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Abstract

The aim of this investigation was to study the expression and responsiveness 
to growth factors in normal, transformed and malignant keratinocytes. The 
proliferation of epithelial cells can be influenced by a variety of mitogens, 
hormones and polypeptide growth factors. Epidermal growth factor (EGF) is 
one such polypeptide that stimulates cell growth in a wide range of tissue 
types. The location of the epidermal growth factor receptor (EGFR) in normal 
human skin and oral mucosa from different sites has been determined by 
immunohistochemistry, EGF binding studies and an immuno-ultrastructural 
technique. Basal cells were always found to express EGFR, whilst suprabasal 
cells showed equivalent, variable or no receptor expression. As cell 
proliferative capacity is predominantly associated with basal cells, the 
expression of EGFR appears to be a necessary, but insufficient indicator of cell 
proliferative capacity.

Marked tissue differences in the pattern of EGFR expression in epidermis, 
orthokeratinised, parakeratinised and nonkeratinised oral mucosa were 
consistently observed suggesting that the pattern of expression may be related 
to the type of epithelial keratinisation that occurs.

Expression of immunoreactive EGFR in oral squamous call carcinoma (SCC) 
has also been determined. Whilst the distribution and intensity of receptor 
expression varied between patients with SCC there was no correlation 
between the level of receptor expression and tumour behaviour.

Cultured human keratinocytes, epidermis and SCC's were also analysed for 
the presence of transcripts and protein for the transforming growth factors

alpha and beta (TGFa&p). Both growth factors were detected in cultured 
keratinocytes which have receptors for and respond to both ligands.

Additionally transcripts for TGFa were found preferentially in the basal, 
proliferative compartment of these cells. Similarly both growth factors were 
detected in SCC’s and a highly significant inverse correlation was found
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between the levels of TGFa and expression of the EGFR in these tumours. It is

concluded that the data for TGFa are consistent with the existence of an 
autocrine growth control loop influencing cell proliferation in both normal and 
malignant epithelial cells, a process that in normal keratinocytes and

responsive SCO's might be modified by TGFp.

Since epithelial cells appear to synthesise a variety of growth factors, cultured 
keratinocytes and SCC lines were also assayed for evidence of the production 
of platelet-derived growth factor (PDGF), insulin-like growth factor-1 (ILGF-1), 
fibroblast growth factor (FGF) and the cytokines interleukin-1 (IL-1), 
interleukin-6 (IL-6) and tumour necrosis factor (TNF). Synthesis and secretion 
of PDGF, ILGF-1, IL-1 and IL-6 was demonstrated. The rate of secretion of IL-1 
and IL-6 was increased in response to a variety of cytokines or mitogens. IL-1 
or IL-6 had no effect on the proliferation of keratinocytes or SCC cell lines 
tested. Whilst it seems unlikely that these cytokines could influence 
keratinocyte proliferation in vivo, the capacity of keratinocytes to synthesise 
and release IL-1 and IL-6 supports observations that keratinocytes may play an 
important role in augmenting an immune or inflammatory response.

The effect of expression of the ras, myc and SV40T oncogenes on growth 
factor production by keratinocytes has also been studied. These oncogenes 
have been introduced into keratinocytes using retroviral vectors. Infected cells 
show an increased rate of proliferation and altered growth properties when

compared to the parent cells. A reduction in the rate of secretion of TGFa and a

more variable change in the rate of secretion of TGFp was observed following 

infection of cells with the retroviral vectors. These cells remain sensitive to the

growth inhibitory effects of TGFp and TNF. It is concluded that alterations in the

rate of secretion of TGFa&p are unlikely to be responsible for the altered 
growth characteristics of these cells.
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Chapter 1

General Introduction

The epidermis is the outer layer of the skin and consists of several layers of 
epithelial cells, keratinocytes, that undergo a continuous process of growth and 
differentiation throughout life. Proliferating keratinocytes generally occur in the 
basal layer of the epidermis which rests on a basement membrane. Cells that 
leave the basal layer undergo terminal differentiation as they migrate towards 
the skin surface from which they are ultimately shed by desquamation.

Three different zones of suprabasal keratinocytes can be identified in 
histological sections of epidermis. Cells in the spinous layer are larger than 
cells in the basal layer and have abundant desmosomes. In the granular layer 
cells accumulate keratohyaline granules involved in the aggregation of keratin 
filaments. In the outer cornified layer an insoluble protein envelope is formed 
beneath the plasma membrane and destruction of the nucleus and cytoplasmic 
organelles occurs (reviewed by Watt, 1988).

The rate of production of new cells by division in the basal layer is normally 
balanced by the rate of loss of terminally differentiating cells from the cornified 
layer. The capacity for renewal is considered to be associated with two 
populations of dividing keratinocytes: stem cells and transit amplifying cells 
(Potten, 1981). Stem cells have the potential for unlimited division whereas 
transit amplifying cells are committed to undergo terminal differentiation after a 
finite number of cell divisions. The daughter cells from each stem cell division 
are either stem cells themselves or transit amplifying cells.

A similar process is observed in vitro. In cultured epidermal cells mitosis is 
restricted to the basal layer and cells stratify and terminally differentiate as they 
move through the suprabasal layers. Cultured epidermal cells contain 
keratohyaline granules and cornified envelopes are present, however granular 
and comified cell layers only accumulate in cultures exposed to the air-media 
interface in the presence of dermal elements (Fusenig et al, 1983).
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Proliferation of cells both in vivo and in vitro is controlled by many hormones 
and growth factors present in serum and other body tissue fluids. Growth factors 
are present in tissue fluids at very low concentration and several have now 
been isolated, purified, cloned and well characterised. These include epidermal

growth factor (EGF), the transforming growth factors alpha and beta (TGFa and

p), platelet derived growth factor (PDGF), fibroblast growth factor (FGF), 
insulin-like growth factor (ILGF) and the haemopoietic colony stimulating 
factors. Recent interest in growth factors has been stimulated by the observation 
that transformed cells often have reduced serum requirements when compared 
to normal cells. This led to the hypothesis that transformed cells may produce 
their own growth factors which influence growth control. Subsequently a variety 
of studies have confirmed that transformed cells do produce growth factors, 
which bind to membrane receptors and this has led to the development of the 
autocrine hypothesis of growth control (Todaro et al, 1976) with these cells 
producing and responding to their own growth factors.

Growth factors employ both unique and common mechanisms of action. On a 
biochemical level growth factors such as EGF, PDGF and ILGF share a number 
of common features. On binding to a specific cell surface receptor, as a result of 
mechanisms that are as yet unclear, each factor initiates a series of rapid effects 
which include alterations in cell morphology, increase in sugar, amino acid and 
ion transport followed by an increase in protein synthesis and finally stimulation 
of mitogenesis. However growth factors also vary at the point of action within the 
cell cycle, their interactions with other growth factors or hormones and in the 
response of different tissues or cell lines to the specific growth factors.

The proliferation of keratinocytes in vitro is influenced by a variety of growth

factors including EGF (Rheinwald & Green, 1977), TGFa, (Barrandon & Green, 
1987a), insulin (Watt & Green, 1981), hydrocortisone (Rheinwald & Green,
1975) and cholera toxin (Green, 1978). A number of growth inhibitory molecules

have also been identified including TGFp, (Shipley et al, 1986), the interferons
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alpha, beta and gamma (INF a p and y, Yaar et al, 1985, Nickoloff et al, 1984), 
epidermal pentapeptide (Elgjo et al, 1986) and G1 chalone (Marks & Richter, 
1988).

The aim of this investigation was to identify growth factors produced by normal 
keratinocytes both in vivo as well as in vitro which might influence growth 
control of epithelial cells. Particular emphasis has been placed on the study of 
EGF and the TGF's although evidence of production of PDGF, insulin like 
growth factor 1, (ILGF-1), tumour necrosis factor (TNF) and of the cytokines 
interleukin-1 (IL-1) and interleukin-6 (IL-6) has also been sought. Expression of 
receptors for these growth factors has been evaluated in some cases. Evidence 
for production of growth factors by malignant keratinocytes has also been 
sought both in vivo and in vitro. Finally as activated oncogenes are frequently 
detected in human cancers experiments were designed to study the effects of 
expression of the ras, myc and simian virus 40 (SV40) large T oncogenes on 
growth factor production by keratinocytes in vitro.

1.1 .Growth factors
Growth factors are defined as molecules which stimulate the proliferation of 
certain cell types.

1.1.1 .Epidermal growth factor.

Epidermal growth factor (EGF), was first isolated from male mouse submaxillary 
gland by Cohen (1962) and subsequently also purified from human urine as 
urogastrone (Gregory, 1975) and from rat submaxillary glands (Moore, 1978). It 
is a Single chain, 6kD mitogenic peptide of 53 amino acids derived from a 1217 
amino acid precursor (Cohen, 1962). At the amino acid level the homology 
between mouse and human EGF is 70%. High molecular weight forms of EGF 
(74kD) have also been identified in crude homogenates of mouse submaxillary 
gland and are composed of two molecules of EGF and two molecules of a 
binding protein (29kD, Taylor et al, 1974). The cDNA sequence of murine 
pre-pro EGF was determined by Scott et al (1985) and that for the human 
precursor by Bell et al (1986).

21



1.1,1.1 .Distribution.

EGF transcripts are most abundant in murine salivary glands and kidney but 
lower levels are present in many other tissues including lactating mammary 
gland, the pancreas, small intestine, pituitary gland and liver (Rail et al, 1985). 
The precursor is processed to EGF in the submaxillary gland, pancreas, small 
intestine and mammary gland but does not appear to be processed to EGF or 
other peptides in the kidney (Rail et al, 1985). Levels of protein are highest in 
the submaxillary gland but EGF can be detected in other tissues and in most 
body fluids including serum, urine, saliva, gastric and pancreatic secretions, 
breast milk and cerebrospinal fluid (reviewed by Carpenter, 1985).

EGF transcripts appear to be rare in tumour tissue but have been reported in 
human breast tumour tissue (Gol-Winkler et al, 1987) and in a salivary gland 
adenocarcinoma cell line (Sato et al, 1985). EGF protein has also been 
detected in 30% of advanced gastric cancers (Yasui et al, 1988). High levels of 
EGF and EGF-like growth factors have also been reported in the urine of cancer 
patients when compared to age and sex matched controls (Uchihashi et al,
1983, Stromberg et al, 1987). However other studies suggest that EGF levels 
are not always elevated in cancer patients. Mattila et al (1988) reported that the 
only group of patients with elevated levels of urinary EGF were females with 
endometrial carcinomas and no differences between cancer patients and 
controls were observed by Gregory et al (1989).

1,1.1.2.Epidermal growth factor receptor

The epidermal growth factor receptor (EGFR) is a 170kD glycoprotein that 
mediates the mitogenic response to EGF. The amino acid sequence of the 
receptor was deduced by protein chemistry (Downward et al, 1984) and cDNA 
isolated by Ullrich et al (1984). An amino terminal signal peptide is cleaved 
during synthesis to yield a mature protein of 1186 amino acids. The receptor 
contains several functional domains within its structure. The extracellular 
domain (621 amino acids) has two cysteine rich regions, thought to contribute to
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the ligand binding site, anchored to the plasma membrane by a transmembrane 
region of 23 amino acids. The cytoplasmic domain is composed of 542 amino 
acids and is an autophosphorylating tyrosine-specific protein kinase. It includes 
a region of homology to the catalytic domain of the protein-tyrosine kinase 
encoded by the src family, to which the presumptive ATP binding site has been 
mapped. The region which separates the transmembrane and kinase catalytic 
domain contains a phosphorylation site for protein kinase C. The 
autophosphorylating domain, with three autophosphorylating sites is present at 
the carboxy terminus (reviewed by Carlin et al, 1989).

The mechanisms by which EGF induces its biological effects are poorly 
understood. Activation of the receptor results in phosphorylation of intracellular 
proteins on tyrosine residues (Cooper et al, 1982) and enhanced 
autophosphorylation of the receptor as a result of its intrinsic protein kinase 
activity (Downward et al, 1984, Gullick et al, 1985). Phosphorylation of proteins 
at threonine and serine residues may also occur mediated by protein kinase C 
or cyclic AMP dependent kinase. A variety of phosphoproteins have been 
detected in EGF stimulated cells including 39, 43 and 81 kD proteins in A431 
cells (Cooper et al, 1982). The 39kD protein has been identified as lipocortin, 
an inhibitor of phospholipase A2 (Pepinsky & Sinclair, 1986). A variety of other 
phosphoproteins have been detected in cells transformed by retroviruses when 
stimulated with EGF.

Alterations in the phosphorylation state of substrate proteins is somehow 
important in generating the signal for cell division although the exact role of 
phosphoproteins in signal transduction is unclear. The importance of tyrosine 
phosphorylation of cellular substrates as an essential step for signal 
transduction has been recently confirmed as mutant receptors lacking tyrosine 
kinase activity fail to elicit a mitogenic response to EGF (Chen WS et al, 1987, 
Moolenaar et al, 1988). Point mutations at the ATP-binding site of the EGFR 
also abolish signal transduction (Moolenaar et al, 1988). However the role of 
autophosphorylation of the receptor is unclear since it does not increase the 
kinase activity of the protein tyrosine kinase (Downward et al, 1985) and 
mutations at the autophosphorylation site do not alter the receptor kinase
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EGF receptors are functionally heterogeneous and high and low affinity binding 
sites have been identified on many cell types (reviewed by Rees et al, 1984). 
Sucrose density sedimentation experiments have demonstrated that the greater 
proportion of solubilised receptors are present as monomers or low affinity 
receptors, the rest as non covalently associated dimers or high affinity receptors 
(Boni-Schnetzler & Pitch, 1987). Recent evidence suggests that dimerisation of 
EGFR may play an important role in signal transduction. Addition of EGF 
induces monomeric receptors to dimerise and stimulates autophosphorylation, 
basal kinase activity and ligand binding affinity of the EGFR (reviewed by 
Schlessinger, 1988). Further evidence in support of the concept of receptor 
dimerisation has been provided by the trans phosphorylation of normal and 
mutant receptors. Honegger et al (1989) demonstrated that an EGFR molecule 
with an inactive kinase can be phosphorylated by the active kinase domain of a 
second EGFR demonstrating that interaction may occur between intracellular 
domains. However intramolecular events may also contribute to receptor 
autophosphorylation and it is not yet known whether autophosphorylation in 
vivo occurs via the same mechanisms as described for solubilised receptors.

Further insight into the possible mechanism of action of EGF has been provided 
by the observation that in rat fibroblasts EGF stimulates transcription of c-jun 
which encodes part of the AP1 binding activity which is important in regulating 
transcription of several genes (Quantin & Breathnach, 1988).

The binding of EGF to its receptor can be regulated in Swiss 3T3 cells by a 
variety of factors including PDGF, fibroblast growth factor, bombesin, 
vasopressin and phorbol esters. These factors decrease the affinity of the 
EGFR for its ligand (a process known as transmodulation) and appear to act via 
protein kinase C (reviewed by Schlessinger, 1986).

The oncogenic potential of the normal EGFR was demonstrated by Velu et al
(1987) by placing a full length cDNA for the human EGFR into a retrovirus and

activity, internalisation and degradation of receptors or the mitogenic response
to E G F  (Honegger et al, 1988).
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using this vector to introduce the receptor into NIH 3T3 cells. Overproduction of 
the receptor allowed the cells to form tumours in male nude mice (with high 
levels of endogenous EGF). This observation suggests that the number of EGF 
receptors can influence the growth properties of cells.

1.1.1.3 Distribution of the epidermal growth factor receptor

EGF receptors have been detected on a variety of normal and malignant cells 
and tissues. Receptors are present on normal epidermis on all viable cell layers 
(Gusterson et al, 1984, Nanney et al, 1984a, Green & Couchman, 1985). 
Cultured keratinocytes express 250,000 receptors/cell (Cowley et al, 1984). 
Receptors also occur on cultured fibroblasts (40,000-100,000 receptors/cell), 
glial and endothelial cells (reviewed by Carpenter & Cohen, 1979).

Particularly high levels of EGFR have been reported on a variety of squamous 
cell carcinoma cell (SCC) lines including those derived from epidermoid, 
breast, gynaecological and bladder malignancies (Kamata et al, 1986, Haigler 
et al, 1978, Messing, 1984). In some cases average numbers of receptors 
expressed per cell has been determined: for example A431 cells, (derived from 
a carcinoma of the vulva) express 3,000,000 receptors/cell, MCF-7, (derived 
from an adenocarcinoma of the breast) 10,000 receptors/cell, HeLa cells, 
(derived from SCC of the cervix) 200,000 receptors/cell and HSC1 -1, (derived 
from an epidermoid SCC) 7,900,000 receptors/cell.

Although increased EGFR expression is observed for many SCC cell lines this 
is not a consistent finding as 14 SCC cell lines derived from oesophageal 
tumours express reduced numbers of receptors, although of higher affinity, 
when compared to normal oesophageal keratinocytes (Banks-Schlegel & 
Quintero, 1986). Breast cancer cells have also been shown to express fewer 
receptors when compared to a purportedly normal breast cell line (Fitzpatrick et 
al, 1984). Cells transformed by viruses may also show reduced levels of EGFR 
(Todaro et al, 1980, Ozanne et al, 1980). In this later example, reduction in
receptor number is considered to arise as a result of the production of TGFa or 
other growth factors which alter the affinity of the receptor.
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Increased levels of EGFR have also been demonstrated on human tumour 
tissue obtained from a variety of sites including epidermoid malignancies, 
(Cowley et al, 1984), SCC lung (Hendler & Ozanne, 1984, Cowley et al, 1984, 
Veale et al, 1987), SCC oesophagus (Ozawa et al, 1987), gliomas (Liberman 
et al, 1985), sarcomas (Gusterson et al, 1985) and cervical, ovarian and vulval 
carcinomas (Gullick et al, 1986). High levels of receptor have also been 
reported in bladder cancer (Gusterson et al, 1984, Neal et al, 1985) and breast 
tumours (Sainsbury et al, 1985). At the later site, high levels of receptor 
expression are associated with invasive, poorly differentiated tumours (Neal et 
al, 1985). Higher levels of EGFR are also found on metastatic when compared 
to primary breast cancer (Sainsbury et al, 1985). This study also demonstrated 
an inverse correlation between the presence of oestrogen and EGF receptors 
implying that the growth of oestrogen receptor negative breast cancers may be 
regulated by factors which bind to the EGFR.

The mechanism responsible for increased expression of the EGFR in some 
tumours or SCC cell lines is unclear. Many SCC lines contain amplifications 
the EGFR gene (Merlino et al, 1985, Yamamoto et al, 1986, Kamata et al, 1986). 
However amplification or rearrangement of the EGFR gene appears to be rare 
in SSC tumour tissues taken from a variety of sites (Gullick et al, 1986, Lee et 
al, 1988, Berger et al, 1987).

1.1.1.4 Biological effects of E G F

EGF promotes the growth of a variety of mammalian tissues and cell types 
(reviewed by Gospodarowicz et al, 1978, Carpenter & Cohen, 1979). For 
example, injections of EGF into neonatal mice cause precocious eyelid 
opening, incisor eruption and lung maturation. EGF also stimulates the 
proliferation of cultured epidermal, mammary epithelial and pituitary cells 
(ectoderm-derived); liver and pancreatic cells (endoderm-derived) and 
fibroblasts, chrondrocytes and smooth muscle cells (mesenchyme-derived).
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EGF exerts its biological activity by binding to high affinity cell surface receptors 
(EGFR) which cluster into clathrin coated pits before internalisation into 
endocytotic vesicles. Most EGF receptors are not recycled to the plasma 
membrane but are degraded along with EGF in lysosomes (Carpenter & Cohen, 
1979). In the majority of cell types, binding of EGF transiently increases the rate 
of EGFR removal from the cell surface, leading to a reduced or 
"down-regulated" level of receptor at the plasma membrane (Carpenter & 
Cohen, 1979). Ultimately a new lower equilibrium level of receptor is 
established with insertion of newly synthesised receptors matching their rate of 
removal from the plasma membrane (Knaeur et al, 1984). However in some cell 
types (for example rat liver and KB cells, derived from a human epidermoid 
carcinoma), EGF increases the level of transcripts for the receptor suggesting 
that receptor degradation can be balanced by new receptor synthesis (Clark et 
al, 1985).

Binding of EGF to its receptor initiates a variety of biochemical events. Early 
events following receptor activation include enhanced turnover of phospholipid 
(Sawyer & Cohen, 1981), an increase in cytoplasmic pH and calcium levels 
(Moolenaar et al, 1983), increased nutrient uptake (Carpenter & Cohen, 1979), 
increased protein phosphorylation (Cooper, 1982), changes in cell morphology 
including membrane ruffling and increased pinocytosis (Chinkers et al, 1981) 
and alteration in the distribution of actin filaments (Schlessinger & Geiger,
1981). The latter two changes suggest that EGF causes changes in the 
organisation of the cytoskeleton, an observation supported by the finding of 
EGFR in association with the cytoskeleton (Weigant et al, 1986, Landreth et al,
1985). Later responses to EGF include enhanced synthesis of fibronectin (Chen 
WS et al, 1977) and ultimately DNA replication and cell division (Carpenter & 
Cohen, 1979).

The effects of EGF on cultured epidermal keratinocytes have been studied 
extensively and do not appear to be due to a simple effect on cell proliferation. 
Cultured keratinocytes, maintained in media containing 20% foetal calf serum 
and hydrocortisone, show exponential growth for 6 days then stratify and growth 
slows. During this initial 6 day period addition of EGF does not increase the rate
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of proliferation (Rheinwald & Green, 1977). However by 8-10 days, when 
colonies increase their radius at a constant rate overtime, EGF increases 
colony area. This led to the hypothesis that the effect of EGF was to influence 
cell migration which in someway indirectly promotes growth (Rheinwald & 
Green, 1977). The ability of EGF to stimulate lateral migration in the peripheral 
zone of expanding colonies has recently been reported (Barrandon & Green, 
1987a).

Under certain circumstances, EGF also stimulates the growth of SCC lines, for 
example low doses of EGF (1 ng/ml) stimulate the proliferation of A431 cells 
(Cowley et al, 1984), however high levels of EGF (10ng/ml) are growth 
inhibitory. It has been suggested that this biphasic response to EGF may be due 
to heterogeneous receptors, with high affinity receptors stimulating growth and 
low affinity receptors inhibiting the proliferation of A431 cells. EGF also inhibits 
the growth of other SCC cell lines (Cowley et al, 1984). In some cases 
resistance to inhibition of growth by EGF has been shown to correlate with a 
decreased number of cell surface receptors (Gill & Lazar, 1981, Kamata et al,
1986). For example, variant A431 cells, which are not inhibited by EGF, express 
fewer receptors (Gill & Lazar, 1981, Kamata et al, 1986). Other cell lines, for 
example UCVA-1, derived from a pancreatic carcinoma, show no response to 
EGF (Gamou et al< 1984).

A role for EGF in transformation has also been suggested by the finding that 
when EGF cDNA was overexpressed in Fischer rat 3T3 cells, although cells 
grew poorly in agar, they were able to form tumours in nude mice. The 
morphology of the cells was also altered in that they became spindle shaped 
and retractile, a phenotype that could be reversed by incubating the cells with 
an antibody to EGF (Stern et al, 1987).

The physiological effects of EGF in humans are largely unknown. A variety of 
foetal tissues express EGFR (Adamson et al, 1981) and EGF may play a role in 
foetal growth and development. Receptors are also found on adult epidermis 
(Gusterson et al, 1984, Nanney et al, 1984a) and EGF may play a role in wound 
healing (Franklin et al, 1986, Brown et al, 1986). EGF has also been shown to
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inhibit gastric acid secretion (Gregory, 1975).

1.1.1.5 The EGF family of growth factors

A variety of EGF-like molecules are recognised. In addition to EGF these

include TGFa and the pox virus growth factors (including vaccinia virus, 
myxoma, and shope virus growth factors) and also tissue-type plasminogen 
activator, clotting factors 1X and X and the low density lipoprotein receptor 
(reviewed by Shoyab et al, 1989).

1.1.2 Transforming growth factors

In 1976 Todaro et al reported that cells transformed by Moloney murine 
sarcoma virus (MSV) or feline sarcoma virus (FSV) lost the ability to bind EGF. 
This observation led to the suggestion that these viruses may transform cells by 
producing an endogenous EGF-like factor which binds to the EGFR and 
produces an autocrine self-stimulation of proliferation (Todaro & De Larco,
1978). Support for this hypothesis was provided by the finding (Todaro & De 
Larco, 1978) that conditioned medium from MSV transformed 3T3 cells 
contained growth promoting activity with the ability to inhibit 125I-EGF binding 
to cells. The name sarcoma growth factor was proposed for this material. 
Sarcoma growth factor, in addition to stimulating the growth of fibroblasts in 
monolayer culture, was also able to stimulate normal rat kidney (NRK) 
fibroblasts to grow as colonies in soft agar (De Larco & Todaro, 1978). 
Anchorage independent growth in agar is a phenotypic property associated 
with transformed cells (Kahn & Shin, 1979) and therefore these factors capable 
of inducing anchorage-independent growth of cells were termed transforming 
growth factors (Roberts et al, 1980).

Transforming growth factors (TGFs) were subsequently identified in cells 
transformed with Kirsten murine sarcoma virus (KSV, Ozanne et al, 1980), FSV 
(Twardzik et al, 1983), Abelson murine leukaemia virus (Twardzik et al, 1982), 
Rous sarcoma virus (RSV, Kryceve-Martinerie et al,1982), chemically 
transformed cells (Moses et al, 1981) and in various human tumour-derived cell
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lines (Todaro et al, 1980). Further evidence to support a role for TGF’s in 
transformation was provided by the observation that cells transformed by 
mutants of MSV or KSV, that are temperature sensitive for transformation, 
secrete TGF's at the permissive temperature, at which the cells also fail to bind 
EGF (De Larco, 1983, Ozanne et al, 1980, Kaplan et al, 1982). The growth of 
KSV transformed cells in serum free medium was also shown to be dependent 
on conditioned medium obtained from the same cells (Kaplan et al, 1982). 
Finally NR6 3T3 cells (which lack EGF receptors) when transformed by Kirsten 
murine sarcoma virus failed to grow in serum free medium or soft agar (Cowley 
et al, 1984) strongly suggesting a role forTGFs in the transformation process.

TGF activity was subsequently identified in non neoplastic tissues of embryonic 
(Proper et al, 1982), and adult origin (Roberts et al, 1981) as well as in body 
fluids including serum and urine (Childs et al, 1982).

Following observations of the effect of TGF's produced by a variety of cell types 
on the growth of cells in agar, it is now recognised that there are two types of 
TGF which differ in chemical and functional characteristics. These have been

designated transforming growth factor alpha (TGF-a), a factor which competes

with EGF for binding to the EGFR and transforming growth factor beta (TGF-p)

which does not bind EGF, but may potentiate the biological activity of TGFa. The 

requirement for both growth factors to promote phenotypic transformation in the

soft agar assay is dependent on the cell system used. TGFa & p are both 
required in the NRK system (Anzano et al, 1982) whereas in the AKR-2B system

TGFp alone can induce anchorage-independent growth (Tucker et al, 1983). In

other cell types, for example A549 cells, TGF a & p function as antagonists 

(Roberts et al, 1985).
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1.1.2.1 Transforming growth factor aloha

Transforming Growth Factor Alpha (TGF a) is a 5.6kD single chain polypeptide 
of 50 amino acids with homology to EGF (Massague 1983, Marquardt et al, 
1984, Derynck et al, 1984) which binds to the EGFR (Todaro et al, 1980). The

sequence of human TGFa indicates that the 50 amino acid TGFa is synthesised

from a larger 160 amino acid precursor (Derynck et al, 1984). TGFa has a 
hydrophobic domain and sequence of basic amino acids downstream of the 
carboxy terminus of the 50 amino acid peptide characteristic of the

transmembrane domain of membrane proteins which suggests that the TGFa 
precursor is inserted into the membrane after removal of the signal peptide

(Teixido et al, 1987). A variety of tumour cells also secrete larger forms of TGFa 
(molecular weight 18-20kD, Todaro et al, 1980, Massague 1983, Dart et al,

1985). Recent studies have confirmed that TGFa is synthesised as part of a 
glycosylated transmembrane precursor and that protein cleavage gives rise to

the 50 amino acid TGFa and two larger glycosylated species (Bringman et al,
1987).

The membrane bound precursor may also be active in the absence of 
processing as it is capable of binding to the EGFR, inducing receptor 
autophosphorylation and raising intracellular calcium levels in A431 cells 
(Wong et al, 1989, Brachmann et al, 1989). The function of the precursor at the

cell surface is unclear. It may play a role in the localisation of TGFa, act as a 
membrane receptor or interact with EGFR on neighbouring cells or on the same 
cell surface to exert either an autocrine growth effect (cells producing and 
responding to their own growth factors) or a paracrine effect (cells responding to 
growth factors from adjacent cells) without the release of soluble ligand 
(Brachmann et al, 1989). (Whether or not EGF, which is derived from a similar 
precursor, is active as a membrane bound precursor and may also function in 
this way is as yet unknown).
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1.1.2.1.1 Distribution

TGFa was originally detected in rodent cells after transformation with 
retroviruses (Ozanne et al, 1980, Massague 1983) and subsequently detected 
in SV40 and polyoma virus transformed cells (Kaplan et al, 1981, Kaplan & 
Ozanne, 1982) and in chemically transformed cells (Moses et al, 1981). It was

originally thought that TGFa was restricted to transformed cells and that it may

play an important role in the transformation process. However TGFa transcripts 
have also been detected in foetal tissues. Lee et al (1985) reported transcripts 
in 8-10 day old rat embryos, levels then declined just prior to birth. Similarly

Twardzik (1985) demonstrated that the highest levels of TGFa were found in 7-9

day old murine embryos. These observations led to the suggestion that TGFa 
may function as an embryonic species of EGF. In contrast to the above findings,

Han et al (1987a) detected TGFa transcripts in the maternal decidua, rather 
than in the rat embryo, although embryonic tissues were found to express EGFR

suggesting that TGFa may still influence growth through paracrine or endocrine 

mechanisms (cells responding to factors carried via the circulation). More 
recently (Wilcox & Derynck, 1988a) have confirmed by in situ hybridisation that

TGFa transcripts are present in mouse foetal organs including the otic vesicle, 

oral cavity, pharangeal pouch and kidney.

TGFa transcripts have also been detected in the adult brain (Wilcox & Derynck, 
1988b) and both transcripts and protein are present in activated macrophages 
(Madtes et al, 1988, Rappolee et al, 1988), in cultured cells isolated from the 
anterior pituitary (Samsoondar et al, 1986, Kobrin et al, 1986) and epidermis 
(Coffey et al, 1987). In cultured epidermal keratinocytes the level of transcripts 
can be increased in response to TPA (Pittelkow et al, 1989). Transcripts have 
also been identified in a variety of human carcinoma and sarcoma cell lines 
including a glioma-derived cell line, (Nister et al, 1988a), mammary, renal, 
hepatoma, fibrosarcoma and osteosarcoma cell lines (Derynck et al, 1987). 
Similarly transcripts have been reported in SCC of the lung, head and neck,

3 2



well with the level of transcripts detected. TGFa protein has also been detected 
in mammary carcinomas (Gregory et al, 1989). As observed for EGF, initial

studies suggested that increased levels of TGFa protein could be detected in 
the urine of cancer patients when compared to appropriate controls (Sherwin et 
al, 1983, Kim et al, 1985, Yeh et al, 1987) but these observations were not 
confirmed by Gregory et al (1989).

1.1.2,1.2 Biological effects of TGFa

TGFa binds to and activates the human EGFR resulting in the same 
biochemical, biological and physiological effects as described for EGF. The

human EGFR has similar affinities for both EGF and TGFa although the avian

receptor has greater affinity for TGFa (Lax et al, 1988). Like EGF, TGFa may 
play a role in development as it promotes precocious eyelid opening in

newborn mice (Smith et al, 1985). TGFa also has similar activity to EGF in its

ability to induce anchorage independent growth with TGF p of certain cell types 
(Anzano et al, 1982) and to promote mitogenesis of cell lines (Carpenter et al,

1983). However several reports demonstrate that TGFa has greater biological

activity than EGF. TGFa is more potent than EGF in stimulating calcium release 

from foetal rat long bones (Stern et al, 1985) an effect that may be mediated by 
enhanced osteoclast activity (Takahashi et al, 1986); inducing angiogenesis in 
the hamster cheek pouch model (Schreiber et al, 1986); stimulating the healing 
of epithelial wounds (Schultz et al, 1987) and promoting the lateral migration 
and subsequent growth of expanding keratinocyte cultures (Barrandon & 
Green, 1987a).

In order to determine the possible role of TGFa in tumourigenicity, a human

TGFa cDNA expression vector has been introduced into Fischer rat fibroblasts,

(RAT 1 cells, Rosenthal et al, 1986). Synthesis and secretion of TGFa by these
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cells allowed the cells to grow in soft agar and the transformed phenotype

could be prevented with anti TGFa antibodies, suggesting that TGFa could be 
involved in an autocrine mechanism in the development of malignancy in vivo.

RAT 1 cells transfected with TGFa cDNA also formed tumours in nude mice 
(although tumours were also present in 30% of animals injected with control 
RAT 1 cells which cannot therefore be regarded as entirely normal). A similar

experiment involving expression of human TGFa cDNA in 3T3 cells (Finzi et al,

19 87) demonstrated that secretion of TGFa down regulated EGF receptors and

that growth of the transformed cells could prevented with anti TGFa antibodies. 
However the transfected 3T3 cells failed to form tumours in nude mice,

suggesting that although TGFa may enhance cell growth its effect in increasing 
the tumourigenicity of cells like RAT 1 may be mediated by its ability to enhance 
the growth of cells that have already undergone some of the changes which 
may result in malignancy.

1-1 -2.2. Transforming growth factor beta

Transforming Growth Factor Beta (TGFP) is a 25kD homodimer of 12.5kD

subunits held together by a disulphide bridge. TGFp cDNA encodes a 

polypeptide of 390 amino acids (Derynck et al, 1985) of which the

carboxy-terminal 112 amino adds constitute the TGFp sequence. The

polypeptide originally described as TGFp, purified from human platelets, has

been renamed TGFpl following isolation of another homologous chain of 112

amino acids, TGFp2, from porcine platelets (Cheifetz et al, 1987). TGFP2 has 
also been isolated from bovine bone (Seyedin et al, 1987) and cloned from 
human glioblastoma cells and a prostatic adenocarcinoma cell line (de Martin

et al, 1987, Madisen et al, 1988). Two TGFP2 precursors of 414 and 442 amino

acids have been identified (Webb et al, 1988). Heterodimers of TGFpl &2 
chains also occur in porcine platelets (Cheifetz et al, 1987). At the amino acid

level, homology between TGFp 1&2 chains is 70% and the precursor
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molecules have 30% homology. Cartilage-inducing factor A, isolated from 

bovine bone, has been shown to be identical to TGFpl (Seyedin et al, 1986,

Derynck et al, 1985) whereas cartilage-inducing factor B is similar to TGF[32 
(Seyedin et al, 1987, Cheifetz et al, 1987).

