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Today there is clear evidence that the proliferation and differentiation of tumour cells
is closely related and controlled by small locally produced peptides known as growth
factors. In turn, growth factors and their receptors appear to be regulated by a whole
range of different protein groups and systems located within the cell.

This thesis focuses on the investigation of possible links and interactions between
the epidermal growth factor system and two peptide families; the lectins and the
cytokines. The signal transduction cascade of the EGF receptor is very intricate and
involves several steps such as dimerisation of the receptor, activation of tyrosine
kinase, phosphorylation of proteins, activation of early response genes, etc. It is
logical to assume that other systems may be involved in any of these steps to alter the
final effect as required by the cells' needs. Members of the lectin ( Helix Pomatia
Agglutinin) and the cytokine (IL-1) families are investigated for such potential
interactions. Successful demonstration of such a molecular interaction network will
provide invaluable information as to the communication between these systems
within the cell (novel signal transduction pathways) as well as between cells in terms
of differentiation and adhesion (metastasis).
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CHAPTER 1

INTRODUCTION

The aim of this introduction is to provide the reader with the background of the
various subjects under investigation in this thesis. In particular, it comprises an
overview and epidemiological information on breast and ovarian cancer and a
subsequent detailed presentation of the information available up to date on the
epidermal growth factor system, lectins and various members of the cytokine family.
This should enable the reader to follow the subsequent chapters and appreciate the
connection between breast and ovarian cancer and the various cellular systems
investigated.

1.1 BREAST CANCER

Breast cancer is a major public health problem throughout the western world. In
Britain, there are 24,000 new cases diagnosed each year and 15,000 deaths due to it
(Austoker, J., 1993). Through their lifetime, 1 in 14 women will develop breast
cancer and 1 in 21 will die as a result of it (Forrest, P., 1990) (Fig. 1.1.1, 1.1.2).

The aetiology of breast cancer has been attributed to various factors including
heredity: in a family with a cancer case, 50% of first degree relatives have a three to
four times increased risk of developing cancer, as well as developing the disease at a
younger age (Stoll, B., 1980). Geographical location also appears to play an important
role in the incidence of the disease as indicated by epidemiological studies; for
example, in Britain the death rate from breast cancer is five times greater than Japan,
while Japanese who emigrated to America, have the same incidence as their hosts for
most common cancers suggesting that environmental factors may contribute to the
aetiology of the disease (Fallowfield, L. etal, 1991) (Fig. 1.1.3). Other indicators of
the cause of breast cancer had been observed some 300 years ago; "Nuns have more
breast cancer than lay women..." (Ramazzini, B., 1664). This observation was
repeated throughout the centuries in the form of "excess risk in single post
menopausal women" (Paymaster, J. etal, 1972) or "substantially decreased risk for
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Breast cancer incidence in different countries
(Breast Canccr: the decision to scrccn. Sir Patrick Forrest. Nuffield
Provincial Hospitals Tnist 1990)
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childbearing women especially if the first birth is at an early age" (MacMahon, B.,
1970). Furthermore, it has been noted that breast feeding and its duration decrease the
risk of breast cancer. Lactation may provide a degree of protection against breast
cancer due to suppression of ovarian functions leading to estrogen production and
secretion (Thomas, D. et al, 1976).

Breast cancer starts in the epithelium that lines the ductules and acini within the
breast lobule (Page, D. etal, 1988) (Fig. 1.1.4). Hyperplasia of the lobular epithelium
is the earliest sign of proliferative change. The epithelial cells enlarge, increase in
number and form several thick layers. In cases of excessive hyperplasia the cells
develop abnormal features and an irregular pattern of growth (atypical hyperplasia)
(Forrest, P., 1990). But for this change to lead to malignancy, the cells have to
become transformed phenotypically. Once this has occurred, there is development of
non-invasive or in situ carcinoma (Liotta, L., 1988; Fidler, I. et al, 1990)
(Table 1.1.1). Transformed cells remain confined to the breast lobule but due to
expression of proteins responsible for invasion/adhesion properties, there is migration
of the malignancy, i.e. metastases. Malignant cells infiltrate into the surrounding
breast tissue and gain access to the general circulation, and are carried and deposited
in various sites throughout the body (Liotta, L., 1988).

1.2 OVARIAN CANCER

Ovarian cancer is the fifth most common cancer in women with less than 30%
survival rate after 5 years. Epidemiological data suggests that 1-2% of white women
will develop cancer of the ovary at some point in their lifetime. Variations among
ethnic groups exist: white women of Europe and North America carry the highest
incidence of ovarian tumours followed by the Hispanic female population of South
America and lowest amongst the African and Asian women (Murphy, E. et al, 1980).
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The epidemiological data allow speculations about the various factors which
contribute to the development of the disease such as age. X-ray irradiation, chemical
carcinogens, etc. but no conclusive single causative agent has yet been identified,
although ageing appears to be the most consistent factor as with most malignancies
(Murphy, E. & Beamer W., 1980). Ovarian cancer also appears to have a tendency of
hereditary predisposition as demonstrated by the OPCS Study preliminary report by
Ponder, Easton and Peto (Ponder, B. etal, 1989). This study clearly indicates that the
incidence of ovarian cancer rises dramatically for first or second degree relatives in a
family affected by the disease; the mother or sister relation carries a significance risk
value of p<0.001. It has been estimated that between 5% and 10% of all ovarian
carcinomas are in this category (Lynch, H. et al, 1989). However, when the term
hereditary is used, one should expect a whole pattern of ovarian or other forms of
cancer running through a family and going back four, five or more generations. This
hereditary facet of ovarian cancer suggests the existence of a cancer prone gene that is
transferred along the family members and either expresses itself or remains in a
dormant state. Ovarian tumours, like most forms of cancer, are characterised by an
uncontrolled proliferation of cells. This aberrant behaviour renders the cells cancerous
and may be based upon abnormal autocrine or paracrine control.

In general, the agents which can trigger the transformation of selected genes within
the DNA genome causing them to become abnormal or oncogenes are not yet known.
Once the transformation has occurred, it is possible that an overproduction of growth
promoting factors and their relevant receptors follows. These receptors incorporate
themselves into the cell membrane. Once these peptides attach themselves to the
receptors, a signal is generated which triggers the above mentioned uncontrolled
proliferation of the cell. Such cells, when in sufficient numbers, cohere to form a
mass known as a tumour.

12

1.3 THE CELL CYCLE

A cell receives a variety of signals throughout its life span which interact with the
genome to regulate proliferation and differentiation. These signals include the growth
stimulatory peptides known as growth factors, which control proliferation by precise
interactions during the cell cycle.

The cell cycle begins at GO - the resting stage - where the cell is quiescent. To enter
the G1 phase, the cell needs a specific signal which is provided by the growth factors,
for example PDGF (platelet-derived growth factor) (Kelly, K. etal, 1983). Once in
the G1 phase, the cell proceeds to DNA replication and mitosis resulting in two
daughter cells. In the absence of growth factors the cells leave the cycle and return to
the GO phase (Fig. 1.3.1).

EGF and PDGF are the products of c-erbB and c-sis protooncogenes respectively
(Waterfield, M. etal, 1983; Doolittle, R. etal, 1983; Downward, J. etal, 1984). The
latter belong to a group of highly conserved genes whose products contribute directly
to normal cell proliferation and differentiation and to the development of the
organism (Bishop, J., 1987). Although protooncogenes have normal functions, they
are able to render a cell malignant when they are expressed inappropriately. Some
oncogene mutations promote tumour growth by inducing deregulated expression of
growth factors (Carbone, M. etal, 1990).

As mentioned above, the transition from the GO to the G1 phase is dependent on the
presence of PDGF as well as the levels of intracellular calcium and pH. It normally
takes twelve hours for a cell to pass from the GO phase to G1 and then the S phase,
where DNA synthesis occurs. The first six hours are influenced by EGF (epidermal
growth factor) as well as IGF (insulin-like growth factor) but to a lesser extent. On the

13

RESTING STAGE
G2

MITOSIS M

S DNA SYNTHESIS

ENTRY POINT
COMPETENCE POINT

RESTING STAGE
Figure 1.3.1
The cell cycle
At GO the cell is quiescent. A signal allows it to enter the G1 phase and to
proceed to DNA replication and mitosis resulting in two daughter cells.
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Figure 13.2
Growth factors and early response genes during the cell cycle.
It normally takes 12 hours for a cell to pass from the GO to the G1 and start
synthesizing DNA at the S phase. The first six hours are influenced by EGF
as well as IGF-1. The last six hours are mainly affected by the presence of
IGF-1. Also, within the first six hours there is expression of c-fos and c-myc.
c-fos expression is a transient event while, once c-myc is induced, it remains
active for about 14 hours.
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other hand, the last six hours are mainly affected by the presence of IGF (Schmid, C.
etal, 1983; Florini, J. etal, 1986) (Fig. 1.3.2).

Soon after EGF takes effect, there is an increase in the expression of the nuclear
proteins c-fos and c-juri' (Brenner, D. etal, 1989; Lamph, W. etal, 1988; Kim, S. et
al, 1990) although their expression is a transient event. They exist in a range of
isoforms and their early expression during the cell cycle (early response genes)
indicates their role in the regulation of transcription, where c-fos and c-jun dimers act
as the transcriptional activating factor AP I (Kouzarides, T. et al, 1989; Curran, T. et
al, 1984). Approximately one hour later, expression of another early response gene is
observed, c-myc (Muller, R. et al, 1984).

Initiation of transcription takes place when the products of the early response genes,
and in particular c-fos and c-jun bind to the DNA in a leucine zipper conformation
(Angel, P. et al, 1991). The protein products dimerise in a complex known as AP I
(Bohmann, D. etal, 1987; Angel, P. & Karin M., 1991). Dimerisation is necessary for
binding to the appropriate site on the DNA known as a TRE (TPA-phorbol esterresponse element). Although c-jun is able to both homo- and heterodimerise, c-fos
can only heterodimerise, so the possible combinations are: c-junlc-jun and c-junJc-fos
(Angel, P. & Karin M., 1991).

Further along the cycle, there is expression of other cytoplasmic proteins such as
PCNA (proliferating cell nuclear antigen) (Leonardi, E. et al, 1992), a DNA repair
enzyme with increased expression during and after the S phase, and p53, a
proliferation inhibitor; its expression and activity appear to decrease during the
S phase due to phosphorylation of a tyrosine residue. The mutant form of p53 cannot
be phosphorylated and it is found in tumour cells (Donehower, L. et al, 1992).
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1.4 EPIDERMAL GROWTH FACTOR (EGF)

Growth Factors (GF) are locally produced peptides involved in cell growth and
proliferation. A detailed mechanism of their actions is not available yet but there is
sufficient information to form a general motif. GFs, such as EGF (epidermal growth
factor), TGFa (transforming growth factor-a) and IGF (insulin-like growth factor)
have been extensively studied with respect to their actions on ovarian and breast
cancer.

1.4.1 Structure & function
These peptides provide a proliferative signal through a series of reactions within the
cell. In particular, EGF is a well characterised 53 amino acid mitogen that stimulates
proliferation of numerous cell types in vitro and epithelial cells in vivo. Its
corresponding receptor, EGF-R, is, with the exception of haemopoietic cells,
detectable on most cell types (Carpenter, G., 1987). EGF was originally isolated from
the male mouse submaxillary gland (Cohen, S., 1962). In humans it was detected and
isolated in 1975 (Cohen et al, 1975). The overexpression of the EGF receptor in the
A431 cell line, derived from a human epidermioid carcinoma of the vulva, has greatly
facilitated the study of this system (Giard, D. etal, 1973).

The mature receptor peptide is composed of 1186 amino acids and has a molecular
weight of 170kD (Cohen, S. etal, 1982). It is the glycosylated product of a 160kD
precursor peptide (Mayes, E. etal, 1984). The EGF receptor is a transmembrane
glycoprotein composed of three major structural domains (Fig. 1.4.1)

The extracellular, EGF-binding domain, is anchored to the plasma membrane by a
single transmembrane section of 23 hydrophobic amino acids. It is characterised by
three structural features: a high content of cysteine (approx. 10%), twelve canonical
sequences for N-linked glycosylation (Ullrich, A. et al, 1984) and a relatively high
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content of carbohydrate (30kD) (Cummings, R. etal, 1985; Ennis, B. etal, 1991).
The extracellular portion of the receptor extends as the transmembrane domain
spanning the lipid bilayer in an a-helical motif, therefore being primarily composed
of hydrophobic amino acids.

The cytoplasmic domain of the receptor possesses the tyrosine kinase activity and is
the primary effector system in the transmembrane signalling process (Hunter, T. et al,
1985). This domain starts with a 13 residue sequence rich in basic amino acids, which
acts as a "stop transfer" sequence after insertion of the amino terminal of the receptor
into the lumen of the endoplasmic reticulum. Furthermore, this sequence bears a
phosphorylation site for protein kinase C (Hunter, T. et al, 1984; Davis, R. et al,
1985) which is of considerable importance in regulating the function of the receptor.
Adjacent to the tyrosine kinase domain of the cytoplasmic region there is an ATP
binding site at lysine 721 (Russo, M. et al, 1985). It has been demonstrated that
substitution of lysine 721 by an arginine abolishes the tyrosine kinase activity of the
receptor without affecting ligand binding (Weinmaster, G. etal, 1986). Finally, the
C-terminal of the receptor is though to be important for receptor function as it
contains the major sites of autophosphorylation (Downward, J. etal, 1984). These
sites correspond to tyrosine residues 1173, 1148 and 1068.
1.4.2 Signal transduction & reeulation
EGF-R mediates the biological effects of at least two more EGF-like peptides, TGFo,
VGF (vaccinia virus growth factor) and amphiregulin. There is approximately 22%
homology between the three ligands but their binding affinities and their responses to
target cells are very similar.

The gene translating the EGF-R protein is the c-erbB', its overexpressioii during
neoplastic growth results in the overproduction of the relevant growth factors.
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Figure 1.4.1
The epidermal growth factor receptor
The structure of EGF receptor is characterised by two cystein-rich
domains and the receptor binding site in the extracellular space, a
transmembrane helix spanning the lipid bilayer and a tyrosine kinase
domain in the intracellular space.
(Modified from Biochemistry, L. Stryer, 3rd edition, p.999)
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Six peptides derive from the EGF-R gene (c-erbB) each containing a common 83
amino acid sequence. The transforming protein of avian erythroblastosis virus (AEV),
translated by the v-erbB oncogene, shares a 74 amino acid homology with the EGF-R
peptides. This protein is a truncated EGF-R which lacks the external EGF binding
domain but retains the transmembrane region and the domain associated with tyrosine
kinase activity which is constitutively active in the absence of ligand binding,
resulting in aberrant cell proliferation.

Similar is the case for PDGF (platelet-derived growth factor) where pZS^is of simian
sarcoma virus (SSV) is structurally related to PDGF. Other growth factors from
transformed cells include IGF (insulin-like growth factor), FGF (fibroblast derived
growth factor) and the TGFp family. These growth factors may act as autocrine
regulators in the proliferation of cells.

When EGF or TGFa bind to the EGF-R, a series of events are initiated (Weber, W. et
al, 1984). Binding of two ligands to two receptors causes the latter to dimerise. It is
believed that unless dimerisation occurs tyrosine kinase activation cannot take place
(Heffetz, D. etal, 1986). Although extracellular agents such as lectins and antibodies
to the receptor are capable of regulating EGF binding, the only known and
physiologically relevant mechanism of regulating EGF-R binding is by reducing the
number of receptors (Stoscheck, C. etal, 1984), during experiments in which the
amounts of EGF present were not enough to saturate the receptors, it was noted that
occupied and free receptor molecules congregated into clusters on the surface of the
cell ready for intemalisation (Yarden, Y. etal, 1985; Schlessinger, J. etal, 1983).
This process appears to be temperature dependent. The intemalisation resulted in up
to 80% removal of the EGF-R from the cell surface. The down regulation manifested
itself by a substantial reduction in the binding of any further EGF molecules.
C terminal truncation of the EGF-R results in failure to internalise (Chen, W. et al,
1989). Such truncated receptors still signal from the surface (Cadena, D. etal, 1992)
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demonstrating enhanced sensitivity to EGF and amplification of the signal due to the
overall increase (or not loss) of the EGF-R (Wells, A. etal, 1990). Also, inhibition of
intemalisation has been reported through dansylcaldaverine in BALB 3T3 cells
(Haigler, H. etal, 1980). The inhibitor is thought to prevent clustering of the receptor
in the clathrin coated pits through deactivation of transglutaminase,the enzyme
responsible for intemalisation.

There is also substantial experimental evidence that the presence of EGF affects the
degradation rate of its receptor but not its biosynthesis (Carpenter, G., 1985); at least
not in the short-term. Activation of the receptor manifests itself by an increase in the
tyrosine kinase activity (Emeux, C. etal, 1983) though for this to happen, saturating
levels of EGF are required (Downward, J. etal, 1985). A lOOkD protein has been
identified that inhibits the activation of tyrosine kinase (Basu, A. etal, 1989). This
protein is a truncated duplicate of the EGF-R which contains the EGF-binding site but
not the kinase domain. Inhibition of the tyrosine kinase activity is the result of a
chemical cross-link between the EGF-R and the aforementioned protein. This
inhibition appears to be specific for EGF-R (Basu, A. et al, 1989). In general, tyrosine
kinase inhibitors are found to block transduction at the level of intracellular protein
phosphorylation as well as at further steps in cell activation such as phosphoinositol
turnover, intracellular calcium levels, DNA synthesis, etc. (Stahls, A. et al, 1992;
Kawakami, T. et al, 1992). For example, a C terminal truncation of the EGF-R
abolishes activation of phospholipase C (PLC) in the inositol phosphate pathway
(Vega, Q. et al, 1992). The conversion of phosphatidylinositol bisphosphate (PIP2) to
inositol 1,4,5-triphosphate (IP3) is impaired and thence diacylglycerol (DAG) - the
other product of the PIP2 breakdown - which activates protein kinase C and induces
phosphorylation of PLC (Vega, Q. et al, 1992). In the case of EGF and PDGF
receptors there are four unique tyrosine phosphorylation sites on the PLC peptide at
771,783, 1254 and 472 (minor site) positions (Vega, Q. etal, 1992) (Fig. 1.4.2).
Recent investigations have shed more light into the individual phosphorylations that
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take place after receptor occupancy. In particular, several proteins that bind to the
phosphotyrosine residues of the EGF-R share a common domain known as the SH2
domain (Chrysogelos, S. etal, 1994). Growth factor receptor-binding protein 2
(GRB2) is one of these proteins and acts as a primary signal transduction protein
(Rozakis-Adcock, M. et al, 1993). Binding of the SH2 domain of GRB2 to the
phosphotyrosine residues of the receptor leads to various events such as ion fluxes,
additional phosphorylation events, gene expression, DNA synthesis and possibly
malignant growth (Rozakis-Adcock, M.et al, 1993). GRB2 exists as a heterodimer
with mammalian son of sevenless (mSOS), a protein homologous to CDC25 protein
kinase (Egan, S. et al, 1993). Receptor phosphorylation triggers the association of the
GRB2-mS0S complex with the receptor. ra$-GDP binds to the complex while a
GTPase-activating protein catalyses the conversion of GDP to GTP (Bollag, G. et al,
1991). The EGF-R/GRB2-mS0S/ras-GTP complex is now joined by c-rafl
protooncogene (Chrysogelos, S.Dickson R., 1994). This latest complex activates the
RAF kinase (Wame, P. etal, 1993), which in turn phosphorylates MEK; MEK
belongs to the mitogen activated kinase (MAP) cascade (Lange-Carter, C. etal,
1993). RAF and MEK activate the rest of the MAP cascade proteins and they, in turn,
phosphorylate the protooncogenes c-myc and c-jun (Nishida, E. etal, 1993).

As mentioned above, the internal domain and the transmembrane section of the
EGF R possess a strong homology to the product of the v-erbB oncogene which
implies that the receptor tyrosine kinase has the ability to generate a mitogenic signal.
When the oncogenic potential is activated, the system results in subversion of normal
signalling pathway controls (Yarden, Y. etal, 1988). For this activation to occur, two
criteria must be met; first, activation of the tyrosine kinase and second, deregulation
of the subsequent signal-generated activity. Activation of tyrosine kinase can be
induced by TGFa which is synthesised in a variety of human tumours, in cells
transformed by certain RNA and DNA viruses and in embryonal tissues (Yarden, Y.
& Ullrich A., 1988). The interaction of TGFa with the EGF-R leads to mitogenesis.
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Figure 1.4.2
The effect of EGF on inositol phosphate metabolism
EGF acting on its receptor activates phospholipase C which in turn drives the inositol
phosphate pathway to produce IP3 and DAG. DAG then activates protein kinase C
producing positive feedback on phosphorylase C.

The expressions of EGF-R, TGFa and the c-myc oncogene have been the centre of
investigations in breast and ovarian carcinomas. Research has demonstrated both the
presence and the absence of EGF-R as well as positive correlations between the c-myc
and TGFa expression in such carcinomas. It has been noted that EGF-R positive
tumours expressing high amounts of c-myc, constitute a more aggressive group of
carcinomas (Bauknecht, T. etal, 1991). Qualitative and quantitative analysis on
EGF R have been performed showing elevated levels in ovarian, endometrial, cervical
and breast carcinomas. 45% of ovarian tumours expressed EGF-Rs, while the highest
number of binding sites was detected in cervical carcinomas (Bauknecht, T. et al,
1989). Also, about 36% of ovarian tumour cases showed enhanced levels of EGF
ranging from 5ng to 15ng per mg of tissue compared to non malignant tissues.
Various therapeutic strategies have been employed to combat the elevated EGF-R
levels in malignancies including the targeting of cytotoxic agents towards the
receptor. Agents like DAB486EGF and DABgggEGF are the products of the
diphtheria toxin gene with its binding domain replaced by that of human EGF (Shaw,
J. et al, 1991). The significant homology between TGFa and EGF as well as its
enhanced expression by transformed cells and malignant tumours has also been
demonstrated (Derynck, R. etal, 1987).
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1.4.3 Inhibitors and their effects
Certain proteins have the ability to inhibit growth of ovarian tumours. These include
Mlillerian inhibiting substance (MIS), TGFB and a class of peptides known as
inhibins. In breast cancer, amphiregulin inhibits growth; this peptide was first isolated
in 1988 from the conditioned medium of MCF-7 cells treated with phorbol esters
(Shoyab, M. etal, 1988). MIS is a testicular hormone that promotes involution of the
Mullerian duct during embryogenesis. The MUllerian duct gives rise to female
reproductive ducts including the fallopian tubes, uterus and upper vagina. Thus,
testicular MIS ensures the regression of female sex organs in the male embryo
(Wallen, J. et al, 1989). Partially purified bovine MIS was reported to inhibit
proliferation of tumour cells derived from human gynaecological cancers. However,
these findings are not always consistent and are highly dependent on the type of
malignancy and the cell line experimentally used. Recently, partially purified human
recombinant MIS was applied to A431 cells and plasma membrane fractions. It
resulted in the partial inhibition of EGF-induced auto-phosphorylation of the EGF-R
(Cigarroa, F. etal, 1989).

