LMP) agarose and

phenol : chloroform extraction.

2.2.6 Purification of Probes from LMP agarose

A 1.2% gel was run at 4°C until the first band of the loading buffer reached the
bottom of the gel. After staining with ethidium bromide, bands were excised from the
gel using a clean scalpel and were placed into a 15 ml y-irradiated centrifuge tube and
their volume weighed. Five volumes of a 20mM Tris, ImM EDTA solution was
added to the agarose and this was incubated at 65 °C for five minutes to melt the gel.— -
The solution was cooled to room temperature, and an equal volume of phenol
(equilibrated to pH 7.9, Sigma) was added and the solution vortexed for 20 seconds.
The aqueous phase was then recovered by centrifugation at 2060 xg for 10 minutes at
room temperature. The aqueous phase was then removed and placed into a clean
centrifuge tube. This step was repeated once with a mixture of phenol : chloroform
(1:1) and once with chloroform alone. The final aqueous phase was placed in a clean
tube and 0.2 volumes of sodium acetate and 2 volumes of 100% ethanol were added.
This mixture was snap frozen and after thawing was centrifuged at 8870 xg for 10

minutes at 4 °C. The ethanol mix was removed and after allowing the DNA to dry
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briefly the pellet was resuspended in 40 pl of nuclease free water. The probe
concentration was assessed by reading the absorbance of the solution at 260 nm (in a
quartz cuvette) and using the equation :

Concentration (in pg per ml) = A260 x dilution factor x 50

2.2.7 Southern Blotting

A standard CD44 RT-PCR was run as described in section 2.2.4. The products were
run on a 1.2% agarose gel and the DNA transferred to a nylon membrane (Hybond
N+, Amersham Biosciences, Little Chalfont, Bucks, UK) using capillary action with a
0.4M NaOH solution overnight, then hybridised with a labelled standard probe.

Figure 2.1 below shows the apparatus set up for southern blotting.

4—Tilter papers x3
Merubrane —p +—— Agarose gel
Filter____’ Glass Support
Paper
¢ Raservor of
0.4M NaOH

Figure 2.1 : Southern blot by capillary action with 0.4M NaOH. The agarose gel is placed on a filter
paper wetted with NaOH. The membrane followed by three filter papers again wetted with NaOH are
then placed over the gel. Finally a stack of paper followed by a lkg weight are applied';':md the

apparatus left overnight.

Probe labelling

Probes were labélled using an ECL direct labelling kit (Amersham Biosciences)
according to the kit protocol. Probes were diluted to a concentration of 10ng/pl and
100ng (10pl) was denatured by heating for 5 minutes in a boiling water bath. The
DNA was cooled immediately and kept on ice for 5 minutes, before being spun
briefly. 10pl of DNA labelling reagent was added to the cool DNA and mixed gently
after which 10ul of Gluteraldehyde were added and the mixture spun briefly. Probes

were then incubated at 37°C for 10 minutes, and if not used immediately, were kept

on ice for 10-15 minutes.
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Hybridisation

Hybridisation was carried out using Gold Hybridisation Buffer (Amersham
Biosciences) containing NaCl (1.461g/50ml) and blocking reagent (5g/50ml —
supplied with the buffer). Membranes were first washed briefly in 2 times SSC
before being placed in pre-warmed hybridisation buffer (42°C) and pre-hybridised for
lhour at 42°C with gentle agitation. Labelled probe was added directly to the buffer
(ensuring that the probe does not come in contact with the membrane directly) and
incubation continued with the same conditions overnight. Membranes were then
washed in two different wash solutions. Membranes were placed into wash solution 1
for two washes of twenty minutes with gentle agitation at 42°C and were then placed

in wash solution 2 for two five minute washes at room temperature, again with gentle

agitation.

Detection of DNA for Southern blotting was carried out using ECL detection reagents
(Amersham Biosciences). Equal volumes of reagents one and two were mixed, then
placed onto the membrane for 1 minute. The solution was then blotted off and the
membranes placed into plastic bags before being placed into film cassettes. Film
(ECL Hyperfilm, Amersham Biosciences) was preflashed before placing in the

cassettes for one hour, then developed using Kodak developer and fixer.

2.2.8 Protein extraction

Protein was extracted from all four cell lines, once they had reached 70-80%
confluence (typically, cultures for protein extraction were grown in T75 flasks, an
area of 75cm?). All culture media was removed from the flasks and cells were
washed with PBS before addition of PBS/protease inhibitor (1 ml of protease inhibitor
in 50 ml of PBS, inhibifor cocktail produced by ICN Biomedicals, Basingstoke, UK)
and scraping of cells off the surface of the flask using a flexible cell scraper (Nalge
Nunc). Once all the cells were removed from the surface, the solution was transferred
into a 15 ml centrifuge tube and the cells pelleted by centrifugation at 554 xg for 10
minutes at room temperature. The supernatant was removéd and discarded and the
pellet resuspended in 1.5ml of PBS/inhibitor. This was then transferred fo an
eppendorf tube and spun at 12073 xg for 15 minutes. The supernatant was removed

and the pellet resuspended in 1.5 ml of CHAPS lysis buffer and snap frozen. This

64



was then thawed and incubated on ice for 1 hour before being centrifuged at 12073 xg
for 30 minutes. The resulting supernatant is the cellular protein extract and after

quantification was stored at -80°C.

Protein Quantification

Protein quantification was achieved through the use of the Bio-Rad protein assay dye
(a modified bradford assay - Bio-Rad Laboratories, Hemel Hempstead, UK). The dye
was diluted 1/5 with HZO and 1.5 ml was added to samples and the mixture vortexed
gently. After incubating at room temperature for a minimum of ﬁve minutes (
maximum of 1 hour), the absorbance of the sample was read at 595 nm using plastic
cuvettes. To quantify the protein a standard curve (consisting of 6 standards from 0 —
1000 pg of protein/ml) was constructed using an IgG protein standard (1 mg/ml, Bio-
Rad). Aliqouts of the sample were typically diluted 1/5 with H,O unless the
absorbance was above that of the highest standard. The final calculation of protein
concentration was gained from réading the concentration of samples from the

standard curve and multiplying by the dilution factor.

2.2.9 Immunohistochemistry
- Prepared slides were removed from storage at -20°C and allowed to stand at room
temperature (whilst still wrapped in foil) for 10 minutes, before being divided into a
grid using an ImmEdge pen (Vector Laboratories, Peterborough, UK). To block non-
specific antibody reactions, a 1:5 dilution of appropriate serum in TBS was applied to
the slides (50ul/grid) which .were then incubated in a humid atmosphere at room
temperature for 1 hour (appropriate serum being the serum of the species that was
used to raise the secondary antibody). Blocking serum was removed and the primary
antibody then added to the slides. For CD44, 6 primary antibodies were used, all of
which are aimed at portions of the protein that correspond with specific exons. All

antibodies were monoclonal mouse IgG.

Antibody | Protein raised against Source

Exon 1 Exon 1 (Clone VFF-10-442) | Novocastra / Boehringer Mannheim
Hermes Exon 5 Gift from Dr E Butcher *

V2 Exon 7 Borgaya et al, 1995
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V3 Exon 8 (Clone 3GS5) R + D Systems

\'A) Exon 11 (Clone VFF-8) Bender Med Systems

Vé Exon 12 (Clone VFF-18) Bender Med Systems

*Stanford University
A 1/50 dilution of each antibody was made using tris-buffered saline (TBS)
containing 1% serum as the diluent. 50pl of antibody was placed on its assigned grid

and slides were placed in a humid atmosphere at 4°C to incubate overnight.

The next day slides were incubated at room temperature for 30 minutes followed by
three five minute washes in TBS. As the detection system is linked to horseradish
peroxidase, slides were incubated for 10 minutes in a 3% hydrogen peroxide / 100%
methanol solution to exhaust endogenous peroxidases, followed by another set of
three TBS washes. Secondary antibody (Biotinylated rabbit-anti-mouse IgG, Dako,
Ely, Cambridge, UK) was applied in a 1/200 dilution (again in serum/TBS) and slides
were incubated at room temperature for 1 hour, again in a humid atmosphere. Slides
were subsequently washed in TBS (as above) before addition of the first stage of the
detection system, the ABC (avidin-biotin conjugate) incubation. The ABC conjugate
(Dako) was made up 30 minutes in advance, consisting of equal amounts of solution
A (4pl) and solution B (4pl) with 500ul of TBS, and once placed on the slides was left
for 30 minutes at room temperature (again in a humid atmosphere). Slides were then
washed as before and incubated in Diaminobenzidine (DAB) solution for
approximately 5-10 minutes (depending on speed of colouration). Slides were then
washed in water before undergoing counterstaining for 30 seconds in haematoxylin,
followed by washing in running water to produce the true colour of the counterstain.
Excess water was removed from the slides before being mounted using a glycerol

based mountant (Dako). Staining was evaluated using a minimum of a x20 objective.

2.2.10 Western Blotting

Electrophoresis

SDS-PAGE was carried out using a non-denaturing gel, consisting of a 4% stacking
gel and a 6% resolving gel. Total cell protein samples (undiluted) were diluted 3 to 1
with a 4x loading buffer and boiled for five minuteé, They were then spun for five
seconds and placed on ice until required. 10pl of sample was placed in each well, and

a set of high molecular weight markers was included (Cruz Markers, Santa Cruz
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Biotechnology inc., Autogen Bioclear). The gel was run firstly at 75V for
approximately 15 minutes, to allow samples to move through the stacking gel, then at

100V for about 1 hour or until the lbading dye front reached the bottom of the gel.

Electroblotting
For the transfer of proteins to a membrane a semi-dry blotter was used (Hoefer TE70
series, Amersham). The gel was placed in a stack within the blotter consisting of four

filter papers, membrane, gel and four more filter papers (see figure 2.2 below).

-ve Anode

i 1 4x filter
Gelon I papers
menbrane . e 44— 4y filter

A

+ve Cathode papers

Figure 2.2 —Western blot setup within the semi-dry blotter. The SDS-PAGE gel is placed on top of the

membrane and sandwiched between eight filter papers which have previously been soaked in transfer
buffer.

Before placing in the stack, filter papers and gel were soaked in transfer buffer for
approximately five minutes. The membrane (Immobilon-P, Millipore, Watford, UK)
was prepared according to manufacturers instructions, by firstly wetting in methanol
until opaque, soaking in water for five minutes, then into transfer buffer for five
minutes. The stack was rolled with a serological pipette to ensure removal of air

bubbles before placing the lid on the blotter. The blotter was run at 44anmps for 55

minutes.

Detection and Identification

Detection and identification were carried out using specific antibodies raised against
portions of the protein product of specific exons, Hermes, V3, V5 and V6 (see section
2.7 “IHC” for details). To block non-specific reactions membranes were firstly
placed into a 5% non-fat milk/TBS solution for 1 hour, shaking gently. Primary
antibodies were diluted 1/1000 in 5% non-fat milk/TBS and membranes placed into

the solution to incubate overnight at 4°C. The next day membranes were incubated at
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room temperature for 30 minutes, with agitation. Membranes were then washed five
times for five minutes in a 0.1% tween/TBS solution), before being placed in the
secondary antibody solution (Anti-mouse IgG peroxidase conjugate, Sigma) at a
dilution of 1/1000 in 5% non-fat milk/TBS. A separate secondary antibody was used
for detection of the molecular weight markers (goat anti-rabbit peroxidase conjugate,
Santa Cruz Biotechnology Inc., Autogen Bioclear, ) which required the membrane to
be split. The antibody was used in a 1/500 dilution, again in 5% non-fat milk/TBS.
Membranes were washed as before. Detection was carried out using an ECL Western
Blotting Detection Reagent kit (Amersham Biosciences), the mix consisting of equal
amounts of solution 1 and solution 2. Excess liquid was blotted off the membrane
before applying the detection mix, which was left for 1 minute and then removed by
blotting. The membrane was then placed into a plastic bag before placing in a film
cassette and the film (Hyperfilm ECL, Amersham) exposed for 1-2 hours before being
developed (developer and fixer by Kodak, obtained from Sigma).

2.3 Results

2.3.1 Transcriptional Studies

RT-PCR

Figures 2.3 and 2.4 show a Beta actin and CD44 RT-PCR for the RT112/T24 and
HT29/CACO2 cell lines respectively. Beta actin was used a positive control to ensure |

integrity of mRNA.

1500 bp

500 bp

100 bp

Figure 2.3 - Ethidium Figure 24 - Ethidium
bromide stained gel of bromide stained gel of HT29

RT112 and T24 cell line
RT-PCR. Lane M is the
marker, lane 1 and 2 is the
RT112 cell line and lanes 3
and 4 is the T24 cell line

and CACO2 cell line RT-
PCR. Lane M is the marker,
lane 1 and 2 is the HT29 cell
line and lanes 3 and 4 is the
CACO2 cell line
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Each gel shows two amplifications for each cell line. Lane M in both figures is the
marker (Promega). Beta actin is shown as a band of approximately 600bp in lanes 2

and 4 (figure 2.3) and 1 and 3 (ﬁgure 2.4). The other lanes show a standard CD44

amplification.

The standard RT-PCR for CD44 was carried out using the primer pair P1-P4, which
amplifies along the whole gene, whether standard or variant in form. If the standard
form alone is present, then one would expect to see one single band, but if variant

forms are present then multiple banding should be noted.

From the above figure it can be seen that all four cell lines express CD44 at an mRNA

level, though expression patterns differ between each.

The RT112 cell line (figure 2.3, lane 1) expresses a variety of isoforms, as illustrated
by the presence of a number of bands of varying molecular weight. The lowest band
has a size of approximately 480bp and represents the standard form of the gene.
Above this band approximately five bands can be seen, with a particularly bright and
dense band at approximately 1,600 bp, suggesting that this is the predominant

isoform. The majority of isoforms must therefore be variant in nature.

The T24 cell line (figure 2.3, lane 3) demonstrates a very different pattern of
expression than that of RT112, with only one band noted on agarose gel analysis.
This band is of approximately 480bp in size and relates to the standard form of the
- gene. The band is much brighter and more dense than that seen in.the RT112 cell

line.

The expression pattern for HT29 (figure 2.4, lane 2) is similar to that of RT112, with
a number of bands of varying size again being noted. The lowest band seen is of
approximately 480bp (again corresponding to the standard form) and is the least
distinct band present. The largest band is approximately 1,600bp, with a distinct
bright band seen at 900bp, suggesting that this is the predominant isoform. All bands

vary in both size and intensity.
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Figure 2.4, lane 4 illustrates CD44 expression within the CACO2 cell line,
demonstrating the presence of a similar banding pattern to those for RT112 and HT29,
but with less distinct presence. Though the band intensity is decreased in comparison,
the lower band is again of approximately 480bp, and a distinct band of 900bp is
noted, as seen for HT29.

Southern Blotting

1 2

480 bp 450bp
Figure 2.5 — Southern blot of Figure 2.6 — Southern blot
ethidium gel in figure 2.3. of ethidium gel in figure
Lane 1 is the CD44 banding in 2.4. Lane 1 is the banding
RT112 cells,- whilst lane 3 seen with HT29 cells,
demonstrates the pattern in T24 whilst lane 3 demonstrates
cells . the pattern in CACO2 cells.

Figure 2.5 and 2.6 shows a Southern blot of the ethodium bromide stained gels seen in
figures 2.3 and 2.4. The Southern blot demonstrates two things. Firstly all banding
seen at an mRNA level with agarose gel analysis are true positive results, be'ing'due to
CD44 amplification alone. Secondl‘y, PCR products present in low concentrations can
be visualised. All banding seen in all four cell lines with agarose gel analysis can be
seen here, but extra clarity is provided for bémding at the 1000-1600 bp region, and

the presence of an extra band within the T24 cell line can be noted.

2.3.2 Translational studies
Immunohistochemistry
Plates 1-4 on pages ?-? illustrate the immunohistochemical (IHC) results with each

cell line, with six CD44 antibodies, E1, Hermes, V2, V3, V5 and V6.
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The results with each antibody are summarised in table 2.1. Staining intensity is
denoted through the use of “+”, with “4+” denoting weak staining, “++” moderate
staining and “+++” strong staining. The staining description is divided between

membrane (M) and cytoplasm (C).