Additional forms of TGFp, TGFp3 cloned from human sources (Derynck et al,

1988, Duke et al, 1988) and TGFp 4&5 are also now recognised. TGFp3 has

greater homology with TGFpi than TGFP2 (Derynck et al, 1988). Published data

for TGFp 4&5 is not yet available although these factors have been described 
by A Roberts at the Royal Society Growth Factor Meeting, April 1989.

1.1.2.2.1 Distribution

TGFp has been detected in murine embryos (Wilcox & Derynck, 1988a, 
Thompson NL et al, 1989) in mesenchyme and neural crest-derived tissue 
(Heine et al, 1987). Levels of protein are particularly high where remodelling of

mesenchyme occurs. Kimelman & Kirschner (1987) have postulated that TGFp 
may synergise with bFGF as an inducer of mesoderm in development.

TGFp is also abundant in adult tissues, the highest levels of TGFp protein have

been detected in human platelets (2-3 mg TGFp/Kg wet wt. platelets, Childs et 
al, 1982, Assoian, 1983). In the adult the highest levels of transcripts are 
present in the spleen (Thompson NL et al, 1989). High levels of protein are

also present in bone (200pg/Kg demineralised bone, Seyedin et al, 1985).

Lower levels occur in soft tissues (placenta and kidney 2-3pg/Kg tissue). TGFp

is present in serum in association with a2 macroglobulin (O'Connor-MCCourt &

Wakefield, 1987). TGFp transcripts have also been detected in mouse 
epidermis and levels can be increased following application of tumour 
promoting agents (Akhurst et al, 1988).
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TGFp has been detected in tumour cell lines (14ng-2jj,g/liter conditioned

medium, Roberts & Sporn, 1988) and in tumour tissues. Although TGFp may be 
more abundant in human tumour tissue than in surrounding normal tissue 
(Derynck et al, 1987) its widespread distribution indicates that it is not a tumour 
specific molecule and that it may also play a role in the growth of normal cells.

Levels of TGFp have generally been determined by radioreceptor assay, which

does not distinguish between the various forms of TGFp, and little comparative

data is available for the various forms. TGFp2 is less abundant than TGFpl in 

bone or platelets (Roberts & Spom, 1988) implying that there must be

differential control over transcription or translation of the two genes. TGFP2 
transcripts have also been reported in mammary (MCF-7 & HBL-100), 
nasopharangeal (KB), melanoma (SK-MEL 28) and vulval carcinoma (A431)

cell lines (Derynck et al, 1987). TGFp3 is mainly expressed in cells of 
mesenchymal origin (Derynck et al, 1988) and has not been detected in 
epithelial cells.

1.1.2.2.2 The TGFP receptors

The TGFp receptors have not yet been purified although several separate

membrane components which bind TGFp have been identified (Massague & 
Like, 1985). These include a 280kD membrane component (which exists as a

component of a larger receptor complex) and is the major TGFp binding species

in most cell types binding TGFP1&2 with equal affinity. Other less abundant

species of 85 and 65kD bind TGFpi with 10 fold higher affinity than TGFp2 

(Cheifetz et al, 1987). These authors postulated that the existence of several 
different forms of the receptor could provide flexibility to the regulation of growth

and differentiation by TGFp. Following these observations Segarini et al (1987)

identified two different species of 280kD TGFp receptor, one which binds
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TGFp receptors are present on a variety of normal and malignant epithelial and 
mesenchymal cell types (Tucker et al, 1984, Wakefield et al, 1987). The number

of receptor expressed per cell varies widely. No TGFp receptors have been 

identified on retinoblastoma cell lines (Kimchi et al, 1988). Tonsillar T 
lymphocytes express from 600/cell whereas Swiss 3T3 cells have 80,000/cell 
(Wakefield et al, 1987). However only low numbers of receptors are required to

mediate the biological effects of TGFp (Wakefield et al, 1987).

TGFp receptors differ from other growth factor receptors in several aspects. 

Firstly, depending on the cell type, receptors are not down regulated following 
binding of ligand (Massague & Like, 1985) or are down regulated by only 
50-70% following exposure to high concentrations of ligand (Wakefield et al,
1987). This implies that receptors are either recycled after internalisation or 
resupplied from a large intracellular pool. Secondly, treatment of cells with

factors known to modulate TGFp action on cells, including phorbol myristate 

acetate or other growth factors, generally has no effect on ligand-receptor 
interactions (Wakefield et al, 1987). For example EGF, which is required in

addition to TGFp to induce anchorage independent growth in NRK cells, has no

effect on binding of TGFp to its receptor, which suggests that transmodulation of

the TGFp receptor may not be an important control mechanism in the action of

TGFp and other growth factors must modify the response to TGFp by 

subsequent intracellular events.

1.1.2.2.3 Biological effects of TGFp

Purification of TGFp by acid-ethanol extraction of platelets yields active TGFp.

TGFp is normally present as a latent complex in platelets which is non
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covalently associated with a complex of one dimeric remnant of the TGFp

precursor and a molecule of TGFp binding protein. Similarly, TGFp secreted 
from primary cells and cell lines, is in a latent form which requires exposure to 
high or low pH (Lawrence et al, 1985) or proteases such as plasmin or 
cathepsin (Lyons et al, 1988) to convert it to the active form.The protein can also 
be activated by enzymatic removal of carbohydrate structures (Miyazono &

Heldin, 1989). The latent form of TGFp is unable to bind to receptors (O’Connor

-MCCourt & Wakefield, 1987). The mechanism for activating TGFp in vivo 
remains unclear but may involve enzymatic pathways or acidification in 
environments such as wound healing with associated areas of low pH.

The pathway of signal transduction by TGFp is unknown. The receptors have no

tyrosine kinase activity (Fanger et al, 1986) although TGFp can antagonise the 
action of other growth factors which act via tyrosine kinase including EGF,
PDGF, FGF ILGF-1 (reviewed by Spom et al, 1987). A recent report (Pertovaara 
et al, 1989), demonstrated that an early effect of stimulation of AKR-2B or A549

cells with TGFp was enhanced expression of two genes encoding expression of 
serum-regulated transcription factors jun-B and the proto-oncogene c-jun

resulting in an increase in the AP1 binding activity. This suggests that TGF p 

may exert its biological effects via jun proteins and the AP1 binding site, an 
important transcriptional enhancer present in the promoter region of many 
genes. Furthermore Rossi et al (1988) have identified a nuclear factor 1 binding

site present in the <x2 collagen gene which is activated by TGFp. This site is also 
found in the promoter region of many genes and suggests that stimulation of

cells by TGFp may result in production of a factor that binds to the nuclear factor

1 site of other genes. However treatment of cells with TGFp may also reduce 
gene expression in some situations. For example it reduces the expression of 
KC (a PDGF inducible gene), and c-myc expression in rapidly growing murine 
keratinocytes (Coffey et al, 1988).

TGFp has effects on cellular metabolism, increasing glucose uptake, amino acid
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transport and stimulating prostaglandin synthesis in cultured murine calvaria

(reviewed by Roberts & Sporn, 1988). TGFp can also modulate expression of 
receptors for other growth factors, upregulating expression of the EGFR in NRK

cells (Assoian, 1985) while treatment of T lymphocytes with TGFp, in the 
presence of interleukin 2 (IL-2), blocks the ability of IL-2 to upregulate IL-2 
receptors (Kehrl et al, 1986a).

TGFp may stimulate or inhibit cell growth depending on the cell type, the 

presence of other growth factors and the stage of development of the cell. For 
example, this growth factor was originally discovered by its ability to induce

proliferation of NRK fibroblasts in soft agar in the presence of EGF or TGFa

(Anzano et al, 1982). However TGFp alone can stimulate the growth of AKR-2B

fibroblasts in agar (Tucker et al, 1983). BALB/c 3T3 cells require TGFp and

ILGF-11 for anchorage independent growth (Massague et al, 1985). TGFp also 
stimulates the growth of human fibroblasts derived from early human foetuses 
but inhibits the growth of fibroblasts from late gestational stage (Hill et al, 1986).

As well as stimulating the growth of certain types of fibroblast, TGFp is also 
mitogenic for osteoblasts (Centrella et al, 1987) and Schwann cells (reviewed 
by Sporn et al, 1987).

In contrast, TGFp inhibits the growth of many epithelial cells and suppresses the

growth of other mesenchymal cells. TGFp inhibits the growth of epithelial cells 

derived from the bronchus (Masui et al, 1986), liver (Hayashi & Carr, 1985), skin 
(Shipley et al, 1986), intestine (Kurkowa et al, 1987, Barnard et al, 1989) and 
inhibits mesenchyme-derived cells including T and B lymphocytes (Kehrl et al, 
1986 a&b) and endothelial cells (Takehara et al, 1987). Endothelial cells

exposed to long term treatment with TGFp show a decrease in the number of 

high affinity receptors for EGF with little change in total receptor number

(Takehara et al, 1987) suggesting that TGFp may influence proliferation by

altering the response of these cells to EGF. TGFp also inhibits the proliferation 
of many tumour cell lines (Roberts et al, 1985) although a number of SCC lines
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fail to respond to the inhibitory effects of TGFp (Ozanne et al, 1986, Shipley et

al, 1986). These authors were the first to postulate that TGFp may play a role in 
the regulation of normal epithelial growth via a negative regulatory mechanism

with lack of response to TGFp leading to altered growth in carcinomas.

TGFp also has varying effects on cell differentiation blocking the differentiation 

of myoblasts (Olson et al, 1986) and preadipocytes (Ignotz & Massague, 1985) 
but inducing differentiation of chondrocytes (Seyedin et al, 1986) and bronchial

epithelial cells (Masui et al, 1986). TGFp in combination with EGF also 
enhances terminal differentiation of epidermal keratinocytes as measured by 
their competence to synthesise involucrin and form comified envelopes (Reiss 
& Sartorelli, 1987).

Other effects of TGFp include regulation of extracellular matrix proteins. TGFp 

increases the synthesis of types 1,111 and V collagen in fibroblasts and NRK 
cells (Fine & Goldstein, 1987, Ignotz et al, 1987, Rossi et al, 1988) and also 
increases the synthesis of fibronectin in fibroblasts (Ignotz et al, 1987), 
chondroitin and dermatan sulphate proteoglycans in human and rodent cell 
lines (Bassols & Massague, 1988) and tenascin in chick embryo fibroblasts

(Pearson et al, 1988). TGFp also stimulates synthesis of extracellular matrix

receptors (Ignotz & Massague, 1987). At the same time TGFp decreases 

synthesis and secretion of proteases by fibroblasts (Laiho et al, 1986) and 
enhances the synthesis of proteins which are inhibitors of proteases for 
example inhibitors of plasminogen-activator (Laiho et al, 1986) and 
metalloproteinases (TIMP, Edwards et al, 1987). These proteins may stabilise 
newly synthesised matrix by preventing proteolytic degradation. The effects of

TGFp to decrease synthesis of extracellular proteases and increase synthesis of 
factors which inhibit protease activity may serve to augment accumulation of

matrix proteins by TGFp.

TGFp also has effects on the cells of the immune system including inhibition of
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the proliferation of T and B lymphocytes (Kehrl et al 1986a&b), inhibition of 
secretion of immunoglobulin by B lymphocytes (Kehrl et al, 1986b), inhibition of 
the generation of natural killer cells (Ranges et al, 1987), inhibition of natural 
killer cell cytotoxicity (Rook et al, 1986) and a chemotactic effect for monocytes

in which it induces IL-1 transcripts (Wahl et al, 1987). TGFp is also chemotactic 
for fibroblasts (Prostlethwaite et al, 1987) and stimulates the migration of 
epidermal keratinocytes via the induction of fibronectin (Hebda, 1988). It also 
stimulates contraction of the collagen matrix secreted by fibroblasts (Montesano 
& Orci, 1988); these latter actions may be involved in tissue repair.

Little comparative data on the biological activities of the various forms of TGFp

has been published. TGFpl &2 are equally potent at inhibiting proliferation of 
mink lung epithelial cells (Cheifetz et al, 1987) and both growth factors inhibit 
resorption in neonatal long bones (Pfeilschefter et al, 1988). However 
differential effects on multi potential haematopoietic stem cells have been

reported (Ohta et al, 1987) with TGFpi, but not TGFp2, inhibiting the growth of 
stem cells. This may be related to the fact that haemopoietic progenitor cells

express TGFp receptors with 20 fold greater affinity for TGFpi than TGFp2.

TGFp induces angiogenesis in vivo (Roberts et al, 1986) although it inhibits the 

proliferation of endothelial cells in culture and has been shown to accelerate 
wound healing (Sporn et al, 1983, Mustoe et al, 1987, Montesano & Orci,
1988). Its effect on angiogenesis is probably indirect and mediated via its ability 
to attract macrophages which secrete tumour necrosis factor which has been

shown to induce blood vessel formation in vivo (Leibovich et al, 1987). TGFp 
may also play a role in the induction of cartilage and bone formation and 
influence growth control and differentiation of a variety of cell types.
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1.1.2.2.4 Peptides related to TGFB

Several peptides have been shown to have partial sequence homology to

TGFp. These include inhibins, involved in the regulation of mammalian 
reproduction; activins which stimulate pituitary follicle stimulating hormone 
secretion; Mullerian inhibiting substance which affects the development of the 
male embryo and the decapentaplegic gene complex involved in pattern 
formation in Drosophila (reviewed by Roberts & Sporn, 1988).

1.1.3 Platelet derived growth factor

Platelet Derived Growth Factor (PDGF) was originally purified form human

platelets, in which it is stored in a granules as a mixture of polypeptides with 
molecular weights of 30-32kD. It was considered to exist as a dimer of a 
14-18kD A chain and a 16kD B chain joined by disulphide bonds, the size 
heterogeneity resulting from differential modification of the A chain and 
differential carbohydrate addition (Deuel et al, 1981). However PDGF was 
subsequently found to occur either as an AB heterodimer or homodimer of AA 
or BB chains (Deuel et al, 1987). It is now established that human PDGF, as 
purified from platelets, consists of 70% AB heterodimer and 30% BB homodimer 
whereas porcine PDGF purified from the same source is exclusively BB 
homodimer (reviewed by Heldin & Westermark, 1989). The human PDGF A and 
B chains have been sequenced (Betsholtz et al, 1986, Betsholtz, unpublished 
clone). Recently a glioma-derived growth factor (GDGF-1), structurally similar to 
PDGF has been identified (Nister et al, 1988b).

1.1.3.1 Distribution

The major source of PDGF is platelets and activated macrophages (reviewed by 
Heldin & Westermark, 1989). It is also found in mitogen stimulated fibroblasts 
(Paulsson et al, 1987), porcine aortic endothelial cells, human umbilical vein 
endothelial cells (DiCorleto & Bowen Pope, 1982) and adult rat arterial smooth
muscle cells (Sjolund et al, 1988). PDGF A chain transcripts have been
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detected in foetal tissues of murine embryos (Rappolee et al, 1988), in type 1 
astrocytes from foetal rat brain (Noble et al, 1988), in aortic smooth muscle cells 
of newborn rats (Seifert et al, 1984) and in human placenta (Goustin et al,
1985). PDGF genes appear to be differentially expressed in certain normal 
cells. Human fibroblasts and rat smooth muscle cells express only A chain 
transcripts (Nisteret al, 1988a) while human endothelial cells and activated 
macrophages express both A and B chain transcripts. Differential expression of 
PDGF transcripts has also been reported in a variety of cell lines which secrete 
PDGF. A chain transcripts are found in osteosarcoma cell lines, synovial 
sarcoma, leiomyosarcoma, giant cell sarcoma, rhabdomyosarcoma and glioma. 
B chain transcripts occur in some osteosarcoma and glioma cell lines (Betsholtz 
et al, 1986) and human glioblastoma tumour tissue (Hermansson et al, 1988).

1.1.3.2 The Platelet derived growth factor receptors

Binding of PDGF leads to depletion of PDGF binding sites resulting from 
receptor occupation and internalisation. In early studies involving PDGF, the 
existence of a single cell-surface receptor for PDGF was assumed.This receptor 
was described as a 170-185kD cell surface transmembrane protein with an 
external ligand binding domain and phospho-tyrosine kinase activity associated 
with the cytoplasmic portion (Ek et al, 1982). The first receptor sequenced was 
the mouse receptor which binds the AB form of PDGF (Yarden et al, 1986). 
Subsequently Escobedro et al (1988) sequenced the human PDGF receptor 
and demonstrated that the cDNA, when expressed in Chinese hamster ovary 
cells bound the AB, AA or BB forms of PDGF. it is now established that there are 
two PDGF receptors, one which binds all forms of PDGF (type A, initially 
synthesised as a 140kD precursor that matures to a 170kD species) and a 
second (type B, synthesised as a 160kD precursor that matures to a 180kD 
structure) which binds BB homodimers with high affinity, AB heterodimers with 
lower affinity but does not bind AA homodimers (Hart et al, 1988, Heldin et al,
1988).

High affinity PDGF receptors are found on a variety of mesenchymal cells
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including fibroblasts (400,000 receptors/cell), glial cells, smooth muscle cells 
(Bowen Pope & Ross, 1982, Heldin et al, 1981) and endothelial cells 
(Hermansson et al, 1988). They are also present on placental trophoblasts but 
are not found on most epithelial cells (Heldin et al, 1981). Recent studies 
demonstrate that human dermal fibroblasts can synthesise both types of 
receptor although the ratio of the two forms may vary between cell types (Hart et 
al, 1988). Whether or not the two receptors have different functions is as yet 
unknown. The number of receptors has been shown to increase in inflammation 
(Rubin et al, 1988) which implies that the response of cells to PDGF may 
depend both on the availability of ligand and induced expression of receptors.

Studies have identified regions in the receptor important in activation.
Escobedo & Williams (1988) have reported that the mouse type B receptor 
tyrosine kinase region is split into two parts by a kinase insert (Ki) region. 
Mutants which lack this region, when expressed in cells which lack PDGF 
receptors, do not synthesise DNA or proliferate in response to PDGF. This 
suggests that the Ki region may mediate interactions of the receptor with other 
molecules important in the response to PDGF or perhaps impose a receptor 
conformation that determines the substrate specificity of the tyrosine kinase.

1.1.3.3 Biological effects of PDGF

PDGF is recognised as the major mitogen in serum for connective tissue cells 
and glial cells (reviewed by Ross et al, 1986) and in some cell types it can 
induce DNA synthesis in the absence of other growth factors (Shipley et al,
1985). In general the effects of AA or BB homodimers or AB heterodimers on 
cell growth have not been evaluated although it is known that PDGF AA is a 
more potent mitogen than BB for glial progenitor cells (Reviewed by Heldin & 
Westermark, 1989).

Stimulation of quiescent Swiss 3T3 cells with PDGF induces a variety of 
biochemical activities including increase in ion flux across the plasma 
membrane, calcium efflux, activation of protein kinase C, inhibition of the
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binding of EGF to the EGFR, an increase in c AMP levels (via an increase in 
prostaglandin synthesis), a rapid, transient rise in the level of expression of 
c-fos and subsequent temporary elevation of levels of c-myc, increased 
phosphoinositol lipid turnover, activation of phospholipase A2, changes in cell 
shape, membrane ruffling and reorganisation of actin filaments (reviewed by 
Rozengurt, 1986, Escobedo et al, 1988). PDGF is also a chemoattractant for 
monocytes and neutrophils (Deuel et al, 1982), smooth muscle cells and 
fibroblasts (Grotendorst et al, 1982, Seppa et al, 1982). The recent observations 
that PDGF is produced by a number of normal and transformed cells suggest 
that it may also play a role in growth, development and tumourigenesis.

The observation that the oncogene product of Simian sarcoma virus and PDGF 
B chain were almost identical (Doolittle et al, 1983, Waterfield et al, 1983) 
suggested that simian sarcoma virus may mediate transformation via the 
production of a protein similar to PDGF. This provided the most direct evidence 
in support of the autocrine hypothesis of growth control. Subsequently antisera 
to PDGF was shown to block thymidine incorporation into DNA when added to 
cultures of cells transformed by simian sarcoma virus (SSV, Huang et al, 1984) 
and the ability of SSV transformed cells to grow in nude mice correlated with 
their ability to release PDGF-related peptides (Huang et al, 1984). These 
experiments provided one of the first demonstrations of how oncogenes can 
act, namely by synthesising a growth factor involved in the mitogenic pathway. 
Transfer of the PDGF A chain, under the control of a strong promoter into NIH 
3T3 cells also has transforming ability (Beckmann et al, 1988). PDGF transcripts 
are also found in a variety of human tumour cell lines which suggests that PDGF 
may be involved in the development of human malignancy.

PDGF exerts its mitogenic effect by binding to the external domain of its receptor 
resulting in autophosphorylation and phosphorylation on tyrosine of 
cytoplasmic substrates (reviewed by Cooper, 1982, Heldin & Ronnstrand,
1983).

A possible mechanism of activation of the type PDGF B receptor was 
suggested by the recent finding that binding of PDGF BB homodimer to purified
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type B receptor induces dimerisation of the receptor (Heldin & Westermark,
1989). This suggests that each PDGF molecule binds to two receptor 
molecules and that dimerisation may allow interaction between tyrosine kinase 
domains of two receptors leading to their activation (as described for EGFR).

Recent studies also suggest that PDGF may be responsible for the mitogenic
response attributed to other growth factors. For example,TGFp induces PDGF 
AA homodimer in AKR-2B cells and is thought to act as a mitogen (Leof et al,
1986) and IL-1 appears to stimulate the proliferation of fibroblasts via induction 
of PDGF (Raines et al, 1989).

Glioma-derived growth factor (GDGF) is a 31 kD PDGF AA homodimer which 
appears to have different functions from platelet derived AB heterodimer (Nister 
et al, 1988b). GDGF has only limited mitogenic activity for human foreskin 
fibroblasts, a low ability to stimulate receptor autophosphorylation and no 
chemotactic activity. It can however modulate the activity of the EGFR.

The presence of PDGF in normal tissue suggests a role in tissue development, 
growth and repair. PDGF is known to be released from platelets during the 
clotting process (Ross et al, 1974) and has been shown to influence wound 
healing in vitro (Sprugel et al, 1987). PDGF may also play a role in the 
differentiation of astrocytes during development of the nervous system  
(reviewed by Heldin & Westermark, 1989) and a role for PDGF in the 
pathogenesis of arteriosclerosis has also been proposed (Ross et al, 1986).

1.1.4 Insulin-Like Growth Factors

Insulin-like growth factors are peptides related to proinsulin which stimulate 
proliferation and differentiation in a variety of cell types. Insulin-like growth 
factor 1 (ILGF-1; Somatomedin C) and insulin-like growth factor 11 (ILGF-11; 
multiplication stimulation activity) have been purified from human plasma and 
characterised by amino acid sequence and isolation of cDNA (Jansen et al, 
1983, Jansen et al, 1986). Both growth factors are synthesised as precursor
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proteins, are 67% homologous at the amino acid level, (ILGF-1 has 53% 
homology with proinsulin) and are associated with different receptors.

1.1.4.1 Distribution

ILGF-1 &11 transcripts are found in a variety of rat foetal tissues including 
intestine, liver, lung and brain (Lund et al, 1986), higher levels of ILGF-11 
transcripts are found than ILGF-1. Transcripts have also been detected in the 
human foetus in connective tissue cells or cells of mesenchymal origin 
including perisinusoidal cells of the liver, perichondrium of cartilage, sclera of 
the eye and connective tissue layers of organs and tissues (Han et al, 1987b).

ILGF 1&11 transcripts are also found in adult rat intestine, liver and lung where 
levels of ILGF-1 are higher than ILGF-11 (Norsdtedt et al, 1988). However in 
experimentally induced rat hepatic carcinoma ILGF-11 transcripts predominate 
over ILGF-1, that is there is a reversion to foetal type ILGF expression (Norstedt 
et al, 1988). ILGF 11 transcripts have also been identified in the adult rat brain 
(Lund et al, 1986).

1.1.4.2 The Insulin-like growth factor receptors

The ILGF-1 receptor is structurally similar to the insulin receptor and is 
composed of two subunits of 130 and 90kD. Both the ILGF-1 and the insulin 
receptor have intrinsic tyrosine kinase activity (reviewed by Hari et al, 1987). 
The ILGF-11 receptor is composed of a single polypeptide chain of 22kD and 
lacks intrinsic tyrosine kinase activity. It has been identified as the mannose 
6-phosphate receptor (Braulke et al, 1989). ILGF-1 and 11 can bind to each 
others receptor as well as the insulin receptor although with a weaker affinity 
that the homologous ligand (reviewed by Hari et al, 1987). Insulin also binds to 
the ILGF-1 receptor but not to that for ILGF-11.
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1.1.4.3 Biological effects of ILGF-1

The presence of three different receptors, with overlapping specificities 
complicates assignment of particular biological responses to a particular 
receptor. In general the insulin receptor mediates metabolic responses whereas 
the ILGF-1 receptor is more likely to mediate a proliferative response (King et al, 
1980). However insulin can mediate a proliferative response via its own 
receptor in some cell types and ILGF receptors can mediate metabolic 
responses. Both metabolic and proliferative responses can be mediated via the 
ILGF-11 receptor (reviewed by Braulke et al, 1989).

ILGF's have been shown to stimulate the proliferation of foetal cells (Froesch et 
al, 1985, Underwood & D'Ercole, 1984) which suggests a role in the control of 
foetal growth. They also influence growth in the adult with ILGF-1 inducing 
skeletal growth under the control of growth hormone (Van Wyk et al, 1984). 
ILGF's also have effects on differentiation, enhancing the differentiation of 
myoblasts (Schmidt et al, 1983) and osteoblasts (reviewed by Froesch et al,
1985). ILGF-11 may play a role in the function of the CNS (Lund et al, 1986)

1.1.5 Fibroblast growth factor

Fibroblast Growth Factor (FGF) exists in two forms, acidic fibroblast growth 
factor (aFGF) and basic fibroblast growth factor (bFGF).

1.1.5.1 Basic fibroblast growth factor

Basic Fibroblast Growth factor (bFGF) is synthesised initially as a 155 amino 
acid precursor peptide and subsequently processed into 2 products of 146 and 
131 amino acids. These precursor molecules may also be derived from larger 
molecules since extraction of pituitary glands in the presence of protease 
inhibitors yields larger forms (Ueno et al, 1986). All forms are mitogenically 
active (Gospodarowicz et al, 1986a). The human bFGF cDNA sequence has 
been determined by Abraham et al (1986).
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1.1.5,1.1 Distribution

bFGF has been detected in the chick embryo, localised to striated muscle cells 
and their precursors (Joseph-Silverstein et al, 1989), in the brain and retina 
(Mascarelli et al, 1987) which suggests a role for FGF in embryonic 
development.

bFGF is also present in richly vascularised adult tissues including the brain, 
hypothalamus, kidney, bone, cartilage, endothelial cells, adrenal gland and 
placenta (reviewed by Folkman & Klagsbrun, 1987, Gospodarowicz et al, 1986 
a&b, Lobb et al, 1986) and in the extracellular matrix of vascular endothelial 
cells (Baird & Ling, 1987) where it is thought to accumulate through its affinity 
for glycosaminoglycans. bFGF transcripts have also been reported in 
keratinocytes (Halaban et al, 1988). bFGF is also released by activated 
macrophages (Baird et al, 1985) and has been detected in tumour cell lines 
including lines derived from a rhabdomyosarcoma (Schweigerer et al, 1987a), 
hepatoma (Klagsbrun et al, 1986), melanoma and osteosarcoma (reviewed by 
Gospodarowicz, 1987) and this has led to the proposal that bFGF may be 
involved in the development or progression of tumours (Schweigerer et al, 
1987a).

1.1.5.1.2 The fibroblast growth factor receptors

The actions of a&bFGF are mediated through binding to high affinity cell surface 
receptors of 145 and 125 kD (Neufeld & Gospodarowicz, 1986). It is not known 
whether each FGF interacts with a different receptor or whether the various 
forms share the same receptor. The cDNA sequence of a bFGF receptor has 
recently been obtained from a chick embryo and a human endothelial cell 
cDNA library (Lee et al, 1989). Binding of FGF has been shown to stimulate 
phosphorylation of a 90kD protein (Lee et al, 1989), a substrate of 
bFGF-induced tyrosine kinase activity (Coughlin et al, 1988).

49



1 .1.5.1.3 Biological effects of FGF

Following ligand-receptor interactions, FG Fs are rapidly translocated to the 
nucleus and stimulate the synthesis of a number of secreted proteins although 
the function of these proteins is currently unknown (reviewed by Gospodarowicz 
et al, 1986a). Stimulation of cells with bFGF also results in the rapid 
appearance of cfos mRNA and protein, diacyl glycerol formation, protein kinase 
C activation and calcium mobilisation (reviewed by Gospodarowicz et al,
1986a).

FG Fs act as mitogens and morphogens for a variety of neuroectodermal and 
mesenchymal cells both in vivo and in vitro (Gospodarowicz et al, 1986a). 
bFGF is more potent than aFGF when inducing proliferation and differentiation 
of some cell types including bovine endothelial cells (Gospodarowicz et al,
1976). bFGF mimics the effect of vegetalising factor responsible for the 
formation of mesenchyme in early embryos (Slack et al, 1987). bFGF has also 
been shown to be a powerful angiogenic factor in vivo (Gospodarowicz et al, 
1986a, Folkman & Klagsbrun, 1987) and is an important mitogen for vascular 
and capillary endothelial cells in vitro (Schweigerer et al, 1987b). However in 
some cell types bFGF inhibits proliferation. For example, it inhibits proliferation 
of Ewing's sarcoma cells (Schweigerer et al, 1987c).

FGF can also induce phenotypic changes in cells in vitro, stimulating the growth 
in agar of established cell lines and potentiating the transforming effects of

TGFp (Rizzino et al, 1986). FGF also makes confluent cultures of 3T3 cells look 
transformed by inducing reduced cell-substratum adhesion, inducing growth in 
a crisscross pattern and membrane ruffling (Gospodarowicz, 1987). Fibroblasts 
and endothelial cells cultured in the presence of FGF also become elongated 
and motile.

In cultured cells bFGF is generally cell-associated and not released into the 
medium (Klagsburn et al, 1986), a finding which is thought to be a consequence 
of the lack of a secretory signal (Abraham, 1986).
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Evidence for a role for FGF in transformation is provided by the observations of 
Rogelj et al, (1988) who have demonstrated that if lack of secretion can be 
overridden, transformation may result. Their evidence is based on the finding 
that expression of bFGF cDNA, via an expression vector, is unable to transform 
NIH3T3 cells (which express bFGF receptors and respond mitogenically to 
FGF). However when bFGF is fused to a secretory signal the cDNAsequence 
can transform as measured by its ability to induce focus formation and cells 
which can form tumours in nude mice. This suggests that bFGF, with signal 
peptide, is secreted and activates a mitogenic pathway. However since only 
low levels of FGF are secreted by these cells an alternative explanation is that 
and the signal peptide may direct bFGF to the same cell compartment as the 
bFGF receptor where the growth factor may bind to its receptor at an 
intracellular location without triggering a mitogenic response (an hypothesis 
originally proposed to explain transformation by the sis oncogene, (Betsholtz et 
al, 1984).

Other studies suggest that despite the lack of a signal peptide FGF can be 
secreted from cells. bFGF can accumulate in the extracellular matrix produced 
by vascular endothelial cells, probably because of its affinity for 
glycosaminoglycans (Baird & Ling, 1987). Similarly, expression of bFGF cDNA 
without secretory sequence (via an expression vector) in BHK-21 cells induces 
high levels of FGF transcripts and proliferation of these cells in soft agar 
(Neufeld et al, 1988). Furthermore bFGF can be secreted by human 
keratinocytes and has been shown to influence the growth of melanoma cells 
(Halaban et al, 1988).

bFGF may play a role in embryonal growth (Slack et al, 1987, 
Joseph-Silverstein, 1989), angiogenesis (Gospodarowicz et al, 1986) and may 
influence melanocyte growth (Halaban et al, 1988). It may also play a role in 
tissue repair following injury or inflammation (Gospodarowicz, 1986a), and may 
regulate pituitary and ovarian cell function (Baird et al, 1986).
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1.1.5.2 Acidic fibroblast growth Factor

Acidic fibroblast growth factor (aFGF) is structurally and functionally related to 
bFGF being a 140 amino acid peptide with 50% homology to bFGF 
(Gimenez-Gallego et al, 1986). The human cDNA sequence was determined 
by Abraham et al (1986). aFGF has only been detected in neural tissues such 
as the brain, hypothalamus and retina. This factor is mitogenic for the same 
types of mesoderm-derived cells as bFGF, but is 30-100 fold less potent that 
bFGF, and also stimulates angiogenesis in vivo (reviewed by Gospodarowicz, 
1986c).

1.1.6 Keratinocyte growth factor

Keratinocyte growth factor (KGF) is a mitogen specific for epithelial cells. The 
cDNA sequence was determined by Finch et al (1989) and demonstrates that it 
is a member of the FGF family. The primary KGF translation product contains a 
hydrophobic amino terminal region considered to be a signal sequence. In this 
respect the molecule contrasts with FGF which is synthesised without a signal 
peptide. KGF transcripts have been found in fibroblast cell lines derived from 
epithelial, embryonic, neonatal and adult sources but not detected in epithelial 
cell lines or glial cells (Finch et al, 1989).

FGF is mitogenic for epithelial cells (as well as endothelial cells and fibroblasts, 
Gospodarowicz et al, 1987). However since neither aFGF or bFGF is 
synthesised with a signal peptide and the mechanisms of release of these 
factors from cells is unknown it has been postulated that their activities may only 
be associated with cell damage (Finch et al, 1989). In contrast KGF transcripts 
(with a signal sequence) are present in the stromal cells of epithelial tissues 
and KGF may thus influence epithelial proliferation via paracrine mechanisms.
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1-2 Cytokines.

Cytokines are molecules that play an important role in many inflammatory and 
immunological reactions. They were originally considered to be the products of 
lymphocytes and monocytes but it is now clear that they are secreted by a wide 
variety of cell types.