TGFB is another protein exhibiting inhibition of proliferation and causing
differentiation of some cells. This peptide represents a superfamily of proteins
initially isolated from human platelets. The activities of the members of this
superfamily include inhibition of anchorage-dependent growth of cells in monolayer
culture, stimulation of anchorage-independent growth of cells in soft agar, stimulation
of cartilage growth, inhibition of differentiation of some cells and stimulation of
others and stimulation of cell migration. Most cells display specific TGFB receptors
but the mechanism of signal transduction remains unknown although there is some
evidence for the involvement of a Gj protein (Nilsen-Hamilton, M., 1990)

The ability of TGFB to regulate cell proliferation and differentiation may be in part
through control of genes that regulate DNA synthesis (Fig. 1.4.3). TGFB also appears
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Figure 1.4.3
Growth factors regulate cell growth and proliferation through the nuclear gene
expression machinery
Growth factors bind to their receptors on the cell membrane to activate signal
transduction pathways involving second messenger systems. This results in the
regulation of nuclear oncogenes often responsible for the expression of various cancer
cell lines.

to influence the expression of several oncogenes, such as c-sis. In addition, c-myc
gene expression is inhibited in various cancer cell lines including human colon
carcinoma cells and human mammary carcinoma MDA-468 cells (Missero, C. et al,
1991; Nilsen-Hamilton, M., 1990). TGFB also regulates the expression of growth
factors such as EGF and PDGF (platelet derived growth factor) as well as its own
(Nilsen-Hamilton, M., 1990). Furthermore, it has the ability to alter the cellular
response to some of them. In particular, it opposes the actions of EGF, PDGF and
FGF in vitro. These actions could occur because TGFB prevents signal transduction
by the stimulating growth factors, initiates a series of changes that prevent any
cellular response and so negates the actions of stimulatory growth factors or initiates a
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series of events that result in an opposite effect, but does not negate the cellular
responses to the stimulatory growth factors.

1.4.4 Other forms of the EGF receptor
c-erbB-2
Since the discovery of the EGF receptor, other peptides have been identified which
have considerable structural homology and therefore may share functions with the
erb-\ gene product. The product of c-erbB-2 gene (pi85) is one of them detected by
two independent observers (Coussens, L. etal, 1985; Yamamoto, T. etal, 1986). It is
also known as HER (human EGF receptor-like) or neu (the rat form). pl85 is a 1255
amino acid transmembrane glycoprotein of 185kD molecular weight (Schechter, A. et
al, 1984). The extracellular domain includes two cystein-rich repeats while the
intracellular portion bears a tyrosine kinase domain, following the same pattern as the
EGF receptor (Prigent, S. etal, 1992a). However, the c-erbB-2 gene is located on
band 21q of chromosome 17 (Coussens, h.et al, 1985; Schechter, A. et al, 1985;
Fukushige, S. etal, 1986) as opposed to the EGF receptor gene which is located on
band pi l-pl3 of chromosome 7 (Khan, P. etal, 1984).

The c-erbE-2 gene is present in normal tissue. However, it is greatly amplified,
between 2 and 200 fold, in some malignant tissue. In particular, 20-30% of breast
cancer cases were determined as having elevated erb-2 receptor peptide levels by
immunohistochemistry (Slamon, D. etal, 1987). Another study showed a parallel
amplification of EGF receptor and c-myc expression in 35% of the cases (Harris, A. et
al, 1989). Also, the protein, pl85, has been detected in the functionally differentiated
mammary tissue of the rat during pregnancy and lactation. An increase in pl85 in
breast tumours does not necessarily require the amplification of c-erbB-2 gene,
although gene amplification is usually accompanied by enhanced pi85 production
(Berger, M. etal, 1988). In vitro, low estrogen levels in the culture medium can result
in a marked increase of c-erfcB-2 mRNA and its protein product in T47D and MCF-7
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breast cancer cell lines while addition of estrogen dramatically reduces c-er6B-2
mRNA levels and the pl85 protein (Dati, C. etal, 1990).

The oncogenic potential of c-erbB-2 derives from a single point mutation in the gene
causing a valine in the transmembrane domain to change to a glutamine (Bargmann,
C. etal, 1988). This mutation causes the dimerised receptors to stabilise and therefore
to stay permanently active (Weiner, D. et at, 1989). Similar mutations in the
transmembrane domain of EGF-R do not cause oncogenic activation (Kashles, O. et
oZ, 1988).

Activation of the c-erbB-2 product can be either direct, by ligands such as heregulin
or gp30 binding to the receptor, or indirect. This indirect activation involves binding
of EGF to the EGF receptor which dimerises with the pl85 and cross-phosphorylates
the latter protein as observed in cultured breast cancer cells SK-BR-3 (King, C. etal,
1988; Wada,T. etal, 1990).

c-erbB-3
The c-erbB-3 gene translates yet another EGF receptor-related peptide and it was first
detected by two independent observers by hybridisation of a \-erb probe to normal
human DNA (Kraus, M. etal, 1989) and by hybridisation with an oligonucleotide
sharing a 7 amino acid homology to the EGF receptor peptide on A431 cells
(Plowman, G. etal, 1990b). c-erbB-3 is a 160kD protein with extensive glycosylation
domains in the extracellular region. The structures of EGF-R, pl85 and c-erfcB-3 are
very similar especially in the tyrosine kinase region where 60% of the amino acid
sequences are identical (Prigent, S. etal, 1992b). MTSV1.7, ZR75-1 and BT483 are
some of the cell lines overexpressing the receptor. Also, 40% of breast cancer cases
overexpress er&B-3 as observed in a pilot study by W.Gullick (personal
communication).
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Ligands binding the three receptors
With the appearance of the various types of EGF receptor-related peptides, there has
been increasing interest for any potential ligands which would activate a new system
or pathway. EGF and TGFa bind exclusively to the EGF-R and not to pl85. There is
no evidence that these ligands bind to c-erftB-2 or c-erbB-3 gene products (Shoyab,
M. etal, 1989).

Another ligand, structurally and functionally related to EGF and TGFa, is
amphiregulin (Fig. 1.4.4). It was first isolated from MCF-7 conditioned medium
after treatment of the cells with phorbol esters (Plowman, G. et al, 1990a). The 78 to
84 amino acid mature peptide derives from a 252 amino acid precursor. The
discrepancy between the size of the mature peptide arises from different posttranslational modifications in different cells. Amphiregulin contains domains
associated with nuclear localisation and DNA binding of the EGF/EGF-R complex
which suggests that part of its action may be caused by translocation to the nucleus
(Plowman, G.et al, 1990a).

High levels of amphiregulin are normally found in placenta, testes and ovaries as well
as pancreas, colon and breast (Ciardiello, F. etal, 1991). Overexpression of
amphiregulin has been observed in 60-70% of metastatic colorectal carcinomas and in
ovarian tumours (Todaro, G., 1990). In breast cancer, amphiregulin dramatically
inhibits cell proliferation especially in cell lines that overexpress both T G F a and
EGF-R(Higashiyama, S. etal, 1991).

Heparin-binding EGF-like growth factor (HB EGF) was isolated from conditioned
medium of human U-937 histiocytic lymphoma cell line (Lupu, R. etal, 1990)
(Fig. 1.4.4). HB-EGF can bind to EGF receptor on A431 cells and smooth muscle
cells with high affinity. It may also be involved in wound healing due to its mitogenic
action on keratinocytes.
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Figure 1.4.4
Ligands for the EGF-receptor family
Four ligands are shown in this diagram for the EGF receptor family. Note the
similarities between the molecules at the 6-sheets and the disulphide bridges.
Conserved amino acids are shown in black. The C-terminal of HB-EGF has not been
determined (Prigent, N. et al, 1994).
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gp30 is a 30kD glycoprotein purified from MDA-MB-231 human breast cancer cells
and binds to pl85 (Lupu, K.etal, 1990).

Finally, heregulin (Holmes, W. etal, 1992) is a 45kD mature glycosylated protein
structurally related to EGF. The peptide derives from a 645 amino acid precursor and
it has been reported to bind the c-erbB-2 protein but not the EGF-R. Other ligands
have also been identified by Yarden, Y. etal, 1989, Dobashi, K. etal, 1991 and
Tarakhovsky, A. etal, 1991.
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1.5 STEROIDS & GROWTH FACTORS

Growth of breast and ovarian tumours also involves the action of steroids, estrogen
and progesterone (Leake, R. etal, 1989).

In gynaecological tumours there is a marked increase in the levels of estradiol
receptors and a decrease in progesterone receptors (Leake, R. etal, 1989). However,
there is evidence that some of these receptors may not be functional. Various
techniques have been developed for distinguishing between functional and nonfunctional receptors. It has been shown that the number of estradiol receptors
correlates with the severity or stage of the disease as demonstrated in the following
table:
STAGE
I

NUMBER
CASES

13

n

7

III
IV

53
16

All

89

OF % ER +ve

% PR +ve

46
43
55
63

69
57
32
39

54
p<0.05

39
p<0.01

Table 1.5.1
Percentage of estrogen and progesterone positive cases depending on the stage of the
disease (Leake, R.E. et al 1%9).

There is also a relationship between estradiol receptor levels and patient age,
menopausal status, tumour histology and grade (Marsigliante, S., 1991).

1.5.1 Steroid-DNA interactions
Steroids diffuse in and out of all cells but are retained in target cells. These receptors
are steroid- and tissue-specific. When binding occurs between the steroid and its
receptor a dimerisation of the complex occurs. The later then enters the nucleus where
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it binds to 15-35 bp DNA elements, the hormone response elements (HRE) with a
markedly enhanced affinity.

The most recent model for direct steroid receptor action on gene transcription
supports the view that the activated receptor binds to an acceptor site on the DNA.
This complex becomes associated with part of the nuclear matrix. Alternatively, the
acceptor site may already be in contact with the nuclear matrix. The role of the
nuclear matrix binding is not clear but it might be associated with the stability of the
structure. At that point the DNA molecule loops so that the HRE makes contact with
the rest of the complex. The loops formed are supported by at least two transcription
factors that were shown to be steroid-induced. The overall protein-DNA complex is
recognised by the RNA polymerase 11 and additional transcription factors bind to
initiate the process. It must be noted that the RNA polymerase molecule becomes
associated with the nuclear matrix.

The estrogen receptor may exist in different forms and it is thought that the active
form which binds to DNA and initiates gene transcription is the dimeric form with a
sedimentation coefficient of 55. In the cytosol the estrogen receptor can be recovered
either as a large complex with a sedimentation coefficient of 85 or a smaller
monomeric 45 form (Rories, C. et al, 1989).

The dimeric form of the estrogen receptor binds to palindromic DNA sequences with
a "zinc finger" conformation characterised by an invariant cystein repeat. Each Zn
atom is in contact with four cystein molecules (Fig. 1.5.1). The loops intercalate in the
major and minor grooves of the DNA molecule. The specificity of the Zn fingers lies
on the upper part of the structure and is highly dependent on the conservation of the
65-68 amino acid sequence (Gronemeyer, H., 1991). Unless dimerisation occurs the
receptor is unable to bind to the DNA. Two possible mechanisms are thought to be
involved in this process; either the binding of a second estrogen receptor molecule
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Figure 1.5.1
Schematic diagram of the zinc finger structure
The highly conserved C-region contains four cysteine residues that may
tetrahedrally coordinate zinc to form a zinc finger. The regions implicated in
specific and non-specific DNA binding, hsp90-binding and dimerization are
indicated at the bottom of the diagram.
(Modified from Gronemeyer, H. 1991 Ann.Rev.Gen. 25:93)

32

increases the stability of the complex due to an alteration in the DNA structure (DNA
alteration model) or protein-protein interactions between the two estrogen receptor
molecules are required to achieve high affinity binding (dimer model). Experiments
with mutant estrogen receptor molecules where the hormone binding site has been
truncated (the site responsible for binding a second receptor molecule), showed that
dimerisation between wild type and mutant receptors is not possible. However,
binding between two mutants does occur and association with the palindromic DNA
response elements takes place but the complex dissociates rapidly due to instability
(Gronemeyer, H., 1991).

Purified human estrogen or progesterone receptors overexpressed using the vaccinia
virus or baculovirus vectors failed to demonstrate complex formation with cognate
palindromic hormone response elements in gel shift assays unless whole-cell or
nuclear extracts of mammalian (receptor or non-receptor expressing), invertebrate, or
yeast cells were added. Such results indicate the presence of DNA-binding
stimulatory factors that are required for efficient binding. These factors appear to be
sensitive to protein denaturing conditions and associate themselves with single
stranded DNA only (Gronemeyer, H., 1991).

The mechanism by which gene transcription is activated in the target genes has also
been studied. All nuclear steroid receptors exhibit a common structure divided into
six regions (A-F) (Fig. 1.5.2). In each receptor there are two distinct evolutionary
conserved regions, C and E, responsible for DNA and hormone binding respectively.
Mutant progesterone receptors lacking part of the promoter sequence or the hormone
binding domain appear to activate transcription less efficiently than their wild type
counterparts, suggesting the possible existence of autonomous transcription
activation functions (TAFs).
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Figure 1^.2
Organisation of estrogen and progesterone receptors.
The evolutionarily conserved regions C and E are indicated as boxes, a black bar
illustrates regions A/B, D and F. NLS: nuclear localisation signal, TAF; transcription
activation function. (Gronemeyer, H. 1991)

The presence of TAFs was demonstrated experimentally in both estrogen and
progesterone receptors. There are two such functions present; TAF-1, which is
associated with the A/B region and TAF-2 located within the E region, which is
hormone dependent (Gronemeyer, H., 1991).

Experiments to investigate the nature and mechanism of action of TAFs led to
contradictory results; for example, when the hormone binding domain was deleted
from the glucocorticoid receptor, the resulting mutant was a receptor with exactly the
same ability to activate transcription as the wild type. On the other hand when the
same principle was applied to the estrogen or progesterone receptor, a 95% loss of
activity was observed (Kumar, V. etal, 1986; Gronemeyer, H. etal, 1987).

The answer for those discrepancies came from Boquel et al (Boquel, M. et al, 1989)
the different experimental conditions were responsible for those results. It was
demonstrated that although there was no question about the existence of TAFs, their
mode of action was cell specific; i.e. the transfections should occur within the same
cell for both transcription activation functions. The basis of this cell-specific
activation could be in interactions of TAFs, directly or indirectly, with other cell-
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specific transcription factors necessary to mediate TAF activity to the basic
transcriptional activity. These hypothetical factors have been termed transcriptional
intermediary factors (TIFs). Several experimental techniques ("squelching" or
"transcriptional interference") have since supported their existence (Gill, G. etal,
1988). Shemshedini etal (1992) demonstrated human progesterone receptor-induced
transcription through a ligand binding- independent fashion. Particular interest was
shown in the interactions between TAF-1 and the yeast activator GAL4 in the
baculovirus system which was shown to be active in vitro and therefore, suggesting
the existence of an additional mediator (Gill, G. & Ptashne M., 1988).

TAFs supporting one gene transcription were shown to inhibit expression of other
genes supported by a totally different TAF moiety only because of a common TIF
element. This is the case where the overexpression of genes, activated by steroid
molecules, is regulated by such factors including auto-inhibition.
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1.6 LECTINS

Lectins are a class of proteins which interact specifically with carbohydrates usually
in the form of glycoproteins.

Ricin was the first of these lectins to be discovered in 1888, by Stillmark and Kobert.
"Ricin,..., a toxic enzyme from the seeds of Ricinus communis L. and some other
Euphorbiaceae

The definition attributed to these peptides, collectively known as

lectins was: "Lectins are glues of moderate affinity, making the contact of
biologically cooperating glycoconjugates and glycoconjugate-bearing cells possible".

Interactions between cells are of paramount importance, starting from the growth
and differentiation of the cell itself and spanning the whole spectrum of intra- and
inter-cellular processes in the body such as embryogenesis, fertilisation, cell
migration, organ formation, immune defence, microbial infections, etc. For these
processes to occur cell specific interactions are required. Cells carry carbohydrates on
their surfaces in the form of glycoproteins, glycolipids and polysaccharides. Lectins
recognise and bind to these carbohydrates. Aberrant cell recognition can lead to
uncontrolled cell growth and motility and may result in neoplastic transformation and
eventually metastasis of malignant cells.

Other actions are attributed to lectins for example, they act as immunomodulators
when they bind to lymphocytes; they also have cytotoxic and cytostatic actions on
various cell types including cancer cells; finally, they can influence cell proliferation
for example, lectin-induced inhibition of T-cell proliferation has been reported
(Beuth, J. etal, 1992). Some lectins become mitogenic only under specific
conditions; for example: presence of enzymes such as glycosidases which may alter
their recognition sites; chemical modifications of the lectins themselves such as
changes in their structure and/or valency; and finally, the type of the target cell.
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Tumour cells from mice and humans carry a surface lectin binding site not found on
normal cells and that this lectin is involved in the development of metastasis.

We do know that lectin-induce activation of lymphocytes follows the classical
pathway of phospholipase C activation with the consequent conversion of PIP2 to IP3
and diacylglycerol. Subsequent Ca^+ mobilisation from intracellular sources activates
protein kinase C which leads to protein phosphorylation and activation of responsive
genes which finally give rise to synthesis and export of various peptides such as
interleukins and interferons.

Lectins are numerous and diverse in structure and effects. The group includes
members such as HPA {helixpomatia), mistletoe lectins, and many others. The ones
mentioned above will be covered separately and in more detail.

1.6.1 Mistletoe
Mistletoe lectins derive from the flowering plant mistletoe belonging to the tree plant
families Viscaceae, Loranthaceae & Eremolepidaceae within the order Santales
(Endo,Y. gw/, 1989).

There are three types of mistletoe lectin 1,11 and III. Each of them consist of two
glycoprotein chains, A and B (Franz, H., 1989a). The B-chain represents the lectin
activity (D-galactose specific binding) whereas the A-chain bears the toxic domain.
The A and B chains are held together by disulphide bonds, but non-covalent
interactions between them have also been demonstrated (Ziska, P. etal, 1981).

One of the characteristics of mistletoe lectins is their ability to agglutinate human and
animal erythrocytes as well as many other kinds of cells. Agglutination is possibly
caused by dimerisation of the B-chain or by the existence of two carbohydratebinding sites per chain (Lutsch, G. etal, 1984).
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In mistletoe extracts, the predominant peptide is ML-I. 15% accounts for ML-II and
ML-III. A closer look to the three different types of mistletoe lectin shows that
although they belong to the same family, their differences go further than their
molecular weight (ML-I 115kD, ML-II 60kD, ML-III 50kD). Only ML-I can form
dimers, possibly due to hydrophobic interactions between B (or A) chains. Also, the
A-chain of ML-I consists of two subtypes Al and A2 (Franz, H. el al, 1982).

Mistletoe lectins are versatile molecules with a number of biological activities. They
are best known for their inhibitory actions on protein synthesis; the mechanism of
which will be discussed in detail later. The antiproliferative actions of mistletoe are
attributed to its A-chain (the mechanism of action rerqains unknown). A-chain
mediated antiproliferative activity may also be responsible for IL-2 release and
increased IgM production (Metzner, G. etal, 1985). They also induce immediate
activation of macrophages by reducing the negative charge on their surface (Metzner,
G.et al, 1985). Their B-chain is responsible for increasing phagocytosis and release of
MSF (macrophage stimulating factor) by lymphocytes (Metzner, G. etal, 1987); the
immediate activation of macrophages may be due to this. As mentioned earlier,
agglutination of human platelets is another biological activity attributed to the
B chains; this activity is suppressed by D-galactose and, in contrast to collagen
agglutination of platelets, is not followed by 5-HT (serotonin) release (Sehrt, I.,
1984). Finally, ML-I inhibits allergen-induced histamine release from basophil
granulocytes possibly by binding to the carbohydrate of the Fc portion of the IgE
molecule and therefore blocking the interaction between allergen and binding site
(Sehrt, I., 1984). Another scenario postulates binding of the lectin to the cell surface
D-galactose groups which, in turn, changes the permeability to histamine and 5HT
(Stirpe, F. etal, 1982).
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1.6.2 Mechanism of action of ML-I
Mistletoe lectins inhibit protein synthesis at the ribosomal level (Stirpe, F. etal,
1982). The effect is enhanced if the lectin is reduced with 2-mercaptoethanol.
Inhibition of protein synthesis is attributed to the A-chain (one A-chain molecule can
inactivate 50 ribosomes within 10 minutes) and the effect is dose-dependent
(Stirpe, F. et al, 1982). ML-I inactivates ribosomes by cleaving the N-glycosidic bond
in 28S rRNA at position A4324. In this respect, the A-chain acts as a N-glycosidase.
Calcium is necessary for the lectin to have its effect. The process is also very sensitive
to pH changes with optimum sensitivity between pH 7 and 9; it drops at pH 6 (Franz,
H., 1989b).

Mistletoe lectins exhibit enhanced toxicity towards malignant cells compared with
normal ones (Franz, H., 1989b). However, the toxicity induced by the inhibition of
protein synthesis is not enough to justify for this. In view of this, the combination of
two possible mechanisms has been considered: first, the enzymatic activity of the
A-chain per se and second, a direct effect on mitotic effects and lymphokine
liberation attributed to both A- and B-chains (Salzer, V. et al, 1987).

1.6.3 Mistletoe lectins in cancer therapy
Mistletoe preparations are widely used as an adjuvant therapy in cancer treatment
(Holtskog, R. et al, 1988). These preparations contain mistletoe lectins, viscotoxins
and polysaccharides (Olsnes, S. et al, 1982). Their cytotoxic effects in vitro have
already been established (Stettin, A. etal, 1990) but their therapeutic value in the
treatment of cancer in vivo is still debatable considering that even their mechanism of
action is unclear (Beuth, J. etal, 1992).
During clinical trials, ML-I administration (subcutaneous injections for 4 weeks;
Ing/kg body weight twice a week) resulted in an increase of IL-2 receptor expression
on lymphatic cells. The same effect was observed in vitro when human lymphocytes
were exposed to ML-I (Hajto, T. et al, 1990). Such observations suggest that ML-I is
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capable of affecting the immune system by some unknown mechanism triggers the
body's own defences. ML-I is able to induce other cytokines such as IL-1, IL-6 and
TNFa (Hajto, T. et al, 1985), including their fever-inducing/pyrogenic effects in vivo
(Hammarstrom, S. etal, 1969).

1.6.4 Helix pomatia aeelutinin (HPA)
Helix pomatia agglutinin (HPA) is a 79kD protein composed of six polypeptide
chains. This protein specifically agglutinates human blood group A erythrocytes and
was first isolated from the albumin gland of the snail helix pomatia (Hammarstrom, S.
ef a/, 1971). Each polypeptide chain possesses a single carbohydrate binding site and
one intrachain disulphide bridge (Harrmiarstrom, S. et al, 1972); one disulphide
bridge per dimer. The HPA molecule is formed by the interaction of non-covalent
forces between three dimers (Hammarstrom, S., 1973).

HPA binds to N-acetyl D-galactosamine and with lesser affinity to monosaccharides
N-acetyl D-glucosamine (Leathem, A. etal, 1987). The extracellular domains of
some proteins including the EGF receptor are rich in these carbohydrate moieties.
When the human epidermioid cancer cell line, A431, was treated with tunicamycin or
glycosamine (inhibitors of N-linked glycosylation), EGF binding was reduced by
more than 50% in either intact cells or solubilised cell extracts (Soderquist, A. etal,
1984). Carpenter and Cohen (Carpenter, G. etal, 1977) demonstrated inhibition of
^^I-EGF binding by lectins in glycosylation defective fibroblasts.