Table 2.1- Analysis of CD44 immunohistochemical results within the RT112, T24, CACO2 and HT29

cell lines.
Antibody
E1 Hermes {V2 V3 V5 V6
RT112
M| ++ +++ + +++ ++ ++
Cl - ++ + ++ + +
T24
o M| - ++ - - + ++
D cl - + - - + +
g HT29
@ M| ++ +++ +++ + ++ ++
Cl ++ + + + + +
[CACO2
M|+ ++ + ++ + +
C| - - - + - -

All cell lines expressed CD44 protein, though as for the mRNA expression, patterns
differed between each. As CD44 is a cell adhesion molecule, it would be expected
that all staining would be concentrated within the cell membrane, but as can be seen
in the table above, cytoplasmic staining was also noted with some antibodies. E1 and
Hermes antibodies detect the standard form of CD44, with V2, V3, V5 and V6
detecting variant forms.

The E1 antibody detected protem in all cell lines, except T24. Membrane staining
intensity differed between the three cell lines, with RT112 showing the strongest -and
CACO?2 the weakest. Some cytoplasmic staining was noted in HT29. cells, giving
cells a grainy appearance. Though both this antibody and Hermes detect standard
forms of the protein, there was a great difference in stainino patterns. Using the
Hermes antibody, protein expression was noted in all cell hnes in both membrane and
cytoplasm, except for CACO2 cells, where staining was noted in the membrane only

RT112 and HT29 showed strong membrane stammg,_wrth moderate staining in
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Plate 1 :Results of immunohistochemistry with anti-CD44 antibodies on RT 112 cells

1A - RT112 cells stained with E1 antibody IB - RT112 cells stained with Hermes antibody

1C - RT112 cells stained with V2 antibody

IE - RT112 cells stained with V5 antibody
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Plate 2 : Results of Immunohistochemistry with anti-CD44 antibodies on T24 cells

g _ 41 j DMI
2A - T24 cells stained with E1 antibody 2B - T24 cells stained with hermes antibody
*r
BVr
# it ~
A * A 0
F H
# it
fe V>
Cr
D
(] . m
g \% m*, #
w #y e
2C - T24 cells stained with V2 antibody 2D - T24 cells stained with V3 antibody

2E - T24 cells stained with V5 anitbody 2F - T24 cells stained with V6 antibody



Plate 3 : Results of Immunohistochemistry with anti-CD44 antibodies on HT29 cells

3A - HT29 cells stained with E1 antibody 3B - HT29 cells stained with Hermes antibody
3C - HT29 cells stained with V2 antibody 3D - HT29 cells stained with V3 antibody
3E - HT29 cells stained with V5 antibody 3F - HT29 cells stained with V6 antibody
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Plate 4 : Results of Immunohistochemistry with anti-CD44 antibodies on CACO02

cells

-V # 0

i

4A - CACO2 cells stained with El antibody

4C - CACO02 cells stained with V2 antibody

4E - CACO02 cells stained with V5 antibody

> V\ mh %

4B - CACO02 cells stained with Hermes antibody

4D - CACO02 cells stained with V3 antibody

4F - CACO02 cells stained with V6 antibody
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CACO2 and T24 cells. Cytoplasmic staining also varied, with RT112 showing the

strongest.

Staining with the variant antibodies V2, V3, V5 and V6 also demonstrated varied
protein expression within all cell lines. RT112 was shown to express all protein
variants, though strongest staining was seen with V3 antibody. V5 ahd V6 gave
moderate staining, with V2 showing the weakest, cytoplasmic staining was noted with
all antibodies. In comparison, the T24 cell line showed no expression with V2 and |
V3, and weak and moderate staining with V5 and V6. Weak cytdplasr‘nic staining
was also noted. HT29 cells showed the same expression patterns as RT112 with V5
and V6 antibodies, but showed its strongest staining with V2 antibody and its weakest
with V3. Weak cytoplasmic staining was noted for all antibodies. CACO2 only
demonstrated cytoplasmic staining with V3 antibody, which also gave the strongest

staining of all the variants, moderate in nature. All other antibodies resulted in weak

staining.

Western Blotting
Figures 2.7 — 2.10 demonstrate the results of the western blotting with ihe Hermes,

V3, V5 and V6 antibodies.

— 4 i

o2 3 4
— 23 =
Figure 2.7 Western Blot with Herrﬁés - ~ Figure 2.8 Western blot with V3 antibody. -
Antibody. Lane 1 =RT112, followed Lane | = RT112, followed by T24, HT29 and

By T24, HT29 and CACO?2 (lane 4). CACO2 (lane 4).
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From the western blot in figure 2.7, it can be seen that all cell lines express CD44, as
would be expected from the IHC results. Each cell lines demonstrates a different
banding pattern, suggesting the presence of a variety of isoforms. T24 (lane 2)
demonstrates the largest number of isoforms, with a banding pattern of seven bands.
Of these bands, four are below the size of the standard 90kDa glycosylated form of
CD44. In the other three cells lines, the lowest band seen is of approximately 90 kDa.
But unlike the T24 cell line, it is not the strongest band seen. In the HT29 and RT112
cell lines the number of bands present are difficult to dissect out and count. Figure
2.8 demonstrates a western blot with V3 antibody, and a differen pattern of
expression. The T24 cell lines still appears to express the most bands, with
approximately five present. The HT29 and RT112 cell lines also express less bands,
whilst the CACO2 cell line expression is very low, with only one very light band

present.

e AR ¥ D

w— 3 AN

Figure 2.9 Western Blot withV5 antibody. Figure 2.10 Western blot with V6 antibody.
Lane 1 =RT112, followed by T24, HT29 Lane | = RT112, followed by T24, HT29 and
and CACO2 (lane 4). A CACO2 (lane 4).

The expression of V5 protein (figure 2.9) only appears to occur within RT112 and
HT29 cells, though some expression was noted upon IHC of the T24 and CACO2
cells. The RT112 presence is as a dark smear, whilst HT29 shows two very light

bands. Figure 2.10 however demonstrates a more similar pattern to that seen in
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Hermes for the RT112 and HT29 cell lines. The T24 cell lines only demonstrates
three bands, but these can be directly compared to those present within the Hermes
blot. Caco2 cells also demonstrate less banding, though these can again be compared

to the hermes blot.

2.4 Discussion

From the results presented, it can be seen that all cell lines used in the in vitro model
express CD44, at both an mRNA and protein level. However, this expression does

vary, between both tissue type and cell lines of each tissue type.

Transcriptional studies exhibited the standard form of CD44 via the presence of a
band of approximately 480bp in size (as seen in figures 2.3 to 2.6) and which is
concurrent with the findings of Screaton et a/, (1992). A number of bands above this
size are also present and these must therefore be considered to be variant isoforms.
These are larger than the standard form as they contain all ten standard exons plus any
number of variant exons. These variant isoforms may be numerous in number and
vary greatly in size. The presence of both standard and variant isoforms is also seen
in translational studies where western blot results demonstrate similar multiple
banding patterns (figures 2.7 — 2.10). In RT112, HT29 and CACO?2 cell lines, the
lowest band seen is that of the glycosylated standard form, approximately 90 kDa in
size (Sugiyama et al, 1995), detected with the Hermes antibody. The T24 result is

different in that a number of bands are seen below this 90 kDa size, though the

reasons for this are unclear. The presence of variant isoforms in itself differs from the
patterns of expression found within normal tissues, except for certain tissues where
specific variant forms are found eg CD44v7-9 (addition of exons 12-14) within

epithelial tissues.

It was noted by Woodman et a/ (1996) that the number of bands seen at an mRNA
level, relating to transcript number, do not correspond directly with the number of
bands seen at a protein level. They showed that though a number of transcripts can be

demonstrated, the protein forms seen are less in number, suggesting that not all
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transcripts are fully translated. This was the case with the RT112, HT29 and CACO2
cell lines, but not with the T24 cells. At an mRNA level, only one band was seen, but
with Hermes antibody detection at western blot, approximately 7 bands can be seen,
with the majority being below the expected standard form molecular weight.
Detection with V6 antibody also demonstrated the presence of more than one band.
The presence of bands of a lower molecular weight than expected could be indicative
of mis-translation of mRNA transcripts, or incomplete processing at the level of post-
translational modification. It is most likely that the latter is true however, as the
bands range from the approximate size of the un-glycosylated standard form of CD44

up to and above the glycosylated standard form.

The lack of post-traﬁslational modification could be due to decreased function of the
golgi, resulting in incorrect or poor modification of proteins. It would be expected
that this would cause number of inherent problems in the cells in general thrdugh the
mis-modification of other proteins. It may be that as CD44 is such a heavily
glycosylated protein (the standard form more than doubling in molecular weight when
fully - modified) it is more severely affected than other proteins which require
modification. Experimentally, some information regarding the cause could be gaiﬁed
through the use of a transfection assay where protein functionality can be assessed.
Transfection of native protein from T24 cells into cells known to contain wbrking
golgi bodies should result in fully glycosylated molecules if the problem is due to the
golgi alone. If full glycosylation is not noted, then this could point towards the
presence of mutations within the transcript which when translated result in a protein

which cannot undergo full modification as required.

The expression of larger isoforms of protein within these cell lines can be attributed to
both the inclusion of extra variant exons within the transcript and extra post-
translational modification which is known to occur as a result of their exons presence.
When variant exons are present, extra sites of both O- and N-linked glycosylation are
included into the protein, along with extra sites for both chondroitin and heparan
sulphate side-chain addition. This extra modification will increase the molecular
weight of the protein substantially. The finding by Woodman et al (1996) of
decreased protein banding when compared to mRNA transcript number could also be

related to this finding. If certain variant exons are more likely to provide extra sites
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for modification, then if a protein contains the product of a large exon with no
modification, but a protein with a smaller exon product which includes a modification
point are both present, this may result in proteins of the same molecular weight, yet

different in peptide structure.

The mechanisms responsible for the change in alternative splicing towards more
aberrant expression are not yet fully understood. These could in their simplest form
be due to mutational change within the regulatory mechanisms, resulting in decreased
or complete loss of control. Due to the continued presence of the standard form of
CD44, even when a large number of variant isoforms are present, a decrease in
control is probably the more likely mechanism. It has been demonstrated however,
that a number of growth factors and cytokines can modulate CD44 expression within
tumour cells, causing both increased and decreased levels of standard and variant
forms at an mRNA level. Studies upon a number of cultured human tumour cell lines
have shown these effects. For example, the human neuroblastoma cell line SK-N-SH
has been shown to increase its expression of CD44V3,5,6,7 and 8 (exons 8,9,10,11
and 12) in the presencc;, of insulin-like growth factors (IGF) and / or platélet derived
growth factor (PDGF); whilst the presence of nerve growth factor (NGF) within this
line resulted in decreased expression of CD44V3,6 and 9 (Hamada et al, 1998).

During tumour progression, a number of growth factors and cytokines are present,
either produced by surrounding cells, or by the tumour cells themselves. This
interaction could allow modulation of expression throughout the neoplastic process,
enabling increased production of CD44 when required. Whether caused by mutation,

growth factor interaction or both, major changes are known to be present. --———————————

The main consequence of alternative splicing within the neoplastic process appears to
be the change or modification of CD44 function. Due to its involvement in both cell-
to-cell and cell-to-ECM adhesion, it is suspected of involvement within the process of

invasion and the formation of metastases.

Changes in a number of cell adhesion molecules occur throughout tumour
progression. The first stage of progression is over-proliferation, and to accommodate

the growing mass of cells within the tissue boundary, a certain number of changes to
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cell adhesion must occur. Once cells begin to invade surrouhding tissue, cells must be
able to decrease their adhesive ability and become motile to allow invasion of, and
movement through, the basement membrane and underlying ECM tissue. Once the
lymph or blood vessels are reached then the ability to bind to and penetrate these
vessels is required. Once inside these vessels the cells must aggregate to reduce
damage and detection by immune system surveillance until the secondary growth site
is reached.. The ability to modulate function and expre-ssion of adhesion molecules is

crucial throughout this whole process, and this is possible with the CD44 protein.

A number of possible functional changes may occur to CD44 due to the presence of
variant exons. Firstly, the extra peptide may in itself change function by affecting the
tertiary structure. Changes in structure may alter the link module, by which CD44
adheres to its main ligand, hyaluronan. This immediately affects binding to the ECM.
Increased glycosylation and side-chain addition may further increase tertiary structure
change. Secondly, the addition of chondroitin sulphate side chains are known to
allow CD44 to bind to collagen, laminin and fibronectin within the ECM. Thirdly,
binding of heparan sulphate side chains allows binding of heparin binding growth
factors, such as hepatocyte growth factor. These heparin binding growth factors are
involved in growth, motility and invasion of tumour cells, along with the possible
stimulation of angiogenesis. CD44 is known to act as a signal transducer and as a co-
factor for growth factor receptors. It may therefore play a role within proliferation etc
of the tumour cells, and may act in an autocrine manner. It has been demonstrated
that the oncogene product c-erb-B2, a constitutively active growth factor receptor has
the ability to modulate CD44 expression on ovarian tumour cells. It was further noted
that in some cells there appears to be a bond between the two proteins; which allows——— -
CD44 to be used as a co-factor by the receptor. Binding of hyaluronic acid to CD44
stimulates signalling cascades via the c-erb-B2 receptor which in turn increase cell

growth (Hamada ef al, 1998).

As mentioned earlier, it is not just aberrant expression of protein that is noted, but also
over-expression, as can be seen from the THC results. This suggests that controls
upon overall levels of expression are also affected, and it has been noted by some
groups that as tumour stage and grade increases, so CD44 levels rise to a peak point,'

where at very high stage and grade expression suddenly drops (Sugino et al, 1996). ... -
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The THC results demonstrated the extent of this protein over-expression, as both
membrane and cytoplasmic staining were noted. As CD44 is a transmembrane
protein, with the major section of protein being extracellular it would be expected to
find the majority of CD44 presence on the membrane alone. In all cell lines when
incubated with the Hermes antibody, all showed expression in both membrane and
cytoplasm of moderate to high density. In some cells this cytoplasmic staining was
'seen to be “grainy” in nature, suggesting aggregation of protein was occurring. The
presence of strong membrane staining suggests that high levels of CD44 protein are
being incorporated within the membrane. The cytoplasmic staining could be due to a
build-up of functional protein which is unable to ihtegrate in the membrane due to
‘saturation.  Alternatively, staining could be due to the presence of numbers of
defective or immature proteins, and though mechanisms are in place to remove
damage proteins, due to the high concentrations thought to be present, these may be
ineffective. If large volumes of immature proteins were present, it would be expected
that more unusual western blot banding patterns (similar to that of T24) would be seen
in all cell lines, but as this is not the case, then the former explanation of high protein
volumes may be the more likely. If the unusual banding seen in the T24 cells is due
to differential glycosylation, then this may affect the proteins ability to integrate into
the membrane. This could be demonstrated by immunohistochemistry as a lack of
membrane staining, with the whole cell demonstrating the same density of staining.
This is not the case with the majority of antibodies tested. This pattern of more
distinct membrane staining was also seen with the majorit;rl'of all antibodies in the
other three cell lines. Where cytoplasmic staining appears grainy, this could be due to
removal mechanisms within the cells, where proteins are encapsulated ~within——

proteosomes to be degraded.

As stated in the introduction to this chapter, the main aim of this section of work was
the establishment of an in vitro model for use in subsequent CD44 analysis. These
cell lines can be considered as such due to the fact that firstly CD44 is expressed by
all, and that this expression is aberrant in nature and therefore mirrors that found in
malignant tissues. The use of two lines of each tumour type does provide variation as
was expected, but the extent of the heterogeneity, especially within the bladder cell

lines could be thought of as greater than expected. This heterogeneity would also be
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expected within patient tissue samples, due to differences within tissue micro-
environments between different persons. These cell lines can therefore be considered

as a good working in vitro model in which to undertake further CD44 studies.
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3 Analysis of CD44 variant exon splicing in bladder cancer

3.1 Introduction

To investigate the potential of CD44 as a marker for the early detection of bladder
cancer a more detailed analysis of variant expression was deemed necessary. The
presence of variant forms, and over expreséion of these, was noted in the in vitro
model evaluated in chapter 2. Though this overexpression itself could be useful
diagnostically, it was felt that analysis of expression of specific variant exons could
provide evidence of a characteristic pattern which could be exploited within a
screening test. It was necessary to ensure that variant forms present within tumour-
derived tissue differed to that found in normal bladder tissue, as the lining of the
bladder is a specialised epithelium and epithelial tissues are known to display
characteristic CD44 variants. It was then necessary to determine which exon or exons

would be of most use in distinguishing between normal and tumour-derived tissues.