1.2.1 Tumour necrosis factor

Tumour necrosis factors a and p are the products of activated macrophages 
and lymphocytes respectively. Both molecules bind to the same cell surface 
receptor and share similar biological properties. The proteins have been

purified and cDNA sequence for human TNFa determined by Pennica et al

(1984) and forTNFp by Gray et al (1984). In this study evidence of production of

TNFa, but not TNFp (previously called lymphotoxin) has been sought and TNFa 
is simply termed TNF throughout.

TNF is synthesised as a precursor molecule and subsequently cleaved to yield 
a 17kD protein. The mature human form of the protein consists of 157 amino 
acids and has an unusual secretory protein signal sequence of 76 amino acids 
contained in a central hydrophobic region.

1.2.1.1 Distribution

Activated macrophages are the major source of TNF (Pennica et al, 1984) 
however the protein is also synthesised by T and B lymphocytes (Turner et al, 
1987, Pennica et al, 1985) and mast cells (Wong & Goeddel, 1987). TNF is 
produced in response to antigens or mitogens and is not synthesised 
constitutively by cells. Production of this hormone is tightly regulated and both 
transcriptional and post transcriptional activation must occur to allow its 
production (Beutler et al, 1986) although induction of TNF can be enhanced by

interferon y and indomethacin and inhibited by glucocorticoids.
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1.2.1.2 The TNF receptors

The effects of TNF are mediated via the binding of TNF to high affinity cell 
surface receptors (Aggarwal et al, 1985), which are present on a wide variety of 
cell types (Pennica et al, 1984). Recent studies suggest that TNF receptors are 
proteins with molecular weights of 50 and 80kD (Engelmann et al, 1989) and 
that the 80kD form is present on cells of the myeloid lineage whereas the 50kD 
form is more widespread and found on epithelial and mesenchymal cells. An 
increase in the number of cell surface receptors after treatment with interferon is 
observed for some cell types (Aggarwal et al, 1985, Ruggiero et al, 1986) which

suggests that the synergism observed between TNF and interferon y may be 
due in part to increased synthesis of receptors in some cell types.

The post receptor mechanism of action of TNF is unclear although TNF 
mediated cell lysis is associated with fragmentation of DNA and induces 
ADP-ribosylation (reviewed by Beutler & Cerami, 1989). TNF influences gene 
regulation, stimulating the transcription of fos, myc, IL-1, IL-6 and collagenase 
genes. Stimulation of collagenase gene transcription is mediated via an 
element of the gene responsive to the transcription factor AP1, a major 
component of which is encoded by the jun gene. TNF appears to stimulate 
prolonged activation of jun expression and this may be the mechanism 
responsible for some of the biological effects of TNF (Brenner et al, 1989). 
However TNF may also inhibit transcription and is known to inhibit transcription 
of the type 1 collagen gene (reviewed by Brenner et al, 1989).

1.2.1.3 Biological effects of TNF

TNF activity was originally discovered in the serum of mice and rabbits injected 
with immunostimulatory agents such as Bacille Calmette-Guerin or endotoxin. 
Serum from such animals caused haemorrhagic necrosis and complete 
regression of certain transplanted tumours in nude mice (Carswell et al, 1975). 
Subsequent studies showed that TNF is cytotoxic to both murine and human 
tumour tissues both in vivo and in vitro (Old, 1975, Williamson et al, 1983,

54



Goeddel et al, 1986 ), the cytotoxic effect being greater in combination with 
interferon (Williamson et al, 1983). TNF is now known to be an important 
mediator of the cytotoxicity of monocytes (Urban et al, 1986, Feinman et al,
1987) and natural killer cells (Jadus et al, 1986, Patek et al, 1987, Ostensen et 
al, 1987) for tumour cells. A number of studies have suggested that TNF 
cytotoxicity may be mediated through the generation of hydrogen peroxide and 
oxygen-free radicals (reviewed by Wong & Goeddel, 1988). TNF has recently 
been shown to induce transcripts for the antioxidant enzyme manganous 
superoxide dismutase (Wong & Goeddel, 1988). These authors have proposed 
that this may be one of the proteins involved in protecting cells from the 
cytotoxic effects of TNF and that TNF itself may influence cellular susceptibility 
to killing by TNF via this mechanism.

TNF has other biological activities in addition to the killing of tumour cells. 
Systemic effects include activity as an endogenous pyrogen (Dinarello et al,
1986), a primary mediator of gram-negative endotoxic shock (Beutler et al, 
1985a) and induction of wasting (cachexia, Beutler et al, 1985b) by inhibiting 
the activity of lipoprotein lipase in adipocytes (Torti et al, 1985).

In addition to its cytotoxic effects, TNF inhibits the growth of certain tumour cell 
lines (Sugarman et al, 1985). Hpwever other cell lines are resistant to its growth 
inhibitory effects (Sugarman et al, 1985, Rubin et al, 1986, Spriggs et al, 1987). 
Normal cells were originally thought to be resistant to the effects of TNF 
although it is now clear that it inhibits the proliferation of endothelial cells 
(Frater-Schroeder et al, 1987) and stimulates the growth of normal fibroblasts 
(Vilcek et al, 1986), Detroit 551 cells derived from foetal skin, and T and B 
lymphocytes (Yokota et al, 1988, Jalinek & Lipsky, 1987) in vitro.

TNF is a key mediator of immune and inflammatory responses. It serves as an 
autocrine immunomodulator, activating macrophages and enhancing their 
cytotoxic potential. It is also chemotactic for monocytes (reviewed by Sherry & 
Cerami, 1988), stimulates degranulation of neutrophils (Tsujimoto et al, 1986), 
induces expression of HLA class 11 antigen on the surface of macrophages,

pancreatic islet cells and on certain tumour cells (it synergises with interferon y
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The biological activities of TNF include stimulation of PGE2 synthesis, 
collagenase activity, production of IL-1 and interferons, granulocyte 
macrophage-colony stimulating factor (GM-CSF) and PDGF (reviewed by 
Frater-Schroeder et al, 1987). In some cases TNF is also capable of inducing 
resistance to infection with viruses (Wong & Goeddel, 1987).

It has also been suggested that TNF may play a role in tissue destruction and 
repair. Cultured synovial cells show increased production of collagenase and 
PGE2 in response to TNF (Bertolini et al, 1986). TNF causes chondrocytes to 
degrade proteoglycan and inhibits the synthesis of new proteoglycan 
(Saklatvala, 1986), stimulates bone resorption and inhibits new bone formation 
in vitro (Bertolini et al, 1986). TNF may also play a role in tissue repair by 
stimulating the proliferation of fibroblasts (Sugarman et al, 1985, Vilcek et al,
1986) and new blood vessels (Frater-Schroeder et al, 1987, Leibovich et al,
1987) .

in this respect (Chang & Lee, 1986, Pujol-Borrell et al, 1987, Pfizenmaier et al,
1987).

1.2.2.lnterleukin-1

lnterleukin-1 (IL-1) is a key mediator in the response to infection, injury or 
immunological reaction. This activity was originally termed "endogenous 
pyrogen". Lymphocyte activating factor, described by Gery et al (1972) was 
subsequently found to be identical to endogenous pyrogen and the term IL-1 
now includes activity originally described as endogenous pyrogen or 
lymphocyte activating factor together with many other similar activities variously 
described as leukocyte endogenous mediator, mononuclear cell factor, 
osteoclast-activating factor, haemopoietin 1 and epidermal cell thymocyte 
activating factor (reviewed by Dinarello, 1988).

Two distinct, related cDNA's encoding proteins with IL-1 activity (termed IL-1 

a&p) have been isolated from a macrophage cDNA library (Auron et al, 1984,
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March et al, 1985). At the amino acid level IL-1a &P precursors are 26% 
homologous. The primary translation products of the two genes, consisting of 
271 and 269 amino acids respectively, are processed to smaller forms and 
despite the fact that IL-1 is a secreted protein neither form contains a typical

signal cleavage sequence. A considerable amount of IL-1, particularly IL-1 a 
remains cell-associated, either intracellulariy or as part of the cell membrane.

Most membrane bound IL-1 is in the a form and may permit cells that fail to

secrete IL-1 to provide an IL-1 signal. Most of the pform of IL-1 is secreted into 
the extracellular fluid (reviewed by Dinarello et al, 1988) although cell

associated IL-1 p can be detected in activated platelets (Hawrylowicz et al, 
1989).

1.2.2.1 Distribution

A number of cell types produce IL-1 both constitutively and in response to 
various stimuli. The macrophage is the primary source of IL-1 (Gery & Lepe

Zuniga, 1984) and in this cell type transcription and secretion of IL-1 p

predominates over IL-1 a. IL-1 is also produced by vascular smooth muscle 
cells stimulated with LPS or TNF (Libby et al, 1986a, Libby et al, 1986b), 
synovial fibroblasts, Langerhans cells, mesangial cells of the kidney, B 
lymphocytes, natural killer cells, astrocytes and microglial cells of the brain, 
thymic epithelial cells and some T cell leukaemic cell lines (reviewed by 
Dinarello et al, 1988). IL-1 also autoinduces IL-1 secretion by monocytes 
(Dinarello et al, 1987) and endothelial cells (Warner et al, 1987). This factor is 
also produced by epidermal cells in vivo (Gahring et al, 1985, Hauser et al,
1986) and by keratinocytes and squamous cell carcinoma (SCC) cell lines in 
vitro (Lugeret al, 1981, Luger et al, 1983, Ansel et al, 1983, Sauder, 1984, 
Hauser et al, 1986, Price et al, 1988, Kupper et al, 1986, Kupper et al, 1987 & 
Goldminz et al, 1987). Epidermal cell-derived IL-1 is indistinguishable from 
macrophage-derived IL-1 (Kupper et al, 1986). In contrast to macrophages,

normal keratinocytes express predominantly IL-1 a mRNA, and secrete this 
form of the protein (Kupper et al, 1986).
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IL-1 detected in cultured keratinocytes is generally considered to be either 
cytoplasmic (Hauser et al, 1986, Kupper et al, 1987) or membrane associated

(Goldminz et al, 1987). The observation that IL-1 a and p lack a hydrophobic 

signal sequence led to the suggestion that IL-1 may only be released from 
keratinocytes on cytolysis or from terminally differentiating cells (Gery & 
Lepe-Zuniga, 1984). However 1L-1 activity can be detected in conditioned 
medium obtained from both normal keratinocytes (Kupper et al, 1987) and 
SCC lines (Luger et al, 1981, Luger et al, 1982, Ansel et al, 1983, Price et al,
1988).

1.2.2.3 The IL-1 receptor

A single class of high affinity IL-1 receptors have been identified on T 
lymphocytes and fibroblasts (reviewed by Dinarello, 1988). Following the 
binding of ligand, the receptor is internalised and binds to nuclear structures, 
resulting in down-regulation of responsiveness to IL-1. Receptors for IL-1

recognise both the a & p forms and have the same range of biological

activities. However IL-1 a can bind to the receptor as a 31 or 17kD protein

whereas only 17kD IL-1 p (but not the 33kD precursor) can bind to the receptor 

(reviewed by Kupper et al, 1988b). The precise nature of the IL-1 receptor(s) 
and the nature of the ligand-receptor interaction remains unclear.

1.2.2.3 Biological effects of IL-1

IL-1 has a wide range of biological effects relevant to both the immune 
response and tissue repair. The immunological effects of IL-1 include mitogenic 
activation of thymocytes and T lymphocytes following induction of interleukin 2 
(IL-2) and production and expression of IL-2 receptor by these cells 
(Oppenheim et al, 1982, Smith et al, 1980, Kaye et al, 1984). IL-1 also 
stimulates T cells indirectly by inducing the synthesis of other molecules by 
other cell types which activate lymphocytes including the haemopietic colony

stimulating factors, T and B cell growth and differentiation factors, y interferon
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and interleukin 3 (reviewed by Dinarello et al, 1988). IL-1 also stimulates B cell 
proliferation and immunoglobulin production (Falkoff et al, 1983, Giri et al,
1984), the activity of natural killer cells, synthesis of PGE2, cytotoxicity and 
migration of macrophages, synthesis of IL-6 and other cytokines by 
macrophages and the synthesis of colony stimulating factors by bone marrow 
cells, endothelial cells and fibroblasts (reviewed by Dinarello, 1988).

Other in vitro effects of IL-1 include stimulation of the growth of fibroblasts, glial 
cells, mesangial cells and keratinocytes. This factor also has proinflammatory 
and degradative properties, including increased synthesis of collagenase, bone 
resorption and stimulation of PGE synthesis by dermal and synovial fibroblasts. 
IL-1 may also participate in tissue repair by increasing fibroblast proliferation 
(Schmidt et al, 1982, Luger et al, 1982), synthesis of collagens type 1,111 and 
1V and glucosaminoglycans (reviewed by Dinarello, 1988).

Systemic effects of IL-1 include induction of fever, endorphins, increase in a 
variety of metabolic effects including the rate of synthesis of acute phase 
proteins (Gauldie et al, 1985), haematological effects, including stimulation of 
the production of IL-2, the interferons, interleukin 3, other bone marrow 
colony-stimulating factors and B cell stimulating factor 2 (now termed IL-6). 
Vascular effects of IL-1 include increased leukocyte adherence and 
hypotension. IL-1 also induces angiogenesis in vivo (reviewed by Dinarello,
1988).

Many of the biological responses of IL-1 are also observed with TNF. These two 
factors can synergise to exert their effects. Both molecules can also stimulate 
the production of other cytokines that may indirectly influence lymphocyte 
proliferation.

An increase in the circulating level of IL-1 is observed in a variety of diseases, 
after exercise and after exposure to UV light (reviewed by Dinarello et al,
1988). As IL-1 is highly inflammatory and stimulates catabolic processes 
attention has focused on ways of down regulating IL-1 production and activity.
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Corticosteroids block the production of IL-1 and the body also produces its own 
factor which inhibits the biological activity of IL-1 by binding to the molecule 
(Brown et al, 1987) or interfering with the IL-1 receptor (Balavoine et al, 1987). 
Binding of IL-1 also down regulates its own receptor, and this may have an 
important modulating effect.

1.2.3 lnterleukin-6

lnterleukin-6 (IL-6) was originally described as B cell differentiation factor, B cell

stimulatory factor 2 (BSF-2), interferon p2 (INF|32), hybridoma growth factor, 26 
kD protein or hepatocyte stimulating factor on the basis of its biological 
properties (reviewed by Hirano & Kishimoto, 1989). Following the molecular

cloning of cDNA's for BSF-2, INFp2, and 36 kD protein these molecules were 
found to be identical and called interleukin-6. Human IL-6 is a 212 amino acid 
protein including a hydrophobic signal sequence of 28 amino acids. The cDNA 
sequence of human IL-6 was determined by Hirano et al, (1986).

1.2.3.1 Distribution

IL-6 is produced by lymphoid and non lymphoid cells, including T and B 
lymphocytes, monocytes, fibroblasts, endothelial cells and certain tumour cells, 
either constitutively or in response to various stimuli (reviewed by Hirano & 
Kishimoto, 1989). For example, production of IL-6 by T cells is dependent on the 
presence of monocytes although they can be replaced by 
12-O-tetradecanoylphorbol 13-acetate (TPA), whereas monocytes produce IL-6 
in the absence of an apparent stimulus.

1.2.3.2 IL-6 receptor

High and low affinity IL-6 receptors are expressed on lymphoid and non 
lymphoid cells as suggested by its multifunctional properties (Coulie et al,
1987). The receptor is composed of 468 amino acid and cDNA encoding the 
receptor was isolated by Yamasaki et al (1988).The IL-6 receptor does not have
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tyrosine kinase activity unlike other growth factor receptors. The cytoplasmic 
domain of the receptor is not essential for signal transduction (Taga et al, 1989) 
and when IL-6 binds to its receptor it causes the receptor to associate with a 
membrane glycoprotein (gp130) and this extracellular interaction can provide 
the IL-6 signal.

1.2.3.3 Biological effects of IL-6

IL-6 has pleiotropic effects on a wide range of cell types. It acts on B cells to 
induce production of immunoglobulin (Hirano et al, 1986) and induces the 
expression of IL-2 receptor on thymocytes and certain T cell lines and can 
function as a second signal for IL-2 production by T cells (Garman et al, 1987). 
IL-6 also promotes the growth of T cells stimulated with phytohaemaglutinin 
(PHA) and synergises with IL-1 and TNF in the stimulation of thymocyte 
proliferation (Le et al, 1988). IL-6 also induces differentiation and activates 
cytotoxic T cell activity from thymocytes or splenic T cells in the presence of IL-2 
(Takai et al, 1988). It also has effects on the haemopoietic system, promoting 
the proliferation of multi potential progenitors (Ikebuchi et al, 1987). It can also 
induce the differentiation of myeloid cell lines into macrophages and 
granulocytes.

IL-6 stimulates some aspects of the acute phase response (a systemic reaction 
to inflammation or tissue injury characterised by leucocytosis, fever, increased 
vascular permeability and increased levels of acute phase proteins). The 
synthesis of acute phase proteins by hepatocytes is regulated by several factors 
in addition to IL-6 including IL-1 and TNF (Gauldie et al, 1987).

This factor inhibits the growth of various cell types including fibroblasts, breast 
carcinoma cells and lymphoma and leukaemic cell lines (Chen et al, 1988) and 
stimulating the growth of others including B cell myelomas (Kawano et al, 1988) 
and Epstein Barr virus (EBV) transformed cell lines (Tosato et al, 1988).
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1.3 Oncogenes

Oncogenes (cancer causing genes) are fragments of modified cellular DNA 
which were discovered as part of the genome of acutely transforming 
retroviruses and as transforming agents in DNA-mediated gene transfer 
experiments (reviewed by Bishop, 1983). The acutely transforming retroviruses 
cause tumours in animals with high efficiency indicating that all the information 
required to cause transformation is carried within the viral genome. The viral 
oncogenes have homologues in normal cells. These cellular or 
proto-oncogenes often have similar DNA sequences to their viral counterparts.
A variety of mechanisms may result in alteration (or activation) of 
proto-oncogenes (reviewed by Land et al, 1983a) including overexpression of a 
proto-oncogene following acquisition of a novel transcriptional promoter, gene 
amplification, altered levels of transcription due to the action of novel enhancer 
sequences, chromosomal translocation or gene mutations which result in 
synthesis of an altered product. Another class of cancer causing genes is now 
recognised in which loss of gene function is associated with oncogenesis 
(Sager, 1986). These genes are now known as anti-oncogenes. Altered 
expression of proto-oncogenes, as a result of one or more of these mechanisms 
is considered to play a role in the development of carcinogenesis.

More than 50 oncogenes that mediate abnormal cellular growth control have 
been identified. The corresponding proto-oncogenes are generally thought to 
play a key role in the regulation of normal cell proliferation and differentiation 
(reviewed by Weinberg, 1985). However altered expression of single 
oncogenes is generally insufficient to induce full transformation, although it has 
been reported, and in most cases activation of several oncogenes is thought to 
contribute to the tumourigenic process. This conclusion is based on in vitro 
studies using rodent fibroblasts (Land et al, 1983b). These investigations have 
demonstrated that oncogenes often co-operate, or act in pairs, to immortalise 
cells in vitro and that many oncogenes can be assigned to one of two classes 
according to their ability to cooperate in transformation assays (Land et al, 
1983b). One class of oncogenes encodes nuclear proteins, including c-myc, 
adenovirus E1A and SV40 large T antigen. The other class encodes proteins
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associated with the cell membrane including the ras family, src and polyoma 
middle T. For example an activated ras oncogene will transform primary or early 
passage rodent cells at only low frequency unless cotransfected with a 
collaborating gene such as adenovirus E1A or myc oncogenes (Land et al, 
1983b, Ruley, 1983).

Support for oncogene co-operativity has also been provided by in vivo 
experiments. For example, transgenic mice expressing ras alone expressing 
ras alone under the control of the LTR of mouse mammary tumour virus failed to 
develop tumours whereas animals expressing both myc and ras developed 
tumours (Sinn et al, 1987). Similarly myc and ras have been shown to 
co-operate in a reconstituted organ model in which expression of ras alone 
induced dysplasia and angiogenesis, myc induced hyperplasia of the whole 
organ while ras and myc together produced carcinomas (Thompson TC et al,
1989). Evidence for oncogene cooperation in vivo is also provided by the 
observation that several human tumours and tumour cell lines contain two 
activated oncogenes, (Taya et al, 1984, Suarez et al, 1987). This has led to the 
suggestion that the multistep nature of carcinogenesis may reflect consecutive 
actions of dominantly acting oncogenes (Land et al, 1983b, Ruley, 1983). 
However other genetic events are probably required in the development of 
tumours as suggested by the long lag period observed in vivo between the 
onset of activated oncogene expression and tumour formation.
The oncogenes used in the experiments reported in this thesis are discussed 
below.

1.3.1 The v-erbB oncogene

The v-erbB oncogene represents an altered version of the gene encoding the 
avian EGFR (Yamamoto et al, 1983) and expression of this gene product 
causes erythroblastosis and sarcomas in infected chickens (Frykberg et al,
1983, Engelbreth-Holm & Rothe-Meyer, 1935). The transforming protein of the 
v-erb B oncogene lacks virtually the entire extracellular domain of the receptor, 
containing the EGF binding site, as well as a portion of the carboxy terminus 
which includes the autophosphorylation site (Downward et al, 1984). One
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hypothesis of how the v-erb B protein effects transformation is that it possesses 
a constitutively active protein tyrosine-kinase domain that is able to provide a 
signal for cell division without binding EGF, and that this alteration somehow 
contributes to the growth of cells infected with such a virus (Downward et al, 
1984, Gilmore et al, 1985).

An oncogenic role for the normal EGFR has also been proposed as high levels 
of receptors are present on a variety of tumours. In support of this hypothesis 
Velu et al (1987) demonstrated that NIH 3T3 cells transfected with a retrovirus 
carrying the c-erb B gene would grow as colonies in soft agar when EGF was 
added to the medium and these cells form tumours in nude mice injected with 
EGF. Wong & Biswas (1987) also reported that repeated application of dimethyl 
benzanthracene (DMBA) resulted in development of SCC in the hamster cheek 
pouch model. A cell line derived from these tumours contained amplification of 
c-erbB and an increased level of c-erbB transcripts were detected in cheek 
pouch tissue. However the increase in c-erb B expression did not correlate with 
the stage of extensive hyperplasia of the epithelia, seen 5 weeks after 
application of DMBA began but was detected at 8-9 weeks when early invasion 
of the connective tissue began. A subsequent study utilising similar DMBA 
induced hamster tumours demonstrated that over expression of c-Ha ras 
occurred at an early stage of tumour development suggesting that v-Ha ras and 
c-erb B can cooperate in the development of DMBA induced carcinogenesis 
(Hussain et al, 1989).

1.3.2.The ras oncogene

Three human ras genes have been characterised. The Ha-ras and Ki-ras genes 
were first identified as the oncogenes of the Harvey and Kirsten sarcoma 
viruses (Ellis et al, 1981) and the N-ras gene as the transforming gene of a 
human sarcoma cell line (Hall et al, 1983). Homologues of these genes are 
also present in Drosophila (Shilo & Weinberg, 1981) and Saccharomyces 
cerevisiae (Wigler et al, 1984)
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1.3.2.1 Biochemical properties

The ras genes encode a 21 kD protein which resides on the inner surface of the 
plasma membrane (Willingham et al, 1980) and binds GTP and GDP which 
suggests that it hydrolyses GTP to GDP (Scolnick et al, 1979, McGrath et al,
1984). This has been recently confirmed by Trahey & McCormick (1987). These 
proteins also bind ATP to a lesser extent.

Transforming ras genes can differ from normal cellular genes by a single point 
mutation resulting in a single amino acid substitution in the encoded protein 
(Reddy et al, 1982). Mutations found in tumours occur at codons 12,13 and 61 
(reviewed by Santos et al, 1986). The majority of mutations affect the binding of, 
or hydrolysis of ras to GTP to favour the GDP bound form of the protein (Manne 
et al, 1985). However some mutations result in only a minor reduction in 
GTP-ase activity and there is no quantitative correlation between the reduction 
in GTP-ase activity and transformation for codon 61 mutations implying that the 
reduction in GTP hydrolysis may not be sufficient to activate ras transforming 
potential (Der et al, 1986). Additionally in the T-24 c-Ha ras gene (which has a 
point mutation at codon 12), a second nucleotide alteration in the last intron 
causes a 10 fold increase in ras expression (Cohen & Levinson, 1988). Using 
gene reconstruction experiments Cohen et al (1989) identified a 
negative-acting element in this intron that is completely inactivated by the 
mutation. Ras proto-oncogenes can also function as oncogenes following 
overexpression of the normal ras protein, (see below).

The discovery that ras proteins are GTP binding proteins associated with the 
plasma membrane has led to a search for potential sites of action among known 
membrane-bound enzyme systems regulated by G proteins. The homologue of 
p21 ras in yeast regulates adenylate cyclase (Toda et al, 1985) but this does not 
appear to be the case in higher eukaryotic cells (Beckner et al, 1985). Wakelam 
et al (1986) presented evidence for p21 N-ras coupling bombesin receptors to 
the phospholipase system in NIH 3T3 cells. (A variety of growth factors are 
known to activate a phosphoinositide-specific phospholipase C which leads to
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the release of inositol triphosphate and diacylglycerol which in turn release 
calcium from intracellular stores and stimulates protein kinase C, (reviewed by 
Seuwen et al, 1988). Marshall (1987) extended these observations reporting 
that p21 Ha-ras also increased the phospholipase C response to PDGF in NIH 
3T3 cells and that the mutated forms of Ha-ras enhanced phosphoinositide 
breakdown in the absence of growth factors. These observations led to the 
suggestion that mutant ras proteins deregulate growth by short circuiting growth 
factor receptors, activating the phospholipase C second messenger system 
directly (Marshall, 1987). However this hypothesis does not hold for all cell 
types as expression of v-Ki ras or activated c-Ha ras in Chinese hamster lung 
fibroblasts failed to produce any alteration in phosphoinositide breakdown 
(Seuwen et al, 1988).

The signals which activate ras proteins are unknown but are presumed to 
increase the proportion of p21 ras bound to GTP either by reducing GTP-ase 
activity or increased GDP exchange (reviewed by MCCormick, 1989). Although 
purified ras proteins have intrinsic GTP-ase activity, this activity is weak and 
insufficient to keep p2 in the GDP bound state. GTP-ase activating protein 
(GAP) catalyses the conversion of p21GTP to p21GDP and increases the rate of 
this reaction more than 100 fold (Trahey & MCCormick, 1987). GAP has no effect 
on oncogenic p21 proteins at positions 12 or 61 which remain in an active GDP 
bound state (Trahey & McCormick, 1987). Many of the ras mutants also have 
reduced intrinsic GTP-ase activity. GAP protein has been purified and cloned 
(Trahey et al, 1988) and has a hydrophobic sequence suggesting a membrane 
location, yet in mammalian cells most GAP activity appears to be cytosolic.

Despite these advances the function of ras protein is still unclear although the 
site of interaction between the ras protein and the putative effector protein has 
been identified using ras mutants which bind GTP but fail to transform 
(Willumsen et al, 1986). The site of interaction of GAP with p21 has also been 
established (Adari et al, 1988). Mutations in the effector protein binding sites 
also destroy the ability of GAP to stimulate GTP-ase activity of p21 ras which 
suggests that GAP may be a ras effector protein. However other biochemical 
activities associated with GAP have not yet been identified and other proteins in
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addition to GAP may bind to p21 ras.

1.3.2.2 Evidence for ras involvement in transformation and 

tumouriaenesis

Ras proto-oncogenes can function as oncogenes either as a result of mutational 
changes (reviewed by Barbacid, 1987) or by over expression of the normal 
gene product (Chang et al, 1982, Pulciani et al, 1985).

Activated ras oncogenes were first shown to transform established cells (NIH 
3T3 cells) by Land et al (1983b) and Ruley (1983). Subsequently 
microinjection of N-ras protein was shown to transform NIH3T3 cells and 
increases cell motility (Trahey et al, 1987).

Initial experiments involving infection of primary rodent or mammalian cells with 
a retrovirus containing activated ras did not result in transformation (Land et al,
1983b, Sager et al, 1983). However subsequent experiments demonstrated 
that activated ras, in the presence of transcriptional enhancers, was capable of 
immortalising primary mammalian cells (Spandidos & Wilkie, 1984c,
Spandidos, 1985). These cells were also capable of anchorage-independent 
growth and of forming tumours in nude mice.

Over expression of normal, c-Ha ras, can also immortalise or transform primary 
cells as when placed under the control of the long terminal repeat of a murine 
retrovirus, c-Ha ras will allow murine fibroblasts to grow in an 
anchorage-independent manner or form tumours in nude mice (Chang et al,
1982). Similar results have been reported by Pulciani et al (1985) and McKay 
et al (1986). Subsequent experiments (Spandidos, 1985) showed that primary 
mammalian cells over expressing c-Ha ras were immortalised but not capable 
of anchorage-independent growth or of forming tumours in nude mice. The 
finding that overexpression of c-Ha ras will alter the phenotype of certain rodent 
cell types and the lifespan of mammalian cells is considered to reflect high 
levels of ras protein induced in these cells and perhaps subsequent changes in 
growth factor production (Marshall, 1984). However the possibility that other
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It is now accepted that expression of single oncogenes including ras, only rarely 
appears to immortalise primary cells and that more frequently oncogenes 
co-operate or act in pairs to transform cells (see above).

Attempts have been made to define the stage in the transformation process at 
which ras may act. A number of experiments suggest that ras may act an early 
stage since ras transformed primary embryo fibroblasts can be stimulated to 
grow by tumour promotors, a characteristic of initiated cells, whereas myc 
transformed cells are not affected by these agents (Dotto et al, 1985). Yuspa et 
al (1983 & 1985) also observed that keratinocytes expressing activated ras 
did not grow well in the absence of TPA although they were able to proliferate 
when TPA was applied.

Studies of experimental epidermal carcinogenesis have also been used to 
explore the stage of tumourigenesis at which ras may act. These experiments 
often utilise the two stage (initiation-promotion) system in which tumorigenesis 
is achieved by a single application of a subthreshold (initiating) dose of a 
carcinogen to the skin (typically DMBA) followed by repeated application of a 
tumour promotor such as 12-O-tetradecanoyl phorbol,13- acetate (TPA, 
reviewed by Boutwell, 1964, Stenback et al, 1974) The initiation-promotion 
protocol induces benign papillomas although the probability that papillomas will 
become carcinomas increases with the duration of promotor treatment (Burns et 
al, 1978).

Experiments utilising this protocol suggest that ras may also mimic initiation in 
vivo as papillomas fail to develop when mouse skin is infected with the Harvey 
murine sarcoma virus but do so if TPA is repetitively applied (Quintanilla et al, 
1986). Similarly DMBA induced hamster buccal pouch epithelial tumours show 
increased expression of c-Ha ras as an early event whereas overexpression of 
c-erb B occurs later and can be correlated with a phase of extensive 
proliferation and invasion of epithelia into connective tissue (Husain et al,

cellular changes, such as chromosomal modifications contribute to the altered
growth characteristics cannot be excluded.
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1989). These authors concluded that expression of the second oncogene may 
provide an adequate signal to drive the ras initiated cells to a fully transformed 
state.

However ras may act at other later stages of epidermal carcinogenesis as 
keratinocyte cell lines derived from carcinogen (DMBA induced) mouse 
papillomas when transfected with an activated c-Ha ras gene show signs of 
malignant progression in that cells grow in soft agar and form tumours in nude 
mice (Harper et al, 1986).

Further in vitro transformation experiments have demonstrated that expression 
of ras can impart an initiated phenotype on murine keratinocytes. In normal 
undifferentiated basal keratinocytes TPA acts like a mitogen while high calcium 
levels induce differentiation. Following calcium induced differentiation, cells 
respond to TPA with accelerated differentiation. A ras oncogene introduced into 
keratinocytes blocks differentiation in that cells respond to TPA with a 
proliferative response even in the presence of high calcium levels (Yuspa et al,
1985). This data may explain why both initiation and promotion events are 
required for induction of mouse skin papillomas as keratinocytes initiated by a 
ras oncogene would be blocked in their maturation but following TPA initiated 
cells start to proliferate in an uncontrolled manner.

A link between the action of chemical carcinogens and activation of ras genes 
has also been proposed. Chemical carcinogens are known to result in 
activation of ras genes in mammary gland tumours (Sukumar et al, 1983) which 
may be part of the mechanism by which they exert their effects. For example 
90% of mouse skin tumours initiated with DMBA contain an A to T mutation at 
the second nucleotide of codon 61 of c-Ha ras (Quintanilla et al, 1986).

Evidence to support a role for activated ras genes in tumorigenesis is also 
based on the observation that these genes have been found in a variety of 
human tumour tissues. DNA transfection experiments demonstrate that 10-20% 
of human tumours contain an activated ras gene and in most cases the 
mechanism of activation appears to be a single point mutation in c-Ha ras or
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c-Ki ras genes (reviewed by Barbacid, 1987). However these figures may be an 
underestimate of the number of tumours that contain mutant ras genes 
because sensitive DNA polymerase chain reaction techniques (Bos et al, 1987) 
revealed activated ras genes in 40% of colonic and colorectal cancers. Mutated 
ras genes have also been identified in bladder, lung, colon tumours and in 
neuroblastomas (reviewed by Aaronson et al, 1985) and elevated levels of ras 
transcripts have been found in premalignant neoplasms of the colon (Bos et al,
1987) and in preleukaemia (Liu et al, 1987). Mutant N-ras genes occur 
frequently in mesenchymal and haemopoietic tumours (Hall et al, 1983).

Overexpression of normal ras genes may also contribute to human malignancy. 
A few tumours contain amplified copies of unmutated ras genes (Fujita et al,
1985) and elevated levels of ras transcripts, or p21 ras, in tumour tissue as 
compared to normal cells has been demonstrated for colon (Spandidos & Kerr,
1984), breast (Ohuchi et al, 1986, Spandidos & Agnatis, 1984) and lung 
cancers (Kurzrock et al, 1986). However the interpretation of such findings is 
not clear since the results may be a reflection of higher proliferation rates in the 
tumour when compared with normal tissue. Other studies (Chesa et al, 1987) 
have shown equivalent levels of p21 ras in human tumour and normal tissue 
and reported that expression of ras protein was often restricted to cells at 
specific stages of differentiation.

The ability of ras oncogenes to induce a metastatic phenotype has also been 
investigated. A number of studies, using different cell lines, suggest that the ras 
gene can confer a metastatic phenotype to some cell types but not others. The 
results were independent of the level of ras protein expressed by the cells 
which led to the conclusion that induction of a metastatic phenotype is not an 
intrinsic property of the ras oncogene, a concept supported by the similar 
incidence of ras oncogenes in primary and metastatic tumours (reviewed by 
Barbacid, 1987).