It has been postulated that positive staining of primary breast tumours with HPA is
associated with metastasis and with higher mortality rates (Taylor, C. etal, 1991;
Fukutomi, T. etal, 1989). However, there is no association between HPA binding and
tumour size, histological grade, S-phase fraction, or patient age at the time of
diagnosis (Brooks, S. etal, 1991). In gastric carcinoma patients, HPA stained
positively 59% of the primary tumours and correlated well with tumour enlargement.
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penetration, lymphatic invasion and metastasis (Kakeji, Y. etcd, 1991). Poor
prognosis is further potentiated when HPA positive tumours are EGF-R positive too
(Leathem, A. & Brooks S., 1987). Changes in glycosylation of primary breast cancer
cells determined by HPA binding is regarded as an excellent predictor of long term
prognosis associated with axillary lymph node metastasis (Brooks, S.etal, 1991). In
normal breast tissue and early (non-metastatic) breast cancer there is absence of HPA
binding (Osborne, C. etal, 1980). Recent studies (Thomas, M. etal, 1993) have
revealed yet another factor that is co-expressed in breast carcinomas with a high
incidence of axilliary lymph node metastasis (p<0.(X)0001). It is the oncoprotein cerbB-2. According to this study HPA and c-erbB-2 positive staining suggests poorer
overall and shorter disease-free survival (p<0.0002 and p<0.000006 respectively).
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1.7 CYTOKINES

Cytokines are a pleiotropic group of peptides which mediate intercellular signalling
required for an integrated response to a variety of stimuli (Atkins, E., 1960).
Originally, cytokines were thought to be involved in the modulation of immune
responses but ongoing research has demonstrated their expression in a wide variety of
tissues and cell types not directly involved in immunology. Because of their
contribution in many different systems in the body, cytokines were originally named
according to their function, e.g. IL-1 was known as endogenous pyrogen due to its
ability to induce fever (Dinarello, C., 1991) but also as osteoclast activation factor
(Male, D. etal, 1991).

Cytokines are potent mediators which interact with specific high affinity receptors on
the cell surface. They are inducible proteins whose production is often transient.
Sequence analysis of the 5' untranslated regions of the genes encoding cytokines has
revealed conserved sequences which are targets for nuclear binding proteins which, in
turn, control gene activation.

Control of cytokine actions can occur at different levels. For example, the half-lives
of their mRNA varies from less than 30 minutes to 2 hours which is still shorter than
most mammalian mRNAs. This is due to the presence of a poly (UAUU) region
within the 3' untranslated region of their mRNA (Sgagias, M. etal, 1991). This region
can be very susceptible to nucleases which provides a tight control of their
production. Furthermore, the production of cytokine inhibitors as well as the release
of soluble forms of cytokine receptors play the role of an additional 'safety valve'
mechanism. Recent evidence has suggested that cytokines can modulate the
proliferation of breast and ovarian cell lines in vitro (Atkins, E., 1960; Wu, S. et al,
1992). Therefore, in an in vivo system, their production may influence tumour
growth and metastasis.
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1.7.1 Interleukin 1
As mentioned above, IL-1 was originally characterised as endogenous pyrogen due to
its ability to induce fever when administered to animals (March, C. et al, 1985). It is
secreted by cells of the monocyte/macrophage series as well as by endothelial cells,
skin keratinocytes, astrocytes, glial cells, natural killer cells, etc. in response to
activation of host defence mechanisms during inflammation, injury and, in general,
invasion of foreign organisms and particles ranging from bacterial products and
adjuvants to urate and silica crystals.

Cloning studies have demonstrated two forms of IL-1, a and 6 (Arai, K. et al, 1990).
The two peptides are encoded by separate genes and are the products of larger
precursor proteins (31-33kD) (Dinarello, C., 1992). Pro-IL-1 P is partially active while
activation of pro-IL-1 a requires phosphorylation of the protein (Wilder, C. et al,
1992). The mature peptides (15-17kD) are derived by proteolytic cleavage of the
precursors and share a 26% homology. IL-1 a and IL-IB consist of 271 and 269 amino
acids respectively. Their secondary structures comprises, predominantly, B-sheets or
strands. Large loops connect the strands but there are no a-helices present (Suzuki, H.
etal, 1991). In particular, IL-16 is a tetrahedron with triangular faces formed by 12 IBstrands held together by H-bonds (Fenlon, M., 1992). The IL-la gene is lOkb while
the IL-16 gene is 7kb. However, they have almost perfectly conserved intron-exon
structure (Furutani, Y. etal, 1986). Furthermore, it has been reported (Turner, M.,
1989) that exon 6 bears the binding site for the receptor in both a and B forms of the
peptide.

Regulation of the expression of I L - l a and 6 is both at the transcriptional and posttranscriptional levels (Furutani, Y.etal, 1986). Control of transcription involves
regulatory DNA sequence elements and nuclear regulatory proteins as well as the
stability of the mRNA itself (Stoeckle, M., 1992). Furthermore, it is possible that the
production of the a and B forms are differentially regulated since different types of
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cells contain markedly different steady state levels of IL-1 a and 6 mRNA (Furutani,
Y.etal, 1986). Transcription of the IL-1 genes can be initiated by lipopolysaccharides
(LPS), phorbol esters, Ca^+ ionophores, bacterial endotoxins, UV, complement
components, autoreactive T-cells, adhesion molecules (Wilder, C.et al, 1992) and
protein kinase C activators (Furutani, Y.etal, 1986). TNF and IL-1 can induce IL-1
expression in some cells. Lymphokines can augment IL-1 expression induced by
factors such as IFNy, GM-CSF and IL-3 which, in turn, synergise with LPS to induce
IL-1 production. This response can be blocked by IL-4, IL-6 and IL-10. Other
inhibitors of IL-1 production include glucocorticoids, dexamethasone as well as heat
and other inducers of the heat shock response (Stoeckle, M., 1992).

In summary the differential expression in IL-1 a and B levels is dependent on (Fenlon,
M., 1992):
a) cell type-specific differences and
b) the state of proliferation and differentiation within the cell population, as
well as tissue distribution and age/time in culture.

Once synthesised, both forms of IL-1 are released from the cell by a mechanism
which remains to be established. However a mechanism other than passive diffusion
must be employed for their secretion since they lack hydrophobic leader sequences
(Dejana, E. etal, 1987). They bind to specific IL-1 receptors (type I and II) exerting
their effects in an either autocrine or paracrine manner. Although it was thought that
IL-la and IL-IB bind to both forms of receptor with the same affinity, recent
evidence has demonstrated a clear preference towards one or the other receptor by the
two ligands (Bird, T. et al, 1987; Gottschall, P. et al, 1989; Fenlon, M., 1992). In
general, IL-1 a binds to the type I receptor best and IL-16 to the type II.

When IL-1 binds to its receptor the ligand-receptor complex is internalised. The
ligand has been located in the nuclear as well as extracellular compartments in the
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form of low molecular weight degradation products (Fenlon, M., 1992). When IL-1
binds to the receptor it initiates specific signal transduction processes whose
mechanism is still unclear. However, we know that they involve phosphorylation of
intracellular substrate proteins by serine-threonine kinases which, in turn, activate
transcription factors, such as c-jun and nuclear factor KB, which then participate in
gene activation and expression (Goldring, M. elal, 1991). In general, cytokines are
thought to regulate gene expression indirectly through induction of specific signal
transduction pathways that ultimately result in covalent modifications of DNA
binding proteins (Goldring, M. etal, 1991). Intermediates in this cytokine-induced
DNA synthesis may include inositol triphosphate (IP3) and diacylglycerol (DAG).
DAG serves either as substrate for de novo phospholipid synthesis or is hydrolysed to
produce arachidonic acid and then prostaglandins (Dower, S. etal, 1992).

There is evidence that IL-1 activates the phosphoinositol cascade by increasing
GamRNA in endothelial cells (Dower, S. et al, 1992). Furthermore, it appears to
stimulate prostaglandin synthesis synergistically with phorbol esters or DAG
analogues but without activating protein kinase C (PKC) or altering intracellular Ca2+
levels. However, another kinase must be involved whose phosphorylation induces
expression of early response genes such as c-jun, c-fos and c-myc in fibroblasts and
other cell types (Fenlon, M., 1992).

IL-1 also stimulates cAMP production in various cells by activating adenylate cyclase
through a pertussis toxin-sensitive GTP-binding protein (Wilder, C. etal, 1992).
Prostaglandin and cAMP IL-1-induced synthesis have a negative feedback effect on
the latter therefore reducing IL-1 gene expression and peptide synthesis (Fenlon, M.,
1992).
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1.7.2 Ilrl Receptor & IL-1 receptor antagonist
IL-1 binds specifically to a trans-membrane receptor, IL-IR of which there are two
types. Type I is expressed by T-cells, endothelial cells and fibroblasts while type II is
expressed by B-cells (Dower, S. etal, 1992). Type I has a molecular weight of 85kD
while type II is smaller (65kD) (Dinarello, C., 1991). A 105kD and a 220kD IL-1binding proteins have also been observed and they are believed to the products of
extensive glycosylation of the receptor and dimerisation with its ligand (Granowitz,
E., etal, 1991). The multiple glycosylation sites on the IL-IR(I) may be important for
receptor expression, affinity and specificity of binding; for example, lectins block the
binding of IL-1 on T-cells however, different cell lines are affected by different
lectins with different carbohydrate specificities (Dinarello, C., 1991). Such evidence
suggests that N- and 0-glycosylation patterns on cells differ and this may affect the
binding of I L - l a and IL-IB (Aggarwal, B. etal, 1992).

Characteristic conserved features of the cytokine receptors include two pairs of
cysteins and one tryptophan residue at the N-terminal and a try-ser-X-trp-ser motif at
the C-end of the extracellular domain (Aggarwal, B. et al, 1992). The molecule is
predominantly characterised by two B-sheets held together with disulphide (S-S)
bonds whose position is highly conserved. In the case of IL-IR(I) there are 3 S-S
domains while type II does not contain any (Sims, J. et al, 1988).

IL-1R(I) has been cloned from both mouse and human cells (Gallis, B. etal, 1989).
There is a single transmembrane portion of approximately 21 amino acids and a
cytosolic region which bears no homology with any known protein kinase receptors
(Qwamstrom, E. etal, 1988). When IL-1 binds to its receptor phosphorylation of the
serine/threonine residues of the cytosolic domain follows. Then the ligand-receptor
complex is internalised but not degraded (Curtis, B. et al, 1990); it can be found in the
nuclear compartment several hours later (Mizel, S. etal, 1987; Ye, K. etal, 1992).
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This translocation implies a nuclear site for IL-1 biologic activity but there is no
evidence for it so far.

When IL-1 binds to the type I receptor it causes down regulation of gene and surface
expression of the latter (Dripps, D. etal, 1991). The mechanism of this effect
involves destabilising the receptor mRNA. Even 15% occupancy of the receptors
triggers the expression of a specific RNase that degrades IL-1R(I) mRNA (Dripps, D.
etal, 1991). This effect is blocked by cycloheximide and IL-IR antagonist
(Dripps, D. etal, 1991). IL-IR antagonist is a 22kD molecular weight peptide which
binds to the receptor but does not become internalised or activates the protein kinases
(Dinarello, C. etal, 1981). Other naturally occurring inhibitors of IL-1 activity
include lipoproteins, lipids and a2-macroglobulin. However, these molecules also
inhibit other cytokines such as IL-6 and IL-2. Peptides that specifically inhibit IL-1
are bacterial endotoxins (Liao, Z. etal, 1984), urine of febrile patients (Shaldon, S. et
al, 1987), plasma following haemodialysis (Arend, W. etal, 1989), supernatant of
human monocytes adhering to IgG-coated surfaces (Seckinger, P., 1987) and urine of
patients with monocytic leukaemia (Seckinger, P., 1987). The IL-IR antagonist was
purified from the urine of patients with monolytic leukaemia (Eisenberg, S. etal,
1990). Its amino acid sequence deduced from the cDNA revealed a 152 amino acid
secretory leader sequence (no precursor) which suggests that the antagonist is found
extracellularly (Dinarello, C. et al, 1991). Also, its mRNA does not contain the
sequence AUUUA, which is implicated in shortening the half-life of several cytokine
mRNAs (Dinarello, C. etal, 1991). It shares 26% homology with IL-16 and 19%
homology with IL-1 a (Granowitz, E. et al, 1991) and two conserved intro-exon
junctions between them (Dinarello, C. et al, 1991). It binds to both types of IL-1
receptor(Matsushima, K. etal, 1986; Hannum, C. etal, 1990) and is glycosylated at
Asn84. Analysis of the genomic sequence suggests that the antagonist diverged from
the common ancestor before IL-1 a diverged from IL-16, implying an important
functional role (Dinarello, C., 1991). 10-100 fold excess IL-1 receptor antagonist is

47

needed to block IL-1 effects in vitro. Finally, the antagonist blocks the IL-16 induced
synthesis of biologically active IL-1 in acute and chronic myelogenous leukaemia
cells as well as the spontaneous proliferation and production of colony stimulating
factors in such cells from over 25 patients (Rambaldi, A. etal, 1990). Therefore, IL-1
receptor antagonist contributes to limiting the severity of the disease but may be
inadequate in overwhelming it.

The type II IL-1 receptor was first cloned from the Epstein-Barr virus (EBV)transformed B cells (Solari, R. etal, 1990). There is 28% homology between the
extracellular portions of IL-IR(I) and (II). The transmembrane domain is highly
homologous but the type II receptor bears a truncated cytoplasmic domain which
accounts for the difference in molecular weight and possibly for any differences in
signal transduction (Horuk, R. etal, 1989). Other differences include binding
affinities, on and off rates, half-lives (Dinarello, C., 1991), regulation of their surface
expression as well as their intemalisation and degradation properties (Horuk, R. et al,
1987). For example, unlike IL-IR(I), IL-1 bound to the type II receptor remains in the
surface for as long as 60 minutes and is poorly internalised (Matsushima, K. et al,
1986). After intemalisation the complex is degraded and subsequently found in the
extracellular fluid (Eisenberg, S.et al, 1990). Ligand binding studies with EL-4 6.1
cells have shown that radiolabelled recombinant IL-lra binds to the IL-1 receptor
with an affinity close to that of IL-la and IL-IB (Furutani, Y.et al, 1986).

Regulation of expression of IL-1 receptors occurs predominantly at the mRNA level
(Ye, K. etal, 1992). Between 10% and 15% occupancy of receptors leads to 60% to
80% drop in receptor expression levels. The effect persists with as low as 5%
occupancy of receptor sites and can last for up to 72 hours (Stoeckle, M., 1992). The
mechanism for this down-regulation involves the reduction of the mRNA half-life.
This leads to increased mRNA degradation and subsequent decrease of receptor
synthesis. Likewise, IL-1 can modulate the mRNA stability of other proteins such as
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its own receptor and of a peptide encoded by groa. This peptide is structurally related
to platelet factor 4 and 13-thromboglobulin. It is a potent mitogen for melanoma cells
expressed in fibroblasts, macrophages, endothelial cells and synovial cells in response
to various inflammatory stimuli including IL L IL-1 regulates groa expression, in
part, through changes in mRNA stability, by removing of a 3' non-coding sequence in
its mRNA, i.e. decay is associated with the appearance of a smaller species of groo.
mRNA that lacks the poly(A) region (0.9kb long; original 1.3kb). The absence of
lL-1 or the presence of IL-1 receptor antagonist results in the degradation of the L3kb
mRNA and the increased expression of the shorter, 0.9kb, version (Furutani, Y. etal,
1986). Other factors which affect mRNA stability include LPS and IFN-y, LPS
decreases IL-1 a mRNA stability while IFN-y increases transcription and stability of
IL-IB mRNA (May, L. etal, 1988).
1.7.3 Interleukin 6
lL-6 is a multifunctional cytokine of 21-28kDa molecular weight. The precursor
peptide comprises 212 amino acids and the mature protein (184aa) contains a
hydrophobic signal sequence of 28 aa. Post-translational modifications include N- and
0-linked glycosylation and phosphorylation (Yasukawa, K. etal, 1987; Santhanam,
U. et al, 1989). The gene is composed of 5000 base pairs forming 5 exons and 4
introns(Tanabe, O. etal, 1988; Hirano, T. etal, 1990).

IL-6 plays a central role in host defence mechanisms. It regulates immune responses,
acute phase reactions and haematopoiesis. It has been characterised as a pleiotropic
cytokine produced by a variety of cells and acts on a wide range of tissues, exerting
growth-inducing, growth-inhibitory and differentiation-inducing effects depending on
the nature of the target cells (Tabibzadeh, S. et al, 1989). In endometrial stromal cells,
the induction of IL-6 by IL-1 is inhibited by estradiol-176 (Hirano, T. etal, 1986).
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Cells which secrete IL-6 include fibroblasts, endothelial cells, keratinocytes,
monocytes and endometrial stromal cells. IL-6 expression can be stimulated by IL-1
in fibroblasts and endothelial cells, and LPS (lipopolysaccharide) in monocytes.

IL-6 is involved in a series of cellular events including induction of B-cell
differentiation (induces their final maturation into antibody-forming plasma cells),
induction of acute phase proteins in liver cells and triggering IL-2 and IL-2 receptor
expression, proliferation and differentiation in T-cells. IL-6 exhibits some homology
to granulocyte-colony stimulating factor (G-CSF) (Jambou, R. et al, 1988); that is, the
position of four cystein molecules held together with disulphide bonds, is identical in
both peptides. However, replacement of these cysteins with serine residues has no
effect on the biological activity of IL-6 (Ida, 'H.etal, 1989). On the other hand,
removal of 4 amino acids from the C terminal end of the peptide results in complete
loss of biological activity (Hirano, T. ef aZ, 1987).

Abnormal IL-6 production is involved in the pathogenesis of various diseases, e.g.
autoimmune diseases, plasma cell neoplasias and glomerulonephritis. For instance,
patients with cardiac myxoma are hypergammaglogulinemic and display a range of
autoantibodies as well as an increase in acute phase proteins. Cultured cardiac
myxoma cells express IL-6 peptide and IL-6 mRNA (Hirano, T., 1989). Association
between plasma cell neoplasias and pre-existing chronic inflammatory conditions
including rheumatoid arthritis, has been reported (Nordan, R. etal, 1986).
Plasmacytomas (neoplasm of plasma cells) are induced in response to chronic
inflammation. Growth of primary plasmacytomas in vitro is IL-6 dependent
(Kawano, M. et al, 1988). IL-6 may also be an autocrine growth factor for human
myeloma cells since it induces their growth in vitro; the cells have IL-6 receptors and
their growth is inhibited in the presence of anti-IL-6 (Sehgal, P., 1986).
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The IL-6 gene is located at 7p21 (Sehgal, P., 1986). Gene expression is regulated by
factors inherent in the function of the peptide as an alarm signal which recruits
diverse non-specific and specific host defence mechanisms in an attempt to limit
tissue damage (Hirano, T., 1992).

The IL-6 gene contains 3 transcriptional initiation sites (Shimizu, H. et al, 1990) namely, a 23bp multiresponsive element (MRE) within the c-fos SRE, a 14bp
palindrome which is an N F K B binding site (Ray, A. et al, 1989; Zhang, Y . et al, 1990)
- and 3 TATA-like sequences (Waterfield, M. etal, 1983). Potential transcriptional
control elements within the promoter include glucocorticoid response elements, AP I
binding site, c-fos serum responsive element (SRE), cAMP responsive element and
NFKB

binding site (Murphy, E. etal, 1980; Doolittle, R. etal, 1983; Isshiki, H. etal,

1990). The gene promoter contains two binding sites; a NF-IL6 binding site (14bp
dyad symmetry) and a N F K B binding site. Both sites are essential for transcription
(Ray, A. etal, 1988).

NF-1L6 is a nuclear factor controlling IL-6 gene expression by binding to the DNA in
a leucine zipper conformation. NF-IL6 has 345 aa and a molecular weight of 36. Ikd.
During IL-6 stimulation there is a dramatic increase in NF-IL6 binding activities in
HepG2 cells (hepatoma cell line). However, neither mRNA nor protein levels show
any substantial increase as shown by Northern or Western blot analysis respectively.
Therefore, the increase observed must be due to pre-existing NF-IL6 in the cells. It is
possible that gpl30 activates a serine specific protein kinase in the nucleus for
specific NF-IL6 phosphorylation resulting in post-translational modifications of the
peptide which account for the increased binding activity (Kouzarides, T. et al, 1989).
The promoter region (-225 to -111), which bears many similarities to the c-fos
promoter, contains major regulatory elements and responds to serum, individual
cytokines, the three major signal transduction pathways PKC, cAMP and Ca^+
activated pathways, RNA and DNA viruses (Taga, T. etal, 1987). Other DNA
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transcription elements are also present upstream of -225 since in the absence of the
above mentioned promoter region, the gene still responds, but to a lesser extent, to
phorbol ester or forskolin.

Regulation of expression is very similar to that of c-fos gene. Both products help to
turn on a cascade of other host genes. In the case of IL-6, these latter host gene
products help limit tissue damage. The cis-acting regulatory DNA elements of both
genes exhibit reciprocal interactions which renders the transcriptional factors
regulating expression very similar, if not identical. However, there are differences
between the two systems, for example, the c-fos transcription is short-lived while the
lL-6 transcription lasts for several hours after the onset.

1.7.4 IL-6 receptor
The IL-6 receptor (IL-6-R) is expressed on both lymphoid and non-lymphoid cells
(Bazan, J., 1989). Cytokine receptors share several structural features. These features
are also found in the growth hormone and prolactin receptors (Yamasaki, K. etal,
1988). The IL-6R is a 80kD glycoprotein composed of 468 aa (Taga, T.etal, 1987)
which includes a signal peptide (19aa), a transmembrane domain (28aa) and a
cytoplasmic domain (82aa). The first 90aa contain an immunoglobulin-like domain
neither involved in IL-6 binding nor signal transduction. However, in contrast to most
receptors, the cytoplasmic domain of IL-6-R is not essential for signal transduction.
The presence of a signal transducer (gpl30), a 130kDa glycoprotein, suggests that
this peptide associates with the receptor after ligand-receptor binding and that this
complex triggers signal transduction (Kishimoto, T. etal, 1992). The gpl30 peptide
shows a high level of polymorphism between different cell types which could account
for the diversity of IL-6 effects in different tissues. gpl30 is predominantly implicated
in the formation of high affinity IL-6 binding sites (Hibi, M. et al, 1990). gpl30
includes an extracellular region (597aa), a membrane spanning region (22aa) and a
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cytoplasmic domain (277aa). In the absence of gpl30 under some circumstances there
is low affinity binding of IL-6 to its receptor rather than complete loss of binding.
1.7.5 Tumour necrosis factor - g (TNF-a)
TNF (tumour necrosis factor) is a peptide which belongs to the cytokine family. It
was first described by Carswell etal (1975) as a protein in the serum of Bacillus
Calmette-Guerin (BCG) which could induce haemorrhagic necrosis of tumours in
vivo and have cytostatic or cytocidal effects on tumour cells in vitro. The peptide
was initially named cachectin due to its presumed involvement in the pathogenesis of
cachexia during experiments on rabbits infected with Trypanosoma brucei (Rouzer,
C. etal, 1980). Further studies showed that cachectin is produced in vitro by
macrophages in response to LPS and that the peptide is capable of suppressing
lipoprotein lipase (triacylglycerol-protein acylhydrolase) activity in differentiating
3T3-L1 cells (mouse preadipocytes) (Kawakami, M. et al, 1982) by inhibiting
synthesis of the enzyme itself (Price, S. et al, 1986). Finally, based on the fact that the
N-terminal sequence of murine cachectin was strikingly similar to that of human
TNF, and that purified cachectin showed a potent TNF-like cytolytic effect on L-929
cells, Beutler etal (1985) concluded that cachectin is identical to TNF. TNF was also
found to share substantial homology with lymphotoxin, a peptide produced by
activated lymphocytes described by Williams & Granger (1968) and Ruddle &
Waksman (1968). Lymphotoxin was named TNF6 while cachectin was termed
TNF a.