A number of studies have investigated the presence of CD44 variant exons, using both
nucleic acid and protein based techniques. The majority of studies have focused upon
the presence of only one or two exons, yet results suggested the expression of a
number of variant exons at any one time (see chapter 2, RT-PCR). To investigate
expression fully a technique examining all variant exons present was required.
Goodison et al (1997) carried out an investigation of CD44 exon splicing within
colorectal tumoufs, focusing upon splicing at the standard / variant exon border. This

exon linkage was determined through the use of a PCR-based assay (termed an “Exon

link assay”) which uses one primer anchored at standard exon 3, and a second primer
which overlaps the junction between standard exon 5 and a variant exon (exons 7-14).

This primer design is shown in figure 3.1 below.

Standard Exuns € cosesl g Frrimee 547
‘}‘——i Exon 3 “ Exon 4 Warinnt Evohq—— @
L
-
+ 1
¥ Janop 1

Exon S

Figure 3.1 Diagram showing primer design for exon link assay (Goodison et al, 1997). One primer
(P1) hybridises to a standard exon (3) whilst the second primer hybridises to the junction between

standard exon five and one of variant exons 7-14.
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Their findings established a characteristic pattern of splicing within colorectal
tumours when compared to normal tissue, therefore giving rise to potentially useful

tumour markers.

It was decided to utilise the exon link assay to analyse splicing patterns within bladder
tumours, to determine the presence of tumour specific markers which could be
exploited within an early detection and monitoring assay. This section of work

therefore fulfills the second objective as stated in chapter 1.

In addition to the exon link assay a second method for analysis was employed, namely
the PCR-ELISA. It was suggested by Goodison er al (1997) that newer more rapid
methods for detection could supercede the exon link assay in its present format. The
PCR-ELISA is a simple and rapid assay (in comparison with the exon link) thought to

show comparable sensitivity to the exon-link method.

The PCR-ELISA was first described by Helmstrom et a/ (1993), and involved the
labelling of a PCR product with Digoxigenin (Dig) byrincoporation of labelled dUTP
into the new strands. At the same time the PCR product was alos labelled with biotin
through the use of a biotinylated primer. Biotinylated PCR products were attatched to
a streptavidin coated microtitre plate, followed by the addition of an alkaline
phosphatase labelled anti-Dig-antibody. The final result could be either
colourimetric, flourescent or luminescent in nature. A number of variations of this
basic method have been recorded eg labelling of PCR product with biotin, and
detection through the use of a fluoroscein labelled probe; but the principle remains the -

same.

The assay used for this study was developed by Boehringer Mannheim (now Roche
Biochemicals) and marketed in early 1996. The kit is based on a Dig labelling and
detection system, similar to that described above. A PCR reaction is carried out
during which a Dig label is incorporated into all PCR product via a labelled
nucleotide. A sequence-specific probe, end labelled with biotin (customised to the
study) is hybridised to this product, and the resulting mixture added to a microtitre

plate coated with streptavidin, to which the biotinylated probe binds. An anti-dig-
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HRP-linked antibody is then added to each well, and the final step is a colorimetric
reaction using an HRP substrate (ABTS). The result is gained through
spectrophotometry.

This method is rapid compared to Southern blotting, and is thought to be 100 times
more sensitive than agarose gel analysis (Roche Biochemicals technical literature),

and comparable to that of Southern blotting (unpublished finding, Churchman and
Woodman)

The study was undertaken in a series of stages, these being :
 Investigation of exon linkage within the in vitro model system
« Investigation of exon linkage within patient samples (tumour tissue only)
« Design of probe for PCR-ELISA
o Use of the PCR-ELISA to determine specific exon junction expression
within tumour derived and non-involved tissues
« Analysis of exon junction expression within normal exfoliated urothelial

cells by PCR-ELISA to determine tumour specificity.

3.2 Materials and Methods

3.2.1 Sample procurement

Samples of both tumour-derived and non-involved tissue were collected with the help
of the Urology department at Northampton General Hospital (NGH). - Ethical -
approval had been gained for the project from the local ethics committee at NGH and

all patients were asked to sign consent forms before tissues were taken.

The determination of tumour specificity was undertaken using exfoliated urothelial
cells. These were obtained from voided urine samples donated by of a group of
normal healthy volunteers from within the Institute of Bioscience and Technology,
Cranfield University. This group consisted of 22 people over the age of 30, with an
equal mix of males and females. All volunteers signed consent forms in accordance

with the ethical approval from NGH.
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Copies of ethical approval and both patient and volunteer consent forms can be found

in appendix A.

3.2.2 Sample preparation for mRNA extraction

Extraction from tissue samples

For tissue sample extraction, two methods were used. Where samples were large
enough, the tissue was embedded in OCT embedding fluid (Bright Instruments,
Cambridge, UK) and sectioned using a cryostat to aid homogenisation of the sample
for extraction. Typically 80 — 100 70um sections were taken from each tissue (full
details of this procedure can be found in appendix C) Samples which were too small
to section (eg biopsies) were immersed in lysis buffer and homogenised using a

scalpel and 18g needle and syringe before the preliminary incubation step.

Recovery of exfoliated urothelial cells from Urine

Urine was centrifuged at 554 xg for 15 minutes to pellet urothelial cells within the
sample. The pellet was resuspended in cold sterile PBS containing protease inhibitor
(1ml) and then transferred to a 2ml y-irradiated tube and centrifuged at 12073 xg for

30 minutes at 4°C to re-pellet cells.

3.2.3 mRNA extraction
mRNA was extracted using the mRNA micro-fastrack kit (Invitrogen) as detailed in

chapter 2 (section 2.2.2).

3.2.4 cDNA production
cDNA was produced using the same method detailed in chapter 2 (section 2.2.3). For
RT112 ans T24 cell lines 2 pl of mRNA was used, but this was increased to 3ul in the

case of tissue an exfoliated cells.

3.2.5 Exon link assay

This was divided into two sections of work — exon link PCR and agarose gel analysis,

and southern blotting.
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Exon link PCR
The exon link PCR was carried out using the PCR mastermix shown below. mRNA

extraction and cDNA production were carried out as previously described.

The PCR mastermix was as follows :

10x buffer (with MgCl,) 10 pl
DNTPs 4 pul
P1 primer 1ul
2" primer 1pl
Nuclease free water 79ul
cDNA 4pl

The 2nd primers used are as follows : P4, E2, 5/7, 5/8, 5/9, 5/10, 5/11, 5/12, 5/13 and

5/14. Primer sequences can be found in appendix D.

The reaction cycle used was the same as the standard CD44 PCR cycle detailed in
chapter 2. 1 ul Tag polymerase was added after the hot start. Samples were analysed
by. electrophoresis using a 1.2 % agarose gel and subsequent staining with ethidium

bromide.

- Southern Blotting

All exon link assays were blotted to ensure amplification of CD44. Southern blotting
was carried out ﬁsing the same method as described in chapter 2, using a standard —
CD44 probe.

3.2.6 PCR ELISA

The PCR ELISA was carried out according to manufacturers guidelines. There are

two steps to this protocol ; DIG label PCR and DIG detection PCR ELISA.
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DIG labelling PCR

mRNA extraction and cDNA production was carried out as previously described.

The PCR mastermix was as follows:

10 x buffer 10 pl

MgCl, Sul

DIG label mix 10 ul

P1 primer 1pl

P4 primer 1 ul

cDNA 2-5ul
Nuclease free water 70.5-67.5 Wl

The amount of ¢cDNA varied according to whether the origin of the mRNA was tissue,

exfoliated cells or cell culture, with cell culture samples requiring the least amount.

The PCR reaction was carried out using the standard CD44 PCR cycle as detailed in
chapter 2. 0.5 ul of Taq Polymerase was added after the hot start.
PCR products were stored at 4°C until PCR ELISA analysis.

DIG detection ELISA

All kit reagents including microtitre strips were brought to room temperature before
use. Solutions were then prepared as follows : -
Hybridisation buffer 1 pl of 100pmol probe per ml of buffer
Anti-Dig antibody 1 volume of antibody in 99 volumes of conjugate buffer
ABTS solution 1 tablet in 5 ml of substrate buffer
Wash solution 1 tablet in 2 litres of RO H,0

Samples were first denatured by adding between 5 and 10 pl of sample to 20 pl of
denaturation solution. This was then spun briefly and incubated for 10 mins at room
temperature. Hybridisation buffer up to a volume of 250 ul was added to the

denatured samples and 200yl of this hybridisation mix was added to the microtitre
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strip. All samples were carried out in duplicate, and each strip contained a negative
control (containing all solutions except PCR product) and two positive controls
(RT112 and T24 PCR products). Microtitre strips were covered in film to prevent

evaporation then incubated at 37°C in a shaking incubator for 3 hours.

After three hours all solutions were removed from the strips by aspiration and the
wells washed using 250ul of wash buffer, again removing the wash solution by
aspiration. Strips were washed five times and after the final wash, they were inverted
and tapped dry. 200ul of Anti-DIG antibody was then added to each well and the
strips'again incubated at 37°C, in a shaking incubator, for 30 minutes. Wells were
washed five times again as described, and bﬁnally 200 pl of ABTS solution was added
to each well. This was once again incubated at 37°C, in a shaking incubator, for 30
minutes, but the plate was wrapped in foil to allow the colorimetric reaction to

develop in the dark.

The results of the assay were gained by reading the absorbance of the wells using a

plate reader set at 405nm.

3.3 Results

3.3.1 Exon Link assay on RT112 cell line

1500bp —>

500 bp > [l

100bp 1
Figure 3.2 — Result of the RT112 exon link assay on an ethidium bromide stained gel. Lanes numbered
1-12 from left to right.

Figure 3.2 shows the result of an RT112 exon link assay. Lane 1 contains a DNA
ladder (Promega 100bp ladder, 100 — 1500 bp in size). Lane 2 is a negative control,
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whilst lane 3 shows a standard CD44 amplification, using primers P1 and P4, used
here as a positive control. This is illustrated as the presence of a number of bénds, the
lowest of which is approximately 480 bp (CD44s), though this band is quite feint.
The band in lane 4 is an internal positive control for this assay, and should only be
present if the 5/7 junction, (lane 5) is also present. Lanes 5 — 12 indicate the presence

or absence of exon junctions between 5/7, 5/8, 5/9, 5/10. 5/11, 5/12, 5/13 and 5/14.

It can be seen from the figure above that the RT112 cell line expresses exon junctions
between standard exon 5 and variant exons 7,8,9,11,12 and 13. This is demonstrated

by the presence of a band of approximately 348 bp in each relevant lane.

Figure 3.3— Southern Blot of the ethidium gel in figure 3.2. Lanes where bands are present have been
highlighted, by numbering 1-8 from left to right.

A Southern blot of figure 3.2 is shown in figure 3.3 All exon junction bands that were
considered to be positive results (those that were approximately 348 bp in size), are
present on this blot. There are however double bands in some lanes, with the top band.
being above the expected 348 bp size. These are not expected, and the reason for

their presence is unclear.

91



3.3.2 Exon link assay on T24 cell line

Figure 3.4 — Result of the T24 exon link assay on an ethidium bromide stained gel. Lanes numbered 1-

12 from left to right

Figure 3.4 shows the results of the exon link assay from the T24 cell line. Again Lane
1 is a DNA ladder (Promega, as above), with lanes 2 and 3 being negative and
positive controls. The positive control is a P1-P4 amplification, and in this cell line is
demonstrated by the presence of one band of approximately 480 bp (CD44s). Lane 4
is the internal positive control, whilst lanes 5 — 12 are indicative of the presence or

absence of exon junctions 5/7 — 5/14.

Through the use of agarose gel analysis, three distinct bands are seen in lanes 5,7, and

9 which relate to exon junctions 5/7, 5/9 and 5/11.

480 bp

Figure 3.5 — Southern blot of the ethidium gel in figure 3.4. Lanes where bands are present have been

highlighted, by numbering 1-6 from left to right.

When the above gel is blotted, a number of differences are seen. Firstly, another band
is noted in the P1-P4 (positive control) amplification (lane 1), above that of the band
seen on the agarose gel above, suggeétihg the presence of variant forms, though lesser

in number than in RT112. The three junctions noted in figure 3.4 are still present in
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lanes 2, 4 and 5, but two extra bands, though not very distinct, are noted in lanes 3 and
6. These correlate to exon junctions 5/8 (lane 3) and 5/13 (lane 6). Of all the

junctions seen, 5/11 appears to be the most distinct.

3.3.3 Exon link assay on tissue samples

Exon link analysis of tissue samples was only undertaken in a small group of samples
at the early stages of the study. The need for Southern Blotting was highlighted by
these samples, as most showed no result with agarose gel analysis, but when blotted,

some bands were seen (data not presented).
3.3.4 Choice of PCR-ELISA probe

From the cell line and early tissue exon link results, four exon junctions were initially
chosen as possible markers for CD44. These were 5/8, 5/11, 5/12 and 5/13. The
presence of exon junctions 5/8, 5/11 and 5/13 were demonstrated within this study.
Junction 5/12 was chosen as previous work (unpublished, personal communication,

Churchman and Woodman) had suggested this was a promising marker for use with
PCR-ELISA.

Initial results with 5/8 and 5/13 did not appear promising, therefore for the remainder
of the study 5/11 and 5/12 were employed. A standard probe was also included in the

study, based on the P1 primer, detecting the presence of exon 3.

3.3.5 PCR-ELISA results
All tumour, non-involved tissues and normal exfoliated urothelial cells underwent
PCR-ELISA investigation. The sample sizes were small, with a total of 14 tumour

tissues, 6 non-involved tissues and 22 normal samples.

For the purpose of this study the PCR-ELISA was used qualitiatively. For use in this
manner, a cut-off point was required to establish whether results could be considered
positive or negative. Investigation of expression of the 5/11 marker within the normal
sample group demonstrated the presence of a low level of background false positives.
It was decided therefore to take the highest absorbance result gained in a 5/11 assay

within the normal group as the defining cut-off point for all assays. This cut off point
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was defined at 0.06 absorbance units (the highest result in the normal group being
0.057).

Once this cut off point had been defined, all data was checked and tissues designated
either positive or negative for all markers. Before reaching this point some data
treatment had been carried out. As all sample assays were carried out in duplicate, the
mean result for each sample (including positive and neagtive results) was calculated.
To remove the effect of background levels of absorbance the mean of the negative
control was then subtracted from each sample. As each assay undertaken contained

its own negative control, each assay had its own background levels removed.

Table 3.1 shows all results gained using standard, 5/11 and 5/12 assays on both
tumour and non-involved tissues. . Normal results have not been included, as for the
5/11 assay, all results were taken as negative after definition of the cut-off point. The
RT112 and T24 cell lines were used as positive controls for each assay, and

absorbance units in excess of 1 were routinely recorded for both cell lines.