1,3.2.3 Genes suppressing activated ras

Transfection of Kirsten sarcoma virus transformed NIH 3T3 cells with a cDNA
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expression library of normal human fibroblasts results in the isolation of 
morphologically flat revertants (Noda et al, 1989). One possible explanation for 
this finding is that endogenous cellular genes contain sequences suppressing 
the transforming activity of ras. The genes responsible for ras tumour 
suppression have been cloned (Kitayama et al, 1989) and encode a 21 kD 
protein with 50% amino acid homology to ras. Although the mechanism of 
action of tumour suppression is unknown the sequence homology suggests that 
this protein might antagonise the activity of mutant ras by competing with ras for 
some common target or regulatory protein. Alternatively this protein may serve 
as a G protein involved in the transduction of a negative regulatory signal, in 
contrast to ras proteins which transduce a positive signal (Kitayama et al,
1989).

1.3.2.4 Biological responses to ras

The involvement of p21 ras in transformation and tumorigenesis suggested that 
this protein may also play a role in normal growth control, a hypothesis 
reinforced by the observation that microinjection of oncogenic ras protein 
induces DNA synthesis in late passage, non established rat embryo fibroblasts 
(Sullivan et al, 1986).

As described above, ras proteins are thought to act as important second 
messengers in transducing signals to the nucleus resulting in altered gene 
expression. Activated ras genes are thought to enhance second messenger 
production in the absence of extracellular signals. Subsequent altered gene 
expression includes stimulation of the expression of jun B and c-jun, which 
encode a component of the API binding activity (Sistonen et al, 199) and 
expression of c-fos (Stacey et al, 1987).

Ras genes may also cause growth arrest in normal cells (Ridley et al, 1988) and 
influence differentiation in some cell types. For example in rat 
pheochromocytoma cells (PC12) expression of ras can induce neuron-like 
cells (Noda et al, 1985, Bar-Saji & Feramisco, 1985). Microinjection of p21 ras 
antibody also inhibits nerve growth factor induced differentiation of PC12 cells
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(Hagag et al, 1986).

1.3.3 The mvc oncogenes

The myc gene family has also been implicated in a variety of human tumours. 
Three myc genes c-myc, N-myc and L-myc have been characterised and 
sequenced (Bernard et al, 1983, Schwab et al, 1983, Nau et al, 1985). At the 
amino acid level homology between c-myc and N-myc is 30%, regions of L-myc 
also have homology to c-myc and N-myc (Nau et al, 1985). Murine and human 
c-myc genes have a three exon structure. Initially only exons 2 and 3 were 
considered to be coding (Adams et al, 1983). However two major c-myc 
proteins differ by 2-3kD in apparent molecular weight and have recently been 
shown to be primary translational products of c-myc derived from alternative 
initiation sites in exons 1 and 2 (Hann et al, 1988).

The myc gene was first identified as part of the transforming gene of avian 
myelocytomatosis virus (Duesberg & Vogt, 1977) and the nucleotide structure of 
the proviral genome was determined by Reddy et al (1983). The v-myc gene 
isolated from the avian MC 29 virus does not contain the first exon (Alitalo et al, 
1983a) and codes for 452 amino acids of the retrovirus gag gene giving rise to 
a p110 gag-myc protein. The transforming gene of this retrovirus causes acute 
leukaemia, carcinomas and sarcomas and transforms fibroblasts and 
haemopoietic cells in tissue culture (reviewed by Papas, 1984).

1.3.3.1 Biochemical properties

The myc gene products are phosphoproteins that bind DNA. The proteins, at 
least in over producing cells, have a short half life of 20-25 minutes (reviewed 
by Henriksson et al, 1988). Recent studies have demonstrated that mycexists 
as an oligomer in vitro and that oligomerisation occurs via a leucine zipper, a 
conformation present in many DNA- binding proteins (Dang et al, 1989). (The 
leucine zipper describes a structure found in a number of DNA-binding proteins 
that contains leucines occurring at intervals of every seventh amino acid in a
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region predicted to be alpha helical). The integrity of the leucine zipper has 
been shown to be essential for transformation (Stone et al, 1987). The nuclear 
distribution of c-myc and N-myc appears to be different and the two proteins 
may therefore have different functions (Henriksson et al, 1988).

Normal c-myc expression is thought to be regulated via a negative feedback 
loop triggered by an excess of myc protein (Leder et al, 1983). Levels of c and 
N-myc mRNA also tend to be inversely related, suggesting that members of the 
myc family can regulate one another in some cell lines (Alt et al, 1986). This 
observation has been confirmed by studies on transgenic mice with N-myc 
coupled to an immunoglobulin heavy chain enhancer (Rosenbaum et al, 1989) 
demonstrating that myc genes are subject to auto and cross regulation, 
expression of N-myc down regulating expression of exogenous N-myc and 
c-myc.

Myc genes show homology with the EIA region that binds to the retinoblastoma 
oncogene product, p105 RB (Whyte et al, 1988) although it is not yet 
established whether myc binds to this protein.

Activation of the oncogenic potential of myc appears to involve altered 
regulation by retroviral insertion, chromosome translocation or gene 
amplification rather than point mutations (Cory, 1986). However mutations have 
been identified in avian v-myc oncogenes and may contribute to the 
transforming effect of v-myc (Frykberg et al, 1987).

1.3.2.2 Evidence for involvement of mvc in transformation and 

tumourigenesis.

V-myc, c-myc and N-myc have been shown to facilitate the establishment of cell 
lines from primary cells or elicit neoplastic growth of established lines (Land et 
al, 1983b, Mougneau et al, 1984, Ruley et al, 1983, Land et al, 1986, Small et 
al, 1987). V-myc can also reduce the growth factor dependence of BALB/c3T3 
cells for anchorage-independent proliferation (Vennstrom & Bravo, 1987). Myc 
can also co-operate with other oncogenes in development of the transformed
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phenotype in vitro . For example v-Ha ras and v-myc or N-myc (Land et al, 
1983a, Schwab et al, 1985) can transform primary embryo fibroblasts. V-myc 
and v-Ha ras can also synergise in the transformation of murine lymphoid cells 
(Schwartz et al, 1986).

Similar oncogene co-operation has been demonstrated in vivo (Thompson TC 
et al, 1989b, see above). However in some experiments involving transgenic 
mice altered expression of myc alone results in tumour development. For 
example, Rosenbaum et al (1989) demonstrated that mice carrying N-myc 
coupled to an immunoglobulin enhancer developed B lymphoid tumours. Leder 
et al (1986) also observed that transgenic mice carrying 
glucocorticoid-inducible c-myc developed a variety of breast, testicular or 
lymphocytic tumours. However since not all tissues developed tumours, these 
experiments imply that other events may be required for development of the 
malignant phenotype. Similar conclusions were drawn by Stewart et al (1984) 
and Adams et al (1985) who generated mice carrying c-myc driven by the LTR 
of mouse mammary leukaemia virus. These mice developed single mammary 
carcinomas following pregnancies suggesting that additional events were 
required for development of the full malignant phenotype.

Altered myc genes are also found in human tumour tissues or tumour cell lines. 
Altered c-myc expression was first identified in Burkitt's lymphoma in which 
c-myc is translocated from its normal site on chromosome 8 to the 
immunoglobulin locus. A similar translocation occurs in murine plasmacytoma 
(reviewed by Klein & Klein, 1985). Amplification of myc also occurs in human 
tumours. C-myc, N-myc and L-myc may be amplified in small cell lung cancer 
(reviewed by Wong et al, 1986, Nau et al, 1985); N-myc is amplified in some 
retinoblastomas (Lee et al, 1984), Wilm's tumour (Nisen et al, 1986) and in 
neuroblastoma where the level of expression appears to correlate with 
prognosis (Brodeur et al, 1984).

Tumour cell lines with c-myc amplification include HL60, a leukaemic cell line 
(Collins & Groudine, 1982), Colo 320, a neuroectodermal cell line (Alitalo et al, 
1983b), the SKBR3 breast carcinoma cell line (Kozbor & Croce, 1984), and in a
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series of lung carcinoma cell lines (Little et al, 1983). Amplification of N-myc 
has been reported in neuroblastoma (Kohl et al, 1983, Schwab et al, 1984) and 
teratocarcinoma cell lines (Jakobovits et al, 1985).

1.3.3.3 Biological responses to mvc

The function of the myc gene is unknown but is thought to control gene 
transcription as it seems to mediate the action of a variety of growth factors in a 
number of cell types and influence proliferation. Expression of c-myc transcripts 
and protein occurs throughout the cell cycle (Hann et al, 1985) but levels of 
myc are higher in proliferating cells (Adams et al, 1983), in rapidly proliferating 
tissues such as placenta (Pfeifer-Ohlsson et al, 1984) and in murine embryos 
(Schmidt et al, 1989), and can be modulated by mitogenic stimuli. For example, 
quiescent BALB/c3T3 cells or normal lymphocytes have low levels of c-myc but 
mitogenic stimuli such as PDGF raise levels 10-40 fold, 1-3 hours after 
stimulation (Kelly et al, 1983). Antibodies against c-myc have also been shown 
to inhibit DNA synthesis in isolated nuclei, suggesting that myc encodes a 
protein that participates in DNA replication (Studzinski et al, 1986).

Expression of N-myc and L-myc appears to be more restricted than c-myc. 
N-myc is expressed in early stages of the development of brain, kidney and 
lymphoid systems (Zimmerman et al, 1986).

Myc may also play a role in differentiation as it is expressed at particular stages 
of development of some organs in the developing embryo (Schmid et al, 1989), 
is expressed at a late stage in B cell development (Langdon et al, 1986) and 
induces differentiation in the promyelocytic cell line HL60 (Holt et al, 1988) and 
murine embryonal carcinoma cells (St-Amaud et al, 1988). However some cell 
types constitutively express high levels of c-myc irrespective of their proliferative 
or differentiated state. For example murine keratinocytes express high basal 
levels of c-myc transcripts and protein and levels remain high after calcium 
induced terminal differentiation (Dotto et al, 1985). However the significance of 
this observation is unclear.
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1.3.4 Adenovirus EIA oncogene

The transforming activity of human adenoviruses is associated with early region 
1 which consists of two transcriptional units E1A and E1B. The E1A region can 
immortalise primary cells (Houweling et al, 1980) and co-operate with E1B or 
ras to transform cells to an extent that they give rise to tumours in animals 
(Ruley, 1983, Franza et al, 1986).

The E1A region gives rise to 3 transcripts (13S.12S and 9S) which are 
translated into polypeptides of 289, 243 and 54 amino acids. These products 
undergo extensive post translational modification resulting in a series of closely 
related proteins that are located in the nucleus (Harlow et al, 1985). The 
polypeptide encoded by the 13S transcript regulates the accumulation of other 
early viral transcripts and certain non viral transcripts, the 12S transcript 
facilitates the growth of adenovirus in quiescent cells, the function of the 9S 
transcript is unknown (reviewed by Roberts et al, 1985).

Immunoprecipitation experiments detected an interaction between E1A and a 
series of cellular polypeptides, the most abundant of which are 300,107 and 
105kD (Yee & Branton, 1985, Harlow et al, 1986). The identity of these 
polypeptides was unknown until the discovery that the 105kD polypeptide is the 
product of the retinoblastoma gene (Whyte et al, 1988). The retinoblastoma 
gene is a recessive oncogene, or anti-oncogene in that tumour formation 
occurs when the gene is inactivated. p105 -RB is a nuclear phosphoprotein, 
which binds DNA and seems likely to regulate transcription of genes involved in 
growth control (reviewed by Green, 1989). The interaction between E1A and 
p105 RB is supported by extensive mutational studies (Whyte et al, 1989). The 
binding of E1A to p105 RB involves regions previously shown to be involved in 
transformation, suggesting that p105 RB is a target for E1A in transformation. 
However, binding of E1A to p105 RB may not be sufficient for transformation in 
all cases as fragments of E1A which lack the p 105 RB binding site can still 
co-operate in ras transformation experiments (Moran & Zerler, 1988). These 
observations have also led to the suggestion that E1A may activate
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transcription in quiescent cells by binding to p105 RB allowing efficient viral 
replication (Green, 1989).

1.3.5 SV4QT oncogene

Simian virus 40 (SV40) is a small DNA tumour virus which encodes at least five 
proteins, small and large T antigens from the early region and VP1, VP2 and 
VP3 coat proteins from the late region. Some cell types (for example monkey 
cells) are permissive for SV40 infection ie allow expression of the viral genome, 
release progeny viral particles and cause lysis of the infected cell. SV40 
infected murine cells produce no progeny virus but express some viral genes 
and exhibit altered properties resulting in transformation. Human cells are 
"semi-permissive" for SV40, infection of these cells allowing both 
transformation and release of progeny virus. Transformation of mammalian cells 
by SV40 requires expression of only the early region of the viral genome which 
encodes both small t antigen (17kD), which is found in both the cytoplasm and 
nucleus (Ellman et al, 1984) and large T antigen (94kD) which is usually 
present in the nucleus (reviewed by Tooze, 1981). Small t antigen is not 
essential for transformation although may complement transformation in some 
circumstances (reviewed by Ellman et al, 1984).

1.3.5.1 Biological properties of SV40T

SV40T initiates viral DNA synthesis, autoregulates viral early gene transcription 
and induces late viral gene transcription. It also has ATP-ase, protein kinase 
activity, binds to cellular DNA and initiates DNA replication, has helicase activity 
and induces several cellular enzymes involved in nucleotide and nucleic acid 
metabolism (reviewed by Rigby & Lane, 1983).

Two domains appear to be involved in transformation; the carboxy-terminal 
binds p53, a nuclear protein which subsequently modifies its structure. p53 was 
subsequently shown to be an oncogene in its own right. Levels of p53 are 
elevated in SV40 transformed cells and may be complexed with p68, reviewed
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by Green (1989). The amino-terminal domain, residues 105-114, binds the 
retinoblastoma gene product (DeCaprio et al, 1988). The dominant effect of 
SV40 T can therefore potentially be explained by its binding to and inactivating 
the RB gene whose expression is required for normal growth. The 
retinoblastoma gene product consists of two phosphorylated species p105-110 
and p112-114. SV40T binds preferentially to the underphosphorylated species. 
Binding of SV40T to the RB product fails to alter the relative abundance of these 
two species which has led to the suggestion that the growth suppressive 
function of RB may be modulated either by phosphorylation orT antigen binding 
and that the phosphorylated species p112-114 may provide a method of 
release from growth inhibition at critical stages when a cell is allowed to grow 
(Ludlow et al, 1989). In addition to binding to p110RB, SV40T also forms a 
complex with a 118/120kD protein (Ewen et al, 1989). The same sequence 
identified by DeCaprio et al (1985) required for interaction of SV40T with 
p110RB and participates in the SV40T/p120 interaction which suggests that 
this interaction may also contribute to the transforming action of SV40T.

SV40T, either as whole virus or following transfection with SV40T cDNA, can 
immortalise cells including fibroblasts and keratinocytes. DNA for transfection 
may be modified by removal of the SV40 origin (Gluzman et al, 1980). This 
results in a high frequency of transformation because the transfected DNA is 
unable to replicate and cause cell death via lytic infection. SV40 transformed 
human cells often show altered morphology, reduced serum requirements and 
an extended lifespan in vitro. SV40 transfected human keratinocytes may also 
show reduced capacity for terminal differentiation and altered keratin 
expression (Bernard et al, 1985, Steinberg & Defendi, 1985, Brown &
Gallimore, 1987). Towards the end of their extended lifespan many SV40 
infected cells reach a stage of little net proliferation where dividing cells are still 
present but cells die at such a rate that most cells are lost from the culture. Any 

- remaining cells often show altered morphology, being large with enlarged 
nuclei or multiple vacuolated nuclei. This phenomenon is known as crisis and 
was first described by Giraldi et al (1965). However SV40T may be capable of 
transforming epithelial cells without a period of crisis (reviewed by Chang,
1986).
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SV40 T can also co-operate with other viruses, oncogenes or chemical 
carcinogens to produce cells capable of anchorage-independent growth or 
giving rise to tumours in nude mice. For example human keratinocytes infected 
with a hybrid virus of Ad12 and SV40 and subsequently infected by Kirsten 
murine sarcoma virus or exposed to chemical carcinogens were capable of 
anchorage-independent growth and formed tumours in nude mice (Rhim et al, 
1985 & 1986).

However SV40 does not appear to be important in the development of human 
cancer and no tumours could be attributed to the inadvertent inoculation of 
thousands of individuals with SV40 contaminated polio vaccine in the late 
1950's (Mortimer et al, 1981).

1.4 Aim of the investigation

The aim of this investigation was firstly to determine whether EGF and TGF a &

P are synthesised and secreted by normal epithelia and cultured keratinocytes 
and if so may influence growth control of these cells. The second aim was to 
determine whether or not there are any changes in growth factor production, or 
altered response to growth factors, by keratinocytes expressing the ras, myc 
SV40T and E1A oncogenes.
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Chapter 2

Expression of Epidermal Growth Factor Receptor on Normal Oral 
Mucosa. Papillomas and Oral Squamous Cell Carcinoma.

2.1 Introduction

This project was originally designed to compare the level of expression of the 
EGF receptor (EGFR) detected on normal oral mucosa with the level of 
expression detected on benign papillomas or oral squamous cell carcinoma 
(SCC) tissue obtained from the same individual. A further aim was to look for 
evidence of expression of truncated EGFR on oral SCC.

Preliminary studies were based on an immunohistological technique using two 
antibodies which recognise the receptor: EGFR1 (Waterfield et al, 1982), which 
reacts with sequences in the external domain of the receptor, and F4, raised 
against peptide E2 having the sequence of residues 985-996 of the EGFR 
(Gullick et al, 1986). F4 recognises sequences in the internal domain of the 
receptor and allows examination of tissue for evidence of truncated receptor 
molecules. This study demonstrated that all normal oral tissues expressed high 
levels of EGFR. However variation in the number of cell layers strongly positive 
for expression of the receptor was observed in mucosa taken from different 
oral sites. SCC were noted to stain with both antibodies EGFR1 and F4 
although the pattern and level of receptor expression varied between tumours.

Subsequent experiments were designed to investigate these observations in 
detail, firstly by studying the distribution of EGFR present on normal oral mucosa 
and epidermis from different sites. The experiments were designed to search for 
a link between EGFR expression and cell proliferation or maturation in 
epidermis and a range of oral epithelia. Immunoreactive receptors were 
localised using these monoclonal antibodies against the human receptor 
described above on frozen tissue sections. Accessible, unoccupied receptors 
were visualised by125IEG F binding studies. The ultrastructural location of 
the receptor was also examined using post embedding "on section"
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immunohistochemistry in conjunction with a colloidal gold labelled second 
antibody.

The second aim of this study was to identify the distribution and level of EGFR 
expression on oral SCC by immunohistology and to evaluate the 
tyrosine-kinase activity of the receptor by immunoprecipitation and 
autophosphorylation. This latter procedure demonstrates variations in the 
amount of functional receptor present in the tumours.

2.2 Materials and methods.

2.2.1 Tissues

Samples of normal human epidermis (7), oral mucosa (20), papillomas (8) and 
primary oral SCC (20), were obtained from surgical biopsies and tumour 
resections carried out at King's College Hospital Dental School. Tissues for 
immunohistochemistry, immunoprecipitation and autophosphorylation studies 
and RNA extraction were immediately snap frozen and stored in liquid nitrogen 
until required. For 125l EGF binding studies tissues were stored in incubation 
medium at 4°C and used the same day.

Immunohistologv

Immunohistology was performed using an unlabelled antibody-enzyme 
(alkaline phosphatase- anti-alkaline phosphatase: APAAP) technique.

Cryostat sections (6p) were stored at -20°C until required. Sections were air 
dried and fixed in acetone at 4°C for 10 min. After washing in phosphate 
buffered saline (P&S) tissues were incubated for 10 min in foetal bovine serum 
diluted 1:5 in PBS, to block non specific binding. Subsequently sections were

incubated for 60 min with 100pl of a mouse monoclonal antibody to the EGFR,

(EGFR1,10pg/ml) or 100pl of F4 (62pg/ml). Both antibodies were a kind gift 
from M Waterfield, ICRF, London. After incubation with the antibodies to the

EGFR, sections were washed in PBS and incubated for 30 min with 100pl rabbit
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anti-mouse Ig antibody (Dakopatts 1:25) diluted in 20% human serum. Sections

were washed again in PBS and incubated for a further 30 min with 60pl APAAP 
complex (Dakopatts 1:30) in 20% human serum. After further washing the 
reaction product was developed with napthol AS:BI phosphoric acid (sodium 
salt) and Fast Red TR in veronal acetate buffer pH 9.4 for 30 min. All incubations 
were carried out at room temperature (RT). Levamisole (1 mM) was added to the 
veronal acetate buffer to block endogenous alkaline phosphatase activity. 
Sections were washed with water, counterstained in Meyers haematoxylin, 
mounted in hydromount (National Diagnostics) and examined by light 
microscopy using a Leitz Dialux microscope. Each set of experiments included 
a positive control to ensure reproducibility of the staining and a negative control 
n which the first layer was omitted or replaced with an irrelevant antibody of 
the same class (anti Sm, a kind gift from F. Brennan, Charing Cross Sunley 
Research Centre, London). The specificity of these antibodies has been 
confirmed by staining sections with a further well characterised antibody to the 
EGFR designated 2E9 (Boonstra et al, 1985) or by pre incubation of EGFR1 
with purified EGFR derived from A431 cells, a kind gift from P Parker, or F4 with 
peptide E2 (0.2mg/ml, Berger et al, 1987). A routine haematoxylin and eosin 
stained section was also kept for each tissue section.

2.2.3 Quantitation of immunoreactivity of oral SCC with EGFR1

In order to see if the pattern of staining was of any prognostic value the level of 
antibody staining was graded using an index following the method described 
by King et al (1985). Each tumour was given a score value based on both the 
percentage of tumour in the section and the intensity of staining with EGFR1 
(table 1). The final stain index was the score for tumour proportion multiplied by 
the stain intensity. Scoring was earned out independently by a histopathologist, 
an oral surgeon and the author and results discussed before individual values 
were assigned.
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Table 1. Scoring system used to evaluate immunoreactivitv with 

EGFFIL
TUMOUR PROPORTION SCORE STAINING INTENSITY SCORE
Sparse (1-25%) 1 Negative 0
Low (25-40%) 2 Very weak 1
Low/Moderate (40-60%) 3 Weak 2
Moderate (60-75%) 4 Moderate 4
Moderate/High (75-90%) 5 Strong 6
High (90-100%) 6

2.2.4 Quantitation of immunoreactivitv of normal epidermis and oral 
mucosa with EGFR1

In order to assess the pattern of EGFR staining for normal epidermis and oral 
mucosa the intensity of staining of each successive layer of cells, from the 
basal cells upwards, was scored as strongly positive, weak or absent. The 
average percentage of cell layers scored as strongly positive, excluding the

stratum corneum, was calculated at 5 sites separated by 100pm along the 
section for 6 specimens from each tissue type. At least two tissues were 
examined for each type of keratinisation. The epithelia examined were from the 
cheek and floor of mouth (non keratinised); alveolar mucosa and attached 
gingiva (parakeratinised); hard palate and dorsal surface of the tongue 
(orthokeratinised wet surfaced mucosa); facial skin, scalp skin and foreskin 
(orthokeratinised dry surfaced epidermis). Some areas of attached gingiva were 
orthokeratinised in appearance and were analysed as such.

2.2.5 ImmunopreciDitation and autophosohorvlation of EGFR from 
oral SCC tumour extracts

Immunoprecipitation and autophosphorylation studies were performed by W 
Gullick, ICRF, London as described by Libermann et al (1984). Samples of 
frozen oral SCC (50mg wet wt) were homogenised in 4x the tissue volume of 
solubilisation buffer (20mM N-(2-hydroxyethyl) -1-piperazine
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N'-2(-ethanesulfonic acid) buffer (HEPES) pH 7.4,150mM NaCI, 1% Triton-X 
100,10% glycerol, 0.03% NaN3 and 1% Trasylol (Fluka, Glossop, Derbyshire)) 

at 0°C for 60min. Insoluble material was removed by centrifugation in an 
Eppendorf centrifuge for 15min at 4°C.

For each incubation mixture, 5pg EGFR1 was incubated with 2 mg protein 
-A-Sepharose 4B (Pharmacia) for 30 min at RT. The protein 
-A-Sepharose-bound antibodies were centrifuged for 20s at RT in an 
Eppendorf centrifuge and unbound antibody washed away with PBS.

Immunoprecipitation of the receptor was carried out with 100pJ aliquots of

solubilised oral SCC in the presence of 100pJ PBS, 10% glycerol (final volume) 
and the centrifuged pellet of protein -A-Sepharose -bound antibody. Incubation 
was for 2h at 4°C. Immunoprecipitates were centrifuged for 20s at RT in an 
Eppendorf centrifuge and washed 4 times with 1 ml of solubilisation buffer.

Autophosphorylation of immunoprecipitated EGFR was carried out in the 

presence of 30pl of solubilisation buffer containing 2mM MnCl2 and purified

mouse EGF (4pg/ml). The reaction was incubated for 30min at RT and 

centrifuged for 2min. The supernatant was discarded and the pellet cooled to

0°C and y^ATP added to a final concentration of 10pM (specific activity

5pCi/pM). The reaction was allowed to proceed for 10min on ice and results in 

the autophosphorylation of any enzymatically active EGFR immobilised in the 
immune complex. The reaction was stopped by adding 30ml of sample buffer

(30% glycerol, 15% p-mercaptoethanol, 10% SDS, 0.5M Tris -HCI pH 6.8 and 

0.03% bromophenol blue). Samples were then boiled and electrophoretically 
separated on a 7% SDS- polyacrylamide gel. The gels were dried and 
auto radiographed for 18h at -70°C.
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2.2.6,-125l-EGF Binding Studies.

radio-iodinated by the iodogen method to a specific activity of 100-200 pCi/pg 
(a kind gift from M.Green, Unilever Research, Bedford). Viable explants of 
human skin and non keratinised, parakeratinised and orthokeratinised oral 
mucosa (0.3 x 0.5 cm) were incubated with gentle shaking with 10nM 125| 
EGF in Hanks balanced salt solution containing 15mM HEPES pH 7.4 and 
1 mg/ml bovine serum albumen (BSA) for 90 min at RT. Excess 125|-EGF was 
removed by repeated washing in incubation medium for a further 60 min. 
Samples were fixed overnight at 4°C in 3% paraformaldehyde/PBS, sections 
processed for autoradiography using Ilford K2 nuclear research emulsion and 
developed, fixed and counter stained with haematoxylin and eosin. 
Autoradiographs were exposed for 3-8 weeks. Paired photographs were taken 
(Leitz Qrtholux II microscope) using interference-reflection microscopy to 
highlight the silver grains and bright field illumination to display the histology.

Control experiments, to assess non-specific binding, contained a 200 fold

(3.3pM) excess of unlabelled EGF and further confirmed the specificity of the 
binding of 125I-EGF to the explants.

2*2.7 Immunoelectron microscopy

The post embedding immunoelectron microscopy technique was carried out 
by C Smith, Unilever Research, Bedford. Freshly excised tissue blocks were 
fixed overnight in 1% paraformaldehyde/0.05% glutaraldehyde/PBS at 4°C. 
Following a 2 h wash in PBS, the tissue was dehydrated through a series of 
alcohols, and embedded in hydrophilic resin (3 parts LR Gold, 2 parts glycol 
methacrylate and 0.2% benzoin ethyl ether). The resin was polymerised using 
ultraviolet (UV, 360nm) illumination for 24 h at RT. Sections (60-90 nm) were 
mounted on supported nickel grids (2% collodion in amyl acetate), and
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incubated in 1% ovalbumin/PBS for 30 min at 37°C. Sections were then

incubated with 10jil of the monoclonal antibody EGFR1 (10jig/ml) in 1% 
ovalbumin/PBS for 60min at 37°C. Following washes in PBS the grids were

incubated in 10pl of rabbit anti-mouse IgG (Jacksons Pharmaceuticals, 
Crediton, Devon 1:100) in PBS/ovalbumin for 60 min at 37°C. Bound antibody

was visualised by adding 10pl goat anti-rabbit IgG antibody coupled to15nm 
colloidal gold (Janssen, Wantage, Oxon, 1:50) in PBS/ovalbumin for 30min at 
37°C. Sections were washed, counterstained with uranyl acetate and lead 
citrate and examined using a Joel 100 CX2 electron microscope. In control 
experiments the primary antibody was omitted or replaced with another EGFR 
antibody designated 2E9 (Boonstra et al, 1985).

2.2.8 Quantitation of Immunoelecton microscopy

Quantitation of immunoelectron microscopy was performed by C Smith & M 
Green, Unilever Research. Ten photographic plates (5 of basal cells and 5 of 
suprabasal cells) were overlaid and the plasma membrane and nuclear 
margins traced out. The areas of the plasma membrane margins (assuming a 
thickness of 40nm), cytoplasm and nucleus were calculated from the overlays 
using a Quantimet 970 image analyser. Every colloidal gold particle on the 
micrograph was examined and assigned to the appropriate cellular 
compartment before calculation of the average number of gold particles per 
(mm)2.
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Fig 1. Light microscope location of immunoreactive EGFR, as detected by 
EGFR1 in human epithelia (a) facial epidermis; (b) papilloma, soft palate; (c) 
papilloma, hard palate; (d) papilloma, cheek mucosa; (e) carcinoma in situ; (f)
oral SCC. Scale bar = 100p.
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Fig 2. Light microscope location of immunoreactive EGFR, as detected by 
EGFR1 in human epithelia (a&b) non keratinised oral mucosa, cheek mucosa; 
(c&d) non keratinised oral mucosa, floor of mouth; (e&f) parakeratinised oral
mucosa, alveolar mucosa. Scale bar= 100p..



Fig 3. Light microscope location of immunoreactive EGFR, as detected by 
EGFR1 in human epithelia (a&b) parakeratinised oral mucosa, buccal mucosa 
occlusal line; (c&d) parakeratinised oral mucosa, attached gingiva; (e&f)
orthokeratinised mucosa, attached gingiva. Scale bar = 1 OOjj..
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Fig 4 (a-f). Light microscope location of immunoreactive EGFR, as detected by 
EGFR1 in human oral SCC. Scale bar = 100ji.



II
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Fig 5. Light microscope location of immunoreactive EGFR in 3 oral SCC, as 
detected by (a,d,g) EGFR1; (b,e,h) F4. (e.f.i) Meyes haematoxylin. Scale bar
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Fig 6 (a-l). Light microscope location of immunoreactive EGFR, as detected by 
EGFR1 in 12 human oral SCC. (a-h this page, i-l see overleaf). Scale bar =
100*1.
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Fig 7.lmmunoprecipitation and autophoshorylation of EGFR from extracts of oral 
SCC.
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Fig 9. Light microscope autoradiographs of EGF binding sites in (a&b) scalp 

epidermis (c) facial epidermis. Bright field illumination is used on the left hand 

micrograph to display the histology while interference-reflection microscopy 

highlights the silver grains on the right hand micrograph. The grains are 

coloured due to the use of monochromatic illumination. Scale bar = 50J.1. 
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Fig 10. Light microscope autoradiographs of EGF binding sites in (a&b) non 
keratinised oral mucosa, cheek mucosa. Bright field illumination is used on the 
upper micrograph to display the histology while interference-reflection
microscopy highlights the silver grains on the lower micrograph. Scale bar = 
50p.

Fig 11. Light microscope autoradiographs of EGF binding sites in (a&b) 
parakeratinised oral mucosa, attached gingiva. Bright field illumination is used 
on the upper micrograph to display the histology while interference-reflection 
microscopy highlights the silver grains on the lower micrograph. Scale bar =
50fi.



Fig 12. Light microscope autoradiographs of EGF binding sites (a) control 
binding non keratinised oral mucosa, cheek mucosa; (b) control binding 
parakeratinised oral mucosa, attached gingiva. Bright field illumination is used 
on the upper micrograph to display the histology while interference-reflection 
microscopy highlights the silver grains on the lower micrograph. Scale bar =
50*i.

93

V#



Fig 13. Ultrastructural location of EGF-receptors in human epithelia revealed 
by post embedding colloidal gold labelling using EGFR1. The location of a 
proportion of the gold particles is emphasised using arrows, (a) Foreskin 
basal epidermal cells. EGF-receptors are seen at the plasma membrane, 
within the cytoplasm sometimes in association with intermediate filaments or 
transport vesicles and over the nucleus; (b) A similar pattern is seen for basal 
cells in parakeratinised oral mucosa; (c) Basal epidermal cells stained with 
2E9; a similar pattern of staining is observed. (N, nucleus; BM, basement
membrane). Scale bar = 0.5pm



Fig 13 cont. (d&e) Spinous cells of parakeratinised oral mucosa showing
EGFR in the nucleus and over cytoplasmic elements. Scale bar = 0.5pm. 
(f&g) Granular layer of scalp epidermis. A significant proportion of cellular 
EGFR is found close to the cytoplasmic face of the plasma membrane, 
sometimes clearly in association with desmosomal filaments and vesicles 
approximately 50nm across (arrows 13g). (nuc, nucleus; D, desmosome; v, 
vesicle).
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2.3 R esults

2.3.1 Light microscope immunohistotoav. Distribution of 
immunoreactive receptors on epidermis.

The distribution of immunoreactive EGF receptors in human facial epidermis is 
shown in fig 1a. (The product of the alkaline phosphatase enzyme reaction is 
deposited as a red colour). A similar pattern was seen for human scalp 
epidermis. The antibody recognised receptor present at the cell margins and in 
the cytoplasm of basal and spinous cells and also stained, with reduced 
intensity, receptor on cells in the upper terminally differentiating granular 
layers. No staining was seen using a control antibody of the same class as 
EGFR1 (lgG2b) or when the primary antibody was omitted. A similar pattern was 
also obtained using the 2E9 EGFR monoclonal antibody (not shown). All tissue 
sections also gave a similar staining pattern with EGFR1 and F4 although the 
intensity of staining with F4 was often reduced.

Different patterns of staining were observed on oral mucosa. Representative 
sections are shown in figs 2 & 3. On tissue from a non-keratinising site (figs 
2a-d) EGF- receptors appeared restricted to basal cells, rete pegs if present and 
were visualised to a lesser extent on suprabasal cells.