The two peptides are the products of two separate genes sharing 30 to 40 amino acids
homology and bind to the same receptor, TNF-R. Since there is little known about
TNFB, I will focus on TNF a and the TNF receptor as a cell signal mediator system.
TNFa is a non-glycosylated 17kD protein of 157 amino acids (pi 5.3). The precursor
comprises the mature peptide plus a 76 amino acid extension at the NHz side of the
molecule. Post-translational modifications give rise to the mature peptide
characterised by two highly conserved cystein regions and the absence of a
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hydrophobic signal peptide sequence- normally typical of secretory proteins (Le, J. et
al, 1987).

TNFa is produced by activated macrophages and monocytes (Le, J. etal, 1987).
TNFa stimulates fibroblast proliferation and regulates endothelial cell and neutrophil
functions (Ruggiero, V. et al, 1986). The cytotoxic or cytostatic effects of T N F a are
perhaps greater on tumour cells than normal cells. These diverse effects of TNFa and
the sensitivity of cells to it are influenced by interactions with IFN which increases
the specificity of TNFa binding to its receptor without altering its binding affinity
(Feinman, R. et al, 1987). As a result, IFN enhances the cytotoxic actions of TNFa
(Tsujimoto, M. et al, 1986b). Furthermore, metabolic inhibitors such as actinomycin
D and mitomycin C increase the susceptibility of tumour cells to TNF cytotoxicity
(Tsujimoto, M. et al, 1985). A similar effect is observed if the incubation temperature
is increased to 39-40°C instead of 37°C (Hahn, T. et al, 1985). Inhibitors of protein
synthesis such as cycloheximide can also enhance sensitivity to TNFa (Gatanaga, T.
et al, 1990). Damage produced as a result of TNF action in most cells can be repaired
if cellular RNA and protein synthesis are allowed to proceed normally. Only when
this repair process is interfered with by the addition of metabolic inhibitors will
naturally resistant tumour cells and normal cells become susceptible to the cytolytic
actions of TNF. Finally, serum ultrafiltrates from cancer patients have revealed a
28kD protein which inhibits the cytolytic activity of TNFa in vitro (Thomas, D. et al,
1976). This protein was originally termed "blocking factor" (BF), has N-terminal
amino acid sequences similar to a soluble TNF receptor and appears to be a soluble
extracellular domain of the TNF receptor (Scheurich, P. etal, 1986).
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1.7.6 TNF receptors
TNF-binding proteins have been identified on the surface of various cells, from a few
hundred to a few thousand per cell (Creasey, A. et al, 1987). Their molecular weight
ranges from 50kD to 80kD (Gray, P. el al, 1990; Akira, S. et al, 1990) and they have
been divided into two groups based on their size; 55-60kD (TNF-R55) and 75-80kD
(TNF-R75) (Hohmann, H. etal, 1989). The difference in molecular weight is, partly,
due to differences in receptor glycosylation (Schall, T. etal, 1990). The relationship
between the two species of TNF receptors is not yet known, but there is evidence that
they both share a high degree of homology with the nerve growth factor (NGF)
receptor family (Benton, H., 1991).

The TNF receptors are characterised by four repeated cystein-rich domains in the
extracellular part (Dembic, Z. el al, 1990). However, the intracellular domains quite
different from each other and probably the two receptors utilise distinct intracellular
signal transduction pathways (Aggarwal, B. etal, 1985).

The TNF binds to its receptor as a trimer composed of identical polypeptides of 17kD
molecular weight (Baglioni, C. etal, 1985; Smith, R. elal, 1987). After binding to the
receptor the TNF/receptor complex is ultimately internalised and degraded
(Tsujimoto, M. elal, 1986a; Watanabe, N. elal, 1988). Interferron-y (IFN-y)
enhances the specificity of binding of TNF to its receptors by increasing TNF
receptor expression (Ruggiero, N.elal, 1986) but without altering the binding
affinities (Tsujimoto, M. elal, 1986b) Due to this effect, increased cytotoxicity to
some tumour cells has been observed (O'Neill, L. elal, 1990).

The signalling pathways activated by ligand binding have been reported to involve
phosphorylation of a small heat-shock protein and EOF receptor (Bird, T. etal, 1989)
- the effect is also dependent on the presence of lL-1 a -, as well as activation of PKC
(Schetze, S. elal, 1990), PKA (Freimuth, W . elal, 1989), N F - K B (23iang, Y . etal.
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1988) and other transcription factors. Further down the signal transduction cascade
IL-1 and TNF-a are involved in inducing IL-6 which requires PKC and adenylate
cyclase activation (Kalthoff, H. et al, 1993).

Regulation of expression of the TNF receptor group is poorly understood but recent
evidence has shed some light towards its comprehension. It has been demonstrated
that TNF upregulates the expression of TNF-R75 but not TNF-R55. Furthermore,
both receptors, individually, upregulate the expression of TGF-a and EOF receptor
mRNA (Curling, E. etal, 1990).

1.7.7 IFN-y & its receptor
IFN-y is a lymphokine secreted by antigen sensitised T-lymphocytes (Gray, P. etal,
1982). The peptide comprises 146 amino acids and has a molecular weight of IT.lkD
(Rinderknecht, E. etal, 1984). Post-translational modifications directed to both the Nand the C- termini of the molecule give rise to up to 6 different molecular weight
peptides (Grouse, J. etal, 1992). The same size heterogeneity occurs to the IFN-y
receptor where the average molecular weight is 90kD and depends on the cells' origin
and the degree of glycosylation (Utsumi, J. etal, 1989; Konrad, M., 1989). Such
alterations may cause changes in immunogenicity in vivo (Steis, R. etal, 1988) due
to potential generation of neutralising antibodies (Ichimori, Y. et al, 1987).

While the N-terminal of IFN-y is very important for its antiviral activity (Seelig, G. et
al, 1988), C-terminal alterations may play a role in its biological activity (Sakaguchi,
M. et al, 1988; Hamburger, A. et al, 1991). IFN-y has been known to decreases cell
growth of the breast cancer cell lines MDA468 (Dani, C. etal, 1985) and it has been
postulated that this is related to the expression of the c-myc gene (Einat, M. et al,
1985; Aggarwal, B. etal, 1992).
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1.7.8 Role of cytokines in cancer
The possibility that cytokines could be used as antitumour agents is a major topic
under consideration and a subject of intense research. Due to their pleiotropic intraand inter-cellular nature, cytokines are able to exert their effects on cell proliferation
and differentiation both directly and indirectly, inducing other members of the
cytokine network in vivo to act as growth regulators (North, R. et al, 1988). Some
cytokines, such as TNF-a, can kill tumour cells but not normal ones (North, R. etal,
1988). Some can also block the host/tumour relationship by acting on the tumour
vasculature and consequently inhibiting the supply of nutrients to the tumour (Havell,
E. et al, 1988). Other cytokines can activate the immune system against the tumour
(Powles, R. etal, 1990) or accelerate bone marrow recovery after treatment of cancer
with irradiation and chemotherapy (Li, L. etal, 1991). Furthermore, TNF-a has been
reported to synergise with IFN-y in inducing endothelial cells to lyse tumour cells in
vitro - this event is associated with the production of nitric oxide (Sgagias, M. etal,
1991).

In breast cancer cell lines such as MCF-7, I L - l a or TNF-a can inhibit cell
proliferation (Sgagias, M. et al, 1991). Exposure of MCF-7 cells to I L - l a for 6 days
resulted in 62.7% inhibition of growth. TNF-a had an even more pronounced effect;
93.3% inhibition over 7 days. Both cytokines inhibited growth in a dose-dependent
manner (Kilian, P. et al, 1991). A similar antiproliferative effect of I L - l a was
observed on the ovarian carcinoma cell line NIH:0VCAR-3 (Kilian, V.etal, 1991).
80% inhibition of growth was observed within 3 days while addition of I FN-a
showed a synergistic effect with the IL-1 a at submaximal IL-1 a concentrations. This
antiproliferative effect was blocked by IL-IR antagonist.
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CHAPTER II

MATERIALS & METHODS
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2.1 MATERIALS

2.1.1 Immunohistochemistry
REAGENTS
Aquamount Mountant (BDH-GURR 36086)
Chloroform (BDH 27710)
Chrome alum gelatine
DPX Mountant (BDH 36029)
Eosin (BDH 260863M)
Haematoxylin (GURR 34037)
Biotinylated Helix pomatia agglutinin (SIGMA L6512)
Hydrogen peroxide 30% solution (SIGMA H-1009)
Isopentane (BDH 10361)
Levamisol (SIGMA L-9756)
O.C.T. Compound (TISSUE-TEK 4583)
Polyoxyethylenesorbitan Monolaurate (Tween 20) (SIGMA P-1379)
Triton-X 100 (SIGMA T-6878)

BUFFERS
Phosphate buffered saline (PBS) 500ml (O.OIM, pH 7):
0.0IM (0.7Ig) di-sodium hydrogen orthophosphate anhydrous (BDH 30158)
O.OIM (0.60g) sodium dihydrogen orthophosphate anhydrous (BDH 30716)
0.137M (4.50g) sodium chloride (BDH 10241)

Buffered formol saline (BFS) 1000ml (4% w/v, pH 7.4):
4% (40g) paraformaldehyde (SIGMA P-6148) are added to 100ml of AnalaR H2O
heat to 70° C and stir
add 5M NaOH (SIGMA S-2770) until the solution clears and left to cool
add 8CX)ml of AnalaR H20and 100ml of PBS.
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Scott's Tap Water Substitute (STWS) 1000ml:
0.04M (3.5g) NaHCOs
0.08M (20g) MgS04 7H2O

ANTIBODIES
The following antibodies were used, raised against human:
12E epidermal growth factor receptor (rabbit)- affinity purified-(kindly donated by
Prof. W.J. Gullick, ICRF, London); epitope: PIKEDSFLQRYSSD (1059-1072 aa)
2IN c-erbB-2 (rabbit)- affinity purified-(kindly donated by Prof. W.J. Gullick, ICRF,
London); epitope: AENPEYLGLDVPV (1243-1255 aa)
Transforming Growth Factor - a (sheep) (BIOGENESIS 9129-8024)
IL-la (rabbit) (Genzyme LP-710)
IL-113 (rabbit) (Genzyme LP-712)
IL-IR(II) (mouse) (Genzyme 1994-01)
IL-lRa (goat) (British Biotechnology BDA 29)
In addition, the following secondary antibodies were employed:
Anti-sheep IgG alkaline phosphatase conjugate; raised in donkey (Sigma A-5187)
Anti-rabbit IgG alkaline phosphatase conjugate; raised in goat (Sigma A-3812)
Anti-mouse IgG alkaline phosphatase conjugate; raised in goat (Sigma A-1418)
Anti-goat IgG alkaline phosphatase conjugate; raised in rabbit (Sigma A-2168)

VISUALISATION SYSTEMS
Alkaline phosphatase substrate kit I - black (VECTOR SK-5000)
Alkaline phosphatase substrate kit I - fast red (VECTOR SK-5100)
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2.1^ Cell cultures
MEDIA
IxDulbecco's Modification of Eagle's Medium (IMPERIAL 1-466-14)
Hank's Calcium/Magnesium free balanced salt solution (SIGMA H4891)
lOx Minimum Essential Medium Eagle (Modified) (IMPERIAL 1-305-14)
Minimum Essential Medium Eagle (MEM) (SIGMA M-0268)
RPMI-1640 (SIGMA R-6504)

SUPPLEMENTS
10% Dimethyl sulfoxide (DMSO) (SIGMA D-2650)
Fetal calf serum (IMPERIAL 6-000-14)
1% GMS-A supplement (GIBCO 043-01300 C)
HB: lOOmM (1320mg) oxaloacetic acid, 24 units/ml (80mg) insulin
24iu/l Insulin (SIGMA 1-6634)
ITS (24iu/mg insulin, 5mg/l transferrin, Sfigll sodium selenite) (SIGMA 1-1884)
1% (2mM) L-Glutamine (SIGMA G-7513)
1% MEM non-essential amino acid supplement (SIGMA M-2025)
1% Oxaloacetic acid (SIGMA 0-7753)
1% Sodium Pyruvate (SIGMA S-8636)
5% Sodium bicarbonate (SIGMA S-8761)
2% Trypsin-EDTA (SIGMA T-9395)

ANTIBIOTICS
0.5% Gentamycin solution (SIGMA G-1272)
1% Kanamycin Solution (SIGMA K-0129)
0.5%Nystatin suspension (SIGMA N-1638)
1% Antibiotic-antimycotic solution (SIGMA A-9909)
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GROWTH FACTORS, CYTOKINES & LECTINS
Human recombinant Epidermal Growth Factor (Bachem DGR005)
Helix pomatia agglutinin (SIGMA L3382)
Interleukin-1 (Calbiochem 440605)
Interleukin-1 receptor antagonist (British Biotechnology BDA371)
All Mistletoe lectins were kindly donated by Dr U. Pfiiller.

DETECTION SYSTEMS
MTT (3-(4,5-dimethylthiazol-2-yl)2,5-diphenyl tetrazoUum bromide) (SIGMA M2128)
DMF (N,N-dimethyl formamide) (SIGMA D-4254)
SDS (sodium dodecasulphate) (ICN FLOW 811034)
Solubilising agent for Mossman assay: 20% w/v of SDS disolved at 37°C in a
solution of 50% of each DMF and demineralised water. pH is adjusted to 4.7 by 2.5%
of an 80% acetic acid solution and 2.5% IN HCl.
Crystal Violet (SIGMA C3886)
0.2mg/ml Bis-benzimide (SIGMA B2883)
Calf thymus DNA (SIGMA)

BUFFERS
DNA assay buffer (0.05M, pH 7):
0.05M Na2HP04
0.05M NaH2P04
titrate against each other to pH 7
2M NaCl; adjust pH to 7.
2.1.3 Cell lines
T47D
human breast carcinoma
Karyotype: 2n=46; hypertriploid
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Comments: Established from the pleural effusion of a ductal carcinoma of the breast
of a 54-year-old female. The cells carry receptors for a variety of steroids.
(European Collection of Animal Cell Culture 85102201)

BT20
human breast carcinoma
(American Type Culture Collection HTB-19)

BT549
human breast carcinoma
(American Type Culture Collection HTB-122)

A431
Karyotype: 2n=46
Comments; Established from an 85 year old female with vulval epidermioid
carcinoma. The cells carry large numbers of EGF binding sites.
(European Collection of Animal Cell Culture 85090402)

MCF7
human breast adenocarcinoma
Karyotype: 2n=46
Comments: Established from pleural effusion from 69-year-old female Caucasian.
Cells exhibit some features of differentiated mammary epithelium including estradiol
synthesis. Cells may carry B or C type virus and should be handled in category 2 (P2)
containment.
(European Collection of Animal Cell Culture 86012803)

OAW42
human ovarian tumour epithelial
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Karyotype; 2n=80-92
Comments; From ascites of patient with ovarian cystadenocarcinoma. Has retained
ability to form free floating cysts in vitro and produces extracellular matrix. Has
defined chemosensitivity pattern. Valuable for studies on biology of human ovarian
cancer.
(European Collection of Animal Cell Culture 85073102)

OAW28
human ovarian tumour epithelial
(European Collection of Animal Cell Culture 85101601)

OAW59M
human ovarian carcinoma
(European Collection of Animal Cell Culture 89081802)

OAW200D
human ovarian carcinoma
(kindly donated by Dr A.Wilson, Derby City Hospital)

OAW138D
human ovarian carcinoma
(kindly donated by Dr A.Wilson, Derby City Hospital)

2.1.4 Gel electrophoresis
REAGENTS
30% acrylamide/bis solution (BIORAD 161-0156)
10% w/v ammonium persulphate (NBL 075112)
20% v/v glycerol (INC 0274)
0.2M glycine (ICN 808822)
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high molecular weight markers (14300-200,000) (Amersham)
10% v/v mercaptoethanol (Sigma M-7154)
SDS (ICN811030)
6% v/v TEMED (NBL 075925)
Tris (ICN 819623)

BUFFERS
Resolving gel buffer (1.5M, pH 8.8):
1.5M (18.3g) Tris (ICN 819623)
90ml AnalaR H2O, adjust pH to 8.9-9.2 with IN HCl
10ml AnalaR H2O
store at 4°C; stable for not more than 2 weeks

Stacking gel buffer (0.5M, pH 6.8);
0.5M (5.98g) Tris (ICN 819623)
90ml AnalaR H2O, adjust pH to 6.7 with IN HCl
10ml AnalaR H2O

store at 4°C; stable for not more than 2 weeks

Resolving gel 8% (10ml)
30% acrylamide/bis solution (30% acrylamide, 2.7% bis-acrylamide) (BIORAD 1610156)
10% w/v ammonium persulphate (NBL 075112)
Stir the following in a beaker :
4.6ml AnalaR H2O
2.7 ml 30% acrylamide/bis
2.5ml resolving gel buffer (1.5M)
100;<110% SDS
65

lOO/^l ammoaium persulphate
When dissolved add 6/il TEMED (NBL 075925)

Sample buffer x2 (10ml) (0.125M, pH6.8):
0.125M (2.5ml) stacking gel buffer
4% (4ml) of 10% SDS
20% (2ml) glycerol (INC 0274)
10% (1ml) 2- 2-mercaptoethanol (Sigma M-7154)
0.5ml AnalaR H2O
Made up in fume cupboard, stored at -20°C in aliquotes.

Stacking gel 5% (5ml)
Stir the following in a beaker
3.4ml AnalaR H2O
16.6% (0.83ml) 30% acrylamide/bis
12.6% (0.63ml) stacking gel buffer
1% (0.05ml) 10% SDS solution
1% (0.05ml) ammonium persulphate
When disolved add 0.1% (5/^1) TEMED

Electrode buffer (51) (0.02M pH 8.3):
0.02M (15g)Tris
0.2M (72g) glycine (ICN 808822)
5% v/v (50ml) of 10% SDS

Transfer buffer (21) (0.026M); do not adjust the pH;
0.025M(6g)Tris
0.19M (28.8g) glycine
20% v/v (400ml) methanol
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2.1.5 Western and immunoblots
REAGENTS
KH2PO4 (BDH 29608)
Polyoxyethylenesorbitan Monolaurate (Tween 20) (SIGMA P-1379)
NaCl (BDH 10241)
NaH2P04(BDH 30716)
Tris (ICN 819623)

BUFFERS
TBS (Tris buffered saline) (0.04M, pH7.5);
0.04M(6.05g)Tris
0.15M (8.76g) NaCl
800ml AnalaR H2O, adjust pH to 7.5
200ml AnalaR H2O

TBST (0.04M):
Tris buffered saline
0.1% Tween 20

PBS for immunoblots (21) (pH 7.0-7.5):
0.137M (32g) NaCl
0.026M (0.8g) KCl
O.OIM (5.76g) NaH2P04
0.018M (0.23g) KH2PO4
0.1% Tween 20

ANTIBODIES
see antibodies for immunohistochemistry
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VISUALISATION SYSTEMS
DAB substrate kit for horseradish peroxidase (Sigma D-4418)
Avidine alkaline phosphatase (Sigma A-7294)
Alkaline phosphatase substrate kit I -black (Vector SK-5100)
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2.2 IMMUNOfflSTOCHEMISTRY

The immunohistochemical studies were based on fresh frozen and paraffin embedded
sections of ovarian cancer tissues. Fresh tissue samples were collected from the
hospital in phosphate buffer saline (PBS) and processed within 2-3 hours. The tissues
were coarsely dissected and randomly assigned to one of these processes; usually
enough tissue was available for each. Some pieces were snap frozen in liquid nitrogen
and stored at -20°C. The rest of the specimens were immersed in buffered formol
saline (BPS) for 24 hours. Some of them were then snap frozen and stored while the
rest were taken through a dehydration process of increasing alcohol concentrations
starting with 70% alcohol and finishing with 100% alcohol. The tissue was then
immersed in chloroform overnight before embedding in molten paraffin (56°C) the
following day. Paraffin sections were cut at S/im with a microtome while frozen
tissues were sectioned at 5;/m on a Reichert-Jung 2800 Frigocut cryostat.

The immunohistochemistry involved the detection of various peptides within the
tissues. Paraffin-embedded sections were mounted on glycerine-albumin coated
slides, dewaxed with xylene and then rehydrated. Cryostat sections were thawmounted on chrome alum gelatine coated slides and then briefly fixed with acetone.
To avoid dehydration of the tissue all incubations were carried out in a humidified
container at room temperature. All the solutions used were made up with glass
distilled water and stored in autoclaved glassware.

The first stage in the immunohistochemical process involved a 30 minute incubation
with blocking serum (serum from a non-immunised animal of the same species as the
one in which the secondary antibody was raised). They were then incubated with the
primary antibody of interest overnight at 4° C. The next day the slides were incubated
with a secondary antibody (alkaline phosphatase conjugate) for another 30 minutes
and then with an alkaline phosphatase detection system (APSS-fast red, VECTOR)
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for visualisation which required a 20 minute incubation (Fig. 2.1.1). The slides were
dehydrated through ascending concentrations of alcohol (50%-100%) and xylene and
then mounted on cover slips with DPX. When dry, they were examined under a light
microscope.
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alkaline phosphatase
conjugated secondary
antibody

'TC

primary antibody
A

.

*

A
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/\

alkaline
phosphatase
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Figure 2.2.1
Diagrammatic representation of the alkaline phosphatase conjugated
system for immunohistochemical staining of tissue sections.
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MATERIALS USED
Antibody

Primary
antibody

Dilutions

Secondary
antibody
(alk.phos.
conjugate)
Anti-rabbit
(Sigma)

Dilutions

Blocking
peptide

EGF-R
(12E)

rabbit
polyclonal
(W.J. Gullick)

1:50

1:100

1:40

Anti-sheep
(Sigma)

1:100

1:20

Anti-rabbit
(Sigma)

1:100

human
recombinant
EGF
(BACHEM)
human
recombinant
TGFa
(BACHEM)
N/A

TGF-a

Sheep
Polyclonal
(BIOGENESIS)

c-gr6B2
(21N)

rabbit
polyclonal
(W.J. Gullick)

Table 2.1.1
Table of primary and secondary antibodies for each of the peptides
tested in immunohistochemistry, as well as the dilutions used. The
blocking peptides used for controls are listed in the last column.

In the case of antibodies that bind to intracellular parts of receptors, such as 12E and
2IN, the cell membrane needed to be permeabilised with 0.5% Triton-X-100 solution
for 10 minutes. Controls included omission of primary antibody and, where available,
blocking of the antibody with the peptide of interest at 20; 1 w:w ratio
(peptide: antibody) for 30 minutes (20 °C) before applying to the tissue. Positive
controls included tissue samples where the peptide of interest is known to be
expressed in abundance. The antibody dilutions were based on the suggested protocol
of the manufacturer, although higher dilutions were tried (up to 1:200) without
promising results.

As well as the alkaline phosphatase system, a horseradish peroxidase visualisation
technique is also available. In this case the substrate is a solution of
3,3'-diaminobenzidine (DAB). The secondary antibody is connected to the
visualisation system through a mouse MONO-PAP (peroxidase anti-peroxidase) link.
DAB yields a reddish brown stain. However, when tried, the staining tended to be
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unstable with time and in many tissues there was high peroxidase activity which
could not be blocked with 3% v/v H2O2.