Table 3.1 PCR-ELISA results in tumour and non-involved tissue for 5/8, 5/11 and 5/12 probes. Results

for each assay are indicated as absorbance units at 405 nm

Tumour - |standard -/+  |5/11 -/+ |5/12 -/+
T1 0 - 0.182 + 0.066 +
T4 0 - - 0.144 + 0.051 -
T10 0 - 0 - 0 -
T13 0.251 + 0.258 + 0.112 +
T15 0.019 - 0 - 0 -
T16 0.232 + 0.609 + 0.38 +
- |T18 0.255 + 0.019 - 0.03 -
T19 0.074 + 0.255 + 0.166 +
T21 0.034 - 2.129 + 142 +
BO 0.009 - 0.158 + 0.134 +
X0 0.236 + 2.697 + 2.116 +
X23 0.01 - 0.079 + 0.052 -
X27 0 - 0.001 - 0 -
X3 0.601 + 0.005 - 0.018 -
Total Total . {Total
Positive | 6/14 |Positive 9/14  |Positive 7/14
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(Table 3.1

continued)
Non- '
involved |standard -+ I5/11 -1+ 15/12 -1+
T11 0.055 - 0 - 0 -
T12 0.17 + 0 - 0 -
T14 0.123 + 0.447 + 0.206 +
T17 0.027 - 0 - 0 -
T20 0.531 + 0.087 + 0.099 +
T22 0.007 - 0.001 - 0.004 -
{Total Total Total
Positive 3/6  |Positive 2/6  |Positive 2/6

Table 3.2 Summary of results from table 3.1, along with the results from the normal group. Expression

has been shown as both a percentage and number of samples in each group.

Marker |Non- Tumour Normal
involved
~IStd 50% [3/6] |42% [6/14] 9% [2/22]

5/11 33% [2/6] |64% [9/14]  [0% [0/22]
512 [33% [2/6] |50% [7/14]

Statistical analysis of the data was deemed irrelevant due to the small sample sizes

involved.

The first observation that can be made from table 3.2 is that a percentage of both
tumour derived and normal tissues gave a positive result with all three probes, though -
exact numbers differed between groups. All tissues displayed standard form
expression, though the non-involved tissues showed the highest level (50% of
tissues). It could be expected that all tissues that expressed 5/11 and 5/12 would-give
a positive result for the standard assay, but as can be seen from the table, this is not

the case. Of the normals tested only 9% (2/22) gave a positive result for the standard

assay.
Of the two exon junctions investigated, 5/11 showed the highest expression in tumour

tissues, with 64% of tissues expressing this junction, compared to 50% of tissues

expressing the 5/12 junction. Though both these markers were found to be present in
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the non-involved tissues, the levels in tumour tissues were found to be higher, with

nearly double the amount of tumour tissues expressing 5/11.

Looking more closely at the absorbance measurements for each tissue type, it can be
seen that there is variabililty within the levels of junction expression in each tissue.
For example, in the tumour tissues tested for 5/11, the absorbance ranges from 0.019

— 2.637 units above the cut off point, though the majority of tissues in the range up to

0.3 absorbance units.

From these results, the exon junction chosen as a marker is 5/11, as this was

expressed in the most tumour-derived tissues.

3.4 Discussion

From the initial results with the in vitro model (RT112 and T24 cell lines) it can be
seen that a number of variant exon junctions are expressed, suggesting that a
characteristic splice pattern can be demonstrated within bladder cancer. Inthe RT112
cell line seven out of eight possible exon S/variant exon junctions were found to be
present, namely 5/7, 5/8, 5/9, 5/11, 5/12, 5/13 and 5/14. The T24 cell line appeared to
express three variant junctions when analysing the result of the exon link assay using
agarose gel analysis. Upon Southern blotting however, the presence of one further
junctions was noted; the full expression profile therefore being5/7, 5/9, 5/11 and 5/13.
The number of exon junctions present within each cell line can be compared to the
characteristic banding noted when carrying out a standard P1-P4 amplification across

the whole gene. RT112 shows multiple banding with varied product size, therefore

the presence of a number of exon junctions could be expected. Conversely;the T24-

cell line demonstrates only one major band, until southern blotting is undertaken
where a further band is seen. This band is not much greater in size than the standard
band, therefore the presence of a lower number of variant exons could again be
expected. The banding patterns seen in this standard amplification can therefore be

attributed directly to the presence of variant exons.

The exon link assay has a distinct advantage over previous studies on exon expression

as the design of the assay allows for a characteristic pattern of exon expression to be
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established. The pattern produced is simple to identify and can be easily exploited for
diagnostic purposes. Previous studies focusing upon exon expression have analysed
the presence of the exon alone, with no thought of the splicing, whether characteristic
or otherwise which may be occurring. The initial exon link assay by Goodison et al
(1997) on colorectal tissue demonstrated that both normal and tumour tissues exhibit
low levels of all exons linked with exon 5. It is known from work by Bell er al (1999)
that certain variant exons are known to be spliced in “blocks”, and exons rarely
appear to be spliced alone in the mRNA transcript. If it is the case that exons splice in
full groups, ie the presence of exon 8 may also result in the presence of 9, 10, 11; then
a simple analysis of exon presence may not give rise to any form of distinguishable
pattern. Results may simply demonstrate a similar level of expression for each exon
due to the block splicing present. Analysis of exon junctions allows for detection of a
predominant pattern which may be tumour specific and / or tissue specific. As can be
seen in both colorectal and bladder tissue a predominant pattern was noted and when

this was compared to normal tissue a tumour specificity was found.

In bladder tissue the predominant junctions were found to be 5/8, 5/11 and 5/13
therefore sequences analogous to these were used as probes within the PCR-ELISA
assay. The junction 5/12 was included as exon 12 had previously been demonstrated
to be a potentially useful marker for bladder cancer. Exon 12 is known to be
expressed within epithelial tissues, though it is unknown how expression of this exon
changes during tumourigenesis. Initial results with 5/8 and 5/13 were not promising
(data not presented) and as a result these were omitted from the study. The final
chosen junction is 5/11 as this was the junction most commonly found in tumour
samples. It is interesting that this junction predominates in both bladder and
colorectal cancer especially as exon 11 (V6) has been implicated in the formation of

metastases (Gtlinthert, 2001).

The increase and overexpression of these splice variants is often described as aberrant
or disorderly, suggesting diminished function or even complete loss of the
mechanisms responsible for regulation of alternative splicing. These ideas would
complement the changes seen in other regulatory mechanisms normally operational
within cells when tumourigenesis begins. What is often not considered is that the

factors responsible for the regulatory mechanism itself could change, ie variations
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within the protein population responsible for the regulation. An investigation of the
SR family of splicing factors in mammary tumourigenesis demonstrated that changes

in these factors could be detected when this aberrant splicing is seen.

The SR factors are a family of proteins known to influence alternative splicing when
changes in their relative concentrations occur. Stickeler et al (1999) specifically
investigated the changes that occur when considering the alternative splicing of
CD44. They noted that though general changes occurred in SR expression there was a
predominant protein present in the tumour tissue, which was not seen in the pre-
tumour tissue. Looking more closely at the CD44 splicing they found that the
changes in splicing were due to a change in the sub-set of splicing factors required for

CD44 exon recognition. No change in the splicing machinery itself was noted.

The change in regulation could be a consequence of metastatic change, or could be an
influencing factor in this. The predominance of certain variant exon junctions over
others suggests that there may be a specific reason for their presence. This is
highlighted by the changes which occur to the protein as a result of variant exon
peptide addition. As discussed in chapter 2, variant exon addition can result in
increased glycosylation and heparan sulphate addition, leading to possible
conformational change and hence a change in binding abilities. The ability to
modulate CD44 binding would be of advantage to fhe tumour cells as their metastatic

potential increases, or indeed to increase this potential.

The exact factors or mechanisms which influence these changes are not known, and
much further work is required to fully understand alternative splicing and its role in

tumourigenesis, both in CD44 and other proteins.

The use of the PCR-ELISA within this study did provide a simpler more rapid method
for the analysis of exon junction expression, though initially the exon link assay was
required. Though the initial aim was to undertake both assays in parallel, a move
towards the use of the PCR-ELISA as the main assay was made, prompted by
technical difficulties in extraction of sufficient amounts of mRNA from tissue
samples. These difficulties were due to the decreasing size of samples procured,

leading to an inability to section samples for extraction. As an alternative to
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sectioning, samples were immersed in lysis buffer and homogenised through the use
of a scalpel and needle. This homogenisation was difficult to perform and in most
cases was incomplete. Unlysed tissue was therefore still present after incubation in the
lysis buffer, meaning not all mRNA may have been extracted. Another factor thought
to have influenced these extraction probelsm is the difference in procurement
practices between staff at NGH. It was found that a number of samples were not
being snap frozen immediately after resection, but were kept at room temperature for
periods of up to 2 hours. As temperatures within surgical theatres are generally
higher than normal room temperature this may have led to a degree of mRNA
degradation. Carrying out both the exon link assay and the PCR-ELISA requires a
number of PCR reactions to be carried out. Therefore, due to the increased amounts of
RNA required for cDNA production, not enough sample was present for carrying out
both assays. It was decided to undertake PCR-ELISA alone, but testing only for those
junctions which appeared to be promising in the early part of the study. Use of this
assay alone also decreased the turnaround time it can typically be done in one day, if
the PCR reaction ié carried out on the previous day, and a number of samples can bé

analysed at once.

Interestingly a confounding result has arisen from the PCR-ELISA study. This is the
Jack of “standard” in many of the tissue cases investigated, both tumour and non-
involved. This was further highlighted when conéidering the results gained with the
RT112 and T24 cell lines for both standard and variant junction. Though these results
are not presented, it is interesting to point out that the RT112 cell lines gave a lower
absorbance for the standard probe than that noted for a variant probe. In T24 this was
reversed, with the standard giving the highest result, and the variant the lowest. It was
élso seen that the RT112 result was often half the absorbance of the T24. Analysis of
CD44 expression in RT112 cell lines demonstrates the presence of a variety of CD44
transcripts. Not all would be expected to express the particular variant junctions
under analysis, but due to the nature of the standard probe (detection of portions of
exons 3 and 4) it would be expected that all isoforms present would be detected. This
would resultAin an absorbance level at least equal, but presumably higher than that
found with a variant probe. An explanation of this standard probe result is not simple,
and clarification would require much further work. One possibility is that there is a

link to washing stringency due to folding differences within the DNA whilst in
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solution. It is suggested that DNA does not remain linear when in solution, and may
fold and form complex structures. Due to the difference in areas to which the probes
hybridise, the structure near the standard probe hybridisation site may differ to that
surrounding the variant. This difference in folding could lead to a weaker
hybridisation of stamdard probe, which when washing steps are introduced, results in

a loss of captured DNA.

A lack of standard exon presence was also noted in the normal exfoliated urothelial
samples, but this is expected. In normal urothelium, CD44 is predominantly found in
the layers closest to the basement membrane, with CD44 expression being lost as cells
move outwards towards the top layer of urothelium. As the majority of cells present
within the urine are exfoliated from the outer layer then it would not be expected that

any standard CD44 would be in these samples.
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4 Production and characterisation of a polyclonal antibody

against a CD44 transitional epitope

4.1 Introduction

The aim of the project overall, was to produce a protein-based assay to assess the
presence of CD44 variants within clinical samples. The informatién gained thus far
regarding specific variant junction expression was at an mRNA level, therefore to
produce a protein-based assay, there was a need to translate this information into a

forrriat which could be used for antibody production.

Antibody production is either polyclonal or monoclonal in nature depending on the
production technique. Polyclonal antibodies are produced in vivo in a variety of
different animals including rabbit, sheép and horse. The chosen antigen is injected
intramuscularly into the animal and its immune system produces the required
antibody. To increase the titre of the antibody, the animal producing it is given a
number of booster immunisations before terminal bleeding and purification.
Monoclonal antibodies are produced in vitro through the fusion of immunised mouse
spleen cells and myeloma cells to produce hybridomas. Immunisation of the spleen
cells stimulates antibody formation whilst fusion with the myeloma cells allows
antibody production to be constant during cell culture. Polyclonal antibody
production results in a heterogenous mix of antibodies directed against a number of
epitopes, though affinity purification can be applied to the final quantity of animal
serum to reduce the variety of antibodies present. Monoclonal antibodies are a
homogenous selection, as hybridoma clones can be selectively grown to produce a
single high affinity antibody against the chosen antigen. Both techniques differ in
complexity and cost, and each form of antibody has their advantages and

disadvantages, which will be discussed in section 4.4.
For this study a polyclonal antibody was chosen as it was decided that this would give

a good indication as to the potential of the protein marker, with the intention of

undertaking monoclonal antibody production in the future.
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To produce the specific antibody required it was decided to design and produce a
synthetic peptide antigen. Purification of a protein containing the 5/11 epitope would
not be easy and likely result in the production of a too diverse variety of antibodies.
The peptide was based on the translated sequence of the 5/11 primer and its design is
shown in section 4.2. The peptide was produced through the use of a solid phase
synthesis method described as fmoc chemistry, where peptide chains are built by
adding one amino acid at a time onto a solid resin phase. As the peptide is the
specific epitope required for antibody production, the degree of variety within the

serum should be lower than if the whole protein was used.

After affinity purification of the antibody an initial assessment of its sensitivity and
specificity was undertaken through the use of an antibody : antigen ELISA titration

assay.

4.2 Materials and Methods

The synthetic peptide and polyclonal antibody were produced by Immune Systems
Ltd (Paignton, Devon). Due to confidentiality reasons it was not possible to gain
access to the exact protocols used, therefore the protocols that follow are based on

current standard protocols.

4.2.1 Peptide Design

The starting point for the design of this peptide was the 5/11 primer used within the
exon link assay. The primer is 24 bases long, which would translate to a peptide of 8
amino acids. It was decided that this may not produce a peptide specific enough for
antibody production, therefore the primer sequence was located within the genomic
sequence (Screaton ef al, 1992) and the primer extended outwards by 12 bases at the
5’ end and 6 bases at the 3° end. The resulting sequence was transcribed to an mRNA
sequence, then finally to an amino acid sequence, based on the reading frame noted
within the genomic sequence. The final product was a peptide of 15 amino acids.

Figure 4.1 overleaf demonstrates the design from primer to peptide.
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Primer 3’ GAT GGT AGG TCC GTT GAG GAT CAT S’

!

Gene 5’ CTA CCATCC AGGCAACTCCTAGTA 3

Extended l

Sequence 5’ ACA GAA TCC CTG CTA CCA TCC AGG CAA CTC CTA
GTA GTA CAACGG 3’

mRNA 57 UGU CUU AGG GAC GAU GGU AGG UCC GUU GAG GAU
CAU CAU GUU GCC 3’

Amino acid = Cys Leu Arg Asp Asp Gly Arg Ser Val Glu Asp His His Val Ala

!

Notation CLRDDGRSVEDHHYVA

Figure 4.1 — Flow diagram showing design from primer sequence to peptide sequence.

4.2.2 Search for peptide homology

The peptide was checked for homology to other human proteins using a protein
BLAST search. The BLAST search facility is a web based search engine hosted by
the US National Center for Biotechnology Information (NCBI) which can be found at
www.ncbi.nlm.nih.gov/BLAST. Upon entering the protein search engine (BLASTp),
the protein sequence is typed into the search box and the relevant database selected, in
 this case swissprot. The “BLAST” button is pressed, and the results are presented in
approximately 1-2 minutes. The data is presented as percentage homology to -

- -sequences within the database, starting with the highest percentage homology. The

data can be used to predict the possible cross-reactivity of the antibody produced

using the designed peptide to other cellular proteins.

4.2.3 Peptide Synthesis

This was carried out using a solid phase synthesis technique, described as fmoc
chemistry. Solid phase synthesis involves the production of the peptide attached to a
solid bhase support, in this case PEG-polystyrene. The first amino acid within the
peptide sequence attaches to this support via a linker attached to its carboxyi terminal,

with subsequent amino acids joining to the amino terminal of the preceding one.
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Fmoc chemistry is so called, as the amino terminal of each amino acid is protected by
a 9-fluorenylmethoxycarbonyl (fmoc) group, which is cleaved to allow the addition of
another amino acid, forming a peptide. Fmoc groups are removed under different
conditions from those required fbr cleavage of the solid phase linker, so that no loss of
peptide through loss of solid phase support occurs during amino terminal de-

protection (Fields and Noble, 1990).

The carboxyl terminal of the amino acid is attached to the PEG polystyrene support
via its carboxyl group and its amino fmoc protecting group is removed. An excess of
the second amino acid is then added and its carboxy group activated so it can bond to
the amino terminal of the first one. Excess reagents are removed by washing, then the
next amino acid is added. This continues until the full peptide sequence has been
produced. Due to the presence of side chains on some amino acids, which could cross
react during peptide production, many are masked with protecting groups. The final
step in sequence production is therefore removal of these side-chain protecting groups
and cleavage of the peptide from its solid support. To ensure stability of the peptide
and to decrease the risk of cross reactivity of side chains at this point, side chain
protecting groups and resin linkage groups are chosen so that they are all removed

under the same conditions (Fields and Noble, 1990).