On parakeratinised and orthokeratinised mucosa, examples fig 2e&f, 3a-f, 
receptor was present on basal cells and rete pegs as above but was also seen 
to a greater extent on spinous cells. In contrast to epidermis there was no 
staining of the upper granular cell layers.

These observations were supported and refined by calculating the percentage 
of total viable cell layers strongly positive for EGFR staining as described in 
Materials and methods. An increase in cytoplasmic EGFR1 staining was noted 
when inflammatory changes were present in tissues and specimens showing 
inflammatory changes were excluded from the analysis. Representative results 
obtained for oral mucosa and facial epidermis from one individual are shown in 
table 2. (The data shown for scalp and foreskin epidermis in this table are for 
tissue samples obtained from a different individuals).
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Table 2. Percentage of cell layers strongly p o sitive for EGFR1 
staining on epidermis and oral m ucosa.

Type of epidermis
Percentage of cell layers 
strongly positive for EGFR 
expression at 5 sites along 
the epithelial surface.

Non keratinised oral mucosa 0 100 200 300 400pm

Floor of mouth 15 20 26 30 33
Cheek mucosa 26 31 33 33 35

Parakeratinised oral mucosa

Alveolar mucosa 29 26 26 25 15
Attached gingiva 55 44 43 40 38

Orthokeratinised oral mucosa

Hard palate 62 60 48 29 33
Dorsal surface of tongue 75 48 43 40 40

Epidermis

Facial epidermis 69 66 60 60 61
Scalp epidermis 75 66 81 57 66
Foreskin 61 71 75 41 60

The percentage of cell layers strongly positive for expression of the EGFR in 
these tissue samples are non keratinised oral mucosa (mean value and 
standard error) 28% (2.1); parakeratinised oral mucosa 34% (3.8);
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orthokeratinised oral mucosa 46% (4.6%) and orthokeratinised epidermis 68%
(1.3). Some variation in the number of strongly positive cell layers for each 
tissue type was found for mucosa and epidermis obtained from different 
individuals but overall the results followed the trend illustrated above.

2.3.2 Distribution of immunoreactive EGF receptors on Oral 
Papillomas.

The distribution of EGFR on oral papillomas is shown in figs 1b-d .
The majority of papillomas were obtained from non keratinising oral sites 
(cheek mucosa or the soft palate). At these sites, EGF receptors were detected 
at the cell membrane on basal and some suprabasal cells figs 1b & d. Tissue 
samples obtained from a keratinising site (dorsal surface of the tongue or hard 
palate, or lesions with extensive acanthosis (fig 1 e) revealed receptors present 
on basal and spinous cells.

2.3.3 Distribution of immunoreactive EGF receptors on Oral SCC.

Differences were observed in the distribution of EGFR on neoplastic epithelia 
when compared to adjacent mucosa, with more cell layers strongly positive for 
expression of the EGFR on SCC (fig 1 f). Examples of tumours stained with 
EGFR1 are shown figs 4,5, & 6. Predominant staining of cell membranes was 
apparent for the majority of tumours, (examples figs 4a & c), in others 
cytoplasmic staining was also seen.

The intensity of staining with EGFR1 was observed to vary between tumours. 
Many tumours, as exemplified by those shown in figs 6a, c & e, stain strongly 
with EGFR1; in other cases the staining intensity was less intense, (figs 6g & h). 
The staining pattern was generally the same throughout the tumour although 
areas of weaker staining were sometimes observed at the advancing edge of 
tumours (fig 6a). In well differentiated SCC (examples figs 6h, k & I) a gradation 
of staining intensity was observed with the keratinising elements loosing their 
EGFR expression, suggesting that the levels of receptor on a given cell may 
reflect its differentiation state within the tumour cell population. In contrast, in 
many poorly differentiated tumours every cell was strongly positive for
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expression of EGFR (figs 6i & j).

The pattern of staining of the tumours with EGFR and F4 was identical (fig 5) 
although as observed for normal epidermis and mucosa, the intensity of 
staining with F4 was sometimes reduced when compared to the level of 
staining with EGFR1 ( figs 5g & h).

A semi-quantitative assessment of the level of EGFR expression for 20 oral 
SCC stained with with EGFR1 and F4 was made as described in materials and 
methods. The results of the immunohistology are summarised in table 2 and 
demonstrate that oral SCC has a variable EGFR1 stain index. Cinical details of 
the 20 patients from whom the 20 SCC were obtained are summarised in table 
3.

An attempt was made to identify those tumours with aggressive clinical 
behaviour (that is patients who did badly even though they had small tumours, 
without lymphadenopathy at presentation) to see if there was any relationship 
between the EGFR1 stain index and aggressive tumour behaviour, as indicated 
by A, see table 4. Although a few tumours obtained from patients with 
aggressive lesions had a high EGFR1 stain index, this relationship was not 
consistently observed.
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Table 3. Clinical details of the patients from whom oral SCC were 
obtained.
Tumour Size (mm)2 Time (m)to Lymph node Time (m) to Survival

at presentation status recurrence time (m)
presentation

1 225 0.5 P 0 0
2 2400 1.0 P 5 7
3 1500 1.0 N 5 14
4 800 3.0 P 0 0
5 NA 0 P 24 0
6 375 8.0 N 24 0
7 300 0.5 N 6 18
8 360 2.0 P 21 0
9 1200 2.0 P 0 0
10 300 0 N 0 0
11 1200 1 P 1 14
12 200 12 N 6 0
13 3600 24 P 8 19
14 200 1 N 0 0
15 1600 1 P 8 19
16 3200 3.0 P 1 7
17 400 2.0 N 0 0
18 300 3.0 N 0 0
19 5000 5.0 N 1 14
20 225 2.0 N 0 0

P positive nodes, N negative nodes 
m months, NA not available
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Table 4 Demonstrating the immunoreactivitv of each tumour with 
EGFR1. STNMP score and histological type.
Tumour Tumour EGFR1 EGFR1 STMNP Histological

Proportion Stain Stain Type
Intensity Index

1 4 4 16 44 M (111)
2 5 4 20 A 93 W/M (11)
3 5 2 10 A 36 W(1)
4 4 4 16 78 M (111)
5 3 6 18 61 M (111)
6 5 4 20 8 M/P (1V)
7 5 6 30 A 48 W(1)
8 4 2 8 46 M/P (1V)
9 4 4 16 78 P(V)
10 4 4 16 30 P(V)
11 3 6 24 A 54 P(V)
12 4 4 16 33 W(1)
13 4 4 16 A 73 W/M (11)
14 4 4 16 36 W(1)
15 2 4 8 34 P(V)
16 5 4 20 A 99 W(1)
17 4 4 16 - M (111)
18 2 4 8 31 W(1)
19 5 4 20 A 33 P(V)
20 5 4 20 28 P(V)

Statistical analysis of the results shown in table 4 was carried out to determine 
whether the EGFR1 stain index or EGFR1 stain intensity was of any prognostic 
value. Correlations were determined for the relationship between EGFR1 stain 
score or EGFR1 stain intensity and the size of the tumour at presentation; the 
time to presentation of the patient at an oral surgery clinic; the presence or 
absence of lymphadenopathy at presentation; time to recurrence of the tumour 
and the survival time of the patient. All patients included in this study had been 
followed up for a minimum of 2 years following treatment. Evidence of 
correlation with the histological type or STNMP score (see below) of the tumour
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was also sought. In order to allow statistical evaluation of the histological type of 
the tumour each type of tumour was assigned a score value: well differentiated 
= 1, well/moderate = 2, moderate = 3, moderate/poor = 4, poorly differentiated = 
5.

STMNP is a classification system for intraoral carcinomas designed to provide 
an accurate indication of the prognosis of any given tumour (Langdon et al,
1977). It is an extension of the TNM classification system based on the size of a 
primary tumour (T), the presence or absence of involved nodes (N) and the 
presence or absence of distant metastasises (M). STNMP differs from the TNM 
system by taking into account the site of a lesion and its histology in addition to 
TNM.

The anatomical site of a tumour (S) is subdivided into 9 categories, T is based 
on a measurement of the maximum diameter of the tumour, plus its extension to 
involve adjacent structures and is subdivided into 4 categories. N relates to 
nodal status (6 categories), M to distant metastasis (3 categories) and P to the 
pathology of the tumour (7 categories). Each of the variables for STNMP is 
assigned an arithmetic value and by summation of the figures for each of these 
variables for a particular tumour, a figure is arrived at which falls on a scale
1-155, a patient with a low total score having a better prognosis than a patient 
with a high score.

The results of the statistical analysis of these clinical variables and the EGFR1 
stain score and stain intensity are summarised in table 5.
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T a b l e  5 .  S p e a r m a n  c o r r e l a t i o n  c o e f f i c i e n t s .

Time to initial 
presentation

Size of tumour at 
presentation

STMNP

Survival time

EGFR1 Stain Index 
SC p

0.020 0.911 

0.075 0.683 

-0.007 0.971

-0.208 0.506

Stain Intensity 
SC p

-0.130 0.516

-0.048 0.803

0.098 0.614 

-0.252 0.350 

0.101 0.763

Time to recurrence -0.375 0.139

SC= Spearman correlation coefficient, p=probability.

Statistical analysis of the results in relation to the size of the tumour at 
presentation, time to initial presentation of the patient and presence or absence 
of lymph nodes failed to show a significant correlation with the EGFR1 stain 
index or EGFR1 stain intensity. Similarly there was no correlation between the 
histological grade of the tumour, STMNP, time to recurrence of tumour or 
survival time and the EGFR1 stain index or EGFR1 stain intensity.

2 . 3 . 4  I m m u n o p r e c i p i t a t i o n  a n d  a u t o p h o s p h o r v l a t i o n  o f  E G F R  f r o m  

O r a l  S C C

Functional EGF receptors were demonstrated following isolation of EGFR 
precipitated by the monoclonal antibody EGFR1. Immunoprecipitates were

incubated with EGF and 7^2 a t p  which allows any enzymatically active
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receptor to autophosphorylate. The amount of radioactivity in the gel band is a 
product of the amount of EGFR present and its autophosphorylating activity. In 
some cases oral SCC cell extracts gave an intense labelled band with a 
molecular weight of 170kD characteristic of the EGFR (lanes 1,4, 7 fig 7, 
corresponding to tumours 1,4 and 7 table 4). Examination of other tumours 
revealed less intense bands (lanes 2, 6, 8, corresponding to tumours 2, 6, 5). In 
general there was reasonable correlation between the EGFR1 stain score and 
the level of autophosphorylation, for example lane 7 shows a high level of 
autophosphorylation consistent with the high level of staining seen on 
immunohistological analysis tumour 7 (table 4, fig 4a), whereas lane 2 shows a 
lower level of autophosphorylation compatible with the immunohistological 
result, tumour 2 (table 4, fig 4e). Some tumours (lanes 3 and 5, fig 7) failed to 
produce visible bands. Whether this reflects variations in the sensitivity of the 
two assays, lack of kinase activity or autophosphorylation sites, variation in the 
amount of tumour tissue examined or variations in tumour biology is unknown.

2 . 3 . 5  32 5| E G F  B i n d i n g  s t u d i e s

In scalp epidermis (figs 8a, 9 a & b) and facial epidermis (fig 9c), EGF-receptors 
capable of binding ligand were found on basal cells, rete pegs and to a lesser 
extent on spinous cells. However, in contrast to the antibody studies, no 
binding was seen on upper non proliferative granular ceils. A similar pattern 
has been previously reported for human foreskin (Green & Couchman, 1985).

On non-keratinised (figs 8b,10a & b) and parakeratinised (figs 8c,11a & b) oral 
mucosa the 125|-EGF binding profile was similar to the immunoreactive 
distribution of the receptor. Due to the number of variables that may affect the 
level of silver grains in comparative autoradiography experiments (Rogers,
1979) no attempt was made to quantitate the silver grains associated with each 
tissue. Variations that affect the level of the silver grains include the size, 
sensitivity and packing of the crystals in the emulsion, the thickness of the 
emulsion, the conditions in which the emulsion is dried and developed and 
variations in the thickness and density of the specimen.

Control experiments in the presence of a 200 fold excess of unlabelled EGF,
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showed no labelling above background (fig 12), apart from variable 
non-specific binding to the stratum comeum surface.

2 . 3 . 6  U l t r a s t r u c t u r a l  i m m u n o e l e c t r o n  m i c r o s c o p y

The tissue distribution of colloidal gold, representing immunoreactive EGFR, in 
general paralleled that expected from the light microscope studies. A selection 
of representative pictures are presented in fig 13. The amount of receptor 
detected by EM appears to be significantly reduced when compared to EGF 
binding studies or LM immunohistology. The sparsity of label is due to the very 
thin nature of the sections and the fact that the EM staining technique is only 
able to pick up those epitopes which project from the surface of the sections.

On basal cells, EGF-receptors were detected using EGFR1 at or near the 
plasma membrane, in the cytoplasm sometimes associated with intermediate 
filaments and within cytoplasmic vesicles and over the nucleus (fig 13a, 
foreskin; fig 1b, parakeratinised oral mucosa). Nuclear label was generally 
found in association with the chromatin, (figs 13a & b). Where present on 
spinous cells (figs 13d & e, parakeratinised oral mucosa), the distribution of 
label was similar to that seen on basal cells with a significant proportion in close 
association with intermediate filaments. A similar distribution of receptors was 
seen using 2E9 (fig 13c).

Lastly in epidermis, EGF-receptors were detected on the non-proliferative upper 
spinous and granular cells, though at reduced levels. In these cells, few 
receptors were detected at the plasma membrane (see table 6) but were found 
adjacent to the cytoplasmic face of the membrane (figs 13 f & g, scalp epidermis 
granular layer; see also fig 1a showing cell margin staining), sometimes in 
association with the intermediate filaments at desmosomes and cytoplasmic 
vesicles approximately 50nm diameter. Where reasonable nuclear structure 
was retained nuclear label was also observed (not shown). Virtually no label 
was seen if the primary antibody was omitted (not shown). In order to more 
accurately assess the pattern of receptor expression for epidermis the 
distribution of colloidal gold particles was quantified for one experiment with 
foreskin as described in materials and methods (table 6).
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T a b l e  6 .  D i s t r i b u t i o n  p e r  f m m l 2  o f  c o l l o i d a l  g o l d  p a r t i c l e s .  

r e p r e s e n t i n g  i m m u n o r e a c t i v e  r e c e p t o r s .  I n  b a s a l a n d  s u o r a b a s a l  

c e l l s  o f  h u m a n  f o r e s k i n .

Basal cells 4.0* (21)
Plasma membrane Cytoplasm Nucleus

2.6(478) 2.5(138)

Upper spinous/ 
granulosa cells 0** (0) 1.1 (445) 1.3 (56)

* Any particle lying within +/- 20nm of the plasma membrane was placed into 
this category.
**ln this experiment no label was found within +/- 20nm of the plasma 
membrane of upper spinous or granulosa cells.

Figures in brackets give the total number of gold particles found in each 
compartment. In basal cells greater than 68% of nuclear label was clearly 
associated with chromatin.

2 . 4  D i s c u s s i o n

2 .4 .1  D i f f e r e n c e s  b e t w e e n  t h e  d i s t r i b u t i o n  o f  E G F R  i n  h u m a n  s k i n  

a n d  o r a l  m u c o s a ,  d e t e c t e d  b v  i m m u n o h i s t o l o a v  a n d  I f f i E G F  

b i n d i n g  s t u d i e s .

Studies in rat skin have shown that the highest level of125 IEGF binding sites 
occurs on basal epidermal cells and that the distribution and number of 
receptors can be correlated with sites of epithelial proliferation (Green et al,
1983). However this relationship is known to break down for human skin where 
large numbers of EGF receptors are located on the non proliferative sweat 
gland ducts (Nanney et al, 1984b) and smooth muscle cells (Nanney et al, 
1984b). In this study, EGF receptors were also found on the cells of the
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proliferative compartment (see Loe et al, 1972) but were also detected on non 
proliferative (spinous) cells (examples fig 3c-f) and in the case of epidermis, the 
granulosa cells, (example fig 1a).

Although the biological role for the group of receptors on non proliferative cells 
is unclear, one possibility is that EGF receptors and associated ligand(s) may 
play a role in epithelial maturation. Alternatively, as suggested by Green & 
Couchman (1985), these receptors may be non functional given that Strickland 
et al (1984) have reported that differentiating primary mouse epidermal cells 
bind but fail to degrade EGF. The location of EGF binding sites and receptor 
staining patterns, are clearly not a reliable indicator of the sites of epithelial 
proliferation in tissues.

Estimates of human epidermal turnover time range from 12-75 days, with an 
average of approximately 25 days (Epstein & Maibach, 1965, Halprin, 1972). 
Comparable figures for oral epithelia show a shorter turnover time of between 
4-40 days, with an average of 14 days. Unfortunately figures are not available 
for the turnover time for all human oral sites. However in primates the non 
keratinised oral mucosa of the cheek replaces itself more rapidly than the 
keratinised mucosa of the attached gingiva (Gillespie, 1969, Skourgaard, 
1970). The relative turnover times of nonkeratinised, parakeratinised and 
orthokeratinised oral mucosa have not been compared by a single investigator; 
however it appears, considering a number of studies, that the turnover times in 
primates are nonkeratinised mucosa < parakeratinised mucosa < 
orthokeratinised mucosa < orthokeratinised epidermis (Meyer et al, 1956, Soni 
et al, 1965, Hill, 1984). In this study, although the experimental methods did 
not allow quantitation of receptor numbers, the percentage of cells strongly 
positive for the EGFR fell into the same relative order. It is not possible however 
to conclude that this trend in staining empirically correlates with turnover time. 
Features such as cell surface receptor number (Green et al, 1983, Knauer et al,
1984), availability of ligand, and cellular responses to EGFR activation are 
much more likely to be of importance in the regulation of the mitogenic 
response and hence epithelial turnover time. Indeed it seems unlikely that 
expression of EGFR on non proliferative cells could in some way influence the 
proliferation of the underlying basal cell compartment. It is possible however
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that a relationship exists between the EGFR staining patterns described above 
and the type of tissue keratinisation. This proposal is based on the staining 
patterns consistently observed between the different types of epithelia. It is 
supported by quantitation showing that the relative percentage number of cell 
layers strongly positive for the EGFR is nonkeratinised mucosa < 
parakeratinised mucosa < orthokeratinised mucosa < orthokeratinised 
epidermis. If this proposal is correct then the absence or presence of EGFR 
expression could be a feature of, or indeed a regulatory parameter influencing, 
the type of tissue keratinisation.

The immunohistology and EGF binding profiles for the EGFR differ in human 
epidermis (figs 1a, 8a, 9 ) confirming earlier reports that immunoreactive /
receptors are found on epidermal granulosa cells in the absence of accessible '

----------
EGF binding sites (Green & Couchman, 1985, Green & Smith, 1986). These 
two techniques detect different subpopulations of receptor, with the 
monoclonal antibody EGFR1 recognising occupied, unoccupied, partially 
degraded and precursor forms of the EGFR (Waterfield et al, 1982, Green & 
Couchman, 1985, Beguinot et al, 1984, Mayes & Waterfield, 1984) while the 
125I-EGF binding studies detect only accessible, unoccupied, cell surface 
EGF-receptor capable of binding ligand.

A number of possible explanations may account for the wider distribution of 
EGFR1 staining when compared to 1251 EGF binding studies for the upper 
layers of epidermis. Firstly the monoclonal antibody may recognise receptors 
which are inaccessible to I EGF because of inadequate penetration of 
radiolabelled ligand into the explants. This explanation seems unlikely as high 
molecular weight particles and proteins rapidly permeate from the dermis to the 
upper layers of the epidermis (Wolff & Honigsmann, 1971, Squier, 1984) and 
as epithelial tissues of the epidermis have no direct vascular supply and 
receive nutrients passively from the dermis it would be unlikely for 125l EGF to 
be specifically excluded from these tissues.

A second interpretation is that EGFR1 can recognise an antigenic determinant 
present on a protein unrelated to the EGFR. This suggestion also seems 
unlikely as immunoprecipitation studies show that EGFR1 specifically
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recognises EGFR present on A431 cells (Green & Couchman, 1985), human 
keratinocytes (Taylor et al, 1985) and oral SCC (this study, fig 7). However this 
possibility cannot be totally excluded as EGFR1 may recognise molecules 
synthesised in the upper epidermal layers which are not present on the surface 
of A431 cells or oral SCC.

Thirdly the monoclonal antibody may be recognising intracellular receptors on 
the upper layers of the epidermis which would be inaccessible to 125 | EGF. A 
proportion of these receptors might be occupied by a naturally occurring ligand 
and have been internalised by ligand-receptor mediated endocytosis. 
Cytoplasmic receptors might also arise if receptors were not correctly 
transported and introduced to the plasma membrane.

Finally EGFR1 recognition in the absence of 125 | EGF binding may arise from 
the presence of a modified receptor, altered such that it is unable to bind, or 
has reduced affinity for125 I EGF. In support of such an hypothesis, phorbol 
esters and PDGF are known to reduce cellular125 I EGF binding in fibroblasts 
(reviewed by Schlessingef, 1986). Cell surface receptors may also be 
rendered inactive by structural modifications, a mechanism which has 
previously been shown to result in loss of binding activity for the transferrin 
receptor (Fransson et al, 1984).

The results obtained from the ultrastructural immunoelectron microscopy help 
to clarify this area. The data presented in table 6 show that EGF receptor 
cannot be detected at the plasma membrane of the upper spinous/granulosa 
cells, however receptors still occur close to the cytoplasmic face of the plasma 
membrane in the same cells (fig 13 f & g). This observation indicates that in 
the upper epidermis EGF-receptors are not able to bind ligand by virtue of their 
intracellular location. This phenomenon may be related to changes in plasma 
membrane composition occurring during the differentiation of epidermal cells 
(Ponec et al, 1985), affecting endocytosis/exocytosis of the receptor or to the 
commencement of the formation of a cross-linked envelope inside the plasma 
membrane of stratum granulosum cells (Simon & Green, 1984).

The electron microscope investigations also show the ultrastructural location
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rof the receptor in basal, spinous and in epidermis the granulosa cells. The > 
localisation of the receptor at the plasma membrane and within cytoplasmic 
vesicles is in agreement with other studies describing sequential binding of 
125| EGF to plasma membrane receptors, internalisation in coated pits, 
transient appearance in the Golgi and passage to lysosomes (reviewed by 
Green et al, 1987). A proportion of EGF-receptors were also detected in 
association with cytoskeletal elements, supporting earlier observations on 
cultured cells (Weigant et al, 1986, Boonstra et al, 1985). The cytoskeletal 
interaction could have a role in modulating EGFR affinity or signal transduction 
(Weigant et al, 1986, Rees et al, 1984) and also raises the possibility that 
structural elements may be involved in the translocation of receptor to or from 
the cell surface.

The nuclear location of the EGFR with greater than 60 % of label over 
chromatin (fig 13 a, b & d), also suggests a direct role for the receptor in the 
regulation of gene expression. There is evidence for 125 |EGF translocation to 
the nucleus (Raper et al, 1987, Green et al, 1987) and 125 IEGF has recently 
been demonstrated to bind to chromatin in cell culture systems 
(Rakowicz-Szulczynska et al, 1986) and to be present in nuclei isolated from 
cell lines bound to a protein having a molecular mass consistent with that of the 
EGFR (Savion et al,1981, Raper et al, 1987). This suggests that nuclear EGF 
and the EGFR may deliver a mitogenic signal. However it is also possible that 
the EGFR may be a constitutive element of the nucleus and not be derived 
from plasma membrane associated receptors and further studies are required 
to clarify the origin and function of nuclear receptors.

In conclusion we find variation in the expression of EGFR in human skin and 
oral mucosa from different sites. These changes may be related to the 
keratinisation of the epithelium but a wider range of stratifying epithelia need 
to be studied before this can be proven as a general phenomenon.
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2.4.2 Expression of the EGFR on benign oral papillomas and SCC

The distribution of the receptor on benign oral papillomas (figs 1b-d) was 
essentially similar to that observed for normal oral mucosa obtained from the 
same site implying that alterations in the distribution of receptors is not a 
feature of benign oral disease. However an increased number of cell layers 
positive for expression of the EGFR were noted for carcinoma in situ (fig 1 e).

Expression of the EGFR was widespread in oral SCC (figs 4, 5 & 6). The use of 
two different monoclonal antibodies which recognise different portions of the 
receptor allowed analysis of tumours for expression of only truncated 
receptors. However no tumours were observed to stain with F4 but not EGFR1 
indicating that truncated receptors were not present. This is in agreement with 
previous studies (Berger et al, 1987) which failed to demonstrate expression of 
truncated receptor on SCC. However it is possible that some tumour cells do 
express low levels of the altered forms of the receptor which may not be 
detected by the methods used in this investigation. Other subtle alterations in 
receptor structure, such as point mutations leading to a single amino acid 
change, may also occur but such changes, although possibly important in 
affecting signal transduction mechanisms, could only be detected by more 
sophisticated forms of analysis.

In this study the EGFR isolated from tumour extracts was evaluated for tyrosine 
kinase activity using the autophosphorylation assay (fig 7). Results for this 
analysis show a reasonable degree of correlation with the immunohistological 
studies and in general confirm that the EGFR identified immunohistologically is 
functional at least in its ability to mediate autophosphorylation. However 2 oral 
SCC that expressed EGFR failed to autophosphorylate. Further studies 
including a greater number of tumour samples or anti-phosphotyrosine 
antibodies would have helped to clarify this point.

Although this study demonstrated that all oral SCC express EGFR, the 
mechanisms responsible for the observed variation in receptor expression are 
not known. Amplification of the gene for the EGFR has been observed in 
human SCC lines (Merlino et al, 1985, Ozanne et al,1986, Yamamoto et al,
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1986) and in primary human tumours including gliomas (Liberman et al, 1985), 
SCC (Hunts et al, 1985, Ozanne et al, 1986, Ishitoya et al, 1989). However 
other studies suggest that amplification or rearrangement of the EGFR gene is 
a rare event in cervical, ovarian and vulval carcinomas (Gullick et al, 1986), 
breast, head and neck and lung tumours (Lee et al, 1988, Berger et al, 1987). 
Elevated levels of EGFR have been reported to occur in SCC lacking EGFR 
gene amplification (Gullick et al, 1986, Ishitoya et al, 1989) and may arise due 
to other mechanisms including chromosomal translocations or polysemy. 
Increased levels of receptor expression may also result from increased mRNA 
stability or decreased receptor degradation (reviewed by Gullick et al, 1986).

In this study although expression of the EGFR was widespread on oral SCC 
and a range of EGFR1 stain scores were observed (table 4) no significant 
correlation was found between the level of EGFR expression and the size of 
the tumour at presentation, the time to presentation of the patient, lymph node 
status at presentation or the histological type of the tumour (table 5). High 
levels of EGFR expression have been shown to be associated with invasive, 
poorly differentiated bladder tumours (Neal et al, 1985). However high levels 
of EGFR expression are not always associated with poor differentiation as 
increased levels of receptor were associated with well differentiated prostate 
carcinomas (Maddy et al, 1989).

Other studies on breast cancer (Sainsbury et al, 1988) and gastric cancers 
(Yasui et al, 1988) have suggested that high levels of EGFR expression may be 
associated with poor prognosis; however no correlation with tumour prognosis 
(as determined by STNMP, time to recurrence of the lesion or survival time of 
the patient) was seen in this investigation. As carcinogenesis is recognised to 
be a multistep process in which a number of events must occur during the 
transition of a normal cell to malignancy it seems unlikely that evaluation of 
one single marker of tumour behaviour would correlate with tumour prognosis. 
Subsequent studies were planned to evaluate any possible relationship 
between expression of growth factor receptors and their ligand(s) and tumour 
prognosis.
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2.5 Conclusions

There are marked tissue differences in the pattern of EGFR expression on 
epidermis, orthokeratinised, parakeratinised and non keratinised oral mucosa.
It is proposed that the pattern of EGFR expression may be related to the type of 
epithelial keratinisation. Immunohistology also demonstrated variation in the 
amount of EGFR on oral SCC. However there was no correlation between the 
level of EGFR expression and tumour behaviour.
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Chapter 3

Production of TGF g&B bv Cultured keratinocvtes. Skin, Oral 
Squamous Cell Carcinomas (SCC1 and SCC Cell Lines - Potential 
Autocrine Regulation of Normal and Malignant Epithelial Ceil 
Proliferation.

3.1 Introduction

The results presented in chapter 2 demonstrate that there is varied expression 
of the EGFR on oral SCC but no relationship between the level of expression of 
the receptor and the degree of differentiation of the tumour or tumour prognosis
was observed. Since TGFa and EGF bind to and activate the EGFR resulting in 
the same biological effects, further investigations were designed to look for 
evidence of production of these growth factors by oral SCC to determine 
whether they are produced locally in tissues and thus could potentially 
influence the growth of tumour cells. Preliminary investigations confirmed that
both transcripts and protein for TGFa, but not EGF, could be detected in these 
tumours. The study was then extended to analyse a series of SCC and SCC 
lines, some of which were derived from oral SCC.

Following the observation that transcripts for TGFa were present in tumour 
tissues, normal epidermis and cultured keratinocytes were also analysed for
evidence of the production of TGFa transcripts and protein. Transcripts were 
subsequently detected in cultured keratinocytes and cell separation 
experiments revealed that they were restricted to the proliferative, basal cell
compartment. Secretion of TGFa protein by cultured keratinocytes was also 
observed.

Evidence of the production of TGFp by the same range of tissues and cells was
sought since whereas TGFa promotes growth of keratinocytes,TGFp inhibits 
their growth (Shipley et al, 1986). Preliminary results confirmed the presence of
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TGFp transcripts in a range of normal and malignant tissues and levels of both 
the precursor and active forms of TGFp protein were determined.

The response of both normal and malignant cells to exogenous TGFp was 
evaluated. This growth factor was found to inhibit the proliferation of normal 
keratinocytes and some SCC cell lines, however other lines were resistant to
its growth inhibitory effects. A reduced inhibitory response to TGFp was related 
to cell passage number for some cell lines. Scatchard analysis failed to
demonstrate TGFp receptors on high passage SVK-14 cells (p>60), one of the
cell lines that failed to show an inhibitory response to TGFp.

The rate of production and secretion of TGF a&p by normal keratinocytes was 
also observed to be increased in response to EGF, an effect which may be 
correlated with an increase in the rate of transcription of these genes in 
response to this growth factor.

3.2 Materials and methods

3.2.1 Tissues.

Samples of normal skin and oral SCC for use in growth factor studies were 
obtained from surgical biopsies and tumour resections undertaken at King's 
College Hospital. These tissues were frozen in liquid nitrogen immediately after 
surgical excision. Human kidney and salivary gland were obtained from the 
same source and treated in an identical manner.

3.2.2 Cell culture.

Human keratinocytes derived from newborn foreskin, (passage numbers 4-18), 
were grown in the presence of a mitomycin C treated 3T3 feeder layer (clone 
J2), in 3 parts Dulbecco's modified Eagles medium (DMEM) and 1 part Hams 
F12 supplemented with 1.8 x 10"4M adenine, 10% foetal calf serum (FCS),
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5pg/ml insulin, 0.4jig/ml hydrocortisone, 8.4 ng/ml cholera toxin and 10ng/ml 
EGF (Allen-Hoffman & Rheinwald,1984). The medium was changed every 2 
days. EGF was omitted from the culture medium in some experiments. Before 
the keratinocytes were harvested for cell separation experiments, RNA 
purification or prior to collection of conditioned medium, any remaining 3T3 
cells were removed by vigorous washing with isotonic ethylene diamine tetra 
acetic acid (EDTA, Sun and Green, 1976). In some experiments keratinocytes 
were also grown in MCDB 153 (Clonetics, San Diego, CA) supplemented with
bovine pituitary extract, 10ng/ml EGF, 5pg/ml insulin and 0.5pg/ml 
hydrocortisone.

SCC4 (ATCC CRL 1622), SCC9 (ATCC CRL 1629) and SCC15 (ATCC CRL 
1623) were grown in the presence of a mitomycin C treated 3T3 feeder layer in 
3 parts DMEM and 1 part Hams F12 supplemented 1.8 x 10-4M adenine, 10%
FCS, 5pg/ml insulin and 0.4pg/ml hydrocortisone. SCC25 (ATCC CRL 1624)
were grown in DMEM / Hams F12 with 10% FCS, 5pg/ml insulin and 0.4|ig/ml 
hydrocortisone. SCC4, SCC9, SCC15 and SCC25 were all derived from a 
SCC of the tongue (Rheinwald & Beckett, 1981).

Human foreskin fibroblasts Detroit 532 (ATCC CRL 54); a bronchial epithelial 
carcinoma cell line A549 (ATCC CRL 185); and a vulval carcinoma cell line 
A431 (ATCC CRL 1555) were maintained in DMEM with 10% FCS. A human 
bladder carcinoma cell line, T-24 (ATCC-HT B-4) and human foetal fibroblasts 
were grown in RPM11640 and 10% FCS.

3.2.3 Cell separation experiments.

Density gradient centrifugation of cultured keratinocytes was performed 
essentially as described by Fischer et al (1982). Keratinocytes were filtered 
through a fine mesh nylon membrane to minimise clumping and aliquots of 3 x 
107 cells suspended in 50% stock Percoll solution (Pharmacia Fine Chemicals, 
Uppsala, Sweden) in phosphate buffered saline (PBS). The suspension was 
centrifuged in a Sorvall vertical SS34 rotor at 16,000 rpm for 30min at 4°C.
After centrifugation two bands of cells were apparent (fig 14).
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Separation of Human Keratinocytes by Percoll Centrifugation

density hum an
marker b e ad s keratinocytes
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Fig 14. Separation of human keratinocytes by percoll centrifugation. Following 

centifugation through percoll two bands of concentrated cells are apparent. 1 = 

region enriched for basal cells, 3= region enriched for spinous, granular and 

squamous cells, 2= all types of cells.
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The upper band (density 1.049g/ml) was enriched for the larger, less dense 
spinous, granular or squamous cells, the lower band (density 1.098g/ml) for the 
smaller spherical cells with a high nuclear-to-cytoplasmic ratio characteristic of 
basal cells (Sun & Green, 1976, Watt & Green, 1981). Keratinocytes were 
harvested from the top of the tube through a thin-walled capillary tube attached 
to a peristaltic pump and washed in PBS. The reproducibility of these self 
generating gradients was monitored by the use of Percoll density marker beads. 
Keratinocytes were also separated on the basis of size by passage through a 
Nitex nylon monofilament screen (type HC-3-11 Tetko, Watt & Green, 1982). 
Cells derived from the basal layer generally passed through the membrane 
while the larger suprabasal cells were excluded.