2.3 IMMUNOBLOT ANALYSIS

For immunoblot analysis cells from a range of cell lines were pelleted by
centrifugation (400g) and stored in cryovials at -70°C. This technique is based on the
same principle as immunohistochemistry, i.e. protein-antibody interaction, but where
the antigen is immobilised on nitrocellulose. This technique enables peptide detection
on cultured cells. Previous attempts to attach cells onto glass slides by centrifugation
(cytospins) proved to be not as efficient as immunoblots because during the various
incubation stages and washes the cells detached from the slides, although appropriate
adhesives were employed (e.g.. poly-L-lysine). The cytospin method was the same as
the one employed for immunohistochemical staining except for the visualisation
system which, in this case, gave a red product (APSS-fast red, VECTOR).

A sheet of nitrocellulose (STRATEGEN 0.45//m) was mounted on a slot blot
apparatus (HOEFER PR600) which has two columns (A and B) of 12 slots each. The
cells were allowed to thaw and then sonicated (DECON FSlOO) for 10 minutes.
Different concentrations of the protein (in the form of cell suspension) determined by
the Bradford method described later, using BSA as standard, were loaded into the
apparatus slots, vacuum applied and the membrane subsequently washed with a 5%
solution of Tween 20. In order to block non-specific binding of the antibodies, the
nitrocellulose sheet was then incubated with 5% Tween 20 solution for 1 hour at 37°C
(Batteiger, B. et al, 1982).

The next step was the addition of the appropriate antibody, for example EGF-R
antibody. The concentration used varied with the type of antibody and the company
specifications provided during purchase (table 2.3.1). The primary antibody was
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incubated overnight at 4°C, followed by incubation with an alkaline phosphatase
conjugated secondary antibody for 1 hour at 37°C. The dilutions are listed in Table
2.3.1. Finally, the peptides were visualised by alkaline phosphatase substrate solution
(APSS) (VECTOR) detection system which gives a black product. At this stage, the
nitrocellulose was removed from the holder and immersed in a container with the
substrate. Once colour developed, the substrate was discarded and the nitrocellulose
washed with tap water. All the above steps were followed by 5 minute washes in PBS
(pH 7.4) and all the antibodies were diluted in 0.5% Tween 20 solution in PBS. The
nitrocellulose was left to dry and photographed (UVP camera, UVP immagestore
5000, Sony video graphic printer UP 880CE).

Antibody

Primary
antibody

Dilutions

EGF-R
(12E)

rabbit
polyclonal
(W.J. Gullick)
rabbit
polyclonal
(W.J. Gullick)
Rabbit
polyclonal
(GENZYME)
Rabbit
polyclonal
(GENZYME)
Mouse
Monoclonal
(GENZYME)
Goat
Polyclonal
(BR.BIOTECH.)

1:200

c-erbB2

IL-la
IL-16
IL-IR(II)
IL-IR an tag.

Secondary
antibody
(alk.phos.
conjugate)
Anti-rabbit
(Sigma)

Dilutions

1:300

Anti-rabbit
(Sigma)

1:10,000

1:500

Anti-rabbit
(Sigma)

1:10,000

1:500

Anti-rabbit
(Sigma)

1:10,000

1:200

Anti-mouse
(Sigma)

1:8,000

1:100

Anti-goat
(Sigma)

1:8,000

1:10,000

Table 2.3.1
Table of primary and secondary antibodies and their dilutions for
each of the peptides tested in immunoblots.
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2.3.1 Protein assay (Bradford method)
Dye preparation:
lOOmg of Coomassie brilliant blue G-250 (SIGMA) were dissolved in 50mi of 95%
ethanol. 100ml of concentrated phosphoric acid followed and distilled H2O to a final
volume of 200ml. The dye was diluted (1:5) and filtered before use.
Standard curve and unknown samples:
Protein Standard (bovine albumin, lOg/dl, SIGMA) was diluted (1:100) in NaCl
(0.145M). Test tubes were labelled and filled according to the following table:

TEST TUBE NO.

OIL. PROTEIN inD

NaCl inD

[PROTEIN] A/g/ml

1

0

200

0

2

50

150

25

3

100

100

50

4

150

50

75

5

200

0

100

Table 2.3.2
Table of volumes and concentrations for Bradford protein assay

200;il aliquots of the unknown samples were included in the above tubes. 5ml of the
filtered dye was added to each test tube and they were allowed to stand for 5 minutes.
The samples were read at 595nm by a spectrophotometer (Spectrophotometer 930,
Kontrom Instruments).

2.4 CELL CULTURES

The cell lines were cultured in 25ml flasks. T47D and BT459 were grown in RPMI
1640 while BT20 were grown in MEM (minimal essential medium). The media were
supplemented with 2mM glutamine (SIGMA), and various antibiotics including 1%
v/v kanamycin and 1% v/v PSA (penicillin, streptomycin, amphotericin) (SIGMA
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xlOO solution). The various cell lines are further supplemented as shown in Table
2.4.1:

TABLE OF CELL LINES, MEDIA & SUPPLEMENTS
CELL LINE

MEDIUM

SUPPLEMENTS

T47D
human breast
cancer
BT549
human breast
cancer
MCF7
human breast
cancer
A431
human
epidermioid
carcmoma
OAW42
human
ovanan cancer
BT20
human breast
cancer

RPMI 1640
lOml/flask

HB*

RPMI 1640
lOml/flask

insulin
0.023 lU/ml

EMEM
lOml/flask
MEM
lOml/flask

non-essential amino
acids
ImM Na pyruvate
non-essential amino
acids

DMEM
lOml/flask

HB
HB
ImM Na pyruvate

MEM
lOml/flask

non-essential amino
acids

Table 2.4.1
Table of media and supplements for each cell line
* lOOmVI oxaloacetic acid (SIGVLA.) and 24iu'mg insulin (SIGMA)

As the cell lines proliferate they were subcultured in ratios which reflected their growth
rates ranging from 1:3 to 1:6. At various times flasks were selected for freezing and future
reference. All cell lines were supplemented with fetal calf serum (10%). All values given
are per 10ml of medium.

2.4.1 Techninues and procedures
(i) Subculturing
The medium already contained in the flask was discarded and the cells were washed
with Ca^+-free Hank's solution.
The cells were trypsinised with a solution of trypsin/EDTA (10%) for 2-3 minutes or
until the cells appeared round and detached from each other under the microscope.
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The solution was discarded and the cells were allowed to settle for 5 minutes at 37° C,
or until they detached when the flask was rotated.
10ml of the appropriate medium supplemented with 10% FCS were added to the flask
and the cells were allowed to disperse.
The appropriate volume of cells was divided into new flasks according to the
recommended subculturing ratio.
(ii) Freezing
The medium already contained in the flask was discarded and the cells were washed
with Ca2+-free Hank's solution.
The cells were trypsinised with a solution of trypsin/EDTA (0.2%) for 2-3 minutes or
until the cells appeared round and detached from each other under the microscope.
The solution was discarded and the cells were allowed to settle for 5 minutes at 37° C.
10ml of the appropriate medium supplemented with 10% FCS were added to flask
and the cells were allowed to disperse.
The cells were decanted into centrifuge tubes and spun for 5 minutes at 200 g.
The supernatant was discarded and the cells were resuspended in a 10% DMSO
solution diluted in FCS. DMSO serves as cryoprotective agent.
The cells were transferred into 5ml freezing vials and frozen at 1 °C per minute.

2.4.2 DNA fluorescence assay (Labarca, C.etal, 1980)
The medium was discarded from the wells and substituted with 200;fl of (10%)
trypsin/EDTA-DNA assay buffer solution per well, incubated for 2-3 hours and then
frozen at -20°C. When the plate was thawed, the well contents were sonicated and the
total volume from each well (200/<l) transferred to 3ml cuvettes containing 800;fl of
DNA assay buffer and 1ml of 1% bis-benzimide solution (0.2mg/ml).
The individual cuvettes were then read in a fluorimeter (Perkin-Elmer 3000) set at
343nm and 458nm excitation and emission wavelengths respectively.
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Figure 2.4.1
Calibration of DNA fluorescence assay (n=5)
The above standard curve derives from six DNA concentrations (0.5, 1 , 2 , 4 and Sfig
DNA/ml) and their absorption values at 343nm and 458nm excitation and emission
wavelengths respectively. The intra-assay coefficient of variation is a measure of the
accuracy of the assay and in this case, 5.51% indicates a very precise system.

2.4.3 Mistletoe lectins response study and cytotoxicity assay
This experiment was designed to demonstrate the cytotoxic effects of mistletoe lectins
on tumour cells. Cytotoxicity can be used as an index of cell viability and potential
proliferation. The cells were growth arrested for 24 hours in serum free medium and
plated in 96-well plates (Bibby 25860B) with four different concentrations (0.1-100
ng/ml) of the three different mistletoe lectins (ML-I, II & III) in triplicates (three
wells for each concentration). The plates were stopped 72 hours later and the
cytotoxicity was assessed by the Mossman cytotoxicity assay (Mossman, 1983). The
total well volume was 250/<l of which there were 50//1 of cell suspension, 25/^1 of
lectin and 175//1 of medium supplemented with 2% PCS.

At 72 hours, 25}i\ of a 5mg/ml MTT (3-(4,5-dimethylthiazol-2-yl)2,5-diphenyl
tetrazolium bromide) (Sigma M2128) solution (in H2O) were added to each well and
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incubated for 4 hours at 37°C. The plate was then centrifuged at 300g (1000 rpm
Beckman J-6B) for 5 minutes and llSpiX of the supernatant were removed and
replaced with 100;<1 of solubilising agent (20% SDS & 50% (in H2O) N,N-dimethyl
formamide solution). The plate was sealed to avoid dehydration and left overnight at
37°C. The next day it was read in an ARGUS 300 ELISA plate reader at 570nm
wavelength.

2.4.4 Mossman calibration experiments
Before using the Mossman cytotoxicity assay for my experiments it was necessary
that it was calibrated against the various cell lines in terms of their growth and
proliferation. Calibration curves were derived from growth experiments over 24 and
72 hours for four cell lines: BT20, BT549, MCF-7 and T47D. The cells were
harvested and plated at different initial DNA concentrations, cultured in 96-well
plates and assayed for their mitochondrial activity by the Mossman cytotoxicity assay
(section 2.4.3). The results are summarised in the following charts. Each experiment
was repeated five times. The inter- and intra-assay statistics were performed as
explained in section 2.4.5.

The results from this set of experiments indicated the maximum allowed absorption
values for each cell line when assayed by the Mossman method, in terms of a
standard curve. The optimum value lies on the linear part of each curve where the
cells have not yet reached confluence by 72 hours. Overall, the absorption value
which appeared to satisfy all tested cell lines was around 1000-1200 units. Therefore,
at 72 hours the absorption readings should not exceed 1200 units. If the readings are
higher, the samples should be diluted and read again.
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Figure 2.4.2
Calibration of the Mossman cytotoxicity assay for four cell lines. (n=5)
The cclls arc plated at ascending concentrations of DNA in 96-well plates. Their
proliferation is monitored at two time points: 24 and 72 hours. The inter- and
intra-assay coefficient values arc determined by the equations in section 2.4.5. The
inter-assay coefficient is an indicator of the sensitivity of the technique between
different concentrations of DNA, while the intra-assay coefficient establishes the
accuracy of the assay between the replicates; in both eases the smaller the value, the
more sensitive or accurate.
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2.4.5 Statistical analysis
For the Mossman calibration experiments I employed both inter- and intra-assay test
to determine the accuracy of the technique, as well as the validity of my results in
terms of the replicates.

For inter-assay:

coefficient of variation=(SDx 100)/mean

For intra-assay

S=2ldl/2n

n=no. of samples
21dl=sum of differences between pairs

The data were analysed by using the StatsView (Abacus Concepts Inc. 1987) software
for Apple Macintosh. The individual values were run through the Wilcoxon signedrank non-parametric test. All values were compared with the
control unless otherwise stated. A significance value of p<0.05 is shown by an
asterisk (*) over the relevant point.

2.4.6 Membrane incorporation of crystal violet dye
Finally, a third method was employed for assaying the proliferation of cells based on
the incorporation of crystal violet dye in the lipid bilayer of the cell membrane. After
72 hours of incubation in 96-well plates, the medium was removed from the wells and
replaced by lOO/il per well of prefiltered 0.25% (in H2O) crystal violet dye (SIGMA).
The dye was left for 5 minutes and then washed off with PBS (pH 7.4) until all the
background staining had disappeared and only the cells appeared blue. Washing
should be gentle so as to avoid detachment of the cells from the bottom of the wells.
The plate was left to dry and the cells were then solubilised with 33% solution of
glacial acetic acid (100//1 per well). Once even coloration had been attained 100/<1
aliquots were transferred from each well to a 96-well plate and read at 570nm in the
Argos ELISA plate reader.
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2.5 SDS PAGE

2.5.1 Sample preparation
Whole cells that have been harvested and stored at -70°C, were defrosted and
resuspended in 0.5ml of PBS. The samples were assayed for their protein contents
and the protein concentration adjusted to 5y.g of protein in 15/^1 of cell suspension
(333;/g/ml). Equal volume of sample buffer was added to each sample followed by a
2 minute incubation at 100°C. Finally, bromophenol blue loading dye was added to
the samples (0.1% w/v in 0.0625M Tris-Cl, 2% SDS, 10% glycerol, 5%
2-mercaptoethanol, pH 6.8) at 0.01% final concentration.

2.5.2 Gel preparation and sample loadine
The gel was casted on a Dual Gel Caster (Mighty Small™ SE245, Hoefer Scientific
Instruments, San Francisco). The resolving gel was poured first allowing space for
casting the stacking gel. The gel was overlaid with 0.1% SDS w/v solution to
eliminate air and meniscus formation. The stacking gel was prepared and cast on top
of the resolving gel; the stacking comb was inserted and the gel left to set. After it had
set, the lane comb was removed and the gels were transferred to the electrophoresis
holder (Mightly Small II SE250, Hoefer Scientific Instruments, San Francisco). The
samples and high molecular weight markers (14,300-200,000) were loaded on the
individual lanes at 25/^1 per lane. The electrophoresis tank was filled up with
electrode buffer, connected to the water cooling system and run at 20mA, 80V for
approximately 40 minutes. After the samples had run the whole length of the gel the
apparatus was disconnected. The gels were placed in a bath with electrophoresis
buffer and were removed from the plates. They were then laid against transfer
membrane (Fluorotrans transfer membrane 0.2;<m, Pall, Portsmouth) between the
transfer grids (Hoefer Scientific Instruments, San Francisco) -covered with foam
either side. The grids were loaded onto the Transphor Electrophoresis Unit (TE
Series, Hoefer Scientific Instruments, San Francisco) and run overnight at 10mA,
30V. The gel was subsequently stained with Coomasie blue stain for efficiency of
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transfer (there should be no lanes visible on the gel); the visible molecular weight
markers are transferred onto the nitrocellulose indicating whether the transfer was
efficient. The membranes were washed twice with Tris buffered saline (pH 7.5) and
were kept moist.

2.5.3 Visualisation
Non-specific binding was blocked by incubating the membrane for 1 hour, room
temperature in blocking solution (0.1% Tween 20 in PBS). This was followed by a 1
hour incubation with the primary antibody diluted in 0.5% w/v blocking solution. The
antibody used was 12E (anti-EGF-R, 1:200 dilution, rabbit polyclonal); biotinylated
HPA was used at 1:150 dilution. The above incubation was followed by four washes;
twice with TEST (10 minutes each) and twice with 5% w/v blocking solution (10
minutes each).

For EGF-R:
The blot was incubated for 2 hours at 37°C with biotinylated anti-rabbit (1:10,000
dilution, Sigma) secondary antibody diluted in 0.5% w/v blocking solution. The blot
was washed four times with TBST (15 minutes each) and incubated with avidin
biotin-HRP complex (Vector) for 1 hour at 37°C, followed by the detection system
DAB (diaminobenzidine, 1 tablet in 40ml H2O and 100;<130% H202,Sigma) until the
bands appeared on the nitrocellulose. The blot was washed with tap water and dried
overnight before photographing.
For HPA:
The nitrocellulose treated with biotinylated HPA, was washed as above and incubated
with avidin biotin-HRP complex (Vector) for 1 hour at 37°C, followed by the
detection system DAB (diaminobenzadine, Sigma) until the bands appeared on the
nitrocellulose. The blot was washed with tap water and dried overnight.
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CHAPTER III
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3.1 CHARACTERISATION AND OPTIMISATION OF THE GROWTH
CONDITIONS OF BREAST & OVARIAN CANCER CELL LINES.

3.1.1 Growth and time course experiments
These experiments were designed to assess the optimum conditions for culturing four
breast cancer (BT549, MCF-7, T47D, BT20) and one ovarian cancer cell line
(OAW42). The experiments included an epidermioid cancer cell line (A431) which
was selected as a control cell line for further experiments. The cells were harvested
from flasks by trypsinisation (see section 2.4.1) and resuspended in medium. Their
DNA content was determined by DNA assay (see section 2.4.2) and the cells were
plated at an initial concentration of l/<g/ml DNA. The plates used were Coming 24well collagen-coated (Western Laboratories 25820 COLl). The cells were cultured
under six different conditions: 10% FCS, 5% FCS, 1% PCS, serum free, ITS and
GMS-A in the appropriate medium as indicated by Plate 3.1.1
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SERUM
FREE
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Plate 3.1.1 Growth experiment layout

For each cell line three plates were set up and stopped at 24, 48 and 72 hours. Each
experiment was repeated four times. The collective results of six cell lines are shown
in Figure 3.1.1. At this point it should be noted that the overall growth of the cells
through 72 hours was suppressed in low concentrations or absence of serum partly
because fewer cells plated down within the first 24 hours; hence the drop in DNA
below the starting concentration (l/<g/ml) within that period. The latter was the result
of poor adherence of the cells on the bottom of the wells although collagen-coated
plates were used to minimise this effect. This was also observed in BT549, MCF-7
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and T47D since the presence of low serum concentrations limited the supply of
nutrients and attachment factors such as fibronectin and laminin- responsible for the
cells' adherence properties. So, in low concentrations of FCS some cells would float
in the medium and eventually die which accounted for the drop in the DNA values
during the first 24 hours. From then on the viable cells followed a normal
proliferative pattern but at a slower rate than their neighbours growing in 5% or 10%
FCS. The results from this set of experiments enabled us to have some idea of the
growth rate and the response of the different cells to different media for the
appropriate design and execution of further experiments. The mean values of the
DNA contents from each replicate experiment are shown in Table 3.1.1 where each
time point is represented by a column (DNA t24, t48, t72). The figures in brackets
represent the errors. The column indicated as slope represents the mean of the four
slopes for each condition from each of the four replicate experiments. The slopes
represent the growth rates for each condition through the 72 hour period and they start
at 24 hours. It should be noted that in cases where the proliferation decreased after 72
hours (OAW42), the mean of two slopes (24-48 & 48-72) was calculated for each
replicate. These individual slopes were statistically analysed for significant
differences by paired t-test. Probability values lower than 0.05 are indicated by an
asterisk (*) in the last column of Table 3.1.1. The values which showed significant
differences in proliferation rate are shown in Figure 3.1.2.

The A431 appeared to grow as well under all conditions although for the first 24
hours it showed a preference towards low concentrations of FCS (1%) or even serum
free conditions (0, ITS, GMS-A). As shown by Table 3.1.1 no significant change was
shown in the slopes of the individual conditions through the 72 hour period which
implied that rates of proliferation in all conditions were very similar.
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Figure 3.1.1
Growth curves for six cell lines under six different
experimental conditions over 72 hours. (n=4)
Three plates were set up for each cell line representing 24,48 and 72 hours time
points. The cells were plated at Ifdg DNA/ml initial concentration in 24-wcll
plates. The six experimental conditions included descending concentrations of
FCS (10%, 5%, 1%), serum free conditions, and serum free supplemented with
ITS or GMS-A. Each condition was represented as quadruplicate values.
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Table 3.1.1
Comparison of proliferation rate of 6 cell lines grown under different experimental
conditions (n=4)
This table compares the proliferation rates of the different culturing conditions (5% FCS, 1%
FCS, serum free, ITS and GMS-A) with 10% FCS for six cell lines. The data were analyzed
by paired t-test and the significant differences are marked with an asterisk (*) in the last
column.
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Figure 3.1.2
Significant difTerences in the proliferation rates lietween dilTerent treatments for four cells lines
This set of graphs shows the differences between Ihe rates of proliferalion of cell lines which showed
significant changes. 24h is the start time for each rale. Each point represents the mean o f four replicate
cxperimenLs.Thc non-significant rates have been omitted for clarity. The data, shown in Table 3.1.1.
were analyzed by paired l-lest where each rate was compared with the proliferation rate in the
presence of 10% KZS The paired 1-values from each comparison arc shown next lo each line. The
smaller the value the faster the proliferalion rate compared with that of 10% FCS.
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serum Tree

In contrast to this, BT549 showed a considerable drop in proliferation during the first
24 hours in the absence of serum. A significant decrease in the rate of proliferation
was also observed when compared with 10% FCS between 24 and 72 hours (Figure
3.1.1, Table 3.1.1). However, when the growth conditions were limited to 5% FCS,
the cells proliferated faster than in the 10% FCS wells. BT549 cells demonstrated
their maximum proliferation rate when grown in 5% FCS throughout the 72 hours.
When grown in 10% FCS they grew slower than the 5% FCS ones for the first 48
hours and even slower during the latter part of the incubation period. Serum free
conditions showed the slowest proliferation rate throughout the experiments, closely
following the last 24 hours of the 10% FCS.

Similarly, for BT20 in 5% FCS there was increase in the proliferation rate compared
to 10% FCS while at serum free conditions both cell lines grew more slowly than in
5% FCS. In BT20 the proliferation rate between the various conditions was highly
variable. Between 24 and 48 hours the fastest rate was observed at 10% FCS followed
by serum free. The slowest rate was demonstrated by 5% FCS which remained
unaltered through the next 24 hours. At this point the serum free condition rate was
almost parallel to the latter which indicated very similar proliferation rates, while at
10% FCS the cells continued to grow faster compared to the other treatments.

OAW42 showed great sensitivity to low concentrations or the absence of serum
especially after 48 hours (Fig. 1.3.1). The rate of proliferation was greatly reduced
compared to the 10% FCS conditions and by 72 hours the cells had already started
dying. The latter was also observed at 1% FCS where the rate of proliferation was
very similar to the one at 10% FCS.

T47D showed an initial preference for either high serum levels (10% FCS) or serum
free conditions as long as the medium was supplemented by either ITS or GMS-A,
although a significant decrease in proliferation was observed (Table 1.3.1). In non-
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supplemented serum free conditions the proliferation rate was comparable to the 10%
FCS one but by 72 hours the cells failed to survive. The rates of proliferation were
very similar between 24 and 48 hours for 10% FCS and GMS-A while cells
supplemented with ITS appeared to grow somewhat slower. However, although ITS
retained the same rate for the next 24 hours, 10% FCS increased and GMS-A
decreased slightly.