- The peptide is then isolated by precipitation using cold diethyl ether and purified
using HPLC. The purity of the resulting peptide is then assessed by mass
spectrometry, where the expected molecular weight of the peptide (in Daltons) is
compared to the actual molecular weight. For antibody production, whether

polyclonal or monoclonal, a purity of 70% or above is required.

4.2.4 Polyclonal antibody producﬁon

Antibody production was carried out using a female New Zealand white rabbit.

Due to the very small size of the peptide, it was bound to a large carrier protein,

keyhole limpet haemocyanin (KLH), to ensure the immune response within the

animal would be fully elicited. As injection of the antigen alone may not produce a
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large enough immune response, therefore antigen is mixed with an adjuvant, a liquid
mixture which heightens the response. For rabbits, the most common adjuvant in use
is Freunds complete adjuvant (FCA), which is known to specifically elicit a large IgG
response. FCA consists of mineral oil (Bayol F), a suspension of heat inactivated
mycobacterium (either M. butyricum or M. tuberculosis) and an emulsifier (Arlacel
A). This adjuvant is now available in a non-ulcerative format (non-ulcerative freunds
adjuvant or NUFA) which contains an attenuated strain of mycobacterium and
reduces the painful ulceration seen in many immunised animals with traditionals
FCA. 1t is this NUFA form that was utilised in the production of the 5/11 plyclonal
antibody. The antigen (peptide-KLH) is added to the NUFA and emulsified,
producing antigen-water microdroplets within the oil layer. The NUFA-antigen mix is
then injected intramuscularly and a total of four immunisations with this mix are
carried out at two week intervals. After the 3™ and 4" immunisations, test bleeds are
carried out after 7 days to assess the strength of the immune response in terms of the
ability of the animal sera to detect the presence of free and bound peptide. If after the
4™ immunisation a satisfactory level has been reached, a final booster immunisation

is given and after 7 days a terminal bleed of the animal is undertaken.

Due to the heterogeneity of the anti-sera produced through polyclonal techniques, the
serum was affinity purified, using a column containing the immobilised peptide. The

final antibody solution was eluted in PBS with 0.05% sodium azide.

4.2.5 Antibody-antigen titration assay
To assess the specificity and sensitivity of the purified antibody, an ELISA titration

assay was carried out using serial dilutions of free peptide, peptide bound to KLH

(used to elicit the immune response) and peptide bound to BSA, against three

concentrations of antibody.

Antigen concentrations ranged from 100pg to 1 ng (100pg, 10pg, 1pg, 100ng, 10ng,
1ng) and were produced by serial dilution in a carbonate-bicarbonate buffer (pH 9.6).
Antibody dilutions ranged from 1/500 to 1/2000 (1/500, 1/1000, 1/2000) and were
diluted in blocking agent (Pierce superblock in PBS). A negative control (no antigén,

no antibody) was carried out for each antigen assay.
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The ELISA was designed as an antigen:antibody assay, where the antigen was bound
to the plate, followed by primary antibody incubation and the addition of the detection
system using an HRP-linked secondary antibody and ABTS solution.

The peptide was bound to the ELISA plate (Maxisorp — Nalge Nunc, Rochester NY,
USA) by aliqouting 100ul of the relevant antigen concentration per well and
incubating overnight at 4°C. The following day the peptide solution was removed
and the plate blocked by the addition of 200ul of blocking solution (Pierce
Superblock in PBS, Pierce Biotechnology inc, Cheshire, UK) per well. This was
immediately removed by inversion of the plate and the process repeated twice.
Primary antibody, again of the correct dilution was then added (200ul / well) and the
plate incubated for 1 hour at room temperature. After removal of the antibody
solution, the plate was washed three times using a PBS / Tween wash solution (PBS
pH 7.4, 0.05% Tween 20) before addition of the secondary antibody (Anti-rabbit IgG-
HRP linked, Sigma — 200pl / well) at a concentration of 1/2000 in blocking buffer.
Again this was incubated for 1 hour at room temperature. Following removal of the
secondary antibody solution the plate was washed three times as before and ABTS
solution added (200pl / well). The plate was then incubated for 30 minutes at room
temperature. The final result was gained through reading the absorbance of the plate
spectrophotometrically at 405nm. Results were placed into an Excel spreadshe.et and

the plotted as a scatter graph.
4.3 Results

Upon a protein BLAST search of the final peptide sequence, using the swissprot——-

database, no significant homology was noted.

Peptide production resulted in a 70% pure peptide which was then used in the
production of the polyclonal antibody. The final antibody yielded 2.98¢ of protein
after affinity purification and was presented as 21ml of a 142pg/ml concentrate

solution.

The results of the antigen : antibody titration undertaken with the final affinity

106



purified antibody are demonstrated in figures 4.2 — 4.4.
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Figures 4.1.2 — 4.1.4 : Results of the antigen : antibody titration assays carried out with the 5/11

antibody and KLH-peptide conjugate, BSA-peptide conjugate and free peptide.

Results are

demonstrated as absorbance units at 405 nm against peptide concentration in ng / ml. Each figure

demonstrates four plots, which correspond to the antibody dilutions used.
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Titration of the antibody with the KLH-peptide demonstrates the classic curve which
would be expected for this assay. The curve starts reasonably flat, as there is more
antibody than antigen present; but as the antigen concentration increases, so the curve
rises sharply. When the concentration of antigen becomes too high the saturation |
point is reached and the curve flattens out once more and begins to drop slightly. All
three antibody concentrations demonstrate a similarly shaped plot, with the curve

rising sharply from a lng concentration of antigen until it plateaus and decreases

slightly at 10 ug.

The BSA-peptide plot is similar to that KLH, though the distinction between the
antibody concentrations is clearer with a more obvious difference between the three
curves. The curve again rises sharply at 1ng concentration of antigen and begins to

plateau at 10 ug, though no decrease of absorbance is noted.

The titration of antibody with free peptide produces the same characteristic plot,
though the curve does not start to rise sharply until 10ng of antigen in the 1/5000 and
1/1000 antibody dilution, and until 100ng of antigen in the 1/2000 dilution. At the 10
ug antigen point the cure is still rising for the 1/500 and 1/1000 antibody dilution,
though a lesser gradient than before 10 ug. In contrast, the 1/2000 antibody dilution
demonstrates a decrease between 10ug and 100ug of antigen, of a similar gradient to
the increase seen within the other antibody dilutions. Here the plots of each antibody

dilution showing the greatest difference from the other two dilutions.

4.4 Discussion

The finding of no significant homology of the 5/11 peptide with the other proteins
suggests that this antibody should be of high specificity. If homology had been noted,
then it would have increased the possibility of false positives when used with sample.s.
It was not expected to note any homology with the CD44 protein, as the protein form
noted within the databases may be of standard form only therefore exon 11 would not
be present. Alternatively, if variant forms are included, they may not contain the 5/11

junction.
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The antibody itself demonstrates a good response when titrated against both bound
and free antigen. All three assays give similar results in terms of plot shape, but some
differences were noted. The differences between the titration curves for KLH-peptide
- and free peptide may be due to the fact that not all antibody present is directed against
the 5/11 peptide alone. Due to the antibody being polyclonal in nature, a number of
antibodies would have been produced, against both the peptide and the KLH carrier.
Though the antibody has been affinity purified, there will still be a certain percentage
of antibody which detects the carrier. This means that there is more antigen present
for the antibody to detect, therefore the curve starts to rise more sharply than that with
just free peptide alone. Differences in the end of the curve will be due to the same
reasons and also as the curve rise begins later in the 5/11 free peptide curve, then it

may naturally plateau later.

From this assay, it can be seen that the antibody can detect the 5/11 antigen down to a
level of between 10 and 100ng with the optimal antibody concentration being between
a 1/1000 and 1/5000 dilution.

Though polyclonal in nature, this does not appear to affect the ability of the antibody
to detect antigen too greatly. A monoclonal antibody could be considered to be the
mores useful antibody in most cases, and from the literature does appear to be the
antibody of choice currently. Polyclonal antibodies do have an advantage over
monoclonal antibodies in a number of respects. In terms of cost and time required,
polyclonal antibodies are the best, but a degree of variation between batches may

always occur due to differences between individual animals. If therefore, large

amounts of antibody are required then this may be the optimal method. Monoclonal
antibodies are time consuming to produce in terms of finding a hybridoma clone
which produces an antibody with the required characteristics, but once found, these

can be frozen and thawed and subcultured when required.
In terms of antibody affinity, for whole proteins polyclonal antibodies may produce

the highest affinity types as they rely on the body’s immune system to pick out the

best epitopes for antibody production. Though this will happen with monoclonal
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antibodies as each separate clone must be screened, the clone which produces the best

result may be missed.

Monoclonal antibodies are the most specific as only one antibody type is produced,
yet polyclonal antibodies such as 5/11 can be thought of as being “ almost”
monoclonal. As the immunogen is a short peptide which is also used to affinity purify
the antibody solution. This was demonstrated in the titration assay, in comparison of
KLH-peptide and free peptide titrations. For the assays which this antibody has been
produced (IHC and western blot) polyclonal antibodies have been demonstrated to be
suitable, though some variation between protein type exists. No true judgement can

be made about the antibody until it has been tested on real samples.
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S Evaluation of 5/11 junction protein in cell lines and clinical

samples

5.1 Introduction

The initial project aim was to reach a platform from which a protein based diagnostic
assay, for the monitoring of bladder and colorectal cancer, could be produced. The
requirement was for a simple assay that could be easily carried out within a district
general hospital. Through the work presented in the early chapters, analysis of CD44
expression within bladder tumours by the investigation of variant exon linkage, has
provided a potentially useful marker. The variant exon junction found in bladder
tumours was the same as that found in colorectal tumours, therefore one polyclonal

antibody was produced — 5/11.

The aim of this final chapter was to assess expression patterns of the 5/11 junction
protein and its tumour specificity as suggested by the earlier mRNA study. This was

carried out using the 5/11 antibody as described in chapter 4.

The initial evaluation was undertaken using the in vitro model system (established in
Chapter 2) which consists of the RT112, T24, HT29 and CACO2 cell lines. Once the
expression patterns within these had been established, the antibody was tested on
clinical samples. Expression in bladder tissue was determined through the use of both
bladder tissue sections (paraffin wax embedded sections) and urothelial cells in

voided urine samples. Tissue samples were tumour origin only, but urine samples

were taken from patients with confirmed tumours, patients with no known tumours
and a normal healthy control group from within the Institute of Bioscience and
Technology (IBST), Cranfield University. For colorectal cancer evaluation a staged
study was carried out with paraffin embedded sections on tissue ranging from polyps
and Dukes stage A tumours to Dukes stage D. It was not possible to gain any normal

or non-involved colorectal tissue for this section of work.

To investigate 5/11 expression immunohistochemistry and western blotting were

employed. Immunohistochemistry allowed visualisation of the 5/11 protein within
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the cell, giving an indication of expression levels and as to whether the protein was
fully formed and able to integrate into the cell membrane, or it was a mis- or poorly-
processed protein.v These are assessed by its presence both in membrane and
cytoplasm, as demonstrated in Chapter 2 with other anti-CD44 antibodies. Western
blotting gave an indication of relative levels of the protein expression, how many

variant forms expressed this protein junction, and their relative size.

Investigation of expression within cell lines provided an opportunity to optimise the
assays in terms of relative antibody concentration before application to the clinical

samples.

5.2 Materials and Methods

5.2.1 Sample Collection

All clinical samples were gained from consenting patients at Northampton General
Hospital, or consenting adults at IBST, Cranfield University. Copies of relevant
consent forms and ethical information can be found in appendix A. An attempt at age
and sex matching was undertaken in the bladder study, though this proved to be
difficult. To achieve the most comprehensive investigation of normal expression a
number of males over the age of 35 and up to 65 were included. It is at the age of 40
that the risk of bladder cancer begins to rise sharply, therefore this allowed for a cross

section of samples around the risk age.

5.2.2 Immunohistochemistry

Immunohistochemistry was carried out on all cell lines and on paraffin sections of

both colorectal and bladder tissue.
Slide Preparation

Cultured cells |
Fixed slides were removed from storage at —20°C and incubated on the bench, still

wrapped in foil, for 10 minutes to bring them to room temperature. A grid was then
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drawn on each slide using an Immedge pen (Vector Laboratories) to allow a number
of reactions to be carried out on one slide at the same time. Of these reactions, a

negative grid was always included to check for the extent of background staining.

Paraffin sections

Only one reaction could be carried out per section, though every batch of reactions
included a positive and negative control in the form of a slide of the relevant cell line
— RT112 and T24 for bladder s.amples, HT29 and CACO2 for colorectal samples.
Due to the tissue sections being fixed in paraffin wax, sections had to undergo pre-
treatment before immunohistochemistry could be undertaken. Whilst still coated in
wax the sections are hydrophobic, therefore no antibody interaction can occur as this
requires the use of solutions. De-waxing through the use of xylene and subsequent re-
hydration in a decreasing concentration of ethanol samples produces less hydrophobic
sections (see Appendix B for protocol). To ensure all possible antigen-antibody
interactions occurred, all antigenic proteins were un-masked through the use of an

antigen retrieval method.

Antigen retrieval

'Antigen retrieval is often required on paraffin embedded sections due to artefacts
caused by the formalin fixation which such tissue undergoes. Formalin fixation
results in the formation of methylene bridges which crosslink proteins and could lead
to the masking of antigenic sites. Antigen retrieval breaks these methylene bridges,

unmasks the antigenic site and allows antibody binding to occur.

Slides were boiled in a sodium citrate buffer (pH 6.0 — see appendix B) for 15 minutes

(carried out in a microwave). After boiling (by incubating at power 9 for 9 minutes
and power 8 for 5 minutes) slides were left in the hot buffer for 20 minutes. They
were then removed and rinsed three times in TBS, at which point they were ready to
begin IHC. |

Immunohistochemistry

The basic protocol was that detailed in chapter 2.
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As the 5/11 antibody is a rabbit polyclonal, the blocking serum for this was normal

goat serum diluted 1 in 5 with TBS.

The primary antibody (5/11) was diluted 1/25 with neat normal goat serum and the
secondary antibody (biotinylated goat anti-rabbit - Dako) was diluted 1/100 again

with neat normal goat serum.

DAB incubation was increased, to a time of approximately 25 minutes for tissue

sections.
All other parts of the protocol were unchanged.

Mounting of slides
Cultured cell slides were mounted using a glycerol based mountant (Dako) and stored
at 4°C. Paraffin sections required de-hydration (see Appendix C for protocol) before

mounting with DPX (Fisher Life Sciences Ltd, Loughborough, UK) and allowed to
dry overnight.

5.2.3 Western Blotting
Western Blotting was carried out on all four cell lines and on proteins extracted from

exfoliated urothelial cells in naturally voided urine samples.

Protein Extraction

Proteins from cell lines were extracted as detailed in chapter 2.

Urothelial cells were pelleted by centrifugation of urine samples at 450xg for 15
minutes. The supernatant was removed and the cell pellet resuspended in PBS /
Protease inhibitor (1ml — ICN Biomedical) solution. This suspension was then placed

into a 2ml eppendorf tube and centrifuged at 12073xg for 30 minutes.

The resulting pellet then underwent extraction using CHAPS lysis buffer (see

appendix B) as for cultured cells.
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Final protein samples were concentrated using a microconcentrator.

Western Blotting

The technique was carried out using the same protocol as detailed in chapter 2.

The 5/11 antibody was used in a dilution of 1/100 with 5% non-fat milk/TBS. The
secondary antibody was an HRP-linked goat-anti rabbit (Autogen Bioclear).