3.2.4 Preparation of cell, tissue extracts and conditioned medium 

for TGF-g protein determination.

Cell and tissue extracts were prepared by a modification of the acid/ethanol 
procedure (Roberts et al, 1980). Frozen tissues (0.2-0.8 g) or cultured 
keratinocytes (4-12 x 107 cells) were suspended (3ml/gm of tissue; 1ml/107 
cells) in a solution of absolute ethanol containing 0.2M HCI, 30jiM 
phenylmethylsulphonylfluoride (PMSF) and 5pg/ml pepstatin. The volume was 
increased one third with distilled water and samples homogenised in a polytron 
(model PTA 10-35) for 30-60s at 4°C before further PMSF was added. After 
overnight extraction at 4°C samples were centrifuged and re-extracted with the 
aqueous acid/ethanol solution.

To prepare conditioned medium (CM), near confluent dishes of keratinocytes 
were washed in serum free medium (SFM: DMEM & 25mM HEPES buffer) and 
then washed three times at 2h intervals at 37°C. Finally cells were incubated for 
24h in SFM and CM collected. CM was dialysed against repeated changes of 
PBS using Spectra/por dialysis membrane, 3500 molecular weight cut off 
(Spectum, Los Angeles, California), until the phenyl red colour was absent or 
greatly diminished.

Aliquots of CM (50ml) or pooled acid/ethanol cell or tissue extracts were trace
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enriched for growth factors using disposable C18 Msep-pak" reverse phase 
columns (Waters, Milford, MA), using a protocol devised by P. Schofield, 
University of Oxford. Columns were prepared by washing sequentially with 3 
mis of methyl alcohol, 3 mis of isopropanol and 5 mis of distilled water. Tissue 
or cell extracts were diluted 6-7 fold, to reduce the ethanol concentration to 
approximately 10%, and immediately loaded onto the column. The column was 
washed with 5 mis of PBS and bound material eluted using 50% (v/v) 
acetonitrile, 20mM sodium phosphate buffer pH 7.5. The first 500 pi of eluate

was discarded, TGF-a and other bound material being eluted in the next 800pl. 
Progress was conveniently followed by monitoring the elution of phenyl red 
added to the extracts. Acetonitrile was evaporated under a gentle stream of 
nitrogen and samples frozen at -20°C unless assayed immediately. The

recovery of a 5nM TGF-a solution from the "sep-pak" column was 80-90%.

3.2.5 TGF -a Radioimmunoassay

TGF-a radioimmunoassay was conducted using a commercially available kit

(Biotope Inc, Seattle). "Sep-pak" cell extracts or CM (11Opl or 110pl of a 1:4

dilution) were mixed with 10pl of pretreatment solution (alkaline buffered

detergent) and incubated at 95°C for 1 min. TGFa standards were treated in an

identical manner. For the standard curve 50pl of 0, 0.312, 0.625,1.125, 2.5, 5

and 10nM prediluted TGFa calibrators were added to SpinCushion tubes

followed by 25pl of 125| TGFa and 25pl anti TGFa. Test samples (50pl) were

added to SpinCushion tubes followed by 25pl of radiolabelled tracer and 

antibody. All standard and test samples were assayed in duplicate. Non specific 
binding of the radiolabelled tracer to the antibody was determined by incubating

25pl of control antibody with 25pl of tracer. Non specific binding of samples to 
the tracer was also determined by incubating the samples with control antibody 
and tracer. Reactants were mixed by tipping the tubes to the horizontal position
2-3 times and incubated overnight at 4°C. The SpinCushion tubes were 
centrifuged for 30-60s in a microfuge and bound tracer counted with the
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SpinCushions inserted into FastCount radiation shields. The level of TGFa in 

each sample was determined by reference to the standard curve.

3.2.6 Preparation of cell, tissue extracts and conditioned medium 

for TGF-B radioreceptor assay.

Cell and tissue extracts were prepared using the acid/ethanol procedure 

essentially as described forTGF-a. TGFp is sticky at neutral pH and all plastics

were siliconised (with Repelcote, BDH) to prevent loss of this factor. After 
overnight extraction at 4°C, extracts were clarified by centrifugation in a 
microfuge and dialysed against repeated changes of 1M acetic acid and 
concentrated by lyophilisation. Samples were reconstituted in binding buffer for 
the radioreceptor assay (DMEM, 0.1% BSA and 25mM HEPES).

Conditioned medium (CM) was prepared by washing cells in SFM as described

for TGFa. After the addition of 2mM PMSF and 0.1% BSA the medium was 
clarified by centrifugation at 33,000 rpm for 30min in siliconised tubes.

Acidified CM, for determination of the total amount of TGF-p present (precursor 
and active forms), was prepared by dialysis against repeated changes of 1M

acetic acid. Neutral aliquots, for determination of active TGF-p, were prepared 

by dialysis against PBS followed by 20mM ammonium bicarbonate. The 
medium was then concentrated by lyophilisation.

3.2.7 TGF-p radioreceptor assay.

The 125l TGF-p radioreceptor assay was performed by a modification of the 

method described by Frolick et al (1984). Cell and tissue extracts were assayed

for TGF-p like activity by testing the ability of 1,1:10 and 1:100 dilutions of

extract or CM to inhibit the binding of 125l TGF-p, (50,000 cpm/well, R&D 

Systems Inc., Minneapolis, MN) to A549 cells plated in 24 well cluster plates (2 
x 105 cells/well plated 24 h prior to the assay) at 4°C using the sequential assay

119



protocol described by Assoian et al (1987).

Briefly 200pl of sample was added per well, all samples were assayed in

duplicate. Each plate included binding buffer controls and 10nM TGFp to allow 
normalisation of data for each plate. Plates were incubated for 2h at 4°C. The

monolayers were washed twice with ice cold Hanks/ 0.1% BSA and 200pl of

125l TGFp (typically 50,000 cpm/well in binding buffer) was added and plates 
incubated for 2h at 4°C. The monolayers were washed twice again with ice cold

Hanks/BSA and 750pl of solubilisation buffer (1% Triton X-100,10% glycerol, 
25mM HEPES pH 7.4) added /well and plates incubated for 30min at 37°C. 
Cells were harvested and bound counts determined. Bound counts were 
normalised as a percentage of counts bound in control wells (typically > 8000 
cpm) less non- specific binding (typically < 2000 cpm) in the presence of an

excess (1 OnM), unlabelled TGF-p according to the formula

cpm bound (% control) = cpm sample - cpm excess TGFp x 100
cpm binding buffer control - cpm excess TGFp

The concentration of TGF-p was calculated by reference to a standard 
competition curve. The radioreceptor assay does not distinguish between

TGF-p1,2,1.2 or 3.

Neutral samples of CM were assayed in a similar fashion. In some experiments 
200|il samples were preincubated at 4°C overnight with 50pg of neutralising

antibody to TGF-p (R&D Systems Inc). This antibody neutralises 90% of the

inhibitory effect of 1ng/ml recombinant TGF-p on thymidine incorporation into 

mink lung epithelial cells (information supplied by R&D Systems Inc).

3.2.8 Preparation of samples for detection of TGFp bv Western 
blotting

Cell and tissue extracts were prepared by a modification of the acid/ethanol 
procedure described above. Frozen tissues (1-2 g SCC, samples A1&2, lanes
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11 &12 , fig 24) or cultured keratinocytes (5 x 107 cells, sample A3, lane 13, fig 
24) were suspended (3ml/gm of tissue; 1ml/107 cells) in a solution of absolute 
ethanol containing 0.2M HCI, 30pM PMSF and 5pg/ml pepstatin. The volume 
was increased one third with distilled water and samples homogenised for 
30-60s at 4°C before further PMSF was added. After overnight extraction at 4°C 
extracts were dialysed against 1M acetic acid and concentrated by

lyophilisation and reconstituted in 500pl of SDS-Page loading buffer (4% SDS, 
20% v/v glycerol, 0.0067% bromophenol blue and 166 mM Tris -HCI pH 6.8 in 
double distilled water, DDW).

Cultured keratinocytes were also lysed directly into SDS-page loading buffer

(1-2x 107 cells/300pl of buffer, sample B1, Iane14, fig 24) and DNA disrupted by 

passage through a 25 gauge needle. Oral SCC and keratinocyte CM enriched 
for growth factors using "Sep-pak" columns were also analysed by Western 
blotting, lanes 6-10, fig 24.

3.2.9 Discontinuous SPS-polyacrylamide gel electrophoresis

Acrylamide was mixed with N.N'-methylene-bis-acrylamide in DDW to 30% w/v

and 8% w/v respectively. The acrylamide solution was filtered through 0.2p and 
stored at 4°C. !0% or 12.5% acrylamide separating gels were prepared 
consisting of 10 or 12.5% acrylamide/bis, 375mM Tris-HCI pH 8.8, 0.1% SDS in

DDW. The gel was polymerised with 100pl of 10% w/v ammonium persulphate

and 20pl of N,N,N\ tetramethylenediamine (TEMED). Slab gels were prepared 
using an LKB Pharmacia vertical electrophoresis apparatus. The gel was 
overraid with water saturated with butan-1 -ol and allowed to polymerise.

A 5% acrylamide stacking gel was prepared consisting of; 5%
aerylamide/bis,125mM Tris- HCI pH6.8, 0.1% SDS in DDW.The stacking gel

was polymerised with 50pl of ammonium persulphate and 1Opl of TEMED. 
Butan-1-ol was washed from the stacking gel with DDW and the stacking gel 
poured onto the separating gel; the well former was then inserted and the 
stacking gel allowed to polymerise. Gel slots were washed with electrophoresis
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buffer (25mM Tris-base,192mM glycine and 0.1% SDS pH 8.3.

Samples (16-500ng recombinant TGFp in 50pl loading buffer, 50pl of tumour or

keratinocyte cell extract or 25pl of "sep-pak" cell or CM in 25pl loading buffer) 
were denatured by boiling for 5min. The gel was run in electrophoresis buffer 
cooled to 16 °C  at 30V constant voltage until the dye passed through the 
stacking gel; the voltage was then increased to 150V until the dye front ran to

the end of the gel. Gels were run with two lanes containing 20pl of low 

molecular weight electrophoresis markers (Pharmacia).

3.2.10 Western blotting

Polypeptides were transferred from polyacrylamide gels to nitrocellulose using 
a BioRad TransBIot system. Nitrocellulose was soaked in transfer buffer 
(150mM glycine, 20mM Tris-base and 20% v/v methanol) and placed on a 
presoaked sponge pad. The gel was laid onto the nitrocellulose and air bubbles 
removed from between the two. Another presoaked pad was placed on top of 
the gel, clamped in a gel holder and placed in a Trans Blot tank with the 
nitrocellulose facing the anode for 16h at 80V constant voltage with cooling to 
10°C. To confirm that transfer had taken place, the molecular weight markers 
were cut from the nitrocellulose sheet and stained in 0.1% napthalene black 
and destained in 7% glacial acetic acid in DDW.

3.2.11 Immunoblottinq for TGFp

Following blotting, the nitrocellulose was soaked for 10min in PBS and then 
blocked for 1 h at RT in PBS containing 3% gelatin. The blocked nitrocellulose

was then reacted for 3h at RT with a rabbit polyclonal anti TGFp antibody (R & D 
Systems Inc) diluted 1:500 in PBS containing 1% gelatin. To minimise the 
amount of antibody required the nitrocellulose was placed in a heat sealed bag 
with 10ml of diluted antibody and incubated on a rocker table.

Following incubation with the first antibody, the nitrocellulose was washed twice
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in PBS containing Tween 20 (BioRad, Richmond CA) for 10min. The blot was 
then incubated for 1h at RT with biotin-conjugated anti-rabbit IgG (R & D 
Systems Inc) diluted 1:500 in PBS/1% gelatin. The nitrocellulose was washed 
again with PBS/Tween 20 as described above and incubated with alkaline 
phosphatase-conjugated avidin (R & D Systems Inc) diluted 1:500 in PBS/1% 
gelatin. The nitrocellulose was washed again in PBS/Tween 20.

The substrate was prepared by adding 66ml of a solution containing 50mg/ml 
NBT (p-nitro blue tetrazolium chloride) to 10 ml of buffer (100mM Tris-HCI pH 
9.5,100mM NaCI, 5mM MgCl2), the solution mixed and 33ml of a solution

containing 50mg/ml BCIP (5-bromo-4-chloro-3-indoyl phosphate p-toluidine 
salt) in N.N-dimethyl formamide added and mixed again. All reagents were from 
R & D Systems. Colour development was stopped by rinsing and then soaking 
the blot in DDW.

3.2.12 Assessment of The Response of Normal keratinocytes and 

SCC Lines to exogenous TGFB as determined bv

3.2.12.1 SH-thvmidine proliferation assay.

Keratinocytes (p12), T-24, A431, SCC4 (p17-30), SCC 9 (p12-25) or SCC25 
(15-30) for proliferation assay were plated at 1-2x105 in 60mm dishes and 
grown as described above. Assays were performed 5-7 days later when cells 
were 80- 90% confluent.

10-30ng/ml TGFp (a kind gift from M.Shepard, Genentech Inc, San Francisco,

CA) was added to each culture and 3H-thymidine (10jiCi/ml, Amersham UK, 
specific activity 3.0 TBq/mmol) added for the last 6h of a 24h incubation. Cell 
numbers were assessed by counting following removal with trypsin/versene.

Labelled cells were harvested by repeated washing in PBS, followed by 
precipitation of macromolecules with 10% trichloroacetic acid (TCA). After 
washing in TCA cells were lysed in 0.2 M NaOH at 62 °C  for 30 min, liquid 
scintillant added (Ecoscint A, National Diagnostics) and incorporation of 3H
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thymidine measured by counting for 60s in an LKB 1219 RackBeta Spectral 
scintillation counter.

3.2.13 Crystal violet proliferation assay

Keratinocytes and SCC lines were also plated at low density (1x10^

cells/60mm dish) and when colonies were apparent 10-30 ng/ml TGFp was 
added to fresh medium. The medium and cytokine were changed every 2 days. 
On day 12 dishes were washed in PBS; fixed in 10% formalin and stained with 
0.2% crystal violet.

TGFp binding to SVK-14 cells.

High (p 62 & 68) and low passage (p11,13 & 17) SVK-14 cells and A549 cells 
were plated at 2x105 in 60 mm dishes and allowed to proliferate until they were 
90% confluent. The monolayers were washed with 4ml binding buffer (DMEM 
containing 0.1% BSA and incubated for 2h at 37°C to allow dissociation of any

bound endogenous TGFp. After washing in binding buffer the cells were

incubated in 2ml of binding buffer containing 1-600 pM 125 I TGFp for2h at

4°C. Non specific binding was determined in the presence of 10nM TGFp. At 

the end of the incubation the free ligand concentration was determined from the 
medium counts. The cells were then washed 4 times in ice cold binding buffer 
and cells were solubilised by the addition of 1% Triton X-100,10% glycerol. The 
level of non specific binding ranged from 3.6 % of the total binding at low 
concentrations of ligand to 45% of total binding at concentrations >200pM. The 
cpm ranged from 7000-70,000 /60 mm dish over the saturation curve. Cell 
number was determined for dishes treated identically up to the solubilisation 
step. Binding data were analysed according to the method of Scatchard (1949).

3.2.14 Chemicals and materials for molecular biology

The majority of chemicals were Analar Grade supplied by BDH. The following 
reagents were supplied by Sigma; bromophenol blue, ethidium bromide,
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NaCl.Trizma base, BSA (Fraction V), salmon sperm DNA, kanamycin sulphate, 
ampicillin, tetracycline. Bacto Tryptone, Bacto Agar and Bacto yeast extract 
were from Difco, Detroit, Michigan, USA. Guanidine isothiocyanate was from 
Fluorochem Ltd, Glossop, Derbyshire, hexadeoxynucleotide primers were from

Pharmacia. XDNA Hind 111 fragments, 1 Kb DNA ladder and RNA ladder 
(0.24-9.5Kb) were from Gibco BRL. PIPES and spermidine were from Sigma. 
Oligo-dT-cellulose type 3 was from Collaborative Research Inc, Mass, USA. 
Phenol was from Rathbone Chemicals, Walkerburn, Scotland. Sephadex G50 
was supplied by Pharmacia Fine Chemicals, Milton Keynes, Bucks. Agarose 
and low melting point (LMP) agarose were from Bethesda Research 
laboratories, Cambridge. Nitrocellulose membrane filters were from Schleicher 
and Schuell, Dassel, FRG. Nylon membrane filter was Genescreen plus, New 
England Nuclear Products, Boston, MA and Hybond N from Amersham.

3.2.15 Radioactive Isotopes

32pa dCTP, 32py ATP and 32pa GTP (10|iCi/pl) were purchased from 

Amersham.

3.2.16 Photography and autoradiography

Polaroid type 52 Polopan film was from Polaroid (UK) Ltd, St. Albans.
X-ray films were X-OMAT from Kodak or KONICA (slow film). Calcium tunstate 
phosphor intensifying screens and film cassettes were from X-ograph Ltd, 
Malmesbury, Wilts.
Autoradiographs were developed using a Durr Medicine 260 automatic 
developer.
A short-wave UV transilluminator from UV Products Inc, San Gabriel, California, 
USA was used to illuminate ethidium bromide stained nucleic acid gels.

3.2.17 Buffers

TE buffer (10mM Tris-HCI, 1mM EDTA, pH 7.6)
STE (100mM NaCI,10mM Tris-HCI, 1mM EDTA, pH 7.8)
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TBE (89mM Tris-borate, 89mM boric acid, 2mM EDTA)
1x SSC (150mM NaCI,15mM Na citrate, pH 7.0).
Phosphate buffer pH 6.6 (M KH2PO4, M Na2HP04)

5x Oligo labelling buffer (OLB) was prepared by mixing the following solutions 
in the ratio 100:250:150.

Solution A: (1.25 M Tris-HCI pH8.0, 0.125M MgCl2, 0.25M p mercaptoethanol,

0.5mM each of dATP, dGTP, dTTP in 3mM Tris HCI, 0.2mM EDTA pH 7.0) 
Solution B: (2M HEPES pH 6.6)
Solution C (90 OD u/ml random hexadeoxynucleotide primers in TE), stocks 

were stored at -20°C in 10OpJ aliquots.

3.2.18 Summary of nucleic acid probes

Nucleic acid probes, obtained in the form of purified circular plasmid, used for 
experiments described in chapters 2, 3 and 4 are summarised below.

TGFa, 1050 base pair ECOR 1 insert; Derynck et al (1984). A kind gift from R 
Derynck, Genentech, San Francisco CA.
prepro EGF, 1860 base pair ECOR 1 insert; Scott et al (1985). A kind gift from 
G Bell Chiron, Emeryville CA.
An oligonucleotide probe to human EGF, with less than 50% homology to any

area of the known TGF-a sequence (21 anti-sense base pairs from nucleotides 

3383-3403, see Bell et al (1986). A kind gift from M Green, Unilever Research, 
Sharnbrook, Bedford.

TGFpi, 1350 base pair ECOR 1 insert; Derynck et al (1985). A kind gift from R 
Derynck, Genentech, San Francisco CA.

TGFp2,1695 base pair ECOR 1 insert; de Martin et al (1987). A kind gift from 
M Schreier, Sandoz, Basel.
PDGF A chain, 1300 base pair ECOR 1 insert; Betsholtz et al (1986). A kind 
gift from C Betsholtz, Ludwig Institute Cancer Research, Uppsala, Sweden, 
v-sis, 900 base pair Pst 1/Xba insert: subcloned from IC60 at Pst 1 site of pAT
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153, unpublished clone. A kind gift from A. Hall, Institute of Cancer Research, 
London.
ILGF-1, 660 base pair Pst 1 insert; Jansen et al (1983). A kind gift from G Bell 
Chiron, Emeryville CA.
bFGF, 1400 base pair ECOR 1 insert; Abraham et al (1986). A kind gift from J 
Abraham, Calbio, Mountain View, CA.
aFGF, 2240 base pair Hind 111 insert; J. Abraham, unpublished clone. A kind 
gift from J Abraham, Calbio, Mountain View, CA.

IL-1a, 460 base pair ECOR 1/Bam H1 insert; Gubler et al (1986). A kind gift 
from P Lomedico, Hoffman La Roche, Nutley, NJ.

IL-ip, 530 base pair Nde 1/Bam H1 insert; Auron et al (1984). A kind gift from P 

Lomedico, Hoffman La Roche, Nutley, NJ.
IL-6, 440 base pair Taq 1/Ban 11 insert; Hirano et al (1986). A kind gift from T 
Kishimoto, Institute of Molecular Biology, Osaka, Japan.
TNF, 880 base pair ECOR 1 insert; Pennica et al (1984). A kind gift from M 
Shepard, Genentech, San Francisco CA.
Actin, 2000 base pair Hind 111 insert; Cleveland et al (1980). A kind gift from 
D Cleveland, University California, San Francisco, CA.
PDGF receptor B chain, 2800 base pair ECOR 1 insert, Gronwald et al
(1988). A kind gift from M Murray, Zymogenetics, Seattle.

3.2.19 Transformation of bacteria bv the calcium chloride method

The E coli strains HB101 (Boyer & Rouland-Dussoix, 1969 and DH1 (Low,
1968) were used in transformations. Stocks of competent E coli were prepared 
by the calcium chloride procedure (Mandel & Higa, 1970). 100ml of Luria 
Bertani (LB) medium, (10g Bacto Tryptone, 5g Bacto yeast extract, 10g NaCI per 
liter) in a 500 ml conical flask was inoculated with 1 ml of an overnight culture of 
bacteria and kept at 37°C for 3-4h with vigorous shaking.The culture was 
chilled on ice for 10min and the bacteria harvested by centrifugation at 4°C for 
10min at 8,000 rpm. The cell pellet was resuspended in 50 ml of ice-cold 50mM 
CaCl2, lOmMTris -HCI pH 8.0 and incubated in an ice-bath for 15min before 

harvesting the bacteria by centrifugation as described above. The pellet was
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then resuspended in 6.5 ml of ice-cold 50mM CaCl2 f10mMTris-HCI pH8.0

containing 15% glycerol, dispensed into 200pl aliquots and stored at -70°C 
until required.

For each plasmid to be transformed, 2 vials of competent cells were thawed at 
RT, gently mixed and incubated on ice for 10min. 10-20ng of plasmid DNA in

20pl of TE was added to one vial, the other serving as a control. The 
suspensions were mixed, incubated on ice for 30min and heat shocked at 42°C 
for 90s followed by a further incubation of 2min on ice. 1 ml of LB medium was 
added and the vials incubated at 37°C for 1 h.

Bacteria from both vials were streaked onto the surface of LB agar plates (LB 
medium with 1.5% Bacto-agar) containing an appropriate concentration of

antibiotic (50|ig/ml ampicillin or 12.5pg/ml tetracycline) and incubated for 16h at 
37°C. A single colony was picked from the test plate, providing there were no 
colonies on the control plate, and grown up in 10 ml LB medium with antibiotic 
for further analysis. Aliquots of transformed bacteria were also stored at -20°C  
in 15 % glycerol for use in subsequent experiments.

3.2.20 Preparation of plasmid DNA

Plasmid DNA was prepared by an adaption of the alkaline SDS method 
(Ish-Horowicz & Burke, 1981). Transformed bacteria were streaked out onto 
appropriate agar plates and grown at 37°C overnight. A single colony was 
picked and transferred to 10ml of LB medium containing the appropriate 
antibiotic and incubated at 37°C with vigorous shaking. When the medium 
became cloudy this was transferred to 500mls of medium plus antibiotic in a 2I 
flask and incubated overnight at 37°C again with vigorous shaking. 3mls of the 
culture was removed,15% glycerol added and aliquoted for glycerol stocks.

Bacteria were harvested by centrifugation at 8,000 rpm for 10min at 4°C, the 
pellet washed in 100mls ice-cold STE, resuspended in 10 mis of solution 1 
(50mM glucose, 25mM Tris-HCI pH 8.0, 10mM EDTA) containing 5mg/ml
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lysozyme and allowed to stand at RT for 5min. 20mls of freshly made solution 
11 (0.2M NaOH, 1 % SDS) was added, the contents mixed gently and left on ice 
for 10min. 15 mis of solution 111 (5M potassium acetate pH 4.8) was then 
added, the contents mixed and left on ice for 20min before centrifugation at
12,000 rpm for 20min at 4°C. The supernatant was transferred to a fresh tube 
and 0.6 volumes of isopropanol added. The contents were mixed and left to 
stand at RT for 15min. DNA was recovered by centrifugation at 8,000 rpm for 
20min at 4°C. The pellet was washed with 70% ethanol, briefly dried in a 
vacuum desiccator and dissolved in 8mls of TE pH 8.0.

Plasmid DNA was purified by centrifugation to equilibrium in cesium 
chloride-ethidium bromide density gradients. For every ml of solution, 1g of 
cesium chloride was added and 0.8ml of ethidium bromide (10mg/ml in DDW) 
for every 10mls of cesium chloride. The DNA was transferred to an 
ultracentrifuge tube and centrifuged at 45,000 rpm for 16h at 20°C. The 
plasmid band was removed using a syringe, ethidium bromide removed by 
repeated addition of an equal volume of 1-butanol saturated with DDW and 
centrifugation at 1500g for 3min at RT. The aqueous phase was dialysed 
against TE pH 8.0 twice at RT for 2h and once at 4°C overnight before DNA 
was recovered by ethanol precipitation. DNA preparations were quantitated 
and their purity assessed by measuring their optical densities at 1 nm intervals 
between 220 and 320 nm on a recording spectrometer (Uvikon 80, Kontron 
Analytical Instruments, St Albans, Herts). The concentration was determined 
assuming that an optical density of 20 units at 260nm represented a DNA 
concentration of 1 mg/ml. In all cases the ratio of the optical densities at 260nm 
to that at 280nm was > 1.8, indicating negligible protein contamination.

3.2.21 Restriction enzvme digests

Restriction enzymes were purchased from Boehringer-Mannheim, Lewes, E. 
Sussex or Anglian Biotechnology Ltd, Colchester. 10x enzyme buffer was either 
supplied by the manufacturer of prepared according to the manufacturers

instructions. Recombinant DNA samples were digested with 1-5u/pg DNA for 
1 h. The volume of enzyme added never exceeded 10% of the total reaction
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3.2.22 Agarose gel electrophoresis

DNA digests were resolved by electrophoresis in horizontal slab gels in TBE

buffer containing 1pg/ml ethidium bromide). 0.7-1.2 % agarose gels were 

prepared by boiling the appropriate amount of agarose in TBE. Samples,

(<0.5pg) in a total volume of 10 pis were loaded in 5% sterile glycerol, 0.04%

bromophenol blue. DNA markers (X Hind 111 or 1 Kb ladder) were treated in an 

identical manner. The gel was run at 50-80 mAmps for a predetermined 
distance, DNA visualised by UV transillumination and the gel photographed.

3.2.23 Purification of cDNA inserts from Plasmid vectors

cDNA probes used for radiolabelling by random oligonucleotide priming were 
cut from the purified plasmid by digestion with the appropriate restriction 
enzyme(s). The probes were purified by electrophoresis in LMP agarose gels; 
the appropriate band cut out of the gel, melted and the volume adjusted so that

10Ong of purified plasmid insert DNA was contained in 70pl of DDW. Aliquots of 

plasmid insert were stored at -70°C until required.

3.2.24 Radiolabefling of cDNA inserts

cDNA probes were labelled with a22p dCTP by the random priming method 
(Feinberg & Vogelstein, 1984) using the klenow fragment of E coli DNA 
polymerase 1. Oligopriming reactions were performed in OLB buffer. 100 ng of 
DNA in DDW was denatured by boiling for 5min and cooled on ice. The 
polymerase reaction was allowed to proceed for 24h in 1xOLB containing

0.5pg/ml BSA with 5pCia32p dCTP and 1 unit (u) klenow polymerase. 
Radiolabelled DNA was separated from free dCTP by chromatography over a 
1 ml Sephadex G50 column equilibrated with STE buffer. The specific activity of
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probes labelled in this way was 10® -10® cpm/pg DNA and determined for each 

probe using a p counter.

3.2.25 Radiolabellinq of oligonucleotide probes

An oligonucleotide probe to human prepro EGF (a kind gift from M. Green, 
Unilever Research, Sharnbrook, Bedford) with less than 50 % homology to any

area of the known TGFa precursor sequence (Derynck et al, 1984, Scott et al,
1985) was end labelled using T4 polynucleotide kinase. 100ng of denatured

probe in 39 pi DDW was incubated with 1 ml T4 polynucleotide kinase (10 u/pl), 

5ml 10x kinase buffer (0.5M Tris-HCI pH7.5, 0.1 M MgCl2, 50mM dithiothreitol,

1 mM spermidine, 1 mM EDTA), and 5pl (50pCi) 32p yATP for 60min at 37°C. 
Radiolabelled probe was separated from the free by chromatography and the 
specific activity determined. Denatured oligonucleotide probe (0.5-1 x10® 
cpm/ml) was hybridised with the filter for 16h at 42°C in 5 x Denhardts, 1% 
ficoll, 1% polyvinylpyrolidone, 1% BSA, 10mM EDTA pH 7.5, 0.5% SDS. Filters 
were washed 4 times at RT in 2 x SSC and in 0.2% SSC, 0.1% SDS for 1-2 min 
at 42°C, (Berent et al, 1985).

3.2.26 Handling of RNA

RNA is unstable and susceptible to RNAases present on skin and non sterile 
surfaces. To prevent RNA degradation, samples were kept on ice; gloves worn 
at all times when working with RNA; and glassware, plastics and the majority of 
solutions (except GT, SDS and cesium chloride density gradient buffer) 
autoclaved prior to use.

3.2.27 Extraction of RNA from tissues

RNA was isolated from frozen tumours (2-5g) or human epidermis (5-25g) by 
homogenisation under liquid nitrogen, lysis in guanidine isothiocyanate (GT,
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4M guanidine isothiocyanate, 0.1m p mercaptoethanol pH 5.5) and subsequent 
extraction with lithium chloride/urea (modified from Auffray & Rougeon, 1980). 
This method is generally considered to give a better yield of high molecular 
weight RNA than that used to extract RNA from cells, (see below). 12 mis of 5M

GT, 50mM Tris-HCI pH 7.5,10mM EDTA, 8% p-ME were added for each 2g of 
homogenised tissue and the mixture taken up and down in a 10ml pipette until 
a homogeneous consistency was achieved. The mixture was vortexed three 
times for 10s before centrifugation at 8,000 rpm for 10min. 7 volumes of 4M 
lithium chloride were added to the supernatant and the mixture left overnight at 
4°C. The contents were then centrifuged at 10,000 rpm for 90min at 4°C and 
the supernatants discarded. The pellets were resuspended in 2M lithium 
chloride, 4M urea (typically 7mls/tube) and the contents centrifuged again at
10,000 rpm for 60min at 4°C before each pellet was resuspended in 8mls TE 
containing 0.1% SDS. The precipitate was vortexed every 10min for 45min, 
followed by freezing in dry ice and vortexing while thawing to aid resuspension 
of the pellet. Proteins were removed by repeated phenol-chloroform extraction 
followed by extraction with chloroform/isoamyl alcohol alone. RNA was 
recovered by ethanol precipitation adding 10% of the sample volume of 3M 
sodium acetate pH 5.5 and 2 sample volumes of absolute ethanol. After 
overnight incubation at -20°C RNA was recovered by centrifugation at 6,000 
rpm for 20min. Pellets were washed in 70% ethanol, dried in a vacuum 
dessicator and dissolved in sterile DDW. The concentration of RNA and its 
contamination with protein was assessed by spectrophotometry as described 
for DNA, except that an optical density of 25 units at 260nm was taken to 
represent an RNA concentration of 1 mg/ml.

3.2.28 Extraction of RNA from cells

Following removal of any residual 3T3 feeders by vigorous washing with EDTA, 
normal keratinocytes or SCC lines were washed twice in ice cold PBS and 
lysed, typically 5x106 cells in 5mls of 4M GT lysis buffer (Chirgwin et al, 1976). 
The lysate was either processed immediately or stored at -20° C. RNA was 
separated from other cellular macromolecules by density gradient 
ultracentrifugation over a gradient of 5.7M cesium chloride in 0.1 M EDTA at
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27,000 rpm for 48h at 20°C in a Sorvall swing out TH 641 rotor. DNA and 
protein bands were carefully removed and the last remaining 2mls of cesium 
chloride buffer overlaid with DDW and aspirated to remove traces of GT. The 
RNA pellet was washed with 1 ml of 70% ethanol in water, briefly lyophilised,

dissolved in 400pl DDW and ethanol precipitated by adding 10% of the sample 
volume of 3M sodium acetate pH 5.5 and 2 sample volumes of absolute 
ethanol. After overnight incubation at -20°C, RNA was recovered by 
centrifugation in a microfuge for 20min pellets washed in 70% ethanol, dried in 
a vacuum dessicator and dissolved in sterile DDW. The concentration of RNA 
and its contamination with protein was assessed by scanning the optical density 
as described above.

3.2.29 Purification of polv A+ RNA

Poly A+ RNA was purified from total cellular RNA by affinity chromatography 
using oligo-dT cellulose type 3 columns (Aviv & Leder, 1972). Oligo-dT 
cellulose (0.2g) was equilibrated for 30min at RT in 5ml sterile 1x binding buffer 
(0.4M NaAc, 5mM EDTA, 0.1% SDS). The slurry was poured into a BioRad 
Econo-column (9x45mm) and equilibrated with 10 column volumes of binding 
buffer, followed by 10 column volumes of elution buffer (0.01 M NaAc, 1 mM 
EDTA) and finally 10 volumes of binding buffer.

Total cellular RNA (500pg) was dissolved in 5mls of binding buffer, the mixture 
boiled for 2min, cooled on ice to RT and slowly run onto the column. The fall 
through was collected and reapplied to the column. Unbound ribosomal and 
poly A- RNA's were washed from the column with 10ml of 1 x binding buffer; the 
fall through was collected and ethanol precipitated.

To remove SDS, the column was washed with 10 column volumes of binding 
buffer, from which SDS had been omitted, and bound poly A+ RNA species 
were eluted with 2mls of elution buffer and ethanol precipitated.

RNAs were recovered by centrifugation at 0°C at 13,000 rpm for 1 h, the

supernatant removed and the pellet resuspended in 100pl DDW. This was
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3.2.30 Northern blotting buffers

20x Northern buffer (20mM 3-(N-Morpholino) propane-sulphonic acid, 5mM 
sodium acetate, 1 mM EDTA).
Denaturing buffer for Northern gels (50%v/v formamide, deionised by reaction 
with Amberlite monobed resin, 6% formaldehyde in 1x Northern buffer)

3.2.31 Analysis of RNA

Prior to Northern analysis, precautions were taken to remove RNAases by 
washing all apparatus in a 1% solution of hydrogen peroxide and rinsing in 
DDW.