Finally, MCF-7 cells showed a preference towards maximum FCS concentration
throughout the experiment, as observed by other groups (Soule, HD etal, 1973),
although cells under all conditions achieved satisfactory growth with a drop in
proliferation rates for 1% FCS, serum free and ITS conditions. MCF-7 cells growing
in 1% FCS, serum free and ITS had very similar proliferation rates for the first 48
hours (10% FCS, 1% FCS and ITS). In serum free conditions the cells appeared to
grow very slowly and the same rate was observed through the next 24 hours joined by
the ITS supplemented cells. The cells grown in 10% FCS showed a dramatic increase
through the last 24 hours closely followed by cells grown in 1% FCS.
3.1.2 Discussion
The aim of this set of experiments was to find the optimum culturing conditions for
each cell line. These should satisfy two criteria; first the serum levels should be high
enough to ensure efficient adherence of the cells when plated and second these same
serum levels should also be low enough so as to allow the exogenous factors added,
such as EOF, to produce their effect. As shown in section 3.1, growth experiments
were performed on six cell lines over 72 hours. 24 hour time points enabled us to
follow the rate of proliferation of each cell line and to assess which ones would grow
sufficiently within 72 hours so as to achieve 70-80% confluence at the end of the
experiment. If the cells exceeded that, lack of space and nutrients would result in cell
death. The growth experiments revealed three fast growing (T47D, MCF-7 and A431)
and three slow growing (BT549, BT20 and OAW42) cell lines. As shown by Table
3.1.1 comparison of the slopes from the various culturing conditions through 72 hours
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revealed changes in proliferation rates and allowed us to decide between the most
preferred conditions. In terms of serum concentrations, some appeared to survive just
as well in all conditions (A431), while others were much more sensitive (T47D).
However, all of them seemed to grow sufficiently well in concentrations between 1%
and 5% FCS. The next step would be to investigate their responsiveness to various
concentrations of EGF and therefore, I decided to choose four cell lines which
included a variety of properties with respect to their growth rate and to their responses
to external stimuli. A431, MCF-7 and T47D were all found to be fast growing cell
lines and had all been reported to respond to EGF; A431 by being inhibited (Gill, G.
etal, 1981) and the other two by enhancement of their proliferation (Osborne, C. et
al, 1980; Fitzpatrick, S. etal, 1984). Finally, BT549 showed a slower growth rate and
there were no reports as to any sensitivity towards EGF. So, I chose these cell lines
for the next set of experiments.

In conclusion, optimisation of the culturing conditions of each of the cell lines was of
paramount importance as to the validity of the experiments that follow in the next
chapters. As mentioned earlier in this discussion, the aim was to achieve satisfactory
plating of the cells by introducing the right concentration of fetal calf serum in the
culture medium, without compromising the ability of the cells to respond to external
stimuli. Failing to do so, any subsequent replications of further experiments would be
inconsistent producing poor results and invalid statistical analyses.
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4.0 IDENTIFICATION & EFFECTS OF EPIDERMAL GROWTH FACTOR
(EGF) ON CANCER CELLS IN VITRO

Epidermal growth factor receptor overexpression correlates with both loss of estrogen
receptor and poor prognosis in breast cancer (Chrysogelos, S. etal, 1994). Also, the
oncogenic effects of EGF-R are further potentiated by other members of the family
and in particular c-erbB-2. Finally, the signal transduction mechanism triggered
through receptor occupancy plays an important role in the course of malignancy
progression through both autocrine and paracrine pathways (Ennis, B. etal, 1989;
Bates, S. et al, 1990). The scope of this chapter is the identification of EGF-R and
c-erbB-2 peptides in breast and ovarian cancer cell lines as well in ovarian cancer
tissue sections. Furthermore, I set out to investigate the effects of human recombinant
epidermal growth factor on the proliferation of human breast and ovarian cancer cell
lines in culture.

4.1 Immunohistochemical stainins of ovarian cancer for EGF-R, c-erbB-2 and
TGFa.
Five ovarian cancer tissues were selected from our tissue bank on the basis of tissue
preservation and appearance when stained by heamatoxylin and eosin. These were
subsequently screened immunohistochemically for EGF-R, c-erbB-2 and TGFa. For
EGF-R I employed the affinity purified dodecamer 12E antibody which is directed
towards the intracellular domain of the receptor. An intracellular antibody was also
used for identification of the c-erbB-2 oncogene. This antibody is a 21-mer, hence its
name 21N is also affinity purified. Both antibodies were generously donated by Prof.
WJ Gullick (ICRF, London); the epitopes are listed in the Materials section. The
TGFa antibody was polyclonal, raised in sheep, obtained from Biogenesis. The 21N
and TGFa antibodies were preincubated with the recombinant peptide at 20:1 ratio
for 30 minutes at room temperature before applying to the tissues. Other antibody to
peptide ratios were attempted but 20:1 gave the best results with minimum amount of
the recombinant growth factor. Blocking the antibody with the ligand would prevent
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the former from binding to the receptor and therefore served as a second negative
control; the first negative control was the omission of the primary antibody.
Subsequent incubations with alkaline phosphatase conjugated secondary antibodies
and with alkaline phosphatase substrate system (APSS) yielded black staining, as
described in detail in the Materials and Methods, section 2.2. The results from the
immunohistochemistry are summarised in Table 4.1.1 and Plates 4.1.1-4.1.11.

TISSUE

EGF-R (12E)

c-erbB-2 (21N)

TGFa

PLACENTA

4-4-4-

4-4-4-

4-4-

OVAC 20/1

4-4-

.

.

OV AC 4/10

4-4-

OVAC 27/11

4-4-4-

AS2

4-

.

OVAC 16/10

4-

4-4-

4-

T a b l e 4.1.1 Scoring table of f i v e ovarian carcinomas screened
immunohistochemically for EGF-R, c-erbB-2 and TGFa. Placenta sections were used
as positive control. ++4- indicates maximum staining and - indicates staining
equivalent to the negative controls.
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Plate 4.1.1
Human term placenta paraffin section (8//m) stained for EGF-R ( x200).
The affinity purified EGF-R antibody (12E) was applied to the tissue sections,
coupled to an alkaline phosphatase conjugated secondary antibody and visualised by
alkaline phosphatase substrate system. Haematoxylin and eosin staining (a) reveales
the tissue architecture, while (b) represents the first negative control (primary
antibody was omitted), (c) represents the second negative control (the primary
antibody has been incubated with the relevant peptide, in this case EGF 12E peptide)
and (d) shows the EGF-R stained on the tissue. The staining is concentrated on the
lining of the placental lobule giving the characteristic appearance of ribbons.
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Plate 4.1.2
Ovarian cancer (OVAC 20/1) tissue parafGn sections (8/fm) stained for EGF-R
(x200).
The affinity purified EGF-R antibody (12E) was applied to the tissue sections,
coupled to an alkaline phosphatase conjugated secondary antibody and visualised by
alkaline phosphatase substrate system. Haematoxylin and eosin staining (a) reveales
the tissue architecture, while (b) represents the first negative control (primary
antibody was omitted), (c) represents the second negative control (the primary
antibody has been incubated with the relevant peptide, in this case human
recombinant EGF) and (d) shows the EGF-R stained on the tissue. The staining
appears co-localised with the eosinophilic parts of the tissue section as well as in the
areas of intense nuclear staining. Very little stained observed in the intermediate areas
or in the connective tissue.
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Plate 4.1.3
Ovarian cancer (OVAC 16/10) tissue para@n sections (8/fm) stained (or EGF-R

(x200).
The affinity purified EGF-R antibody (12E) was applied to the tissue sections,
coupled to an alkaline phosphatase conjugated secondary antibody and visualised by
alkaline phosphatase substrate system. Haematoxylin and eosin staining (a) reveales
the tissue architecture, while (b) represents the first negative control (primary
antibody was omitted), (c) represents the second negative control (the primary
antibody has been incubated with the relevant peptide, in this case human
recombinant EGF) and (d) shows the EGF-R stained on the tissue. Individual
epithelial cells lining the lumen of the vessels are stained for EGF-R while there is
overall staining throughout the rest of the tissue.
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Plate 4.1.4
Ovarian cancer (AS2) tissne parafEm sections (S/fm) stained (or EGF-R (x200).
The affinity purified EGF-R antibody (12E) was applied to the tissue sections,
coupled to an alkaline phosphatase conjugated secondary antibody and visualised by
alkaline phosphatase substrate system. Haematoxylin and eosin staining (a) reveales
the tissue architecture, while (b) represents the first negative control (primary
antibody was omitted), (c) represents the second negative control (the primary
antibody has been incubated with the relevant peptide, in this case human
recombinant EGF) and (d) shows the EGF-R stained on the tissue. Individual
epithelial cells lining the lumen of the vessels are stained for EGF-R as well as
structures inside the vessels that are not red blood cells, as shown by the
haematoxylin and eosin staining.
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Plate 4.1.5
Human term placenta parafGn section (8/mi) stained for c-erbB-2 (x200).
The affinity purified c-grf'B-Z antibody (2IN) was applied to the tissue sections,
coupled to an alkaline phosphatase conjugated secondary antibody and visualised by
alkaline phosphatase substrate system. Haematoxylin and eosin staining (a) reveales
the tissue architecture, while (b) represents the negative control (primary antibody
was omitted) and (c) shows the c-eril^B-l stained on the tissue. Individual cells are
stained for c-er6B-2 in and around the placental soma of the lobule.
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Plate 4.1.6
Ovarian cancer (OVAC 16/10) parafGn section (8/*m) stained for c-e?6B-2
(x200).
The affinity purified c-gr6B-2 antibody (21N) was applied to the tissue sections,
coupled to an alkaline phosphatase conjugated secondary antibody and visualised by
alkaline phosphatase substrate system. Haematoxylin and eosin staining (a) reveales
the tissue architecture, while (b) represents the negative control (primary antibody
was omitted) and (c) shows the c-er6B-2 stained on the tissue. Overall staining of the
section with no apparent specificity. The densly stained area at the bottom left part of
(c) shows red blood cells inside a blood vessel.
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Plate 4.1.7
Ovarian cancer (OVAC 4/10) paraffin section (S/fm) stained for c-er&B-2 (x200).
The affinity purified c-gr6B-2 antibody (21N) was applied to the tissue sections,
coupled to an alkaline phosphatase coiyugated secondary antibody and visualised by
alkaline phosphatase substrate system. Haematoxylin and eosin staining (a) reveales
the tissue architecture, while (b) represents the negative control (primary antibody
was omitted) and (c) shows the c-ar^B- stained on the tissue. Overall staining of the
section with no apparent specificity.
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Plate 4.1.8
Ovarian cancer (OVAC 27/11) paraRin section (8/fm) stained for c-er&B-2
(x200).
The affinity purified c-gr6B-2 antibody (21N) was applied to the tissue sections,
coupled to an alkaline phosphatase conjugated secondary antibody and visualised by
alkaline phosphatase substrate system. Haematoxylin and eosin staining (a) reveales
the tissue architecture, while (b) represents the negative control (primary antibody
was omitted) and (c) shows the c-grf»B-2 stained on the tissue. The staining is
concentrated towards the edge of the structure following the same pattern as the
haematoxylin and eosin staining. No individual cells are visible due to the intensity of
the staining.
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Plate 4.1.9
Human term placenta paraffin section (8//m) stained for TGFa (x200).
TGFa antibody was applied to the tissue sections, coupled to an alkaline phosphatase
conjugated secondary antibody and visualised by alkaline phosphatase substrate
system. Haematoxylin and eosin staining (a) reveales the tissue architecture, while (b)
represents the negative control (primary antibody was omitted), (c) represents the
second negative control (the primary antibodyhas been incubated with the relevant
peptide,m in this case human recombinant TGFa) and (d) shows TGFa stained on the
tissue. Individual cells nave been stained for T G F a on the edge of the placental
lobules.
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Plate 4.1.10
Ovarian cancer (OVAC 4/10) paraffin section (Sfim) stained for TGFa (x200).
TGFa antibody was applied to the tissue sections, coupled to an alkaline phosphatase
conjugated secondary antibody and visualised by alkaline phosphatase substrate
system. Haematoxylin and eosin staining (a) reveales the tissue architecture, while (b)
represents the negative control (primary antibody was omitted), (c) represents the
second negative control (the primary antibody has been incubated with the relevant
peptide, in this case human recombinant TGFa) and (d) shows T G F a stained on the
tissue..Although individual cells have been stained for TGFa, the overall staining is
not very intense.
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Plate 4.1,11
Ovarian cancer (OVAC 20/1) paraffin section (8/<m) stained for TGFa (x200).
TGFa antibody was applied to the tissue sections, coupled to an alkaline phosphatase
conjugated secondary antibody and visualised by alkaline phosphatase substrate
system. Haematoxylin and eosin staining (a) reveales the tissue architecture, while (b)
represents the negative control (primary antibody was omitted), (c) represents the
second negative control (the primary antibody has been incubated with the relevant
peptide, in this case human recombinant TGFa) and (d) shows TGFa stained on the
tissue. The positively stained section (d) is no different from the negative controls.
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4.2 Immunoblot analysis of breast and ovarian cancer cell lines for EGF-R and
c-crbB-2
Placental membranes and the human epidermioid cancer cell line A431, known to
bear EGF-R (Mayes, E. et al, 1984), were used as control tissue for immunoblot
analysis of breast and ovarian cancer cell lines. Negative controls were included were
the primary antibody was omitted. The protocol used is described in section 2.3. The
cells were loaded onto the nitrocellulose at 10 and 20^g of protein. The results are
summarised in Table 4.2.1 and photographs of a sample of the nitrocellulose
membranes is shown in Plates 4.2.1. Scoring at Table 4.2.1 is based on the negative
controls (- designates no staining, as in the negative controls) and on the placental
membranes (+++ maximum staining); + and ++ designate intermediate staining
intensities.

CELL LINE

EGF-R

c-er&B-2

PLACENTA

+++

+++

A431

++

++

MCF-7

++

+++

BT549

++

++

T47D

+++

+++

OAW42

++

+++

OAW28

+++

+

OAW200D

++

++

OAW138D

++

++

OAW253D

+H—h

OAW59M

++

Table 4.2.1 Scoring table of EGF-R and c-erbB-2
peptides present in breast and ovarian cancer cell lines.
Placental membranes and the human epidermioid
cancer cell line A431 were used as controls.

It is clear that all other cell lines tested bear the epidermal growth factor receptor on
their cell membranes as shown by high staining intensities (++ and +++).
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Plak 4.2.1
Breast and ovarian cancer cell lines screened for EGF-R and c-er6B-2 by
immnnoblot analysis.
The affinity purified antibodies 12E and 21N for EGF-R and c-gr^B-Z respectively,
were employed for the screening of breast and ovarian cancer ceU lines. The primary
anribody was coupled to a secondary alkaline phosphatase conjugated one and
visualised by alkaline phosphatase substrate system. Negative controls were included
where the primary antibody was omitted, (a) represents the breast cancer cell lines
T47D and BT549. (c) shows the breast cancer cell line MCF-7 and two ovarian
cancer cell lines 0AW138D and 0AW59M. Finally, (b) shows the human
epidermioid cancer cell line A431 and the ovarian one OAW253D.
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OAW253D

Confirmation of such findings comes from other studies too (Filmus, J. etal, 1985).
The same applies for c-erh^-2 peptide where MCF-7, and T47D display maximum
staining while BT549 appears less intense. All ovarian cancer cell lines stained for
c-erfcB-2 at varying intensities. The darkest product was given by OAW253D,
OAW42 and OAW28 (data not shown for the last two cell lines) followed by the rest
of the ovarian cell lines which gave less intense staining.

From this study I conclude that all cancer cell lines tested, were positively stained for
EGF-R and c-erhB-2 with varying intensities.

4.3 EGF dose-response experiments
The next set of experiments was designed to determine the responsiveness of the
various cell lines to human recombinant epidermal growth factor (EGF). The cells
were growth arrested in serum free medium for 48 hours, harvested by trypsin!sation
(section 2.4.1) and resuspended in phenol red-free RPMI-1640 (SIGMA) medium.
Phenol red in the medium has estrogenic effects and that would cause estrogen
responsive cell lines, such as MCF-7, to secrete TGFa and interfere with the effect of
the exogenous EGF. The DNA content was determined by DNA assay (section 2.4.2)
and the cells were plated at a concentration of l/fg/ml DNA in each well. The plates
used were 24-well Falcon 3047 (Becton Dickinson). The cells were cultured at five
different EGF concentrations: 0.5, 1,5, 10 or 20ng/ml for 72 hours. Each experiment
was repeated six times and the results are shown in Figures 4.2.1(a) and 4.2.1(b).

Based on the results of the growth experiments I chose four cell lines which I would
test for their response to EGF. They had to be fast growing so they could reach 7080% confluence by 72 hours in the wells but also, they had to be able to grow in
relatively low serum concentrations so that any responsiveness towards the growth
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Figure 4.2.1(a) EGF dose-response experiments for three breast cancer and one
epidermioid carcinoma cell lines over 72 hours. (n=6) pxO.OS
The cells were plated at l;<g DNA/ml initial concentration in 24-well plates. The cclls were
harvested by trypsinisation and resuspended and plated in phenol-free RPMI-1640 (SIGMA) in
2.5% stripped FCS. The different conditions were increasing concentrations of recombinant
EGF (Bachem) as follows: 0.5, 1, 5, 10 and 20ng/ml concentration in the well. The conrol bar
indicates absence of EGF. Each condition is represented as mean of quadruplicate values. The
data were analyzed by the Wilcoxon signed-ranked test and significance values below 0.05 arc
indicated by an asterisk (*).
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Figure 4.2.1(b) EGF dose-response experiments for three ovarian cancer cell lines over 72
hours. (n=6) p<0.05
The cells were plated at l/^g DNA/ml initial concentration in 24-wcll plates. The cells were
harvested by trypsinisation and resuspended and plated in phenol-free RPMI-1640 (SIGMA) in
2.5% FCS. The different conditions were increasing concentrations of recombinant EGF (Bachem)
as follows: 0.5, 1, 5, 10 and 20ng/ml concentration in the well. The conrol bar indicates absence of
EGF. Each condition is represented as mean of quadruplicate values. The data were analyzed by the
Wilcoxon signcd-rankcd test and significance values below 0.05 are indicated by an asterisk (*).
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factors contained in the FCS could be minimised with the concomitant satisfactory
plating of the cells. Therefore, I used BT549, MCF-7, T47D and A431. As shown by
the results in Figure 4.2.1(a), BT549 showed no apparent response to EGF. In
contrast, MCF-7 showed a 10-20% increase in proliferation especially in the presence
of high EGF concentrations (10 and 20ng/ml) consistent with reports elsewhere
(Fitzpatrick, S. el al, 1984). T47D showed a maximum 20% increase compared with
control levels at lOng/mi. Again this response has been demonstrated before (Gill, G.
el al, 1981). An interesting observation was that at 0.5ng/ml of EGF there was a
significant inhibition indicating a potential biphasic effect. Finally, proliferation of
the A431 cells was suppressed by the presence of EGF and at higher concentrations
this response was significant, and has been observed by others (Gill, G. et al, 1981).

The ovarian cancer cell lines were largely unresponsive to any concentration of EGF
with the exception of OAW28 which demonstrated a significant increase in
proliferation by 15% in the presence of Ing/ml EGF. Finally, the effect of 20ng/ml
EGF on OAW28 manifested itself as large variations in cell proliferation during all
six experimental replications resulting in 20% error in the combined data.
4.4 Discussion
Immunohistochemical staining of paraffin sections of ovarian cancer tissues
demonstrated varying staining intensities for either EGF-R or c-erhB-2 with no
apparent pattern as to the presence of the two peptides. TGFa, on the other hand,
appeared in only one ovarian cancer tissue and in placenta. TGFa is one of the
ligands for EGF-R produced endogenously in the estrogen responsive human breast
cancer cell line MCF-7 (Berthois, Y. et al, 1989). Furthermore, MCF-7 cells in
culture respond to phenol red containing media due to phenol red acting as a weak
estrogen (Berthois, Y. et al, 1986). Their response to estrogen or estrogen-like factors
results in autocrine stimulation and production of endogenous T G F a which, in turn,
activates EGF-R and induces proliferation. As the above ovarian tissues screened did
not show substantial amounts of TGFa present, they may produce alternative ligands
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for EGF-R or c-erhB-l receptors. If such an hypothesis is valid, it would be very
interesting to compare ovarian cancer with breast cancer since a substantial
percentage of the latter (40%) is estrogen sensitive (Lippman, M. etal, 1976; Jozan,
S. etal, 1991; Noguchi, M. etal, 1991).

Immunoblot analysis of breast and ovarian cancer cell lines demonstrated variable
staining for EGF-R and c-erh^-2. The breast cancer cell lines appeared to express
both the EGF-R and the c-erhB-2; in the case of MCF-7 this has been reported
previously (Shoyab, M. etal, 1988). Also, the ovarian cancer cell lines appeared to
express both receptors with varying staining intensities, with the exception of
OAW28 which showed minimum staining for c-erbB-2-

Comparison of the immunohistochemical and immunoblot analyses results from the
tissue samples and cell lines screened, does not reveal any consistent pattern as to the
expression of the peptides in question. It is evident that in our samples the level of
expression of EGF-R and c-erhB-2 varies and does not show any association with the
origin of the carcinoma, i.e. breast or ovarian. Interestingly, other groups have
reported no staining for EGF-R in 10 breast tumours but moderate staining in 10
ovarian tumours, all screened immunohistochemically (Wittmaack, F. et al, 1988). On
the other hand, a year later, research from the same group revealed 33% and 36-45%
occurrence of EGF-R binding sites in breast and ovarian carcinomas respectively,
determined by ligand binding studies (Bauknecht, T. etal, 1989a; Bauknecht, T. etal,
1989b). As they pointed out, the results of their studies were much more accurate and
revealing by the binding studies rather than by immunohistochemical analysis.
Furthermore, the studies they conducted involved large numbers of samples, so that
their observations were statistically valid and accurate with respect to prognosis and
overall survival. Similar studies have been performed for c-erbB-2 in breast and
ovarian cancer (Slamon, D. et al, 1987; Slamon, J. et al, 1989; Haldane, J. et al,
1990). In this case there are conflicting views as to the validity of c-erbB-2 staining
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as a prognostic factor and relapse/survival index. Still, both groups reported positive
staining for c-er^B-2 in both breast and ovarian carcinomas.

For the cell culture experiments four cell lines were chosen based on certain
properties which included their growth rate and their responses to external stimuli.
From the growth experiments shown in Chapter 3 (Table 3.1.1, Figure 3.1.2), A431,
MCF-7 and T47D were all found to be fast growing cell lines and were all reported to
respond to EGF; A431 by being inhibited (Gill, G.Lazar C., 1981) and the other two
by enhancement of their proliferation (Osborne, C. et al, 1980; Fitzpatrick, S.et al,
1984). Finally, BT549 showed a slower growth rate and there were no reports as to
any sensitivity towards EGF. Three ovarian cell lines,,OAW42, OAW28 and
OAW59M, were also investigated as to their responsiveness to EGF in culture.

BT549 showed no responsiveness to any of the concentrations of EGF. However
A431 was inhibited; this observation appears to be consistent with the findings of
others too (Hauser, C. etal, 1986). The inhibitory effects of EGF followed a dose
dependent curve where significance values appeared in the 5, 10 and 20ng/ml of EGF.
The same antiproliferative effect has been reported in other cell lines such as
NIH:0VCAR-3 (Kilian, P. etal, 1991).