5.3 Results

5.3.1 5/11 expression in in vitro model

The expression of 5/11 protein within the cell lines of the in vitro model was assessed
using both immunohistochemistry and western blotting. All cell lines were found to
express the protein, though differences were noted. Immunohistochemical analysis
demonstrated the presence of the protein in both membrane and cytoplasm, as was
noted with other anti-CD44 antibodies in Chapter 2. Staining density differed
between all four cell'lin'es, and the results are summarised in table 5.1 below. Plate 5

(page 116) shows the immunohistochemical staining seen with this antibody.

Table 5.1 — Summary of staining density results for cell lines with 5/11 antibody

Cell Line Membrane Cytoplasm
Bladder RT112 +++ +++

T24 ++ ++
Colorectal HT29 +++ +++

CACO2 + +

Key : +++ = strong staining, ++ = moderate staining, + = weak staining

RT112 and HT29 showed the strongest staining for the 5/11 protein, with T24
showing moderate staining and CACO2 being the weakest stained. These patterns of

expression are very similar to those seen with the Hermes antibody as demonstrated in
Chapter 2.
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Plate 5 : Immunohistochemical staining of all four cell lines with 5/11 antibody

SA - RT112 cells with 1/10 dilution of antibody SB - HT29 cells with 1/10 dilution of anitbody

5C -T24 cells with 1/10 dilution o f antibody 5D - CACO02 cells with 1/10 dilution of antibody



Western blotting demonstrated the presence of a large protein of approximately 130
kDa in size, as demonstrated in figure 5.3 below. The bands produced by this protein

are not very dense, though those in the RT112 and T24 cell lines are stronger.

132kDa —»

90kDa —»

55kDa —»

43kDa —»

34kDa —»

23kDa —»

Figure 5.1 — Western blot of cell lines with 5/11 antibody. Lane 1 is a molecular weight marker (Cruz
marker, Santa Cruz Biotechnology), whllst Lanes 2,3,4 and 5 are the RT112, T24, HT29 and CACO2
lines respectively.

The presence of further faint bands can be noted in all cell lines, but some, more
definite bands can also be seen. In particular there is a band of approximately 34kDa
within the T24 cells, three bands between approximately 34 and 43 kDa in HT29
cells, and two bands between 23 and 34kDa within the CACO2 cell line.

5.3.2 5/11 expression in bladder cénc_er

The Aexpreséion of 5/11 protein in bladder cancer and its comparison with non—turriour
samples was assessed using immunohistochemistry (IHC) and western blotting.
Tumour expression was investigated using paraffin embedded sections which
underwent immunohistochemical staining with the 5/11 antibody. From earlier
immunohistochemical staining with other CD44 ant'il‘)odies,'protein was noted in both

membrane and cytoplasm, and a similar pattern of staining was expected here.

Table 5.2 summarises the immunohistochemical results in all bladder sections, whilst

plate 6 on page 119 demonstrates some of the staining seen visually.
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Table 5.2 Summary of the results of the IHC with 5/11 antibody in bladder sections of varying stage

and grade. Results are shown as density of staining in both membrane and cytoplasm, percentage

distribution across the section and where the staining was noted.

Stage/Grade | Stain’ | Stain Distribution Area
M) ©
1G in situ /| S+ C mid to top of urothelium +
substrata
B F 1A + ++ C FTU
F 1A ++/ ++ D FTU
+++
D F 1A ++/ ++ B FTU
+++
E M 1A +++ ++ D FTU
F M 1A 4+ ++ D FTU
G M 1A + + D FTU + substrata
H F 1A ++ + /[ ++ D FTU
I M 1A +/++ | +/++ D FTU
J M 1A +++/ ++/+ B Strong in basal layer, weakening
++ upwards
K M 1A + + A Background
L M 1A +++ o+ A FTU (v thin urothelium)
M F 1A A+t R B FTU some substrata
N F IF +++ ++ D FTU + substrata
(0] F 2A ++/ ++/+ D FTU + substrata
+++ , , :
P F 2A +++ ++ C Strong in folds, getting weaker
towards top

Key to table 5.2

+ = weak staining. ++ = moderate staining, +++ = strong staining
A=0-25%,B=26-50%,C=51-75%,D=76-100%

FTU = full thickness of urothelium.

The first finding from this table is that there appears to be no relation between

staining intensity or distribution and stage and grade. The majority of sections tested

were of the same stage and grade, yet staining was not consistent between these.

When compared to the few sections of different stage and grade, no major contrast

can be highlighted. All section demonstrate the presence of 5/11 protein except one,-

section K, which appeared to produce background staining within the substratum

alone.
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Plate 6 : Bladder tumour sections stained with 5/11 antibody (1/25 dilution)

6A - 1G in situ section. Staining in full thickness 6B - IF section. Staining in urothelium and
of urothelial layer. Some light staining in substrata
6C - 1A section. Heavy staining of urothelium. 6D - 1A section. Medium staining of

urothelium, including umbrella cells.

6E - 2A sectiohn. Very heavy staining throughout 6F - 2A section. Lighter staining, again
urothelial layer. Throughout urothelium.
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Consistent with earlier findings with anti-CD44 antibodies (see chapter 2), both
cytoplasmic and membrane staining was noted, though this staining was not
consistent through the whole section in many cases. In the majority of these cases,
the staining was either between weak and moderate or moderate to strong, but in one
case (section A), there was high inconsistency, with staining varying between weak

and strong in both cytoplasm and membrane.

The distribution of staining was relatively high for many sections, with most showing
a staining distribution of 50% and above. This is not surprising as the majority of
samples were trans-urethral resections of bladder tumours (TURBT’s), therefore the
majority of tissue present is urothelial in nature. The majority of this staining
occurred across the full extent of the urothelial layers, from baéal layer to umbrella
cells, but there were some exceptions. Some sections demonstrated a strong basal
layer staining, which became weaker towards the top of the urothelium. The
carcinoma in situ section demonstrated the strangest pattern of expression, with one
(section A) demonstrating staining from the middle to the top of the urothelium alone,
and the other (section B) demonstrating staining throughout the urothelium with the
exception of the umbrella cells (top layer of iurothelium) which demonstrate no
staining at all. Where substrata layers were found to be present, a number did

demonstrate some staining though this was very weak in nature.

Due to the lack of normal tissues available for immunohistochemical analysis,
western blotting was ’empldyed to investigate the presence of 5/11 protein in
exfoliated urothelial cells. These were extracted from voided urine samples—of——-
patients without bladder cancer, a larger group of healthy patients and a small number

of tumour patients.

The group consisted of 44 people, 16 females and 28 males. Of these, 10 were
patients with known tumours (4 female / 6 male), 11 were from patients with no
known tumour ( 5 female / 6 male) and 23 normal healthy volunteers (7 female / 16
male, with 14 being over the age of 35 years). The tumour group consisted of a group
of pre-operative patients with a visually confirmed tumour, but not histologically

confirmed at this point. No quantification of protein took place as after concentration,
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samples yielded varying amounts of protein, ranging from little or no concentrate to

large volumes of concentrate.

quantification.

For this reason it was decided not to undertake

Table 5.3 summarises the results in each group in terms of both sample group and

individual gender.

Table 5.3 — Summary of western blot results with 5/11 antibody. Percentages below male and female

results are for that gender, whilst overall percentage figures combine both male and female results.

Female Male Overall

Tﬁm(‘)ﬂur ’ +ve -ve +ve -ve +ve ~ve

2 2 2 4 4 6
n=10 50% | 50% | 333% | 66.7% | 40% | 60%
Normal +ve -ve +ve -ve +ve -ve
Patient 7 z 3 5 2 5
=11 167% | 833% | 60% | 40% | 364% | 63.6%
Normal +ve -ve +ve -ve +ve -ve

4 3 0 16 4 19
n=23 57% | 43% 0% | 100% | 17.4% | 82.6%

In the tumour group, not all samples gave a positive result, which is unexpected due
to the THC results presented with the same antibody. Only 50% of the female group
gave a positive result, though the male result was lower at 33.3%. This gave an

overall positive percentage for both males and females of 40%. A similar overall |

positive rate was noted in the normal patient group, though this was due to a much
increased positive group of males, with 60% of males in this group providing a
positive result. Only 16.7% of females gave a positive result, and the overall

percentage was 36.4%.
Within the healthy control group no males gave a positive result, giving a 100%

negative result as would be expected. Interestingly in the females, 57% demonstrated

a positive result, increasing the overall positive rate to 17.4%.

121



From the western blot results, combining the results of the normal patient and normal
healthy group gives the antibody an overall specificity of 76.5%. Its sensitivity is
40% from this group, but when these are combined with the IHC results, the overall
sensitivity is 73.1% (16 IHC results, of which 1 could be considered to be negative

plus 4 out of 6 positive western blot results).

When looking specifically at gender, the overall specificity and sensitivity does
change. In females (a group consisting of 12 tumours and 13 normals), the specificity
is found to be only 61.5%, though the sensitivity increases to 83.3%. In males (a
group consisting of 15 tumours and 21 normals), the figures are reversed, with a high
specificity of 85.7%, but a lower sensitivity at 66.7%. These figures have poésible

implications for the use of this antibody within screening test format.

5.3.3 5/11 expression in colorectal Cancer

Analysis of 5/11 expression within colorectal cancer was again carried out using IHC
on paraffin sections, though a stage-specific analysis was undertaken, using 5 sections
each of polyp and Dukes stage A to D. Table 5.4 summarises the colorectal
immunohistochemistry results, whilst plate 7 (pages 124-125) demonstrate the a

selection of the results visually.

Table 5.4 Summary of results of IHC with 5/11 antibody in Dukes staged colorectal sections.

Section | Stain (M) | Stain (C) Distribution | Area
Pol Pl + + C Epithelium
++ ++ D Epithelium and substrata
++ ++ D Epithelia and some sub
++ ++ C Epithelial and some sub
Dukes A | Al - - - -
+ + A Top layer of epithelium
+ + A Top layer of epithelium
+ + A Top layer of epithelium
Dukes B | Bl - + A Epithelial
B2 ++ ++ C Epithelium and substratum
B3 + + B Epithelium + substratum
B4 - - - -
T B5 - - - -
Dukes C | Cl - - - -
: + + B Epithelium and substrata
+ ++ A Lower epithelial and substrata
++ ++ A Epithelium
++ + A Top epithelial layer
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Dukes D | DI ++ ++ C Epithelium + substrata

++ +++ C Epithelium of tumour, some
non-involved

+ +++ B Epithelium, some substrata
+ ++ A Epithelium
+ +/++ C Epithelium

Key to table 5.4
+ = weak staining. ++ = moderate staining, +++ = strong staining

A=0-25%,B=26-50%,C=51~-75%,D=76-100%

As was noted in the bladder cancer sections, there appears to be no correlation
between 5/11 protein expression and tumour stage. Not all sections express the 5/11
protein, but these negative sections are not all in one staged group. The polyp group
contained one negative section, along with the Dukes C group. Dukes A had two
negatives, whilst Dukes B showed the highest number with three negative sections.

Only the Dukes D demonstrated a positive result on all sections.

The staining density was generally lower than that found in the bladder tumours and
in the HT29 cell line. There was a slight increase in staining in the Dukes D sections,
but only one of these showed strong staining, this being cytoplasmic. These densities
were not consistent amongst sections of the same stage, with the Dukes D ranging
from across the full spectrum from weak to strong. Across separate sections the
staining was consistent unlike that seen in the bladder samples. The distribufion of
staining also differed, with the majority of Dukes staged sections showing staining of
between 0 and 50%. This is mainly due to section differences, with the colorectal
tissue being a cross section of the organ, containing epithelial, ECM and muscle
layers. Polyp sections gave a higher distribution as these consisted of polyp material
alone, which like the TURBT sections are epithelium alone. This gave rise to higher——

distribution of staining in these when compared to the Dukes staged samples.

~ As no normal or non-involved tissue was available for study a full analysis of the
antibody is not possible. From these sections, the specificity for each stage can be
calculated as : polyp — 80%, Dukes A — 60%, Dukes B — 40%, Dukes C — 80% and
Dukes D — 100%. From these results it can be seen that the protein is expressed in

detectable levels in polyp or Dukes C and D ie either very low or very high stage



Plate 7 : Colorectal tumour sections stained with 5/11 antibody (1/25 dilution)

7A - Polyp. Medium staining seen in epithelium,
some staining of substrata

7C - Dukes A. Staining through epithelial
layer.

7E - Heavy staining in epithelium,

7B - Polyp. Heavy staining of epithelium, at
base of cells. Some substratal staining.

7D - Dukes A. Staining in epithelial, lighter than
In 7C. No substratal staining.

ian < Lt’

7F - Medium staining in epithelium.

124



Plate 7 : Colorectal tumour sections stained with 5/11 antibody (1/25 dilution)

7G - Dukes C. Medium epithelial staining 7H - Dukes D. Epithlial staining, concentrated in
some areas.
0 sif
71 - Dukes D. Epithelial staining throughout. 7J - Dukes D. Strong epithelial staining.
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tumours. An assessment of antibody sensitivity is not possible, due to lack of normal

tissue samples.

5.4 Discussion

The testing of the 5/11 antibody in both the in vitro model and patient samples has

demonstrated the presence of a tumour specific protein, the 5/11 junction protein.

All cell lines of the in vitro model expressed the protein, though staining density
varied between them. When staining densities are compared to those seen for Hermes
and V6 antibody (see Chapter 2), a similar trend in expression is noted. Some
background staining was noted at higher antibody levels (data not presented) but
optimisation of the antibody to a 1/25 dilution lowered this significantly. As is noted
with other anti-CD44 antibodies, staining is seen in both membrane and cytoplasm,

demonstrating an overexpression of protein within single cells. Unlike the Hermes

antibody however, membrane staining is less distinct than the cytoplasmic staining.

The possible reasons for cytoplasmic staining were discussed in chapter 2, and could
be due to a simple overexpression of complete CD44 protein, or increased levels of

incorrectly or poorly processed proteins.

Western blotting with the antibody demonstrated a protein of approximately 130kDa.
The formation of a large protein may be expected due to exon 11 being one of the

largest variant exons (132bp), and if, as previously hypothesised it is always spliced

‘with exon 12 (102bp) this would add to its size. The main band of 130kDa is not thi.,

only one seen, but the reasons for the presence of these other bands is not entirely
clear. As was discussed in chapter 2, these could be mis-translated or poorly

processed proteins.

Immunohistochemical results for the bladder sections demonstrated staining

throughout the thickness of the urothelium in the majority of tumour samples. This

finding alone can be thought of as tumour specific, as in normal tissue CD44 staining .

is evident in the basal layer of the urothelium only (Woodman ef al, 1996 and Sugino
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et al, 1996). This finding compares to the pattern of staining observed with other
anti-CD44 antibodies (Woodman ef al, 1996 and Sugino et al, 1996). Again both
membrane and cytoplasmic staining are evident, though in many samples there is
heterogeneity in the staining densities noted. The majority of this variation in staining
is noted within the membranes, but some variation is also noted within the cytoplasm.
Though a homogenous density of staining was demonstrated within the cell lines, this.
pattern would not be expected within tissue samples. Cell lines can be thought of as a
homogenous cell population, as cells are all of one type, arising from the same
tumour. Differences within the consistency of staining within the section as a whole
may be due to the presence of both tumour and non-involved tissue, and
inconsistencies in the state of differentiation of the tumour cells present. Where some
sections of the substrata or lamina propria below the urothelium cells are found some
background staining is also noted. Previous studies have noted this staining with
CD44 standard antibodies, such as Hermes (Tarin et al, 1995 and Woodman et al,
1996), and this was attributed to detection of the haematopoietic form of CD44 on
lymphocytes present within the substratum. In the case of the 5/11 antibody, the

cause of the staining is unknown.

In the Gis, sample, a strange pattern of urothelial staining was noted. Staining in
some areas only occurred at either the very top layer of the urothelium or fromtop to
mid urothelial layer. In most other samples, where stéining was not full thickness, it

was concentrated at the lower edge. The exact reason for this is not clear.

For analysis of 5/11 expression in normal tissue, exfoliated urothelial cells from

voided urine samples underwent western blotting. The normal group consisted of

both normal healthy volunteers and patients with a urological problem which was
known not to be due to the presence of a tumour. The inclusion of the patient group
allows some insight into false-positive potential and the group as a whole aids in

determination of tumour specificity.