1% agarose denaturing gels were prepared by boiling agarose in Northern

buffer and adding formaldehyde to a final concentration of 6%. 10-40 pg of RNA 
(per lane) was denatured by heating to 65°C for 5min in denaturing buffer. 
Samples were allowed to cool and 1/6 the sample volume of 6x loading buffer 
(0.25% w/v bromophenol blue, 30%v/v glycerol in DDW was added. Northern 
gels were run at 100mA constant current for 4-6h in 1x Northern buffer.

DNA (X Hind 111 fragments) or RNA (0.24-9.5Kb ladder) molecular weight 
markers were included in all gels. Tracks containing markers were cut from the 
gel and fixed in 10% w/v trichloroacetic acid for 10min and neutralised with 
0.1 M Tris-HCI pH 7.5 for 15 min prior to staining with 0.1 M Tris-HCI containing

1pg/ml ethidium bromide for 10min. Markers were observed under UV light and 
the distances bands had moved from the origin noted.

Size separated RNA species were transferred to nitrocellulose by Northern 
blotting (Thomas, 1980). A glass plate was laid across a large glass tray
containing 20 x SSC and a sheet of Whatman 3M filter paper folded over the
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plate with both ends in the SSC solution to act as a wick. The gel was placed on 
the wick and all air bubbles gently smoothed out. Saran wrap was placed 
around the edges of the gel to prevent short circuiting of the fluid path through 
the gel. A sheet of nitrocellulose, cut to the exact size of the gel was carefully 
placed onto a tray of 20xSSC and allowed to wet by capillary action. The 
membrane was then placed over the gel and covered by 16 sheets of Whatman 
3M paper, 60mm of absorbent paper towels and finally a glass plate carrying a 
small weight. DNA transfer was allowed to proceed for 18h before the 
membrane was removed. Transferred RNA was fixed onto the filters by baking 
at 80°C for 2h.

3.2.32 Determination of the specificity of TGF a &[3 and prepro EGF 
cDNA probes

The specificity of the preproEGF probe was determined following analysis of 
RNA obtained from human kidney and salivary gland. Fig 19 demonstrates a

5.0Kb transcript characteristic for preproEGF. The specificity of the TGFa probe 
was determined by analysis of RNA obtained from T-24 and A431 cells. Figs 15

& 16. demonstrate a 4.5Kb transcript characteristic for TGFa.

3.2.33 Hybridisation of Northern blots

Northern blots were prehybridised at 42°C for 6h in 50 % deionised formamide, 
5xSSC, 50mM phosphate buffer pH 6.6, 2x Denhardt's solution, 0.2% SDS,

500pg/ml salmon sperm DNA. (50x Denhardt's solution = 5g ficoll, 5g 
polyvinylpyrrolidine, 5g BSA fraction V and DDW to 500mls). Denatured 
radiolabelled probes were added to a final concentration of 1x10  ̂cpm/ml and 
blots were hybridised for 18h at 42°C. Filters were washed twice in 2xSSC, 
O.IxSDS at RT and twice in 0.2x SSC, 0.1% SDS at 50°C. Excess moisture 
was removed with tissue paper, filters wrapped in Saran wrap and 
autoradiographed.

3.2.24 Reprobina of hybridisation membranes
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Membranes were stripped of cDNA hybridised to RNA by incubation in 5mM 
Tris-HCI pH 8.0, 0.2mM EDTA, 0.05%w/v tetrasodium pyrophosphate and 0.1 x 
Denhardts solution for 2h at 65°C. Membranes were autoradiographed to 
ensure complete removal of the probe.

3.2.35 Nuclear run off assay

Transcription of growth factor genes was studied using the nuclear run off 
assay.
The method is modified from that of Greenberg & Ziff (1984). This experiment 
was performed in collaboration with M Turner, Charing Cross Sunley Research 
Centre.
Keratinocytes were maintained as described in section 3.2.2, peripheral blood 
lymphocytes (PBL) as described in section 4.5 (see chapter 4) and stimulated 
with substance P (10“8 M, Sigma).

Cells were washed in reticulocyte standard buffer (RSB, 10mM Tris-HCI pH
7.4,1 OmM NaCI, 5mM MgCl2, 1 mM dithiothreitol) and lysed following the

addition of Nonidet P-40 to a final concentration of 0.5 % v/v. In preliminary 
experiments, this concentration was found to lyse the majority of the cells, but to 
leave the nuclei intact as determined by staining aliquots of lysate with Turks 
solution. Nuclei were recovered by centrifugation in a microfuge for 2min,

washed in RSB prior to storage in 100pJ 50mM Tris-HCI pH 8.0, 5mM MgCl2,

0.1 mM EGTA, 150 mM PMSF, 40% v/v glycerol and 1 mM DTT at -70°C for up 
to 1 month.

Nascent transcripts were elongated in 150 pi of a solution containing 50mM

Tris-HCI pH 8.0,150mM KCI, 5 mM MgCl2 and 250pM each of ATP, UTP, CTP

and 200pCi a32p GTP for 30min at 30°C. Using this protocol incorporation of 
label is linear with respect to time (M Turner, personnal communication).The 
reaction was terminated by the addition of 20 u RQ1 DNase 1 (Promega

Biological Res, Madison, Wl) and 40pg yeast transfer RNA (Gibco BRL) for
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15min at 37°C. The salt concentration was adjusted to 150mM NaCI, 12.5 mM 
EDTA and 1% SDS and proteinase K added to a final concentration of 125

pg/ml. The mixture was incubated for a further 20min at 37°C before extraction 
with phenol/chloroform. The resulting aqueous fraction was added to a spun 
Sephadex G 50 column. The 32P-labelled RNA was treated with a final 
concentration of 0.2M NaOH for 10 min on ice and the solution neutralised by 
the addition of HEPES to a final concentration of 0.24M and the RNA was 
precipitated with ethanol. Labelled nucleic acids were recovered by

centrifugation and resuspended in 200pJ hybridisation buffer (10mM Tris 
(hydroxymethyl)methyl 2-aminoethanesulphonic acid pH7.4, 0.2% SDS, 10mM 
EDTA, 600mM NaCI. The specific activity of each sample was then

determined. 10p.g of denatured, linearised plasmid DNA in was blotted onto 
Hybond nylon membrane filters using a Minifold slot blot apparatus (Schleicher 
& Schuell) connected to a vacuum pump and fixed by baking at 80°C for 2h. 
Filters were prehybridised in 50 % formamide, 4xSSC, 1% SDS, 2.5xDenhardts

solution, 500|ig/ml salmon sperm DNA, 200pg poly A+ RNA (Sigma). Equal 
cpm (6x10 )̂ of labelled RNA samples (2mls) were hybridised to the filters for 
4 days at 42°C. Filters were washed in 2x SSC, 0.1% SDS for 1 h at RT, 
O.IxSSC, 0.1% SDS for 1h at 68°C, 2x SSC at RT for 10min and finally 0.1 x 
SSC, 0.1% SDS at 68°C  for 10min. Filters were autoradiographed for 5-10 
days. Filters were reprobed with the Gemini plasmid vector (Promega Biotech).
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Fig 15. Northern hybridisation for TGFa mRNA using polyadenylated (A+) RNA 

(10pg) and total (T) RNA (40pg) from 7 oral SCC and T-24 cells.
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Fig 16. Northern hybridisation for TGFa mRNA using polyadenylated (A+) RNA 

(1 Opg) from a further 4 oral SCC and A431 cells.
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Relationship between TGFa and EGFR1 staining intensity in oral squamous 
cell carcinomas

EGFR1 STAIN INTENSITY 4 2 2 2 4 4 4 4 6 4 4 4 6 6

TUMOUR PROPORTION 2 4 5 5 4 4 4 4 3 5 5 5 4 5
P.GFR1 STAIN INDEX 8 8 10 10 16 16 16 16 18 20 20 20 24 30
TGFa DETECTED(ng/g wet wt) 9 4.5 5.2 2.0 2.1 2.2 1.2 0.97 0.55 1.1 2.1 1.0 1.1 0.97
HISTOLOGICAL TYPE 5 4 3 1 5 5 3 1 3 3 4 2 3 1

Regression analysis: log TGFa DETECTED = 0.898 - 0.0392 EGFR1 STAIN INDEX (SE = 0.01, t = -3.66, p = 0.003) 
log TGFa DETECTED = -0.140 + 0.127 HISTOLOGICAL TYPE (SE = 0.06. t = 2.23. p = 0.046)

Table 7
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Fig 17. Northern hybridisation for TGF a & p m R N A  using polyadenylated (A+)

RNA (10jig) and total (T) RNA (40|ig) from human keratinocytes, Detroit 532, 
foetal fibroblasts, and 1 oral SCC.

Fig 18. Light microscope localisation of immunoreactive TGFa in oral SCC. 

Scale bar = 100p.
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PRE P R O  EGF

Placenta S. Max. G. Kerat. T-24 A431

Fig 19. Northern hybridisation for prepro EGF and TGFa mRNA using

polyadenylated (A+) RNA (10pg) and total (T) RNA (40pg) from human 
placenta, submaxillary salivary gland, human keratinocytes, T-24 and A431 
cells.

TG Fa

KERATINOCYTE A431
i---- 1 i---- 1
A+ T A+ T

PRE PRO EGF

Fig 20. Northern hybridisation for TGFa and prepro EGF mRNA using

polyadenylated (A+) RNA (10pg) and total (T) RNA (40pg) from human 
keratinocytes, A431 cells, human kidney and T-24 cells.
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Fig 21. Northern hybridisation for TGFa and prepro EGF mRN A  using

polyadenylated (A+) RNA (10pg) and total (T) RNA (40pg) from (a) two 
representative oral SCC and (b) cultured human keratinocytes.

PRE PRO EGF

Placenta S. Max. G. Kerat. T-24 A431

Fig 22. Northern hybridisation for prepro EGF m R N A  using an oligonucleotide
probe and polyadenylated (A+) RNA (10pg) or total (T) RNA (40pg) from 
human placenta, submaxillary salivary gland, human keratinocytes, T-24 and 
A431 cells. 142
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Fig 23. Northern hybridisation for TGF(3 mRNA using polyadenylated ( A+ ) RNA

and total (T) RNA (jig as indicated) from cultured keratinocytes, skin and oral 
SCC. (EtBr = ethidium bromide stained gel).
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Fig 24. Northern hybridisation for TGFp1&2 mRNA using total (T) RNA (40pg) 
from human keratinocytes, SVK-14 cells, SVKRas cells (a polyclonal population 
of SVK-14 cells infected with a retroviral vector carrying v-Ha ras, see chapter
5), T-24 and SCC 9 cells.

1 2 3 4 5 6 7 8 9 10 11 12 13 14

Fig 25. Western Blot to detect TGF(3. Lanes 1-5 500, 100, 64, 32, 16pg
recombinant TGF(3; Lanes 6-10 "Sep-pak" CM or cell extracts, lane 6 
keratinocyte cell extract (EGF added to the culture medium), lane 7 keratinocyte 
cell extract (EGF omitted from the culture medium), lanes 8, 9 and 10 oral SCC 
cell extracts; lanes 11 and 12 SCC cell extracts A1 and A2, lanes 13 and 14 
keratinocyte extracts A3 and B1. See text sections 3.2.4 and 3.2.8 for details of 
preparation of CM or cell extracts).
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Actin

Keratinocytes
Adult Skin basal differentiating J2 T -24i--------- 1 i--------- 1 i----------1 i i r— iA+ T A+ T A+ T A+ A +

2.1Kb

TGF a
Keratinocytes

Adult Skin basal differentiating J2 T -24

4.5Kb
28S

TGFjS

Fig 26. Northern hybridisation for TGF a&(3 mRNA using polyadenylated (A+)
RNA (10fo.g) and total (T) RNA (40pg) from adult skin, percoll density separated 
keratinocytes, J2 and T-24 cells. Hybridisation for actin is also shown.
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Fig 27. Nuclear run off assay to determine the rate of transcription of TGF a &(3, 
TNF and IL-6 mRNA in PBL stimulated with substance P (SP), keratinocytes 
(EGF added to the culture medium) and keratinocytes (EGF omitted from the 
culture medium). Hybridisation with the plasmid control is also shown.
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Fig 28. Effect of TGFp on the proliferation of normal keratinocytes and SCC  

lines as determined by 3H thymidine incorporation (a) normal keratinocytes, 

SCC15 (p16), SCC 25 (p19). (b) SCC 4 (P11 & 27), SCC 9 (p12 & 30). (c) T-24, 

A431, SVK-14 (p 15 & >60). Results are expressed as mean counts +/- sem.
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a  H u m a n  K e r a t in o c v te s
C o n tro l T G F p iO n g /m l
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Fig 29. Effect of TGFp on the proliferation of keratinocytes and SCC lines as 
determined by crystal violet assay (a) normal keratinocytes, (b) SVK-14 , (c) 
SCC 9 cells.
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Fig 31. (a & b) Culture morphology of keratinocytes three days following 
removal of TGF(3 from the culture medium (c) normal keratinocytes. Scale bar
100p.



Fig 32. Culture morphology of SCC4, SCC9, SCC15 and SCC 25 cells. Scale 
bar =100p.
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Fig 33 (a)Saturation curve of125 I TGFp binding to SVK-14 cells (p17). (b) 
Scatchard plot corresponding to the data in 33 (a).



3.3 Results

3.3.1 Production of TGF-a. preproEGF and TGFB bv oral squamous 

cell carcinomas.

TGF-a transcripts (examples fig 15 & 16) and protein (0.5-9.0 ng/g wet wt; table 
7) were seen in all oral SCC examined. Protein was also detected in one 
benign lesion included in the series, an adenolymphoma of the salivary glands.

While the possibility that a proportion of the TGF-a detected arises from the

tumour stroma cannot be excluded, this seems unlikely as TGF-a production is

not usually associated with mesenchyme (Derynck et al, 1987) and TGFa 
transcripts were not detected in foetal fibroblasts or Detroit 532 fibroblasts (fig
17) and acid/ethanol extracts of whole blood contained only trace levels of

TGFa. In addition the specific presence of TGF-a in the epithelial component of 
some tumour samples was further confirmed by immunocytochemistry (kindly 
performed by S. Cartilidge, North Staffordshire Medical Centre, example fig
18) .

TGFa transcripts (figs 15,16,19 and 20) and protein (0.3 and 
0.42ng/107cells/24h) were also detected in T-24 and A431 cells. (See table18, 
chapter 5).

3.3.2 Production of Pre-pro EGF bv oral squamous cell carcinoma.

Pre-pro EGF transcripts (5.0Kb, figs 19 & 20) were absent from normal 
keratinocytes and all oral SCC, although cross hybridisation was seen to bands 
at 10, 4.5 and 2.3Kb (figs 21 a & b). These transcripts were not detected when

the filters were rehybridised with a 21 mer homologous to EGF but not TGF-a. 

(The ability of the oligonucleotide probe to detect preproEGF transcripts is 
shown fig 22). It seems likely that the 4.5 Kb transcript represents cross

hybridisation with the TGF-a sequence but the nature of the remaining 
transcripts is unclear. The failure to detect prepro EGF transcripts in skin and
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keratinocytes confirms earlier results for rat skin (March & Green, 1986) and 
human skin (Elder et al, 1989).

TGF-pi transcripts (examples figs 17 & 23) were also found in all 6/6 oral SCC

examined. Levels of total TGFp protein detected by radio receptor assay were
2-6 ng/g of tumour tissue (table 8). These values were equivalent to those

detected in normal epidermis and dermis (table 8). Levels of active TGFp were 

not assayed as insufficient tissue was available to prepare neutral cell extracts.

Tumour samples prepared by "sep-pak" columns (originally for TGFa assay)

contained only trace amounts of TGFp. These low levels are probably due to 

the fact that growth factors were eluted from the column at neutral pH and

recovery of TGFp could have been improved by elution at low pH.
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Table 8. TGFB Detected in Keratinocvte Cell Extracts. Conditioned 

Medium. Human Epidermis. Oral squamous Cell Carcinomas and 

SCC Cell Lines.

TOTAL* ACTIVE

TGF-P TGF-P

CELL/TISSUE EXTRACTS
Keratinocytes with EGF 2.4(ng/107 cells) nd
Keratinocytes without EGF 1.6 nd
Human epidermis 1 (ng/g wet wt.) nd
Human dermis 4-6 nd
Oral SCC (6) 2-6 nd

CONDITIONED MEDIUM
Keratinocytes with EGF 16(ng/107cells/24h) 0.45
Keratinocytes without EGF 8 0.35
SCC4 5 0.22
SCC9 7 0.35
SCC15 4 0.20
SCC25 3 0
A431 2.5 0
T-24 6 0.34
SVK-14 4 0
A549 6 0

‘Acidified cell extracts or acid treated CM

“ Active TGF-p detected without acid treatment 
nd (not done)
All cell types, other than keratinocytes, were cultured in medium containing EGF

prior to preparation of the conditioned medium forTGF p radioreceptor assay. 
The results represent average values obtained from duplicate assays of the 
same sample.
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TGF-pi transcripts (figs 14 and 66, see chapter 5) and protein (table 8) were 
also detected in SCC4, SCC9, SCC15 and SCC25, A431, T-24 and SVK-14

cell lines. TGF|32 transcripts were detected only in T-24 cells (fig 25).

TGFp was not detected in tumour cell extracts by Western blotting (fig 26). The

limit of detection of TGFp using this technique was 10Ong, 100 times greater

than the amount of TGFp detected in the tumour cell extracts by radioreceptor

assay. The lack of sensitivity of Western blotting for TGFp may be due to the fact 
that this protein transfers more slowly than other proteins of comparable 
molecular weight, does not stick well to nitrocellulose and is partially lost during 
subsequent incubations and washes (information supplied by R & D Systems 
Inc).

3.3.3 Immunohistoloav for the EGFR.

All tumours stained, with varying intensity, for the EGFR as reported in chapter

2. The levels of TGFa detected /g wet wt of tumour and the EGFR1 stain index 

for the 14 SCC tested are summarised in table 7. A regression coefficient

analysis of TGF-a levels and the EGFR stain index showed a highly significant

inverse correlation. (The highest levels of TGF-a were seen in tumours having 
the lowest EGFR stain index t=-3.66, p=0.003). A weaker relationship was also

observed between TGF-a levels and the histological type of the tumour.

(Highest levels of TGF-a were seen in the poorly differentiated tumours; t=2.23, 

p=0.046). No correlation was observed between the EGFR1 stain index or

levels of TGFa detected and time to presentation of the patient at an oral 
surgery clinic, presence or absence of lymph nodes at presentation or tumour 
prognosis as determined by STMNP, time to recurrence or survival time (table 
9).
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Table 9. Spearman Correlation Coefficients

EGFR1 stain Index TGFa detected

SC P SC P

Time to initial presentation -0.141 0.630 0.136 0.643

Size of tumour at presentation -0.062 0.833 -0.165 0.572

Lymphadenopathy at presentation -0.090 0.758 -0.088 0.762

STMNP 0.153 0.602 -0.158 0.589

Time to recurrence -0.344 0.227 0.387 0.285

Survival time 0.233 0.421 -0.165 0.572

SC=Spearman correlation coefficient, p=probability

3.3.4 Production of TGF-a and p bv cultured keratinocvtes and skin.

TGF-a transcripts (4.5 Kb) were detected in normal cultured keratinocytes (figs 
19, 20 & 21 b). In some experiments a smaller transcript (2.3 Kb) was also seen.

Cell density separation experiments indicated that TGF-a transcripts were 

predominantly found in keratinocytes having the basal phenotype in vitro (fig 
26).

TGFa transcripts could not be detected in normal adult skin (fig 26). TGF-a 
protein was detected both in low (p3) and high (p9) passage cultured 
keratinocytes and in CM harvested from these cells (table 10). Pretreatment of

keratinocytes with EGF markedly increased the rate of secretion of TGFa (table

10) as previously reported (Coffey et al, 1987). Analysis of skin showed low 
levels of protein in both neonatal foreskin, (1.5 ng/g wet wt.) and adult (0.16 - 
0.35 ng/g wet wt.) samples.
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Table 10. TGF-g Detected in Human Keratinocvtes and Conditioned 

Medium.

Cultured human keratinocytes Conditioned medium

Without With Without With
EGF EGF EGF EGF

p9 0.32ng/107cells O)cCMCOo 1.1ng/107cells/24h 3.7ng

p3 <0.1 ng <0.1 ng 0.74ng 3.8ng

Keratinocyte extracts and conditioned medium were prepared as described in 
materials and methods. Results represent data obtained from a single 
determination of each sample.
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TGF-p1 transcripts (2.5Kb) were detected in cultured keratinocytes (figs 17 &
23) and n fibroblasts (fig 17). Stimulation of keratinocytes with EGF also

increased the level of TGF-p1 transcripts (fig 23). Rehybridisation of the filter

shown in fig 26 with the TGF-p1 probe showed that transcripts were again found 
predominantly in the basal cell compartment of cultured keratinocytes although 
transcripts were also detectable in the differentiating cells. This observation was 
confirmed by analysis of RNA obtained following separation of cells by size

fractionation (fig 23). TGF-pi transcripts were also detected in human skin (figs

23 & 26), while TGF-P2 transcripts were not detected in cultured keratinocytes 
(fig 24) or skin although they were present in T-24 cells.

Northern analysis demonstrates that addition of EGF to keratinocyte cultures

increases the level of transcripts for TGF a & p (figs 17 & 23). This may follow an 
increase in the rate of transcription of these genes after the addition of EGF as 
suggested by the nuclear run off assay (fig 27).

Low levels of total TGF-p protein (precursor and active forms) were detected in 
acidified cell extracts of cultured keratinocytes (2.4ng/107 cells) and in CM 
obtained from these cells (16ng/107 cells/24h, table 8). An increased amount of

TGF-p in both cells and CM was observed following pretreatment with EGF.

Assay of neutral keratinocyte CM revealed that less than 5% of TGF-p was 

secreted in the active conformation. Pre-incubation of samples of neutral CM

with the neutralising antibody to TGF-p abolished >70% of its activity, further

confirming the specificity of the radioreceptor assay. TGF-p protein was also 
detected in acidified cell extracts of normal epidermis (1 ng/g wet wt.) and 
dermis (4-6ng/gm wet wt., table 8). Neutral cell or tissue extracts were not

assayed for active TGF-p.
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3.3.5 Assessment of the response of normal keratinocvtes and SCC

cell lines to exogenous TGFft

3.3.5.1 Effect on proliferation

TGFp inhibited the proliferation of keratinocytes, as determined by ^H-thymidine 

incorporation, in a dose dependent manner (fig 28a). Following treatment with

TGFp for >60h, cells could not be subcultured. TGFp also inhibited the growth of 
SCC 4, SCC 9, SCC 25 and T-24 cells (figs 28a, b & c). The growth of SCC 25

and A431 cells was stimulated by TGFp (fig 28a & c). During the course of these 
experiments it became apparent that with increased passage in tissue culture,

a number of the SCC lines tested became progressively resistant to TGFp. The 
data for SVK-14, SCC 4 and SCC 9 cells is shown in figs 28b & c.

Inhibition of keratinocyte growth by TGFp was also confirmed by long term (10

day) culture of cells in medium containing TGFp (fig 29a). As noted above, cells 

from this experiment could not be subcultured. SVK-14 cells (p>60) fail to show

an inhibitory response to TGFp (fig 29b) while SCC9 showed some inhibition in

medium containing 10ng/ml TGFp and the effect was greater in the presence of 
30ng/ml (fig 29c).

3.3.5.2 Morphological changes

10ng/ml TGFp caused marked morphological changes in keratinocyte cultures 
after 48-72h (fig 30). The cells became flattened and many contained vacuoles. 
Small polygonal cells characteristic of growing colonies were absent. On

removal of TGFp from cells exposed to this cytokine for >60h the cells failed to 

proliferate and could not be sub cultured (fig 31; see above). Similar effects on 
morphology were observed for SCC 4 and SCC 9 cells. (The normal 
morphology of SCC 4, SCC 9, SCC 15 and SCC 25 cells is shown fig 32).
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3.3.61 5̂ TGF(3 Binding studies

The binding affinity and number of cell surface TGF p receptors was determined 
for high and low passage SVK-14 cells and A549 cells. The results for SVK-14 
cells (p17) are shown in fig 33 and demonstrate 11,400 receptors/cell with a Kd 
of 41.6 pM.

TGFp receptors could not be conclusively demonstrated on high passage 
SVK-14 cells (p>60, data not shown), however because of the level of non 
specific binding in the assay the possibility of low affinity sites cannot be 
excluded.
A549 cells expressed 10,500 receptors/cell, Kd 35pM. This later result is close 
to the results reported by Wakefield et al (1987) for these cells; 10,000 
receptors/cell, Kd 33pM.
3.4 Discussion

These results demonstrate production of TGF a&p by oral SCC, SCC cell lines 
and cultured keratinocytes and suggest that these factors may play a role in 
growth control of cultured cells and epithelial tissues.

3.4.1 Production of transforming growth factors by oral squamous 

cell carcinoma.

The detection of TGFa transcripts (figs 15 & 16) and EGFR (table 7) in all oral 
SCC examined together with the highly significant inverse correlation between

TGF-a protein and EGFR levels in the SCC (table 7) strongly suggests that an 
autocrine growth factor loop also influences growth control in these tumours.

Generally higher levels of TGF-a were detected in SCC (0.55-9ng/g wet wt.) 
when compared to normal adult skin (0.16-0.35ng/g wet wt). The binding of EGF

or TGF-a to the EGFR results in clustering and internalisation of the receptor, 
leading to down regulation of the receptor and ultimately in degradation of both 
receptor and ligand in lysosomes (Schlessinger et al, 1978). Hence one 
possible explanation for this inverse correlation could be that tumours are

binding and metabolising TGF-a and the EGFR. Those tumours with an
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abundance of EGFR may degrade TGF-a more efficiently leading to depletion of 
ligand within the tumour. Alternatively those tumours with low levels of EGFR

may degrade TGF-a less efficiently leading to accumulation of ligand. The 
above explanations take no account of other multiple growth factor interactions 
which may affect ligand processing and cell growth and is clearly only one facet 
of a complex regulatory growth mechanism.

The correlation between high levels of TGFaand poor tumour differentiation

(table 7) is also interesting. Considered together with the data from cultured

keratinocytes the production of TGF-a again appears to be predominantly 
associated with relatively undifferentiated cell types.

Other research supports the hypothesis that TGFa may play a role in tumour 
progression by autocrine stimulation of growth. For example, tumour promoting

agents have also been shown to induce synthesis of TGFa by cultured 

keratinocytes which may contribute to epidermal hyperplasia associated with

the application of these agents (Pittelkow et al, 1989, Bjorge et al, 1989). TGFa 
may also stimulate tumour angiogenesis (Schreiber et al, 1986), contributing to 
the production of a local environment favourable to support tumour growth.

TGFa transcripts (fig 15 & 16) and protein (table18, see chapter 5) were also 

detected in SCC 4, SCC 9, SCC 15, SCC 25, T-24 and A431 cells although the

response of cell lines to exogenous TGFa has not been evaluated in this study.

Transcripts and protein for TGFp (2-6ng/g wet wt.) were detected in oral SCC

(figs 17 & 23, table 8). TGFp appears to occur widely in tumour tissue (Derynck

et al, 1987). TGF p inhibits the growth of normal keratinocytes (Shipley et al, 
1986, this study). However, in contrast to its effect on normal cells, a number of

SCC lines are known to be resistant to TGFp including SCC25 (Shipley et al,
1986) and HN 2, 5 and 6, derived from SCC of the head and neck (Ozanne et
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al, 1986). Although the results presented here demonstrate the finding of 

TGF-p in acidified cell extracts of oral SCC, and no conclusive proof has been 

obtained that the active form of TGF-p is present. It has been postulated that

lack of normal negative regulatory response to TGF-p may contribute to 

continued growth of malignant epithelial cells in vivo (Ozanne et al, 1986, 
Shipley et al, 1986). Since normal cells would remain sensitive to the growth

inhibitory effects of TGFp, this altered response may give malignant cells a 
selective growth advantage.

TGFp transcripts (figs 24 and see fig 66 chapter 5) and protein (tables 8 & 18)

were also detected in SCC cell lines although the rate of secretion of TGFp by 
the cell lines was lower than that observed for normal keratinocytes and may 
reflect differences in the culture conditions of the various cell lines.

The explanation for the observation that some SCC cell lines fail to respond to

TGFp, or become resistant to its growth inhibitory effects with increased 
passage in tissue culture, is unclear. In this study high passage SVK-14 cells

fail to express TGFp receptors, (fig 33). SCC 25 cells (Shipley et al, 1986) and

retinoblastoma cells (Kimchi et al, 1988) also lack TGFp receptors. Alternative

explanations for the failure of SCC cell lines to respond to TGF p have been

suggested, including failure of cells to activate the latent form of TGFp 
(Wakefield et al, 1987), abnormal ligand-receptor interactions and 
disturbances in post-receptor signalling pathways (Roberts et al, 1988).

In addition to its effect on tumour cells TGFp may also exert effects on tumour 

stromal cells influencing endothelial cells, fibroblasts and inflammatory cells.

TGFp has been shown to be angiogenic in vivo (Roberts et al, 1986), is 
chemotactic for fibroblasts, stimulates the production of extracellular matrix, 
inhibits the proliferation of T and B lymphocytes and inhibits the cytotoxic activity 
of natural killer cells and lymphokine-activated killer cells (reviewed by Roberts
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The observation that SCC lines show reduced growth in response to 

exogenous TGFp with increased cell passage suggests that this may be an 

adaption to the in vitro culture conditions. TGFp resistant cell lines have been

previously reported (see above). Other TGFp resistant lines were derived 
following chemical mutagenesis and treatment with an acidic/ethanol extract of 
platelets (Chinkers 1987) or transfection with v-Ha ras (Dickson et al,1987). 
These authors reported that late passage transfected cells (MCF-7) did not

express TGFp receptors. Late passage SVK-14 cells did not express

detectable TGFp receptors in this study; however,whether or not loss of 
receptor associated with repeated passage in tissue culture is a general 
phenomenon is unknown.

3.4.2 Production of transforming growth factors bv cultured 

keratinocytes and skin.

Normal cultured human keratinocytes express TGF-a transcripts and protein 
(figs 19, 20 & 26, table 10). Similar data for keratinocytes have been reported by 
Coffey et al (1987). Percoll density gradient separation of these cells suggests

that TGF-a transcripts predominate in the basal, proliferative cell compartment 
(fig 26). However in interpreting this result it would have been helpful to clarify 
that the "small" cells obtained from the cell separation experiments were 
enriched for basal cells. This might have been achieved by hybridising the 
filters for involucrin or by immunocytochemistry for involucrin or other markers of 
terminal differentiation, for example keratins 6 and 16.

The proliferative keratinocytes in psoriatic epidermis also have enhanced levels 

of TGFa transcripts when compared to normal epidermis (Elder et al, 1989). As

keratinocytes are able to respond to exogenous TGFa (Barrandon & Green,
1987a) and possess EGF-receptors (Rheinwald & Green, 1977, O'Keefe et al,
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1982) this data is consistent with an autocrine role forTGF-oc in the regulation of 
in vitro keratinocyte proliferation. However conclusive proof of such a 
hypothesis, for both normal and malignant cells, would require experiments in

which the possible effect of TGFa could be abrogated by neutralising 
antibodies to this growth factor. Preliminary studies reported by Pittelkow & 
Coffey (1988) have demonstrated that a monoclonal antibody, recognising

biologically active forms of TGFa, inhibits TGFa induced clonal growth of 
cultured keratinocytes. However at higher cell densities (>5x103/cm2) the 
antibody did not inhibit proliferation perhaps suggesting that cell associated

TGFa escapes antibody neutralisation and may act in an autocrine or paracrine 
fashion to stimulate mitogenesis.

The present study was unable to conclusively identify TGF-a transcripts in 
normal adult skin by Northern analysis of 10 pg of poly A+ RNA. Although these 
transcripts have been detected in neonatal skin in all viable cell layers (Coffey 
et al, 1987) and in adult skin (Elder et al, 1989) levels are greatly reduced 
compared with cultured keratinocytes. The failure to detect these transcripts in

this study (fig 26) may be due to the low abundance of TGF-a protein in adult 
tissue, (neonatal foreskin 1.5ng/g wet wt; adult skin 0.16-0.35ng/g wet wt.).

The finding that EGF increases the level of TGF-a transcripts and secretion of

TGF-a protein in vitro (table 10; Coffey et al, 1987) may be of physiological 
relevance since both growth factors are found in skin and epidermal extracts 
(Hoath et al, 1984 & 1985; Coffey et al 1987; and data presented here) and the 
target EGF-receptors are present in human epidermis (Nanney et al, 1984a, 
Green & Couchman, 1985) and other epithelia (Partridge et al, 1987).

TGF-a protein has been detected by immunocytochemistry throughout all viable 

cell layers in neonatal foreskin (Coffey et al, 1987) and normal adult skin

(Gottleib et al, 1988). However the exact sites of epidermal TGF-a synthesis in 
vivo have not been established for human epidermis. Our in vitro data suggests
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that synthesis of TGF-a may predominate in basal cells with proliferative 
potential. The differences observed in vivo and in vitro may reflect the in vitro 
culture conditions.

TGF-pi transcripts were detected in skin (figs 23 & 26).Transcripts were also 
found in cultured fibroblasts; thus a percentage of transcripts detected in

epidermis may arise from dermal elements present in the sample. TGFp 
transcripts were also detected in cultured keratinocytes (figs 23 & 24) with 
transcripts in both the basal and differentiating cell compartments. Higher levels

of TGFp transcripts were seen in basal when compared to differentiating 

cultured keratinocytes (figs 23 & 26). This result contrasts with a recent report for

mouse skin (Akhurst et al, 1988) in which the main site of TGFp synthesis was 
suprabasal, differentiating epithelial cells. Stimulation of keratinocytes with EGF 
also increased the level of these transcripts (figs 17 & 23) and may be due to an 
increased rate of transcription (fig 27).

TGFp protein was detected both in extracts of cultured keratinocytes (2.4 

ng/107cells) and in adult epidermis (1 ng/g wet wt; table 8). Analysis of

keratinocyte CM suggests that the majority of TGF-p present (>95%) is in a 
latent form, perhaps indicating that the physiological regulation of this molecule 
may reside in its activation rather than its presence in the cellular milieu.