Increased proliferation was observed with MCF-7 and T47D. The increase was dosedependent for both cell lines and significance values appeared at 10 and 20ng/ml.
However, interestingly, a substantial inhibition of proliferation was observed in T47D
at 0.5ng/ml EGF. The responsiveness of a cell line to EGF or TGFa is related to the
presence of EGF receptors on the surface of the cells. This, in turn, can be regulated
by estrogen. Extensive research has been based on this since the regulation of EGF
receptor might be of potential therapeutic value. It has been shown that estrogen and
the anti-estrogen hydroxytamoxifen (TAM) modulate EGF receptor levels in MCF-7
cells in opposite directions (Kim, S. etal, 1990). When estrogen is administered for
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24 to 48 hours there is a drop in EGF-R levels while, if estrogen administration is
continued for 5 days the receptor levels increase (Kim, S.etal, 1990). TAM causes a
dose-dependent decrease in the receptor levels; it also affects cell growth in cells
deprived of estrogen. EOF is able to induce estrogen receptor, and to a lesser extent
progesterone receptor synthesis when added to MCF-7 cells (Kim, S.etal, 1990).
Therefore, EOF treatment would increase the estrogen receptor levels and which, in
turn, would drop the EGF-R levels . So, it appears that there is interaction between
estrogen receptor and EGF-R growth promoting systems in target cells. 1.25
dihydroxyvitamin D3 has also been reported to reduce EGF-R levels (Kouzarides, T.
etal, 1989). In addition to its role in regulating calcium and bone metabolism,
1.25(0H)2D3 is a sterol hormone which is able to control replication and
proliferation (Curran, T. etal, 1984; Kouzarides, T.Ziff E., 1989). Its inhibitory
effects on replication have been demonstrated in vitro in cell lines such as MCF-7,
T47D and BT20 (Koga, M. etal, 1988; Frappart, L. etal, 1989). It excerpts its effects
through specific high-affinity nuclear receptors which modulate expression of EGF
receptors and hence reduce cell sensitivity to autocrine growth factors such as EGF
and TGFa which act via EGF-R (Koga, M.et al, 1988). As with the estrogen, there is
a biphasic response of the cells to high and low concentrations of 1.25(OH)2D3.
Between 10 * ^ and 10"^M, cell replication is stimulated in T47D cells. When the
concentration increases higher than lO ^M, there is marked inhibition and a decrease
in specific binding possibly due to a drop in the number of EGF-Rs on the cell
surface. On the other hand, progestins are potent inhibitors of T47D cell growth and
this effect is associated with a 2 to 3 fold increase in the EGF-R levels. 1.25(OH)2D3
is able to inhibit EGF binding to T47D in the presence of progestins. Therefore, it
appears that progestins and 1.25(OH)2D3 seem to regulate EGF-R levels by
independent mechanisms (Koga, M.et al, 1988). These mechanisms may involve
changes in receptor internalisation and recycling as well as direct and indirect effects
via changes in autocrine growth factor production on receptor synthesis and turnover
(Frappart, L.etal, 1989).
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In conclusion, the expression of EGF-R varies between tissues and cell lines as
demonstrated by immunohistochemical and immunoblot analyses. However, in
culture, breast cancer cell lines are far more responsive to EGF, the Ugand for the
EGF-R, than the ovarian ones. OAW42 with more than average staining for EGF-R,
failed to demonstrate the responsiveness which I expected, although other groups
(Wilson, A. et al, 1991) have reported the opposite. In particular, they observed up to
4-fold increase in plating density in the presence of EGF concentrations higher than
lOng/ml. However, it is worth noting that the culturing techniques they were using
were substantially different in that they grew cells in 0.5% agar in 96-well plates in
serum free conditions, without growth arresting the cells prior to plating and
incubating for 7-10 days. Also, there may be a relationship between plating density
and proliferation but observation of cancer cell lines under light microscope has lead
me to the conclusion that there are morphological changes to such cells during
different culturing conditions with respect to their size and ability to remain a
monolayer or form colonies. Therefore, 1 am not convinced that colony formation or
plating density are reliable indices for evaluating proliferation of cells. For this
reason, 1 employed DNA fluorescence assay to interpret changes in proliferation,
where by measuring the amount of DNA in each well before and after the experiment
I had a clear indication of whether the cells were growing or not. Of the other two
ovarian cell lines, OAW59M remained unaffected by any of the EGF concentrations,
although both EGF-R and c-fr/jB-2 were present on the cells, while OAW28 showed
15% increase in proliferation in the presence of Ing/ml EGF. It is interesting to note
that OAW28 was one of the ovarian cancer cell lines to show maximum staining for
EGF-R during immunoblot analysis and also the only one to show any significant
response to EGF. Therefore, it may be possible that high receptor expression and
occupancy is required to produce an effect. Another possible explanation derives from
the work of Johnson et al (1991) where amphiregulin, expressed by ovarian
carcinomas, inhibited the growth of four out of six ovarian cancer cell lines. In breast
cancer amphiregulin dramatically inhibits cell proliferation especially in cell lines that

116

overexpress both TGFa and EGF-R (Higashiyama, S. etal, 1991). It is also
documented that amphiregulin competes with EGF for the EGF-R binding site due to
high homology between the two ligands (Shoyab, M. et al, 1989). Therefore,
competition between endogenously synthesised amphiregulin and exogenous EGF
levels could result in buffering the proliferative response that EGF alone would
otherwise dictate.
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5.0 IDENTIFICATION AND EFFECTS OF HELIX POMATIA AGGLUTININ
ON CANCER CELLS IN VITRO

Helix pomatia agglutinin (HPA) was first applied to sections of normal and malignant
breast tissue by Leathern et al in 1984. Binding was observed in normal breast
epithelium and in the majority of carcinomas. Further reports supported these findings
and have all concentrated on the relation between HPA staining and node status,
relapse free survival and overall survival (Leathem, A. etal, 1987a; Leathem, A. etal,
1987b; Kakeji, Y. etal, 1991). In this chapter, I attempt to proceed to the cellular
level. I investigate the HPA staining on breast and ovarian cancer tissues as well as
breast and ovarian cancer cell lines, and propose that HPA binds specifically to the
EGF-R with a single binding affinity. This, however, does not in any way overrule the
ability of HPA to bind to various other glycoproteins on the surface of normal and
malignant cells. But positive staining of cancer cells for EGF-R and HPA may prove
an invaluable prognostic index.
5.1 Immunohistochemical stainine of breast and ovarian cancer for HPA
Biotinylated HPA (Sigma) was applied to ovarian cancer tissue sections followed by
avidin alkaline phosphatase (Sigma) and visualised by Alkaline Phosphatase
Substrate System (Vector). HPA would bind to glycoproteins bearing the GalNac
residues on their extracellular domain and the biotin tail would attach to the avidin
alkaline phosphatase.

Paraffin sections of breast node carcinoma (BN12) were used as positive control.
Placenta was also included in the set as normal tissue with an abundance of EGF-Rs.
Most of the ovarian carcinomas screened did not stain for HPA with the exception of
OVAC 4/10. Both the breast cancer and the placenta gave intense staining. As shown
in Plates 6.1.1 and 6.1.2, in the breast carcinoma staining was observed throughout
the tissue with no specific localisation while placenta gave localised staining. OVAC
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Plate 5.1.1
Breast cancer node tbsne parafGn section (8^m) stained for HPA (x200).
Biotinylated HPA was applied to the tissue sections, coupled to avidin alkaline
phosphatase and visualised by alkaline phosphatase substrate system. Haematoxylin
and eosin staining (a) reveales the tissue architecture, while (b) represents the
negative control (biotinylated HPA was omitted) and (c) shows the HPA staining on
the tissue section. There is overall staining of the lobule with no apparent specificity
for a particular area (with the exception of the edge of the lobule) or cell type.
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Plate 5.1.2
Human term placenta paraKn section (8/fm) stained for HPA (x200).
Biotinylated HPA was applied to the tissue sections, coupled to avidin alkaline
phosphatase and visualised by alkaline phosphatase substrate system. Haematoxylin
and eosin staining (a) reveales the tissue architecture, while (b) represents the
negative control (biotinylated HPA was omitted) and (c) shows the HPA staining on
the tissue section. The staining is focused on specific cells in the soma of the
placental lobule and on the epithelial cells lining the lumen of the vessels.
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Plate 5.1.3
Ovarian cancer (OVAC 4/10) tissue paraKm section (8/fm) stained for HPA
(x200).
Biotinylated HPA was applied to the tissue sections, coupled to avidin alkaline
phosphatase and visualised by alkaline phosphatase substrate system. Haematoxylin
and eosin staining (a) reveales the tissue architecture, while (b) represents the
negative control (biotinylated HPA was omitted) and (c) shows the HPA staining on
the tissue section. Abandant staining around the vessel/gland cross sections as well as
differential staining intensities throughout the section.
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4/10 stained for HPA (Plate 5.1.3) although previous immunohistochemistry (Table
4.1.1) did not show any EGF-R present. However, OVAC 4/10 stained for c-erh3-2.
Recent reports have shown that prognosis of the disease is related to HPA and
c-erhB-2 staining in breast cancer (Thomas, M. etal, 1993). Therefore, it may be
possible that, during specific alterations in protein glycosylation, HPA can bind to
c-erhB-2.

5.2 Immunoblot analysis of breast and ovarian cancer cell lines for HPA
Immunoblot analysis was employed to screen one human breast cancer cell line
(MCF-7) and three ovarian cancer cell lines (OAW28, OAW42, OAW59M) for
biotinylated HPA binding to cell membrane glycoproteins. Placental membranes were
used as control tissue. I hypothesise that the biotinylated HPA will bind most
favourably to the cell lines with the higher number of GalNac sites on the surface of
the cells, including the EGF-R.

CELL LINE

biotinylated HPA

PLACENTA

++

MCF-7

+++

OAW28

+

OAW42

4-

OAW59M
Table 5.2.1 Scoring table of biotinylated HPA binding to
breast and ovarian cancer cell lines. Placenta was used as
control tissue.

Table 5.2.1 illustrates the results of the slot blot analysis. MCF-7 scored the highest in
biotinylated HPA binding, followed by the two ovarian cell lines OAW28 and
OAW42 and finally by OAW59M which did not show any staining. Placenta scored
lower than MCF-7, although when screened for EGF-R it demonstrated more intense
staining than the breast cancer cell line. This may be due to altered glysosylation of
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the receptor between normal and malignant tissues. Furthermore, OAW42 and
OAW28 have demonstrated high levels of staining when screened for EGF-R but
only moderate staining for HPA. In contrast, MCF-7, which scored lower or the same
as them, demonstrated the highest staining for HPA. Reports as far back as 1983
indicate that HPA stains the majority of breast carcinomas (Leathern, A.etal, 1984;
Leathern, A.Brooks S., 1987a; Kakeji, Y.et al, 1991). Therefore, apart from
differences in glycosylation between normal and malignant tissue, it is possible that
there are differences between the various carcinomas and tissues.

5.3 HPA dose-response curve experiment on the human breast cancer cell line
MCF-7
Identification of the optimum concentration was necessary prior to investigation of
the effects of the lectin in culture.

control

0.1

0.3

0.5

1

1.2

nMIIPA

Plate 5.3.1 HPA dose-response experiment.
Increasing concentration of HPA were incubated
with MCF-7 cells for 72 hours at 37°C, 5% CO2
in air. Cell proliferation was assessed by DNA
fluorescence assay.

Subconfluent monolayers of MCF-7 cells were trypsinised and resuspended in
DMEM. The DNA concentration was determined by DNA fluorescence assay
(section 2.4.2) and the cells were plated at a final density of l;/g DNA/ml. Increasing
concentrations of HPA were added according to Plate 5.3.1; Al-Dl served as
controls, i.e. free of lectin. The cells were incubated at 37 °C, 5% CO2 in air for 72
hours. At the end of the experimental period the medium was replaced by 10%
trypsin/EDTA in DNA assay buffer and the contents of each well assayed for DNA.
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The experiment was repeated six times and the data were analysed by the nonparametric Wilcoxon signed-rank test; the asterisk indicates p<0.05.

The graphical representation of Figure 5.3.1 summarises the combined results of the
HPA dose response curve.
110'
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80-
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1.2

[HPA] nM
Figure 5.3.1 HPA dose-response curve on the human
breast cancer cell line MCF-7. Combined data from six
experiments statistically analysed by the non-parametric
Wilcoxon signed-rank test (* indicates p<0.05).

Maximum inhibition of proliferation was demonstrated by 1.2nM HPA. Based on
maximum inhibition I set to investigate the effect of HPA in the presence of EGF.

5.4 Effect of HPA in the presence of EGF in culture
MCF-7 cells were growth arrested in serum-free medium for 48 hours, harvested and
plated in phenol red-free medium, as before, at Ipig DNA/ml final concentration in
24-well plates. They were incubated with 1.2nM HPA and with or without increasing
concentrations of EGF. Plate 5.4.1 represents the experimental layout.
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control

+HPA

IoD

.5

1

5

10

20

[EGF] ng/ml

Plate 5.4.1 Plate layout of MCF-7 cells incubated for
72 hours at 37 °C, 5% CO2 in the presence of 1.2nM
HPA with or without increasing concentrations of
EGF.

Three methods were employed for assaying the effects of HPA: DNA assay,
Mossman cytotoxicity assay and crystal violet membrane incorporation assay. All
three methods are described in detail in sections 2.4.2, 2.4.3 and 2.4.6. After the first
MCF-7 results, two more breast cancer cell lines were tested for the effects of HPA:
T47D and BT549. They were selected on the basis of their response, or lack of it, to
EGF in culture shown in Chapter 4. In particular, T47D showed a proliferative effect
with increasing concentrations of EGF, while BT549 remained unaffected throughout
and is used as control, here.

Overall, the data showed that HPA had an inhibitory effect on the various cell lines
tested against it, when the proliferation was evaluated by the DNA assay. In the cell
line MCF-7, DNA levels dropped below basal values in the presence of HPA,
demonstrating a significant decrease in proliferation at 0.5ng/ml EGF. This drop
retained a fairly constant pattern (to 85% of control) at 1 and 5ng/ml but with 10 and
20ng/ml EGF the inhibition became more dramatic (50%-60% inhibition of
proliferation). In both the Mossman and crystal violet assays (data not shown) the
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Figure 5.4.1
EITcct of HP A (lOOng/ml) on MCF-7, T 4 7 D and BTS49 with increasing concentrations of
recombinant E G F over 72 hours. (n=7) [ ^ 0 . 0 5
T h e cclls were plated at l/<g DNA/ml initial concentration in 24-well plates. T h e cells were
harvested by trypsinisation and rcsuspendcd and plated in phenol-lrec R P M i - 1 6 4 0 (SIGMA)
supplemented with 2 . 5 % PCS. T h e d i f f e r e n t conditions arc represented by a s c e n d i n g
concentrations of human recombinant E G F (Bachem) with and without HPA (lOOng/ml). T h e
control bars indicate a b s e n c e of EGF. DNA fluorcscencc assay w a s e m p l o y e d for the
determining the clfccl. T h e data were analyzed by the W i l c o x o n s i g n c d - r a n k test and
signilicancc values below 0.05 arc indicated by an asterisk (*) when compared with the control
bar or b)' 'I' when compared with their +HPA couiUcrpaits.

127

results were disappointingly inconsistent and lacked reproducibility despite the high
number of repetitions. Although the Mossman assay performed very well in the
Mistletoe lectins study (Chapter 6), it gave no results in this case possibly due to a
lack of sensitivity for relatively small changes in cell number and the concomitant
absorption values. Similarly, no significant results emerged from the crystal violet
assay while in this case the problem may lie in the process of washing to remove the
background staining which has to be repeated several times. Perhaps this resulted in
considerable loss of cells and subsequent loss of any detectable effect.

In conclusion, although HPA reduced DNA levels especially with increasing
concentrations of EGF present, its effects on cell mitochondrial activity and surface
area or cell number showed no conclusive results.

5.5 Western blot analysis of human breast cancer cell Une MCF-7
MCF-7 cell suspension was assayed for protein contents and prepared for loading
onto a 7.5% polyacrylamide gel. The method for the sample and gel preparation is in
section 2.5. The gel was subsequently transferred to nitrocellulose and stained for
EGF-R and HPA. The primary antibody for EGF-R was the same one used before
(12E) as well as the biotinylated HPA. However, this time, biotin was coupled to a
horse radish peroxidase avidin biotin complex and was visualised by DAB
(diaminobenzidine) which gives a reddish-brown product.

The nitrocellulose was air dried and photographed (Plate 5.5.1). The bands stained
appeared at approximately 170kD according to molecular weight markers. This
coincides with the molecular weight of EGF-R. Therefore, the EGF-R antibody (12E)
bound to the peptide it was raised against, but so did HPA. It was apparent from the
blot that biotinylated HPA bound to a peptide of the same or very similar molecular
weight as the EGF-R. These results took me one step closer to confirming my original
hypothesis that there was direct interaction between HPA and EGF-R.
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myosin (200,000)

ft*: ;

phosphorylase b (94,000)
albumin (67,000)
ovalbumin (43,000)
carbonic anhydrase (30,000
trypsin inhibitor (20,100)
u-lactalbumin (14,400)

Plate 5.5.1 MCF-7 cell membranes were loaded and run on a 7.5% polyacrylamide
gel, transferred onto nitrocellulose and the latter stained for EGF R and HPA. The
bands stained appeared at 170kD molecular weight which coincides with the
molecular weight of EGF R.

Final confirmation came from the work of two of my colleagues Dr O.M.Onagbesan
and Mr F.Safadi. Ligand binding studies on cultured MCF-7 cells demonstrated
binding of HPA to the EGF R. The binding of EGF to its receptor was used as
control. The data showed similar number of binding sites; 15,000 receptors/cell for
EGF (or 5xlO"'^nM) and 13,500 receptors/cell for HPA (or 4.5xlO"nM). However,
the ICso, the concentration needed for 50% displacement, was 20nM and 5nM for
EGF and HPA respectively. This indicates that a much lower concentration of cold
(non-radioactive) HPA is needed to displace the radioactive EGF, than cold EGF
itself.

5.6 Discussion
Back in 1969, Sten Hammarstrom conducted the first studies on HPA and its ability
to agglutinate human erythrocytes (Hammarstrom, S. etal, 1969). The capability of
lectins to agglutinate erythrocytes is employed to determine specific blood group
systems of individual donors. Furthermore, lectins such as concavalin A (Con A),
Phaseolus vulgaris, HPA and others are known to stimulate calcium and sodium
influx thought to elicit transmembrane signalling in a variety of cells (Engelmann, B.
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etal, 1991). It was not until 1987 that HPA was first proposed as a prognostic and
metastasis associated factor (Leathern, A. et al, 1987a). Since then, several reports
have been published where numerous breast cancer tissues were screened for HPA
staining (Leathem, A. etal, 1987a; Taylor, C. etal, 1991; Walker, R., 1993).
However, many people are still sceptical as of the validity of these studies and their
reproducibility with respect to HPA as a prognostic index (Walker, R., 1993). The
main objections found in such reports focus on the differences in the percentage of
HPA positive staining between the various research groups and the
immunohistochemical methods employed for detection. Glycosylation may change
substantially within the different tumour populations and subclasses; this may well be
a reason for the large differences in HPA positive staining between the research
groups, since the HPA binding sites may have been altered. But as long as our
knowledge of cell surface is not sufficient to reveal the specific changes of each and
every glycoprotein at the molecular level, then it is reasonable to accept the clinical
research and interpretation of the past eleven years. As far as the validity of
immunohistochemistry is concerned, there are always differences between methods
but this does not in any way hamper the validity of the technique.

HPA (79kD) contains nine disulphide bridges. Complete reduction and tryptic
digestion experiments revealed that the molecule is formed by six identical or closely
similar polypeptide chains which interact to produce three dimers held together by
non-covalent forces (Hammarstrom, S. et al, 1972). Each polypeptide chain bears a
single binding site for GalNac. Localisation studies on the HPA binding with respect
to the orientation of epithelial cells have shown differential distribution between
normal and malignant cells. Normal breast epithelia bind HPA on their apical
membrane while malignant ones bind on both the apical and the basolateral
membranes (Leathem, A. et al, 1987a; Brooks, S. et al, 1991). Also, in normal
epithelium, EGF-R staining is located at the basolateral membrane (Fukuyama, R. et
al, 1991; Brooks, S. etal, 1994a; Brooks, S. etal, 1994b). Furthermore, in breast
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cancer cell lines, this interaction results in inhibition of proliferation, as shown by the
tissue culture experiments. Therefore, from the evidence above it follows that during
malignancy, HPA binding appears on the basolateral membrane of epithelium which
is also the site for EGF-R. It is possible that alterations in glycosylation of the
receptor may account for this phenomenon; that is, an altered glycosylation of the
EGF-R may allow the HPA to bind to its GalNac residues. Glycosylation products
account for more than 10% of the total molecular weight of the EGF-R and their
importance in the function of the molecule has already been established, including
events such as proper membrane insertion and EGF binding and phosphorylation
(Slieker, L. etal, 1985; Slieker, L. etal, 1986).

From my experiments there is evidence of direct interaction between HPA and
EGF-R as shown by the Western blot analysis. Also, the work of Onagbesan and
Safadi confirmed not only that there is binding between the HPA and the EGF-R but
also that HPA is four times more potent in displacing EGF from its receptor, possibly
due to the size of the molecule. They also observed that Western blot analysis of the
same cells for phosphorylated tyrosine residues showed some signal in the presence
of HPA; although the signal produced by EGF was much stronger. This indicates that
HPA is capable of some signal transduction when bound to the EGF receptor (the
manuscript of the above mentioned work by Onagbesan and Safadi is currently under
preparation).

There are no X-ray crystallography data available on the structure of HPA, so any
insight to the binding conformation between HPA and EGF-R remains speculative.
However, we do know that there are six GalNac-binding sites, although due to the
size of the molecule it would be surprising if they could all be occupied
simultaneously. Binding of one or two of the six peptides could result in either
rendering the EGF-binding site of the receptor inaccessible, again due to the size of
the molecule, or in failure of dimerisation of EGF-R and subsequent failure to
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activate. In either case, as long as we do not have access to a more comprehensive
molecular 3-dimensional structure, it is almost impossible to identify the mechanism
behind the inhibitory actions of HPA with respect to its binding to EGF-R.
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6.0 MISTLETOE LECTINS

Mistletoe lectins derive from the flowering plant mistletoe belonging to the tree plant
families Viscaceae, Loranthaceae & Eremolepidaceae within the order Santales
(Endo, Y. et al, 1989). As mentioned in the introduction, there are three types of
Mistletoe lectins (I, II, III) and they are characterised by their ability to agglutinate
human and animal erythrocytes as well as many other kinds of cells (Ziska, P. etal,
1981; Lutsch, G. etal, 1984; Franz, H., 1989). Their ability to inhibit protein
synthesis at the ribosomal level has been a decisive factor for their further study
especially as anticancer drugs (Stirpe, F. etal, 1982). Although Mistletoe lectins are
being used clinically, particularly in Germany, their lack of specificity towards a
particular cell type hampers any immediate prospects of wide use and distribution.
However, the possibility of them being directed towards specific cells, such as cancer
cells, is a very attractive concept but further research is necessary. In this chapter, I
present the cytotoxic effects of the three Mistletoe lectins (I, II and III) on four breast
cancer cell lines.

6.1 Mistletoe lectins response study and cytotoxicity assay
This experiment was designed to demonstrate the cytotoxic effects of mistletoe lectins
on tumour cells. The cells were growth arrested for 24 hours in serum free medium
and plated at Ijig DNA/ml (determined by DNA fluorescence assay) in 96-well plates
(Bibby 25860B) with four different concentrations (0.1-1(X) ng/ml) of the three
different mistletoe lectins (ML-I, II & III) in triplicates (three wells for each
concentration). After 72 hours the cytotoxic effects of the three lectins were assessed
by the Mossman cytotoxicity assay (Mossman 1983) as described in section 2.4.3 of
Materials and Methods.