The majority of normal volunteers gave negative results when tested. However, false
positives were seen, and these fell into two distinct groups. Many of the false
positives were found in females and these form the first distinct group. In this study,
all women who gave a positive result are well below the risk age for development of

bladder cancer, and when this information is combined with the decreased risk in
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women over males, these cannot be accepted as true positive results. The reasons for
the false positives are not fully understood, but it is a finding that has been noted
previously (personal communication, Woodman, 2002). The main reason attributed
to these results is the contamination of urine samples with desquamated cells from the
vagina and cervix. It has been noted that there is a high expression of CD44V
isoforms within normal cervical squamous epithelium (Gorham et al, 1996(b)).
Exfoliation of these cells would lead to them entering vaginal secretions and

contaminating the urine sample.

The causative factors in the other group of false positives are well documented. It
was noted during sample preparation that a number of urine samples contained
microscopic haematuria. It has been shown that haematuria is a cause of false
positives and it has been suggested that regardless of the outcome of such an assay,
anyone who presents with haematuria should immediately undergo cystoscopy to
ensure the cause is not a bladder tumour. Another cause of false positives are patients
who have undergone BCG intravesical therapy for treatment of bladder cancer. BCG
stimulates an inflammatory response within the bladder tissue, and any residual

inflammatory response which may be present could produce a false positive.

A small number of patients with known tumours was also included within the western
blot group, but not all gave the expected positive result. It must be remembered that
these were pre-operative patients with a visually confirmed tumour only, no
histological data was available. It may be that lesions thought to be tumour at first
visual examination may in fact be ulcerative and would therefore be expected to give
a negative result. In a study on telomerase expression in urine it was suggested that
urine samples be taken in duplicate over a set time period, as there are differences in
exfoliation of normal and neoplastic cells. This may result in a larger proportion of
normal cells present in one sample, but a higher proportion of tumour cells in another

(Yoshida er al, 1997).

These results may also be due to problems in sampling procedures, with samples
being taken from patients who have ingested large volumes of fluid, resulting in a
very dilute sample with low cell presence. When these samples are processed using a
protein microconcentrator, there is often little or no concentrated protein present

within the sample. Similarly if samples were taken and left for too long before being
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prepared, a certain amount of protein degradation will occur. It was also noted that
some samples formed a heavy precipitate when left, which did cause some problems
with the subsequent protein extraction. The speed by which such samples are
processed have been shown to be of importance in another study on CD44 proteins in
urine, therefore a simple yet robust protocol for collection and processing is required
(Sugiyama et al, 1995). In this study, time did differ between patient and healthy

volunteer groups sample processing due in part to logistical reasons.

Specificity and sensitivity for the antibody varied between the sexes, largely due to
the high number of false positives noted within the female normal group. When
compared to the gold standard for urinafy bladder éancer diagnosis, voided urine
cytology (VUC), the overall sensitivity is higher. The 5/11 antibody also compares
favourably to other urinary based assays such as BTA STAT and Trak, NMP22 and

Immunocyt, as demonstrated in table 5.4 below.

Table 5.5 — Comparison of sensitivity and specificity values of the 5/11 antibody with commercial

FDA approved urinary based assays used in clinical practice.

Assay Sensitivity | Specificity
Voided urine cytology 38.4% 94.2%
BTA-stat 65-82.8% | 64-68.9%
BTA trak 66-72% 50-69%
NMP22 64.3-90.8% 80-89%

5/11 antibody 73.1% 76.5%

From this table it can be seen that at this early stage the antibody does compare
favourably to other urinary based assays, and with further optimisation within a

complete assay format may well provide a much more sensitive and specific assay.

The colorectal study within this chapter was undertaken using paraffin embedded
sections. It was not possible to procure normal samples or fresh frozen tissue to'carry
out western blotting. The analysis of expression was carried out using a staged study

on sections of Dukes A — D tumours, and polyps.
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The finding of 5/11 protein expression within colorectal cancer in one way confirms
the exon linkage results gained by Goodison et al (1997). It also furthers their
argument that specific CD44 splice variants would be of use for cancer detection, and
that a protein based assay using exon linkage data is possible. The pre-dominant
junctions within the colorectal exon linkage assay were 5/7 and 5/11 which were both
found to be present in 85% of tumours. The presence of 5/11 protein was however
found in a smaller percentage of patients, the total being 60% (tumours only — does

not include polyp group).

The reasons for this decreased percentage may be due to differences in sample cohorts
studied. This study was based on Dukes stage, with a defined number of samples for
each stage assessed. No comment was made by Goodison et al (1997) on the stage
and grade of tumours examined within the exon link study, therefore this may be a
reason for the variance. If certaiﬁ tumour stages express the 5/11 protein at a higher
percentage than other stages, a sample cohort where these tumours are in the majority

would skew the results in this manner.

It has however been noted that in this pilot study no correlation withb stage of tumour
could be established. Expression was found at all stages, including polyp, yet no
trend could be distinguished in terms of either staining presence or density. Results
for each stage were heterogenous, with the majority of groups demonstfating staining
of between two and four sections (40 — 80%). Only one stage (Dukes D)
demonstrated staining in all sections examined. Where sections were shown to
express 5/11 protein there was again variation between the stage in terms of staining
density. Though there was a slight upward trend in expression as stage increased, this
can not be taken as a positive correlation. The cohort is small, and therefore any
trends present may in fact be exaggerated due to the group size. Also, no analysis of
section grade was included with the staging information, and this would probably

affect the 5/11 expression.

This lack of stage correlation was noted by Gorham et a/ (1996a) in a study of mRNA
transcript expression within colorectal cancer. They investigated a number of staged
and graded tumours and found no positive correlation between CD44 variant

expression and tumour stage / grade. It was however noted by Wielenga et al (1993)



that CD44 variant protein expression did in fact correlate with tumour progression in
colorectal cancer. In studying CD44 variant expression using variant specific
antibodies, they summarised that different variants are expressed at different stages
within tumour development. Their findings do conflict with the results gained thus

far from this study.

Wielenga et al (1993) stated that variants of CD44 without V6 (exon 11) do not
appear at early stages, including adenomas and polyps. As tumour stage increased, so
the variant expression changed, and variants containing V6 were found, especiallyat
the latest stages (Dukes C and D). This study demonstrates the presence of 5/11,
which contains the exon 11 junction at very early stages, and throughout all
interventing stages. Though the reasons for the differences noted are unclear, this
strengthen the reasons for investigating a tumour specific exon junction rather than

the presence of the exon alone, as discussed in chapter 3.

The protein itself was noted in the colorectal epithelial layer in the majority as was
noted by previous studies of variant antibody expression (Woodman et al, 1996;
* Gorham et al, 1996a). Some substratal staining was noted, which ﬁvhen found with
standard antibodies can be attributed to the presence of haematopoietic cells within
the lamina propria. With the 5/11 antibody this would not be expected, therefore the

exact cause of this staining has yet to be elucidated.

Expression of the 5/11 protein with over half the polyp samples (3/5) suggests that

this antibody may be useful within an early detection system. It is known that many

polyps are pre-cancerous in nature, therefore the detection of 5/11 protein within these - -

samples suggests it can be used for the detection of very early changes. Tumour

sensitivity of this antibody was found to be at its highest when examining very low

and very high grade tumours (polyps, Dukes C and Dukes D). The apparent reduction

in detection ability at the middle stages should not necessarily prove to be a problem

considering the required use of this marker. As it is to be used in the monitoring of ”

patients who have already received treatment for one or more tumours, it is early

tumours alone which should be under investigation.



Further exmaination of the 5/11 protein within colorectal cancer is required, including
the investigation of normal and non-involved tissue. Without the testing of these
tissues, no assessment of tumour specificity can be made. To assess the potential of
the 5/11 antibody for non-invasive detection of colorectal éancer, a study of
expression within exfoliated cells extracted from faeces is also required. It has been
demonstrated that analysis of such samples is possible, and should present no more

problems in terms of sample preparation than those noted with urine samples.



6 Final Discussion

The initial aim of the project was to analyse CD44 expression for the presence of a
tumour specific marker. Once found, this information would then be used to reach a
platform from which a working diagnostic could be developed. This aim has been
achieved, through meeting all of the objectives established within chapter 1. The
scientific impact and importance of each work objective has been discussed in each
associated chapter. It is the aim of this final discussion chapter to employ a more
holistic approach to the examination of this work, drawing it together in the context of
its potential diagnostic application. The natural progression at the end of this project
as it now stands is the production of a working early detection tool, yet a number of

points need to be considered before reaching this final goal.

The search for tumour markers is an area of research that looks set to continue until
we can at least identify the causative and consequential factors in all tumours. The
ways in which tumour markers are being investigated have changed rapidly as new
technologies and methods have arisen. From blood and serum markers, to mutation
based markers. The latest trends in research are the use of genomics and proteomics to

identify possible markers from a wide range of targét genes or proteins (Srinivas ef al,
2001 (a)).

Genomics, as its name suggests, focuses upon the whole cellular genome, the main
technique in use being the expression ﬁicromay. A microarray in its simplest form
is a solid surface upon which either single stranded cDNA or oligonucleotide probes
have been dotted. A DNA or RNA extraction from a tissue is flooded over the array,
and areas where hybridisation occurs are detected, usually through the use of
fluorescent labelling. Comparative studies of normal and tumour tissue can highlight
genes which show differential expression and may be potential markers. Thousands
of genes can be tested, resulting in large volumes of data being'pr(_)duced. At this

stage though, no gene functions are known (Onyango, 2002).

Proteomics is the study of cellular protein and the main techniques in use are either

2D-electrophoresis (followed by mass spectrometry) or protein arrays. Again
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comparative studies are employed and the proteins unknown. With both methods
profiling of certain tumour types has been undertaken, resulting in a large number of
possible markers, but with unknown function. Other methods which have developed
alongside these include Laser Capture Microdissection, where single cells or small
groups of cells of interest can be removed from a tissue sample and the nucleic acid or

protein extracted (Srinivas et al, 2001 (b) and Pennington and Dunn, 2001).

The format of assays have also changed, with a move away from single marker assays
to those involving multiple markers. Due to the complexity of changes seen within
tumourigenesis this is perhaps not so surprising. Multiple marker assays would
provide a more comprehensive picture of the events which unfold within a patient,
and may be able to provide information of both diagnostic and prognostic value in one

step.

The ultimate hope for a multiple marker assay is the development of a completely
non-invasive test which is 100% specific and sensitive. It must also be able to detect
at the earliest stages of cancer development, and if possible provide some form of
prognostic information, as well as indicators qf stage and grade. Lokeshwar and
Solway (2001) describe the ideal non-invasive test (for bladder cancer) as “sensitive,
specific, rapid, technically simple and have low intra and inter-assay Variability”.
Invasive methods would still be required, but could be used for imaging and biopsy of

tumours.

Within the NHS, patient testing is changing, with “near patient testing” becoming
increasingly important. This sees many tests moving out of the laboratories and onto

the wards, allowing the most rapid turnaround time for assays possible.

Assays for early detection are being discussed more in terms of screening assays for
large scale screening programmes for the general population. Screening programmes
are only used for certain sets of disease, the main factors in their choice being ability
to screen reliably and the ability to treat the disease satisfactorily if found. In the UK,
only two screening programmes are currently being run — screening for cervical
cancer and for breast cancer. In both cases these are aimed at a particular subset of

the population, females of certain ages — above the age of 21 for cervical, and over 45
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for breast. The newest screening programme which has just finished its pilot trial is
screening for colorectal cancer, which gave some promising resuits, and another pilot
currently underway is for prostate cancer screening (National Screening Committee,
2002). These new screening programmes and the general search for early detection
assays within the UK links in with the NHS plan set out by the government in 2000.
In this document they pledged to reduce the levels of cancer in the under 75 age

groups “..by at least one fifth by the year 2010” (NHS Plan, 2000)

Linked in with both early detection assays and screening tests are those used for
monitoring of cancer recurrence. Typically patients who have had a tumour removed
are monitored regularly so recurrences can be detected and treated with speed. In the
case of bladder cancer, patients are tested every three to six months, whilst colorectal

cancer patients are monitored every six to twelve months.

As stated earlier, the aim of this project was to provide a platform from which a non-
invasive assay for use within a district general hospital (DGH) setting, specifically
aimed at the monitoring of recurrence, could be developed. The specification of a
DGH as the setting for the assay provides some constraints on the type of assay
required. Initially there appears to be two distinct choices of assay : DNA or protein

based, yet not all are suitable.

The exon link assay in its original form does not lend itself easily to diagnostic use.
Though the PCR assay is simple to carry out, the requiremént for Southern blotting
- within the procedure for confirmatory reasons discounts the use of this assay due to
lack of rapidity. The PCR-ELISA is therefore a much bétter method as is it just as
simple to perform, but takes less time. If the PCR is set up as staff are leaving the
laboratory one night, then it will be ready to place into the ELISA the following day,
resulting in a fast turnaround time. Unfortunately this assay does have many
disadvantages if it were to be used within a clinical lab. To undertake the ELISA,
mRNA extraction from exfoliated urothelial cells is required. This extraction could
take a large amount of time if a number of samples are being treated concurrently.
Time between sample collection and sample preparation must be fairly rapid due to
mRNA degradation. A cDNA step is also required before the PCR assay can be

undertaken. PCR based assays require optimisation to ensure the assay is robust and

135



will always give the expected result. However, although PCR is fairly reliable, results
| can be easily affected if any form of contamination is present. Finally, many DGHs
do not have the facilities for undertaking PCR based assays, therefore a test based on
DNA would not be viable.

Consequently, this reduces the choice to a protein based assay, yet there are a number
of formats in which this could be carried out. Sample preparation would be much
simpler as extracted protein would be less prone to degradation than mRNA.
Addition of a protease inhibitor either to the sample pot before urine collection or
directly after would safeguard against a high protein loss within the sample. Protein
extraction itself is simple. Concentration of the protein would be required, but
similarly this is a simple matter. One choice of assay could be western blotting, but as
with Southern blots, this is overly time consuming. The next choice of format would
be an ELISA, similar to that designed by Woodman et a/ (2000). Many laboratory-
based assays are already in this format, and therefore it should easily integrate into the
testing repertoire of the lab in question. For a monitoring assay, an ELISA would
only be required to be qualitative if a tumour specific marker has been adopted. From
this method, further work could produce an even simpler assay based on a lateral flow
assay, commonly known as a “dipstick” format, allowing near patient testing and

more rapid results.

As a result of this project, a marker which appears to be tumour specific has been
detected, and initial results with an antibody directed against the protein product of
the variant exon junction have suggested its potential use as a marker for monitoring

purposes.

The use of initial exon link results and PCR-ELISA demonstrated the 5/11 exon
junction was potentially the more “useful” marker, as compared to 5/12. The sfudy
cohort was small, and results of the PCR-ELISA were not as distinguishing as had
been hoped. The 5/11 junction was the most predominant, but the result margin
between that of 5/11 and 5/12 was not very great. However, as the aim was to move
towards a protein based assay fairly quickly, it was decided that a more in-depth study

was not appropriate.
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One major point to have come out of both this and later sections of the study was a
need for simple and well organised sample procurement protocols. The staff of the
urology department at NGH were unused to organising tissue sample collections,
therefore protocols and guidelines for such a scheme had to be arranged. These
protocols had to be simple to undertake as the majority of time it was the clinicians
themselves (mainly registrars) who were responsible for this collection, whilst
treating patients. The ideal person for collection of samples would be a nursing
member of theatre staff, who would be responsible for collection in the correct
manner and for recording the required sample details. Towards the latter part of the
study, this was starting to happen. Though cohorts in this study were affected by
these problems, future studies within this setting should prove easier as staff are now

aware of the needs of research sample collection and the procedures involved.

The 5/11 junction was chosen as the marker and subsequently an antibody against the
protein product of the junction was raised, to be used in both bladder and colorectal
assays. Polyclonal antibody production could have presented a number of problems
due to the heterogeneic nature of such an antibody, but affinity purification appears to
have removed many of the concerns (Catty and Raykundalia, 1995). The presence of
high levels of background is often associated with the use of a polyclonal antibody,
but within this study it has not proved to be a major issue. Optimisation of anﬁbody
dilutions coupled with a polyclonal antibody-specific method for IHC appears to have
lessened the problem considerably. Some background staining within tissue sections
was noted, but this did not affect the detection as it was relatively low level in most

cases.