At 72 hours, 25/<l of a 5mg/ml MTT (Sigma M2128) solution (3-(4,5dimethylthiazol-2-yl)2,5-diphenyl tetrazolium bromide) were added to each well
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Figure 6.1.1
Cytotoxic e f f e c t s of M L - I , M L - I I and M L - I I I on f o u r cell lines o v e r 7 2 hours. (n=7)
p<0.05
T h e cclls arc plated at l;<g/ml D N A initial concentration in 96-wcll plates. T h e d i f f e r e n t
conditions are represented by increasing concentrations of the mistletoe lectins. T h e plates arc
a s s a y e d by the M o s s m a n cytotoxicity a s s a y and the d a t a analysis is by the W i l c o x o n
signed-rank non-paramelric test. Significance values below 0 . 0 5 are indicated by an asterisk
(*).
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and incubated for 4 hours at 37°C. The plates were then centrifuged at 300g (1000
rpm Beckman J-6B) for 5 minutes, 175;<1 of the supernatant were removed and
replaced with 100;/1 of solubilising agent (SDS & N,N-dimethyl formamide solution).
The plates were sealed to avoid dehydration and left overnight at 37°C. The next day
they were read in an ARGUS 300 ELISA plate reader at 570nm wavelength.

6.2 Results & Discussion
Cells carry carbohydrates on their surface in the form of glycoproteins, glycolipids
and polysaccharides. Lectins recognise and bind to these carbohydrates through
specific interactions and mediate their effects. Recognition of the cells through their
carbohydrates has implications on numerous functions such as macrophage activation
(Metzner, G. etal, 1985), release of macrophage stimulating factor (Metzner, G. etal,
1987), interleukin-2 release (Franz, H. et al, 1988), increased IgM production (Franz,
H., 1989), inhibition of allergen-induced histamine release (Sehrt, I., 1984), etc. Their
actions are primarily cytotoxic but their role as immuno- and cell adhesion
modulators has been established (Doser, C. etal, 1989; Stettin, A. etal, 1990; Beuth,
J. et al, 1992). The cytotoxic effects are sometimes enhanced when the cells are
malignant (Holtskog, R. etal, 1988). The presence of enzymes such as glycosidases,
chemical modifications including changes in the structure and/or valency of the
molecule, or even the target cell are triggers through which lectins can become
mitogenic. Their mitogenic activity will cause alterations in the pattern of cell
division and transformation (Franz, H., 1989).

The experiments in this chapter were based on the hypothesis of a potential "magic
bullet" action of mistletoe lectins towards tumour cells. The mistletoe lectins could
potentially be tagged with a molecule (e.g. antibody) which would recognise tumour
cells only and eliminate them by attaching itself to their surface. The first step was to
assess whether the mistletoe lectins were cytotoxic to the different cell lines. The cells
were harvested and cultured in 96-well plates in the presence of different
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concentrations of the three lectins (ML-I, ML-II and ML-III) ranging from lOOpg/ml
up to lOOng/ml. The plating density was l//g/ml DNA in the appropriate medium. 72
hours later the plates were assayed for their mitochondrial activity by the Mossman
cytotoxicity assay. The results are shown in Figure 6.1.1 All three mistletoe lectins
appeared to work in a dose-dependent manner for all four cell lines tested. They had
no effect at 0.1 and Ing/ml for BT20, MCF-7 and BT549. For T47D the cytotoxic
effects of the mistletoe lectins had already started manifesting themselves at these low
concentrations. At lOng/ml the effects of ML-II were especially pronounced in BT20
and BT549 with 70% and 30% drop in mitochondrial activity respectively, while all
three lectins showed a more gradual inhibition in MCF-7 (20%-50%) and T47D
(10%-40%). Finally, at lOOng/ml all lectins clearly showed their cytotoxicity towards
all cell lines ranging from 30% inhibition on T47D and up to almost 70% on BT20. In
conclusion all three Mistletoe lectins are cytotoxic to the breast cancer cell lines
tested at different concentration in culture.
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7.0 IDENTIFICATION AND EFFECTS OF INTERLEUKIN-1 AND
INTERLEUKIN-1 RECEPTOR ANTAGONIST ON BREAST AND OVARIAN
CANCER CELLS IN VITRO

The scope of this chapter has been based on recent reports as to the effects of
members of the cytokine family, and in particular IL-1 and IL-1 receptor antagonist
(IL-lra), on the proliferation of breast and ovarian cancer cell lines in culture. IL-1
(lOOOu/ml) has been reported to inhibit proliferation of the human breast cancer cell
line MCF-7 by up to 93.3% (Sgagias, M. et al, 1991). Antiproliferative effects have
also been demonstrated on the human ovarian cancer cell line NIH:0VCAR-3
(Kilian, P. etal, 1991). Conditions such as arthritis, osteoporosis, colitis, leukaemia
and others, are mediated, in part, by interleukin-1 (Dinarello, C., 1992). The naturally
occurring inhibitor IL-lra blocks the effects of IL-1 and reduces the severity of the
above mentioned diseases (Dinarello, C. etal, 1991). Other reports document agonist
actions of the antagonist with respect to the effects of IL-16 (Mitchell, M. et al,
1993). In this chapter, 1 demonstrate the presence of IL-la, IL-IB, their common
receptor (IL-IR II) and the antagonist (IL-lra), as well as the effects of IL-1 and
IL-lra on the breast cancer cell line in culture.
7.1 Immunoblot analysis of breast and ovarian cancer cell lines for IL-1 a, IL-IH,
IL-1R(ID and IL-lra.

Three breast cancer cell lines, four ovarian cancer cell lines, the human epidermioid
cancer cell line A431 and placental membranes were screened for IL-la, IL-IB,
IL-IR(II) and IL-lra by immunoblot analysis. Table 7.1.1 summarises the results of
the analyses. A sample of photographs of the nitrocellulose sheets are shown in Plates
7.1.1 and 7.1.2.
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Plate 7.1.1 Breast cancer cell lines screened for IL-lo, IL-16, IL-IR(II) and IL-lra by
immunoblot analysis. Antibodies for IL-la, IL-16, IL-IR(II) and IL-lra were coupled to an alkaline
phosphatase conjugated secondary antibody. Antibody binding was visualised by alkaline phosphatase
substrate system. Negative controls were included where the primary antibody was omitted.
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Plate 7.1.2 Ovarian cancer cell lines screened for IL-la, IL-IB, IL-IR(II) and IL-lra by
immunoblot analysis. Antibodies for IL-la, IL-IB, IL-IR(II) and IL-lra were coupled to an alkaline
phosphatase conjugated secondary antibody. Antibody binding was visualised by alkaline phosphatase
substrate system. Negative controls were included where the primary antibody was omitted.
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Table 7.1.1
Scoring table of placental membranes, A431, breast and ovarian cancer cell lines
screened for IL-lct, IL-IB, IL-lR(n) and IL-lra.
Cell suspensions were loaded onto nitrocellulose, blocked and incubated with primary
antibody. This was then coupled to an alkaline phosphatase conjugated secondary
antibody and visualised by alkaline phosphatase substrate system. The scoring system
is with reference to the negative controls (primary antibody was omitted), where + is
just above the negative staining and +++ is maximum staining.

As summarised by Table 7.1.1, the ovarian cancer cell lines showed more intense and
consistent staining for all four peptides. All other cells stained for one or more of the
interleukins screened for, with varying amounts of expression.

7.2 Effects of lL-1 on cancer cells in culture
Subconfluent monolayers of MCF-7 cells were harvested by trypsinisation and
assayed for their DNA contents. Subsequently, they were plated at l;^g DNA/ml
(O.Spig DNA/well), in 24-well plates in the presence of 0.75ng/ml human recombinant
IL-1 (70% IL-IB and 30% IL-la). Other wells of the same plate included the addition
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Figure 7.2.1
Effects of IL-1 a and IL-1 receptor antagonist on MCF-7 cell proliferation.
Growth arrested MCF-7 cells were cultured for 72h in DMEM with 2.5% stripped
FCS, with or without the addition of EGF (lOng/ml) in the presence of (a) IL-1
(0.75ng/ml) or (b) IL-lra (lOOng/ml).
Key to significqance symbols:

*

compared to control

**

compared with EGF (lOng/ml)

V

compared to IL-1 or IL-lra

All significance symbols indicate p<0.05 (n=6).
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of lOng/ml human recombinant EGF in the presence and absence of IL-1. The plate
layout is illustrated in the following diagram.

control
EGF (lOng/ml)
IL-1 (0.75ng/ml)
EGF+IL-1

Plate 7.2.1 Diagrammatic representation of the plate
layout of the IL-1 response experiments on MCF-7
cells. Cells were plated at l/<g/ml, final DNA
concentration, with lOng/ml EGF, 0.75/<g/ml IL-1 and
both EGF and IL-1.

The cells were incubated at 37°C, 5% CO2 in air for 72 hours. Their proliferation was
assessed as change of DNA concentration, by DNA fluorescence assay. Figure
7.2.1(a) shows the results of the experiment. In the presence of lOng/ml EGF, the
cells proliferated maximally as previously demonstrated in Chapter 4. IL-1 inhibited
proliferation at 0.75ng/ml as compared with the EGF-induced levels and the same
effect was observed in the presence of lOng/ml EGF. Therefore, although the effect of
IL-1 does not affect basal proliferation significantly, it inhibits EGF-induced
proliferation to levels below those seen under basal conditions. Furthermore, the
presence of exogenous EGF does not restore this inhibition.

7.3 Effects of IL-lra on cancer cells in culture
The same experiment as above was performed using IL-1 receptor antagonist. The
protocol and the plate layout were the same as for the IL-1 response experiment, only
this time MCF-7 cells were incubated with IL-lra (lOOng/ml) instead of IL-1.
Figure 7.2.1(b) represents the combined results of the experiments. The effects of
IL-lra on proliferation are very similar to the effects of IL-1. IL-lra (lOOng/ml)
inhibit proliferation with respect to EGF-induced levels and so do IL-lra plus EGF.
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Therefore, EGF does not restore the IL-lra induced response. However, in this case,
the inhibition of IL-lra plus EGF is significantly different from the IL-lra alone. This
indicates that EGF synergises with IL-ra to amplify the effect.

7.4 Discussion
The presence of IL-1 a , IL-IB, IL-IR(II) and IL-lra in human breast and ovarian
cancer ceil lines denotes that these interleukins may play a role in the physiology of
malignant cells. Furthermore, the fact that the above mentioned interleukins are
consistently overexpressed in the ovarian cancer cell lines to a greater extent than in
the breast cancer ones (Table 7.1.1) may be of importance. Finally, placental
membranes and MCF-7 cells, were the only samples to exhibit higher IL-lra levels
than IL-Ia and IL-16. The importance of balance between IL-1 and IL-lra is well
documented (Dinarello, C. et al, 1991) and is based on in vitro animal models where
a large excess of IL-lra is required to block the biological effects of IL-1. In
particular, to block 50% of the IL-1 response, 100-fold excess IL-lra is required; a
complete block is observed at 1000-fold excess IL-lra. Therefore, it is possible that
depending on the severity of the disease, the IL-1 and IL-lra levels change and
depending on their balance, different effects are observed. Ovarian cancer has a poor
prognosis and is largely devoid of any symptoms until the disease has progressed
considerably compared to breast cancer. Therefore, it is possible that the cells derived
from such primary ovarian cancer cultures, retain their altered genotype of IL-1 and
IL-lra expression and synthesis.

The initial cell culture experiments of IL-1 response indicated that the results were in
accordance with other groups (Sgagias, M.etal, 1991), although the concentrations I
used were much lower; 0.75ng/ml compared with 85ng/ml. However, I was more
interested in the response of IL-1 in the presence of EGF; the optimum concentration
of EGF (lOng/ml) was based on the dose-response experiments in Chapter 3. The
results of the experiment revealed that EGF was unable to restore the IL-1 induced
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inhibition of proliferation. This response may be due to a possible interference of the
IL-1 system on the EGF/EGF-R cascade. Furthermore, based on the fact that MCF-7
synthesises and secretes TGFa which acts upon the EGF-R, it is possible that IL-1
suppresses the function of EGF-R through this ligand. But, this hypothesis is much
more unlikely since the cells have been starved of serum, which contains growth
factors, and any estrogenic stimulation responsible for TGFa secretion, phenol red in
the medium, prior to plating.

The IL-1 experiments were followed by an investigation of the cells' response to IL-1
receptor antagonist. At lOOng/ml IL-lra did not show significant inhibition with
respect to basal proliferation. However, in the presence of lOng/ml EGF, the
antagonist suppressed the proliferation levels with respect to the EGF-induced ones,
but this time inhibition was more pronounced. Therefore, if the addition of EGF
results in amplification of the IL-lra inhibition, EGF may synergise with the IL-lra
system to alter proliferation of MCF-7 cells.

In conclusion, at 0.75ng/ml IL-1 has the same effect as lOOng/ml IL-lra. As reported
by other groups, much larger concentrations are necessary to achieve 80% and 93%
inhibition of proliferation (Kilian, P. etal, 1991; Sgagias, M. etal, 1991).
However, both the agonist and the antagonist are able to maintain inhibition of
proliferation in the presence of lOng/ml EGF.
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8.1 CONCLUSIONS

This research is based on one fundamental fact: that growth factors play a very
important role in the proliferation of cancer cells either directly, when the peptides are
overexpressed in the cells and stimulate the proliferation pathways or indirectly, by
inducing the expression of other factors which eventually have the same effect of
increasing proliferation.

Both direct and indirect routes have been examined, such as the responsiveness of
various breast and ovarian cancer cell lines to epidermal growth factor and the
presence of the EGF receptor in tissue sections by immunohistochemistry as well as
in cell lines by immunoblot analysis. Furthermore, I have investigated the possible
roles of Helix pomatia agglutinin and interleukin-l/interleukin-l receptor antagonist
in the proliferation of breast and ovarian cancer cell lines in the presence and absence
of EGF. Finally, I have identified a possible interaction between HPA and EGF
receptor; this concept was further supported by the ligand binding studies performed
by Dr Onagbesan and Mr Safadi (Chapter 5). Their studies clearly demonstrated that
HPA competes with EGF for the EGF receptor binding site.

The responsiveness of a cell to EGF or TGFa is related to the presence of EGF
receptors on its surface. However, the presence of EGF receptors does not necessarily
render a cell malignant and also their absence is not a marker for normal cells. The
transformation of a cell from the normal state to malignancy may be triggered by
numerous factors including environmental hazards (carcinogens, UV, pollution, etc.)
as well as by spontaneous mutations of the cell. The latest school of thought supports
the idea that all these factors represent different "hits"; a sufficient number of "hits"
will eventually render the cell malignant (Dr I.Campbell; personal communication).
As demonstrated immunohistochemically, malignant ovarian tissue can be either
EGF-R positive or negative. Plates 4.1.2-4.1.4 and 4.1.9-4.1.11 show

148

immunohistochemical staining for EGF-R and TGF-a in ovarian cancer tissue
sections. Placenta and endometrium were used as control tissues and they both stained
for EGF-R and TGF-a. EGF-R staining was localised on the epithelial cells of the
villi walls of the placenta and on the epithelial cells of the ducts within the
endometrium. TGF-a staining was found in the same cells in both tissues. This
implies that the cells that synthesise and carry the EGF-receptors on their surface,
produce TGF-a and activate their proliferation machinery in an autocrine manner.
The ovarian carcinomas were stained with the same antibodies. OVAC27/11 did not
exhibit any EGF-R staining; the staining was repeated and the result was the same so,
OVAC27/11 is EGF-R negative. In contrast, OVAC20/1 (Plate 4.1.2), an example of
an EGF-R positive tissue, showed intense staining for EGF-R as shown by discrete
bands of epithelial cells stained pink.

Therefore, the presence or absence of EGF-R cannot account for the malignancy
per se. However, malignant cells that do express EGF-R are more likely to amplify
the receptors' synthesis than normal cells and therefore, amplify the signal produced
by the receptor; in this case activation of tyrosine kinase, phosphorylation of proteins,
induction of early response genes and finally enhanced proliferation.

Although the EGF/EGF-R system plays a key role in the proliferation cascade of
breast and ovarian cancer cells in vitro, it could be of no therapeutic value in vivo
since most cells bear EGF-R molecules on their surface. As EGF-R provides no
differentiation between malignant and non-malignant cells, it is difficult to selectively
affect one cell population without interfering with the other. However, if there was a
way to "label" malignant cells, or label a molecule that could recognise malignant
cells only, one could direct various drugs that could alter the proliferative pattern of
them. For example, the formation of heterodimers between different members of the
EGF-like receptor family, such as c-erbB-2, c-eri>B-3 and c-er£>B-4, may be of
particular importance especially if their formation is favoured by malignant cells
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rather than non-malignant ones. Still, there is no evidence as yet for the support of
such a hypothesis. Although decrease of the proliferation rate may not alter the cell's
malignant phenotype, it may well disrupt any further propagation of the aberrant
proliferation signal transmitted from cell to cell through transmembrane proteins .

As mentioned above, amplification of EGF-R synthesis by malignant cells gives rise
to an amplified signal transmitted by the receptor resulting in a cascade of events with
the concomitant enhanced proliferation. The individual steps in this cascade give
plenty of opportunity to other peptides and systems to emerge and alter the response.
This leads to the next step of this research and the first system under investigation
which was the lectin family and in particular Helix pomatia agglutinin, a 79kD
peptide derived from the Roman snail. There is very little information about HPA but
its carbohydrate binding properties provided the basis for the design of the
experiments that followed. Preliminary experiments demonstrated that HPA inhibited
basal and EGF-induced proliferation of three breast cancer cell lines in culture
(Figures 5.4.1-5.4.3). Glycosylation products account for 10% of the total molecular
weight of the EGF receptor. Therefore, binding of HPA to the EGF-R would,
theoretically, be feasible. Furthermore, HPA has six binding sites so, multiple binding
on the EGF-R molecules might be a reason for inhibition of proliferation if the
receptors could be kept far apart and not allowed to dimerise. Also, if HPA was able
to bind to the EGF-R, then its size alone would prevent any other ligand to bind since
each peptide of the HPA hexamer is more than twice the size of EGF. Therefore, by
blocking the active site, blocking or reduction of the signal transduction mechanism
could be achieved. A series of experiments first revealed that HPA binds to a
molecule of the same or very similar molecular weight as the EGF-R by Western blot
analysis (Plate 5.5.1). This evidence was followed by ligand binding studies where
HPA successfully competed against EGF for the EGF-R binding site (Onagbesan,
OMO, 1995 personal communication). Therefore, HPA is an EGF-R antagonist which
inhibits proliferation of three breast cancer cell lines tested in culture in the presence
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or absence of EGF. Although EGF has been reported to inhibit cell proliferation of
A431 cells, HPA is the first true EGF-R antagonist yet reported.

The potential use of HPA as an anticancer drug is immediately obvious but, as
mentioned previously, the problem of malignant and non-malignant cell distinction
needs to be addressed. There is an advantage though, provided by HPA which is its
specificity for binding to GalNac carbohydrate moieties. Furthermore, there is
speculation of possible alterations on the glycosylation of the EGF-R between
malignant and non-malignant cells (Prof U. Schumacher; personal communication)
although there is no direct evidence as yet (Brooks, S. et al, 1994a; Brooks, S. et al,
1994b).

My research on lectins also included three members of the Mistletoe lectin family,
ML-I, ML-ll and ML-III. Mistletoe lectins are used clinically in Germany and my
experiments have shown that they do inhibit proliferation of breast cancer cell lines in
culture (Figure 6.1.1). However, their actions are based on cytotoxicity whereby
protein synthesis is blocked by destruction of the cells' ribosomes. Also, these actions
lack specificity as to the cell type or origin, so unless they can be targeted to a
particular cell population 1 cannot envisage any use that they may provide in the
treatment of cancer.

The final leg of my research was to investigate any potential link between the
EGF/EGF-R system and a subgroup of the cytokines family; in particular
interleukin-1. Much of the latest cancer research focuses on cytokines such as
interleukins, interferons, tumour necrosis factor (TNF), colony stimulating factors,
etc. All these peptides are usually associated with the immune system and the
intercellular signalling required for an integrated response to a variety of external
stimuli. Their interaction with specific high affinity receptors results in strong but
transient signals regulated by their short mRNA half lives and specific naturally
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occurring antagonists. The role of cytokines in cancer is based on their characteristics
of inflammation immune mediators. Failure of the immune system to recognise and
destroy cancer cells may partly be a result of insufficient immunological activation.
Understanding the cellular or molecular mechanisms involved in tumour suppression
as well as the synergistic or antagonistic interactions between cytokines with respect
to tumour immunity may be the key to novel antitumour therapies. My studies have
been focused on interleukin-l, a and 13 peptides, the IL-1 receptor and the IL-1
receptor antagonist. All four peptides were present in three breast and four ovarian
cancer cell lines at varying intensities (Table 7.1.1) as shown by immunoblot analysis.
Also the effects of IL-1 and IL-1 receptor antagonist on the breast cancer cell line
MCF-7 were investigated in culture (Figure 7.2.1). Although neither of the peptides
affected basal proliferation, they both inhibited the EGF-induced response and in the
case of the antagonist, the inhibition was amplified significantly in the presence of
exogenous EOF. Therefore, there is evidence that the EGF/EGF-R and interleukin
systems are linked in some way as to alter each others responses in culture. So far
various cytokines have been tested for the treatment of cancer such as IL-6 which can
reduced the number of tumours and the development of metastases in animals given
transplantable tumours (Male, D. etal, 1991). Also, low doses of IL-6 in combination
of subtherapeutic doses of TNFa have profound effects on tumour regression (Male,
D.et al, 1991). In breast cancer, it has been reported that IL-6 stimulates aromatase
activity (Reed, M. et al, 1992). Aromatase is the enzyme responsible for estradiol
synthesis and in gynaecological tumours there is a marked increase in the levels of
estradiol receptors (Leake, R. et al, 1989). Hence, cytokines may prove invaluable
tools for the combat against cancer especially if their actions are directed both
towards the growth factors as well as the steroidal systems.

In conclusion, I believe that the possibility of HPA as an anticancer drug should be
pursued further primarily on its three dimensional structure and the isolation of the
active binding sites, since the molecule is too large to be used intact. Also, the
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possibility of altered glycosylation of the EGF-R between different cells and cell
phenotypes should be investigated since this may provide a key to differentiating
between malignant and non-malignant cells. Finally, more clues may be revealed in
the case of heterodimers between the EGF-R and c-erbB-2 and their potential ability
to interact with HPA.

Current work in breast and ovarian cancer focuses, primarily, on the genetic and
molecular biology level with particular emphasis on tumour suppressor genes.
However, 1 believe that research on the metastatic aspect of the disease should be on
very high priority. Cell adhesion molecules, such as integrins and extracellular matrix
components, such as collagen, laminin and fibronectin may provide important
information as to the mechanism of metastasis and to possible interventions. Many of
the studies on EGF-R and HPA in cancer have focused on their role as indices of
overall survival and metastasis. So, if we have a reliable predictor and a system to
avoid spreading of the disease through cell mobilisation, then we would be able to
provide an immediate cure rather than rely on prevention through gene manipulation.
For all we know, the latter may give rise to even more problems.
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