From initial results in bladder samples, the antibody appears to be tumour specific for
this tissue. Though false positives were seen they could all be explained and were not
thought to be cause for concern. The finding that urothelial cell protein extraction
could be used for antibody detection of the junction protein through the use of western
blot suggests that the antibody could be applied to an ELISA. Further work in a
larger cohort of patients would be required before development of an ELISA could
take place. It would be interesting to carry out further investigation into stage and

grade expression of the protein. This may prove be difficult as the majority of



tumours with which people present are early superficial tumours, these are therefore

the main tumour types resected and hence collected.

The ELISA developed by Woodman et a/ (2000) was a multiple capture assay using
an antibody directed against a protein epitope of exon 1, and more interestingly a
protein epitope of exon 11. The assay gave a specificity of 100% and a sensitivity of
80.2%. Adapting this assay for use with the 5/11 antibody would not prove difficult,

and it may increase the sensitivity of the current assay (Woodman et a/, 2000).

Within colorectal tissue, results again looked promising though no link to stage could
be made. The collection of further samples, including frozen tissues for protein
extraction for western blot would provide a better insight into expression, though a
large group of normal samples would also be required, to ensure tumour specificity.
Though an assessment of sensitivity could be made from this work, due to the lack of

normal samples no assessment of specificity could be undertaken.

This project has fulfilled its objectives and hence reached its aims as set out in chapter
1. The main emphasis throughout was on bladder cancer, and in terms of the above
aim, not much work is required to produce a crude form of diagnostic assay. An
ELISA based on the design of Woodman et al (2000) but using the 5/11 an;cibody
would be simple to set up. It is the optimisation 6f the assay which would take time.
Single marker assays are not considered to present enough information, therefore
other markers should also be included in the final éssay. The MCM family of proteins
are currently of interest, as these have been shown to be diagnostically useful in the
detection of a number of cancers, including bladder and: colorectal cancer.” - Inclusion
of such markers into an ELISA format could possibly provide a much more sensitive

and specific assay, whilst retaining rapidity and simplicity.



7 Final Conclusions and Further Work -

In conclusion, the work presented here has met the initial aim as set out for this
project — a platform has been reached from which a protein based assay could now be
developed. The finding of a tumour specific exon-junction and the subsequent
development of a novel antibody, as discussed in this thesis, provides the basis for
such future work. Some preliminary studies have been undertaken on the use of this
antibody to detect protein from urothelial cells, and its possible usefulness in a non-
invasive setting demonstrated. As a prototype ELISA is already available, it can be
considered to be a feirly short step from this platform vto a working assay. However,
a large body of further work arises from this »project, including optimisation and

clinical evaluation of such an assay, and this is summarised below :

1. Investigation of 5/11 protein expression in a larger cohort for the bladder
study; with the linked aim to undertake a stage and grade study.

2. Investigation of tumour specificity in colorectal samples through inclusion of

- normal samples into the study.

3. Analysis of non-invasive use of 5/11 in colorectal cancer .by investigating
protein extracted from exfoliated cells present in stool samples L

4. Development of the ELISA assay based on the format adopted by Woodman
et al (2000). '

5. Inclusion of further markers mto the CD44 5/ ll assay eg MCM proteins

6. Clinical evaluation of ELISA in both colorectal and bladder cancers.

7. If ELISA is clinically useful, possibility of “dipstick” assay development for

near patient testing.
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Appendix A — Evidence of Ethical Approval and patient consent

forms

—NORTHAMPTON MEDICAL RESEARCH/

ETHICS COMMITTEE
Chairman: Mr Fred Evans
Secretary: Miss Michelle Skelton

Northamptonshire Health

OurRef:  FE/MS/99/119 Authority

17 May 1999

Dr Anthony Woodman

Lecturer in Cell Biology
Cranfield Biotechnology Centre
1BST

Cranfield University

MK43 OAL

Dear Dr Woodman

99/19 THE NON-INVASIVE DETECTION AND MONITORING OF MALIGNANCY USING
MULTIPLE-MARKER MOLECULAR ASSAYS

The Northampton Medical Résearch/Ethics Committee reviewed your application in
respect of the above study at their meeting on Thursday 13 May 1999, and | am pleased
to inform you that Formal Ethical Approval has been granted.

To complete our records regarding the project, please complete and return the form
accompanymg this letter.

Please let me know if the study has to be terminated or any ethical considerations arise
which need to be discussed further by the Committee.

Yours sincerely : : R o

FRED EVANS
Chairman, Northampton Medical Research/
Ethics Committee

£y Northamptonshire Health Authority, Highfield, Cliftonville Road,
Northampton NN1 5DN  Tel: 01604 615000 Fax: 01604 615010 m

s Chairman: Simon Schanschieff OBE, FCA, JP Chief Executive: Lynda Hamiyn BA(Hans)
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Copy of Northampton General Hospital patient consent form

Patient information
Background

The staff of Northampton General Hospital and scientists at Cranfield University are
working together to find new ways of providing advanced clinical support for the
local community.

An area where we feel we can make major advances is in improving our ability to
detect cancer. In particular we are working towards being able to detect cancer of the
bladder and colon from either urine or faeces. Using advanced rapid tests we hope to
be able to easily detect these cancers without the need to bring patients into hosp1ta1
or undergo long, uncomfortable procedures.

To decide whether a new test will work, we have to know what results to expect. The
only way we can achieve this is by looking at samples from as many people as
possible.

Please help us

Your doctor has explained to you that he/she will be removing some bladder or bowel
tissue during the course of your care. Specialist staff within the hospital will examine
this tissue, and your care guided by what they find. After all these examinations have
been undertaken, there may be a small amount of this tissue remaining. If you are
willing to allow us, we can use this tissue to help develop the new assays.

Additional information

Only samples remaining after all clinical examinations have been completed can be
donated for research.

Your care, treatment or method of assessment will not be altered in anyway be your
decision to donate or otherwise. Furthermore no additional procedures will be
undertaken as a result of your consent. o

We require as many samples from people who have no cancer as those that do. Your
doctor has already told you what he/she thinks is your diagnosis, and therefore this
request does not mean that this diagnosis is unsure.

The scientists as Cranfield University will not know your identity, only your age, sex
and what your doctor believes is your diagnosis. Your doctor will not know the
results of the tests and therefore your treatment will not be affected or altered by
them.
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What happens to your samples

Your samples are the most valuable part of our research, without them we are unable
to develop new ways of detecting cancer.

Any tissue donated will be frozen and transported to the laboratory. Here we look to
see if we can find molecules in the tissue which seem to be more common in cancers.
The more samples we collect, the more confident we become that if we see a certain
molecule, that a cancer is present.

How do we obtain you consent

Your doctor will have spoken to you about our work. If you have any questions please
ask him/her and they will be delighted to discuss these with you.

If you would like to help us and allow us to use some of your sample please sign the
attached form.

NB You care will in no way be affected by you decision.

Thank you for you help and co-operation

......................................................................................................

CONFIDENTIAL

DONATION OF SAMPLES FOR RESEARCH

I have read the attached information and discussed it with my doctor.
Having been fuily informed as to what is required:

I request that any tissue samples taken during the course of my care at o
Northampton General Hospital, may be made available for research after all
procedures required for my clinical management have been completed.

I understand that my care will be unaffected by this consent

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

oooooooooooooooooooooooooooooooooooooooooo

Name of patient Hospital number

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

ooooooooooooooooooooooooooooooooooooooooo

Signature Date
Your doctor will retain this form.
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Copy of consent form used for volunteers within Cranfield University

Information and Consent Form
Background

I am carrying out a project aimed at producing a rapid non-invasive diagnostic test
for the detection of bladder cancer, using molecular markers. To produce a reliable
test I need to use normal human samples to ensure the marker is specific to tumour
tissue. '

Through my link with Northampton Hospital I have been able to get samples of urine
from patients with confirmed cancer and age matched patients without, but I need to
sample urine from a healthy group of volunteers.

Please help

I require as many urine samples from healthy volunteers as possible — and this is
where you come in.

What happens to the samples

Samples will be processed within the department and investigated for marker
expression. They will be treated as anonymous, with the only information required
being your age and sex.

Consent Forms

If you are happy to provide a sample then please fill in the consent form below. No
results from these samples will be given to those who have taken part, and no further
investigation will be carried out if any sample appears to be abnormal due to the stage
of development which the test is at.

Thank you for your help and co-operation.

........................................................................................................

CONFIDENTIAL
DONATION OF SAMPLES FOR RESEARCH

I have read the attatched information and discussed it with the researcher
involved.

I understand that I will not be told any results gained from testing of any
samples.

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

Signature Date
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Appendix B — Solution Formulations

General Solutions

PBS

TBS

PBS is made using tablets purchased from Sigma dissolved in
500ml of RO H,0O. PBS for cell culture was sterilised by

autoclaving.

This is made in a 20X solution
Trizma base

NaCl

Made to 1 litre with RO H,O, pH 7.6

Protein Extractions

Protease Inhibitor

CHAPS lysis buffer

IHC
DAB solution

This arrives in kit form with four separate constituents (EDTA,
pepstatin, leupeptin and AEBSF). Each bottle is re-suspended
in RO H;0, and the four bottles mixed. The volume is then
made up to 100ml with RO H;O. The EDTA is not fully

soluble, therefore will stay in suspension.

20mM Tris at pH 8.0
0.15M NaCl

5SmM EDTA

310 mg of CHAPS

1 ml of protease inhibitor

Made to final volume of 50 m] with ROV H,O

30mg of DAB
50ml TBS
100ul of hydrogen peroxide
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Western Blotting

6% Main Gel

4% Stacking gel

Loading Buffer

2.5ml of 1.5M Tris

2ml of 30% Bis/Acrylamide

100pl of 10% SDS

50p1 of 10% Ammonium Persulphate
10pl of TEMED

5.35ml of RO H,0

1.25ml of 0.5M Tris

650ul of 30% Bis/Acrylamide

50ul of 10% SDS

25ul of 10% Ammonium Persulphate

10pl of TEMED

3.05 ml of RO H,0O

Sml of 0.5M Tris

Sml of Glycerol

10ml of 10% SDS

5ml of 1% bromophenol blue
25ml of RO H;0 '

Electrophoresis buffer (Made as a 10x solution)

Transfer Buffer

30.3g of Tris

144g of Glycine
100g of SDS

RO H,O top 1 litre

2.905¢g of Tris
1.465g of glycine
0.5g of SDS

100ml of Meﬁhanol
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RO H,0 to 1 litre

Make fresh each time required.

Bacterial Transformations

LB Broth 10g of Tryptone
10g of NaCl
5g of yeast exctract

RO H,0O to 1 litre

LB Agar 1.5% Agar in LB broth
‘Southern Blotting
SSC Made up as a 20x solution
Naj Citrate 0.3M
NaCl 3 M
pH 7.0
Primary wash 4ml 10% SDS solution
25ml 20x SSC solution

Made to 1 litre with RO H,0O

Secondary wash 2x SSC solution
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~Appendix C — Miscellaneous protocols

C1 Transformation of bacterial cells

Transformation was carried out using a strain of E. Coli (JM83) made competent, and
were grown in LB broth and on LB containing agar plates. The plasmid contains an
ampicillin resistant gene, therefore growth of bacteria was regulated by inclusion of
ampicillin into the LB agar once they had undergone the transformation procedure.
All agar and LB broth was autoclaved to ensure sterility before use. All growth

incubations were carried out at 37°C unless stated otherwise.

C2 Production of competent cells

The E.coli were plated out using a wire loop onto LB agar plates and grown
overnight at 37°C. One colony was removed from each plate and was placed into an
aliquot of LB broth ( 5ml) before being placed back into the incubator for overnight
growth. An aliqout (1 ml) of this culture was then placed into 100ml of LB broth and
placed into a shaking incubator at 150 rpm. The culture was allowed to grow until the
absorbance at 550nm reached 0.4 to 0.5 (using LB broth as blank). Once this point
was reached the culture was placed on ice for 10 minutes, cells were then harvested
by centrifuging 20ml of culture at 2000rpm for 5 minutes. The supernatant was
discarded and the pellet re-suspended in cold MgCl, (10ml, 0.1M, sterile). The
suspension was again spun at 2000rpm for 5 minutes and the supernatant discarded,
and cells resuspended in cold CaCl, (1 ml, 0.1M, sterile) then kept on ice for two
hours. To transform the cells, 200l of competent cells was added to 5 pl of plasmid
and these were incubated on ice for 30 minutes. Cells were then heat shocked at 42°C
for two minutes and placed on ice immediately before adding 20ul of the mix to
180ul of LB broth, producing a 1/10 dilution. This was further diluted to 1/100 and
1/1000. 100ul of each dilution were then plated out using a glass spreader onto

ampicillin containing LB agar plates.

164



Agar plates were incubated for 12-14 hours at 37°C at which point the number of
colonies present on each plate was recorded, and a number of single colonies from
both sets of cells were placed into 50 ml aliqouts of LB broth containing ampicillin.
These were grown for a further 14 hours, again at 37° in a shaking incubator before

isolating the plasmid DNA using a maxiprep kit produced by Qiagen.

C3 Synopsis of Maxiprep plasmid extraction kit (Qiagen)

Bacteria in suspension are pelleted by centrifugation in a 50ml volume and the pellets
lysed through use of an alkaline lysis buffer. The resulting lysate is cleared by
filtration using and is then passed through a column to which the plasmid DNA binds.
The column is washed several times to remove RNA, protein and other impurities and
the DNA eluted and precipitated using isopropanol. A giaprecipitator attatched to a
syringe captures the precipitated DNA and removes all traces of IPA before the
purified DNA is eluted using water.

C4 Plasmid linearisation
Linearisation was achieved through cutting the plasmid at a specific restriction site
and from the plasmids restriction map, the chosen site was that of Hind III. To digest

the plasmid, the following reaction mix was used :

Nuclease Free water 6pl
10 x buffer _ 2pl
Acetylated BSA 2ul
Plasmid 8ul
Hind Il enzyme 1l

The mix was incubated at 37°C for two hours, then placed on ice. The digestion was

analysed by agarose gel electrophoresis using a 0.6 % gel.

CS Tissue sectioning

Cryostat chucks were first placed into the quick freezer bar within the cryostat to
bring them down to a low temperature (approximately -20°C, all tubes and forceps
required were also cooled down in this way). A small amount of water based

cryomountant (OCT embedding fluid, Bright Instruments) was placed on the chuck
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and the tissue sample placed on top. Once the cryomountant began to freeze (as
demonstrated by the mountant changing from a clear liquid to a white solid), the
temperature was brought down further by spraying with cryospray to ensure tissue
and mountant was completely frozen. Once the surface of the tissue was ready for
sectioning (having taken some 10pm sections to even up the face of the tissue), 80 —
100 7um sections was taken of each sample and were placed into a 2ml y-irradiated
tube. Sections that were not being used immediately for extraction were snap frozen
and stored at —80 °C until use. During the course of sectioning, four sections were
placed on poly-l-lysine coated slides (coated using poly-l-lysine solution, Sigma,
according to manufacturers instructions). One section was taken at the beginning, one
at the end, and two inbetween. These sections were fixed using cold methanol
(incubated for 10 minutes at 4°C, then dried at 4°C) and were then stained with

haematoxylin and eosin to clarify the histology of sections taken.

C6 De-waxing, re-hyhdration and de-hydration of paraffin embedded tissue
sections

De-waxing

Slides are incubated for 1 minute in each of :
2 x Histoclear

2 x 100% EtOH

1 x 90% EtOH

1 x 70% EtOH

Slides were then rinsed in RO water and stored in fresh RO water until required.

Dehydration of slides for mounting
- Slides are incubated for 1 minute in each of :

1 x 70% EtOH
1 x 90% EtOH
2 x 100% EtOH
2x Histoclear

Slides are then reédy for mounting.
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