Whether or not cultured keratinocytes or epidermal cells can activate TGFp 
intracellularly is currently unknown but it has been suggested (Wakefield et al,

1987) that the reason why TGFp is secreted in a latent form is to force any 

potential autocrine loop to operate extracellularly, preventing premature

interaction of TGFp with its receptors.

TGFp has previously been shown to cause reversible inhibition of keratinocyte 
growth with cells arrested in the G1 phase of the cell cycle (Shipley et al, 1986).

In this study, keratinocytes treated with TGFp for 60h could not be subcultured. 
The appearance of these cells, with an increase in the number of flattened and
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squamous cells suggests that TGFp has induced terminal differentiation; 
however the percentage of cells expressing involucrin or forming cornified 
envelopes has not been determined. The different results may be a reflection of 
the different passage number of cells used in the two experiments since 
second passage cells were used in the study reported by Shipley et al, 1986 
whereas cells at passage numbers 9-11 were used in this study. The two 
studies also used different culture medium: MCDB 153 in the former study, 
DMEM/ Hams F12 supplemented with 10% FCS, hydrocortisone, insulin, 
cholera toxin and epidermal growth factor in this study.

Given that exogenous TGFp has been shown to inhibit the growth of cultured 

keratinocytes (Shipley et al,1986; and this study) this molecule could potentially 
play a "feed back" role in regulating keratinocyte proliferation in vitro and in vivo 
(Ozanne et al, 1986; Shipley et al, 1986; Akhurst et al, 1988). However other 
inhibitors of keratinocyte proliferation exist, including TNF (see chapter 4), 
epidermal pentapeptide (Elgjo et al, 1986) and G1 chalone (Marks & Richer,
1988), and may also play a role in the regulation of epidermal proliferation.

3.4.3 Production of prepro EGF by oral squamous cell carcinoma 
(SCC). SCC cell lines and cultured keratinoevtes.

No evidence of production of prepro EGF transcripts in the tissues or cells 
examined was seen; similar results have been reported for mouse epidermis, 
(March & Green, 1987). This suggests that although EGF can be detected in 
epidermis (Hoath et al, 1984 & 1985), it must be sequestered from another 
source.

3.5 Conclusion

In conclusion, there is evidence of production of TGF a & p by cultured normal 

keratinocytes and oral SCC. Although growth control mechanisms involving 
these molecules have yet to be conclusively demonstrated, this evidence is 
consistent with an autocrine role for these factors in the control of normal and 
abnormal cell proliferation.
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Chapter 4 ,

Synthesis of and Effects of Cytokines and Other Growth Factors on 
Cultured Human Keratinocvtes and SCC Celi Lines.

Experiments were performed to determine whether other growth factors and 
cytokines including tumour necrosis factor, interleukin-1, interleukin-6, 
platelet-derived growth factor, fibroblast growth factor and insulin like growth 
factor-1 are synthesised by human keratinocytes or SCC lines and to 
determine the effects of exogenous factors on these cells. The rationale for 
these experiments is summarised below.

4.1 .Tumour necrosis factor

Two recent studies have reported that tumour necrosis factor (TNF) can be 
detected in epidermis. Firstly, following intravenous administration of 
radioiodinated cytokine, 30% of the injected dose can be recovered from the 
skin (Beutler et al, 1985). Secondly, immunoreactive TNF can be detected in 
epidermis (Oxholm et al, 1988). TNF has also been reported to mediate cell 
death in the lesions of graft versus host disease and treatment of mice with 
rabbit anti-TNF prevents development of these lesions (Piguet et al, 1987). 
However the role of TNF in the skin is unclear and these investigations were 
designed to determine whether normal keratinocytes and SCC lines 
synthesise TNF transcripts and protein and to determine the response of these 
cells to exogenous TNF.

4.2. Interleukin-1 and lnterleukin-6

The potential for interaction between keratinocytes and cells of the lymphoid 
and myeloid lineages has recently been recognised. (Kupper, 1988 a). 
Epidermal keratinocytes are capable of producing cytokines and growth factors 
which may act as mediators in an immune or inflammatory response and play 
an important role in proliferation and repair following injury (Kupper et al, 1988 
a & b, Morhenn, 1988). Several recent reports have focused on the role of
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interleukin 1 (IL-1) and interleukin 6 (IL-6) in this process. Cultured human 
keratinocytes and SCC cell lines were therefore analysed for the presence of 
transcripts and protein for these cytokines. The finding that both cytokines are 
synthesised and secreted by normal keratinocytes and SCC lines prompted 
further studies to determine whether or not the rate of secretion of these 
cytokines could be modulated in response to other cytokines or growth factors 
including tumour necrosis factor (TNF), granulocyte-macrophage colony

stimulating factor (GM-CSF), transforming growth factor beta (TGFp) and the 
combination of lipopolysaccharide (LPS) and phorbol myristate acetate (PMA). 
IL-1 and IL-6 have been shown to influence the proliferation of cultured human 
fibroblasts (Schmidt et al, 1982, Luger et al, 1982, Chen et al, 1988) and their 
effect on the proliferation of human keratinocytes or SCC lines was also 
evaluated.

4.3. Platelet derived growth factor

PDGF is an important mitogen for fibroblasts and recent studies have 
suggested that PDGF-like molecules may also be synthesised by other cell 
types including activated macrophages, endothelial cells, foetal cells and 
placental tissue (reviewed by Paulsson et al, 1987). A number of cell types 
including fibroblasts (Paulsson et al, 1987) and endothelial cells in human 
glioblastomas (Hermansson et al, 1988) have been shown to express 
transcripts for PDGF and its receptor, suggesting that this growth factor might 
also influence cell proliferation via an autocrine growth control loop in certain 
circumstances. Earlier studies reported that PDGF receptor was not detected 
on A431 cells (Heldin et al, 1981) however following the observations cited 
above these studies were designed to determine whether normal 
keratinocytes synthesise and respond to PDGF.

4.4. Basic fibroblast growth factor and insulin-like growth factor-1

Initial reports suggest that bFGF does not influence the proliferation of 
keratinocytes (Rheinwald, 1979) and at the time that these studies were 
devised there were no reports of its synthesis by epithelial cells. However
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keratinocyte growth factor (KGF), which is structurally related to FGF, has 
recently been purified from fibroblast cell lines (Finch et al, 1989) and 
stimulates the growth of keratinocytes suggesting that members of the FGF 
family of molecules may be able to influence epithelial proliferation.

ILGF-1 activity has been reported in breast cancer and fibrosarcoma cell lines 
(Huff et al, 1986) and has been reported to promote the proliferation of MCF-7 
cells and other cell lines derived from breast tumours (Huff et al, 1986, 
Furianetto & DiCarlo, 1984).

Studies were therefore designed to explore the possibility that bFGF and 
ILGF-1 are produced by human keratinocytes and may function as autocrine 
growth regulatory molecules.

4,5 Materials and methods

4.5.1 Reagents

Recombinant human TNF (specific activity 1.2x107U/mg; endotoxin content < 
0.125 EU/mg) was provided by Genentech Inc., San Francisco, CA. 
Recombinant human GM-CSF (specific activity 1.7 X 107 CFU/mg, endotoxin 
content 0.3-0.6 EU/mg) by Dr. G. Wong, Genetics Institute, Cambridge, Mass.,

recombinant human IL-1a (specific activity 109 U/mg, endotoxin content <

0.312 EU/mg), by Hoffman La Roche, Nutley NJ., recombinant TGFpl (166 
pg/ml; endotoxin content < 0.1 EU/mg) by Genentech Inc., San Francisco. 
Lipopolysaccharide (LPS) from Salmonella Typhimurium, phorbol myristate 
acetate (PMA), phytohaemaglutinin (PHA) and
polyriboinosinic-polyribocytidylie acid (poly (rl) poly (rC)) were purchased from 
Sigma (Dorset, England).

Recombinant IL-1a was supplied by Hoffman La Roche, Nutley, NJ. II-6 and 

GM-CSF by Genetics Institute, Cambridge, Mass, and TGFpl by Genentech 

Inc. San Francisco, CA. Neutralising antibodies to IL-1 oc&p were provided by
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Immunex, Seattle and to IL-6 by Dr L. Aarden, National Blood Transfusion 
Laboratory, Amsterdam.

4.5.2 Cell culture.

Human keratinocytes, A431, T-24, SVK-14, SCC 4, SCC 9 and SCC 25 cells 
were grown as described in section 3.3.2. For certain experiments 
keratinocytes were also grown without a 3T3 feeder layer in MCDB 153 
supplemented with epidermal growth factor, bovine pituitary extract, insulin 
and hydrocortisone, (Clonetics Corporation). Keratinocytes were stimulated

with 10pg/ml LPS and 50ng/ml PMA for use in some experiments. Human 

dermal and foetal fibroblasts were grown in DMEM with 10% FCS. K562 
(ATCC CCL 243) were maintained in RPMI supplemented with 10% FCS and 
stimulated with 3x10"9 M 12-O-tetradecanoyl phorbol-13-acetate (TPA) 
dissolved in DMSO. MCF-7 and SVK-14 (a kind gift from J 
Taylor-Papadimitriou, ICRF, London) were maintained in DMEM/10% FCS.

Peripheral blood lymphocytes (PBL) were separated from plateletpheresis 
residues (by D Chantry, Charing Cross Sunley Research Centre), on 
Lymphoprep (Nyegaard, Oslo), washed 3 times in Hanks buffered saline 
solution (HBSS) without Ca2+ and Mg 2+ (Gibco, Paisley), and cultured in 
RPMI and 10% FCS containing 50ng/ml phytohaemagluttinin (PHA). T 
cell-enriched populations (E+) were isolated from PBL (by M Turner, Charing 
Cross Sunley Research Centre) by resetting with a 
S-2-aminoethylisothiouronium bromide hydrobromide-treated sheep 
erythrocytes (Calbiochem, La Jolla CA). After centrifugation over Percoll, the 
non rosette-forming-fraction was recovered from the interface and the (E+) 
fraction was recovered from the pellet by lysis of the erythrocytes with 
ammonium chloride buffer (0.83% ammonium chloride, 0.1% KHCO3).

Monocyte-enriched populations were obtained from plateletpheresis resiodues 
on Lymphoprep as described above, resuspended in RPMI at 4x106/ml and 
allowed to adhere for 1 h in the absence of serum. Adherent cells were 
removed with trypsin/EDTA, washed twice in HBSS with 5% FCS,
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resuspended at 1x10®/ml in RPMI containing 10% FCS and cultured in the

presence of LPS (10pg/ml) for 16h. This procedure yields cells which are 
70-80% monocytes as determined by fluorescence -activated cell sorter 
analysis using the UCHM1 monoclonal antibody (F Brennan, personal 
communication). Jurkat cells (clone J6, a kind gift from M Owen, ICRF, London) 
were grown in RPMI and 10% FCS. WEH1164 clone 13 which are highly 
sensitive to the effects of TNF were grown in RPMI supplemented with 10% 
FCS.

4.5.4 Northern analysis

Northern analysis was performed as described in section 3.2.31. The probe for 
TNF was a 800bp EcoR 1 fragment (Pennica et al, 1984). The specificity of the 
probe was determined by analysis of RNA obtained from PBL stimulated with 
PMA (50ng/ml), demonstrating a 1.8Kb transcript characteristic for TNF (fig

34). The probe for IL-1a (Gubler et al, 1986) was a 460 bp EcoR I BamH I insert

corresponding to amino acids 1-132 of the IL-1 a precursor. The IL-1 p probe 
(Auron et al, 1984) was a 530 bp Ndel BamH I fragment corresponding to

amino acids 1-139 of the IL-1 p precursor. The specificity of the ILI a & p 

probes was determined by analysis of RNA obtained from PBL stimulated with

PHA (1 pg/ml) and PMA (50ng/ml). Fig 39 demonstrates a 2kb transcript

characteristic for IL-1 a, fig 40 a 1.6kb transcript characteristic for IL-1 p.

The IL-6 probe was a 440 base pair Taq 1/Bam H1 insert. The specificity of this 
probe was determined by analysis of RNA obtained from PBL stimulated with

PHA (1 pg/ml) and PMA (50ng/ml). Fig 41 demonstrates a 1.3 kb transcript 
characteristic for IL-6.

The specificity of PDGF A and B probes was determined by analysis of RNA 
obtained from K562 cells. Fig 49 demonstrates 2.8,2.3 and 3.5 kb transcripts 
characteristic for PDGF. The specificity of the bFGF probe was determined by 
analysis of RNA obtained from human dermal fibroblasts. Fig 52 demonstrates
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7.0 and 3.8kb transcripts characteristic for bFGF.

The specificity of the ILGF-1 probe was determined by analysis of RNA 
obtained from human dermal fibroblasts. Fig 53 demonstrates 4.7 & 1.6kb 
transcripts previously reported for ILGF-1. The specificity of the PDGF receptor 
B chain probe was determined by analysis of RNA obtained from human 
dermal fibroblasts. Figs 50a & b demonstrate a 5.5kb transcript for the PDGF B 
chain receptor.

Further details of these probes are given in section 3.2.18.

4.5.4 Nuclease protection assay.

This experiment was performed in collaboration with M Turner, Charing Cross 
Sunley Research Centre.

An antisense TNF RNA probe, labelled with 32a GTP, was prepared by 
transcription across TNF cDNA cloned downstream of a SP6 promoter using 
an in vitro transcription kit, Riboprobe Gemini 11 core System (Promega 
Biological Res, Madison, Wl). Briefly radiolabelled RNA transcripts were

prepared by mixing 4pl of 5x transcription buffer (200mM Tris-HCI pH 7.5,

30mM MgCl2,10mM spermidine and 50mM NaCI), 2pl of 100mM DTT, 0.8pl

RNasin, 4pl each of 25mM ATP, CTP, UTP, 2.4pl 1OOpM GTP,1 |il of 1 mg/ml

linearised template DNA in TE, 5pl a32 GTP (10 pCi/pl) and 1 pi of SP6 RNA

polymerase at RT. The final volume was adjusted to 20pl and the reaction 

incubated for 60min at 37°C. The DNA template was removed et al, 1984 with 
minor modifications. Briefly, 50pg of total RNA was hybridised with 105 cpm of 
TNF probe in a solution containing 80% formamide, 40 mM 
(piperaziril-N.N'-bis (2-ethanol-solphonic acid) PIPES pH 6.7,1 mM EDTA and 
0.4 M NaCI, overnight at 50°C. Following hybridisation 350pl of 10 mM 
Tris-HCI pH 7.6, 0.4 M NaCI, 1mM EDTA containing RNase A (40pg/mL) and 
RNase T1 (15,000 U/ml) was added and incubated for 2 h at 26°C. Proteinase 
K (10 mg/ml) was added an incubated for 30min at 37°C before the sample
was phenol/chloroform extracted. RNA was recovered by ethanol precipitation
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in the presence of yeast transfer RNA (40 pg/ml) which acted as carrier. 
Samples were resuspended in 80% formamide containing dyes and separated 
on a 7.5% acrylamide 7 M urea gel. The gel was dried and autoradiographed. 
Using this technique, correctly spliced TNF mRNA yields a protected fragment 
of 800bp.

Antisense IL-6 RNA probes labelled with 32pa GTP were also prepared by 
transcription across IL-6 cDNA (Hirano et al 1986) cloned downstream of a 
SP6 promoter using an in vitro transcription kit (Promega Biological Res, 
Madison, Wl) as described above. Correctly spliced IL-6 mRNA yields a 
protected fragment of 440 bp.

4.5.5 Preparation of conditioned medium (CM) and cell extracts for 
TNF bioassav.

Near confluent dishes of normal keratinocytes or SCC lines were washed with 
EDTA to remove any remaning 3T3 feeder cells, washed in SFM and fresh 
SFM conditioned for 48h. CM was also obtained following stimulation of

keratinocytes with LPS (10pg/ml) and PMA (50 ng/ml) for 48h. Culture medium 
supplemented with 10% FCS and growth factors (as appropriate to the cell 
type) was also conditioned for 48h and analysed for the presence of TNF.

To determine the effects of cytokines, LPS & PMA and poly (rl) poly (rC) on 
TNF production keratinocytes we re maintained in MCDB 153 and when 
confluent fresh MCDB 153 was conditioned in the presence of recombinant

GM-CSF (5-5000u/ml), TNF (1-100u/ml), IL-1a (1-100u/ml), TGFp-1

(0.1-10ng/ml), LPS (10pg/ml) & PMA (50ng/ml) and poly (rl) poly (rC)

(1-100pg/ml).

Cell extracts for TNF bioassay were prepared following stimulation of 
macrophages, keratinocytes and T-24 cells with LPS & PMA for 16h. 
Adherent cells were harvested with trypsin /EDTA, non adherent cells by 
centrifugation, and cells disrupted by sonicating into medium (1 x 107 cells/ml)
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containing pepstatin (5mg/ml) and PMSF (2mM).

4.5.6 ELISA for TNF

This experiment was performed in collaboration with D Chantry, Charing Cross 
Sunley Research Centre.
Reagents for the TNF ELISA (Prince et al, 1986) were kindly provided by Dr A. 
Chen, Genentech Inc, San Francisco. The assay utilised Nunc-lmmuno plates

coated with 100pl (2.16 pg/ml) affinity purified rabbit anti-TNF in high pH 
carbonate/bicarbonate coating buffer for 2h at RT. Plates were blocked with 
0.5% BSA in PBS for 1 h at 37°C. Standards (40-10,000 pg/ml recombinant 
TNF, diluted in bovine calf serum) or test samples were added in duplicate 
and incubated at 4°C overnight. Plates were washed three times with

0.5%BSA/Tween 20 in PBS and 1OOpI horseradish peroxidase labelled 
mouse monoclonal anti TNF in PBS/Tween 20 was added to the wells and the

incubation continued for 2h at 37°C. Plates were washed as before and 100pl 
(0.4mg/ml) o-phenylenediamine di hydrochloride (Sigma) in 0.05M freshly 
prepared phosphate citrate buffer pH 5.0 (22mM citric acid, 50mM Na2 HPO4) 

was added and incubated for 20min at RT in the dark. The reaction was

stopped by adding 100pl of 4.5N H2SO4 and the OD read at 492nm on a

Titertek Multiscan MCC/340. Levels of TNF were calculated by reference to the 
standard curve.
The limit of sensitivity of the ELISA is 50 pg/ml.

Bioassay for TNF

This experiment was performed in collaboration with D Chantry, Charing Cross 
Sunley Research Centre.
The methyl tetrazolium cytotoxicity (MTT, (3-(4,5-dimethylthiazol-2-yl)-2, 
5-diphenyl tetrazolium bromide) to detect biologically active TNF, was 
performed as originally described by Espervik & Nissen-Meyer, 1986 using the 
WEH1164 clone 13 cell line. In this assay the viability of cells following 
exposure to TNF is proportional to their ability to oxidise MTT to give dark blue
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formazan crystals. The assay is made quantitative by dissolving the crystals 
and measuring the OD using an ELISA plate reader. In the initial description of 
this line (Espervik & Nissen-Meyer, 1986), high levels of sensitivity to TNF 
mediated cytotoxicity were reported in the absence of protein inhibitors (eg 
actinomycin D). However in our laboratory WEH1164 clone 13 rapidly 
becomes insensitive to TNF in the absence of actinomycin D and this was

included in all subsequent experiments to give a final concentration of 1pg/ml.

WEH1164 clonel3 target cells were seeded at 2x104 in 96 well flat bottomed

plates in 100pl of medium and cells allowed to adhere overnight. Varying 

dilutions of recombinant TNF (1 pg-1000ng/ml), CM or cell extract was added 
to the wells together with Actinomycin D and plates incubated at 37°C

overnight. 10pl of MTT (5pg/ml in PBS, Sigma) was added and plates

incubated for a further 4h at 37°C. After removing 10OpJ of supernatant from

the wells 10Opl isopropanol with 0.04M HCI was added. The blue formazan 

crystals were dissolved by repeated pipetting and the OD was determined at 
570nm. The percentage of dead target cells was determined as

% dead cells = 100 - optical density in wells with TNF or test sample x100
optical density in control wells

Levels of TNF were determined with reference to a standard curve obtained 
using recombinant TNF. Results are expressed as mean +/-SD of 
quadruplicate determinations. The limit of sensitivity of the WEHI assay is 10 
pg/ml.

The specificity of the assay was confirmed by preincubation of the test

samples with neutralising antibodies to TNFa, neutralising titer 9 x 105u/ml, a 

kind gift from M Shepard, Genentech, San Francisco. Levels of neutralising 
antibody used in these experiments were 10x the amount required to 
neutralise the bioactivity detected in CM.
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4.5.8 Preparation of conditioned medium from keratinocvtes and 
SCC lines for IL-1 and IL-6 assay.

For the majority of experiments (results table 13, figs 44 & 46), near confluent 
dishes of cells were washed with EDTA to remove any residual feeders, 
cultured for 4h in SFM, washed again and fresh SFM conditioned for 24h. 
Keratinocytes for use in experiments to assess the effect of cytokines, the 
combination of LPS & PMA or the interferon inducer, double stranded RNA, 
poly (rl) poly (rC) on the rate of secretion of IL-1 or IL-6 (results fig 43 & 45) 
were grown in MCDB 153 in 24 well plates. When near confluence, fresh 
MCDB 153 was conditioned for 24 h in the presence of recombinant GM-CSF

(5-5000u/ml), TNFa (1 -1 OOu/ml), IL-1(1-100u/ml), TGFp-1 (0.1-10ng/ml), LPS

(10pg/ml) & PMA (50ng/ml) or poly (rl) poly (rC) (1-100pg/ml).

4.5.9 IL-1 Assay

This experiment was performed in collaboration with D Chantry, Charing Cross 
Sunley Research Centre.
IL-1 bioactivity was measured using the thymocyte co-mitogenic assay 
(Buchan et al, 1988). Briefly doubling dilutions of CM were cultured in 
triplicate in 96 well flat bottomed plates with 1x106 thymocytes from male CBA 
mice in the presence of a sub-optimal concentration of phytohaemagglutinin 
(PHA, 2.5 pg/ml, Difco, Surrey) in a total volume of 200 pJ. Cultures were 
harvested using a semi-automated cell harvester (Skatron, Norway) and

3H-thymidine incorporation (added at 1pCi/well) during the last 16 h of a 72 h 
incubation at 37°C was measured by scintillation spectrometry. Levels of IL-1 
are expressed as units/ml by reference to a standard curve obtained using

recombinant IL-1 a (0.1-1 Ounits/ml). As a number of cytokines have the

potential to stimulate thymocyte growth, the specificity of the assay for IL-1 a or

P was determined by preincubation of CM with neutralising antibodies to IL-1 a

and p. The amount of neutralising antibody added was 10x that required to 
neutralise the bioactivity found in CM. Neutralising rabbit polyclonal antibodies
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4.5.10 IL-6 Assay.

This experiment was performed in collaboration with D Chantry, Charing Cross 
Sunley Research Centre.
IL-6 levels were determined using thell-6 dependent hybridoma B9 growth 
assay (kindly provided by Dr. L. Aarden, Amsterdam). Doubling dilutions of the 
CM were cultured in triplicate with 5000 B9 cells in 96 well plates in a total

volume of 200 pi. 3 H-thymidine incorporation (added at 1pCi/well) during the 
last 6 h of a 72h incubation was measured as described above. The levels of 
IL-6 are expressed as units/ml by reference to a standard curve obtained using 
recombinant IL-6 (0.1-10 units/ml) and represent bioactivity completely 
neutralised by goat polyclonal antibodies to IL-6. No other recombinant

cytokine tested (including TGFa&P) stimulated B9 cell proliferation. The 
amount of neutralising antibody added was 10x that required to neutralise the 
bioactivity found in CM. Neutralising antibodies to IL-6, neutralising titer 4 X 
106 U/ml were kindly provided by Dr. L. Aarden, Amsterdam.

PDGF Radioimmunoassay

PDGF protein determination was kindly performed by E Raines (University of 
Washington, Seattle) using a radio-immunoassay.

4.5.12 3-H thymidine and crystal violet proliferation assay.

4.5.12.1 Assessment of the response to TNF

Keratinocytes (2x1O3 cells/60 mm dish ) cultured in MCDB 153 and SCC lines 
(2x105 cells/60mm dish, (with a mitomycin C treated feeder layer if 
appropriate) were grown as described in section 3.3.2. Assays were performed
3-7 days later when cells were 80% confluent. Recombinant TNF (500-10,000 
U/ml) was added to fresh medium and after 24 h the medium was changed
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and fresh cytokine added together with 3H thymidine (10pCi/ml, 3.07 
TBq/mmol). Cells were incubated for a further 6h and harvested as 
described in section 3.2.12.1. In subsequent experiments cells were incubated 
with TNF for 36, 48, 60 and 72h (the medium being changed every 32 days) 
before addition of thymidine.

Keratinocytes and SCC cell lines were also plated (5x104 cells/60 mm dish) 
and when 4-8 cell colonies were apparent, TNF (500-10,000 u/ml) was added. 
The medium and cytokine were changed every 2 days. On day 12 dishes were 
washed in PBS; fixed in 10% formalin and stained with 0.2% crystal violet.

4.5.12.2 Assessment of the response to IL-1 and IL-6.

Keratinocytes (p9), fibroblasts (p3), SCC 9 (p15) or SCC25 cells (p19) for the 
proliferation assay were plated at 1x104/well in 24 well plates and grown as 
described above. Assays were performed 3-5 days later when cells were 90% 
confluent. The medium (either MCDB 153 or DMEM/Hams F12 supplemented

with 10% FCS, hydrocortisone and insulin) was changed and IL-1 a
(100-10,000 U/ml) or IL-6 (1,000-10,000U/ml) added. Alternatively, cells were
"growth arrested" by culture in DMEM /Hams F12 with 1% FCS for 60h prior to

stimulation with SFM containing IL1-a or IL-6. In both cases the media was 
changed after 24 h, fresh cytokine was added and 3h thymidine incorporation 
during the last 6h of incubation was measured. Addition of medium containing 
10% serum for 18h was used as a positive control to establish that cells had 
been appropriately growth arrested and were responsive to stimulants. Cells 
were harvested as described in section 3.2.21.1.

Keratinocytes and SCC lines were also plated at low density (5x104/60mm 
dish) and when small colonies were apparent, the medium was changed and

IL1-a or IL-6 was added. The medium and cytokine were changed every 2 
days. On day 12 dishes were washed in PBS; fixed in 10% formalin and 
stained with 0.2% crystal violet.
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4.5.12.3 Assessment of the response to PPGE

The response to exogenous PDGF was determined by 3H thymidine 
incorporation using actively dividing keratinocytes (following removal of the 
3T3 feeder layer) cultured in MCDB 153 or DMEM supplemented with 10% 
FCS, hydrocortisone, insulin, cholera toxin and epidermal growth factor. Cells 
were also "growth arrested" following culture in DMEM with 1% FCS for 60h. 7 
and 50 ng/ml porcine PDGF (BB homodimer, Bioprocessing, Consett, 
Durham) was added and after 24h the medium was changed, fresh cytokine 
was added and 3h thymidine incorporation during the last 6h of incubation 
was measured. DMEM supplemented with 10 % FCS/ HICE was used as a 
positive control to establish that cells had been appropriately "growth arrested" 
and were responsive to stimulants. Cells were harvested as described in 
section 3.2.12.1.

Keratinocytes (p7) were also plated at low density (5x104/60mm dish) and 
when small colonies were apparent PDGF (7 &50 ng/ml) was added to MCDB 
153. The medium and cytokine was changed every 2 days. On day 12, dishes 
were washed in PBS; fixed in 10% formalin and stained with crystal violet.
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Fig 34. Northern hybridisation for TNF m R N A  using polyadenylated (A+) RNA

(10jig) and total (T) RNA (40pg) from PBL stimulated with PMA, keratinocytes, 
keratinocytes 0m,15m, 30m, 1 h, 2h, 3h after the addition of Actinomycin D 
(results not discussed in text), J2, T-24 and SVK-14 cells.
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Fig 35. Nuclease protection assay of RNA isolated from THP-1, T lymphocytes, 
T-24, human macrophages, Jurkat cells, SVK-14, SCC9 and normal human 
keratinocytes. Molecular weight markers are shown in the left hand lane (M). 
Correctly spliced TNF m R N A  yields a protected fragment of 880 base pairs.
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Fig 36. Effect of TNF on the proliferation of human keratinocytes as determined 
by crystal violet assay.
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Fig 37. Effect of TNF on the rate of proliferation of SVK-14 cells as determined 
by crystal violet assay.
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Fig 38. Effect of TNF on the culture morphology of human keratinocytes. Scale 

bar =100p.
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Fig 39. Northern hybridisation for IL-1a mRNA using total RNA (40̂ ig) 
isolated from keratinocytes, A431, SVK-14 and T-24 cells.

Fig 40. Northern hybridisation for IL-1p mRNA using total RNA (40̂ g) 
isolated from keratinocytes, A431, SVK-14 and T-24 cells.
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Fig 41. Northern hybridisation for IL-6 mRNA using total RNA (40pg) isolated 
from peripheral blood lymphocytes (PBL), J2, T-24, A431 and SVK-14 cells.

6 0 3

310

I L - 6

Fig 42. Nuclease protection assay of RNA isolated fromT-24 cells, 
macrophages, Jurkat cells, SVK-14, SCC9 and keratinocytes. Molecular 
weight markers are shown in the left hand lane (M). Correctly spliced IL-6 
m R N A  yields a protected fragment of 440 base pairs.



Table 12: Rate of secretion of IL-1 and IL-6 by normal human keratinocytes
and SCC lines'^

CM 6
IL-1 (U/ml/10 cells/24h)

6
IL-6 (U/ml/10 cells/24h)

Keratinocytes 20 ± 0.6 210 ± 13

T-24 30 ±4 2014186

SVK-14 26 ±2 240 1 23

SCC25 14 ± 2 512142

SCC9 10 ± 0.4 4018 1 10

SCC4 18 ± 1 440 110

A431 35 ± 2.4 NDb

Macrophages 52 ±9 3200 1150

IL-1 and IL-6 levels were determined by bioassay as described in 

Materials and Methods. Data are the mean ± sem of 4 separate 

determinations 

0 ND not done
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Fig 43

Fig 43. Rate of secretion of IL-1 by keratinocytes following addition of cytokines 

TNF (lOOOu/mlj, GM-CSF (5000 u/ml), or LPS (10pg/ml) &PMA (50ng/ml) or

poly (rl) poly (rC), (100[ig/ml). Results are expressed as mean U/ml +/- sem. 

Baseline values represent the rate of secretion of IL-1 by normal keratinocytes 

maintained in MCDB 153.

Fig 44

Thymocyte 3H-thym1dlne incorporation 
(cpm x 0.00 1)

Fig 44. Inhibition of IL-1 bioactivity secreted by keratinocytes, T-24, SCC4,

SCC9, A431 and SVK-14 cells by neutralising antibodies to IL-1 a  & p. Results 

are expressed as mean U/ml +/- sem. Baseline values represent the rate of 

secretion of IL-1 by normal keratinocyes maintained in MCDB 153.



Fig 45
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Fig 46 
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Fig 45. Rate of secretion of IL-6 by keratinocytes following the addition of 

cytokines TNF, (1000u/ml), TGFp (10 ng/ml), GM-CSF (5000 u/ml), poly (rl)

poly (rC), (100pg/ml), IL-1a (1000u/ml), TNF (1000u/ml) or LPS (10pg/ml) & 

PMA (50ng/ml). Results are expressed as U/ml +/- sem.

Fig 46. Inhibition of IL-6 bioactiviy secreted by SVK-14, normal keratinocytes, 

T-24 and SCC9 cells by neutralising antibodies to IL-6. Results are expressed 

as mean cpm +/- sem.
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Fig 47. Effect of IL1-a and IL-6 on the proliferation of normal fibroblasts and 

keratinocytes as determined by 3 H thymidine incorporation a & c growth 

arrested cells; b & d cells maintained in normal culture medium. Results are 

expressed as mean cpm +/- sem.
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Fig 48. Effect of IL1-a and IL-6 on the proliferation of SCC 9 & SCC25 cells as 

determined by 3 H thymidine incorporation, a & c growth arrested cells, b&d 

cells maintained in normal culture medium. Results are expressed as mean 

cpm +/-sem
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PDGF A PDGF B

Fig 49. Northern hybridisation for PDGF A & B mRNA  using polyadenylated
(A+) RNA (10fig) from K562 stimulated with TPA, T-24, keratinocytes and A431 
cells.

a PDGF receptor

Actin
Actin

Fig 50b. Northern hybridisation for PDGF receptor A chain mRNA using
polyadenylated (A+) RNA (1 Opig) isolated from human foetal fibroblasts, T-24, 
3T3, J2 and keratinocytes.
a. Northern hybridisation for PDGF receptor A chain mRNA using
polyadenylated (A+) RNA (10pg) from human dermal fibroblasts, keratinocytes 
and SVK-14 cells.
Hybridisations for actin are also shown. 184



Fig 51. Effect of PDGF on the proliferation of human keratinocytes as 
determined by 3H thymidine incorporation. Results are expressed as mean 
counts +/- sem.



bFG F

EtBr

Fig 52. Northern hybridisation for bFGF mRNA using total mRNA from K562 
cells stimulated with TPA, keratinocytes, SVK-14, human dermal fibroblasts 
and human foetal fibroblasts.The ethidium bromide stained gel is also shown.
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Fig 53. Northern hybridisation for ILGF-1 mRNA using total m R N A  isolated from 
human dermal fibroblasts, MCF-7, SVK-14, keratinocytes and K562 cells 
stimulated with TPA. The ethidium bromide stained gel is also shown.



4.6 Results

4.6.1. Northern analysis and nuclease protection assay,

TNF transcripts were detected in RNA isolated from T-24f SVK-14 cells and in 
PBL stimulated with PMA (fig 34). Transcripts could not be detected in total or 
poly A+ RNA isolated from normal keratinocytes or fibroblasts (fig 34).To further 
explore the relationship of the transcripts detected in SCC cell lines by Northern 
analysis an RNase protection assay was performed. The results confirm the 
presence of correctly spliced TNF mRNA in activated macrophages, SCC9, 
SVK-14 and T-24 cells (fig 35).

4.6.2 TNF ELISA and bioassav.

TNF was not detected by ELISA or the more sensitive WEHI assay, in CM 
obtained from normal keratinocytes, T-24, A431, SCC9 or SCC25 cells.
Similarly protein was not detected in MCDB 153 conditioned in the presence of

LPS & PMA, GM-CSF, IL-1a IL-6, TGFp or poly (rl) poly (rC), (table 11). CM 
obtained from stimulated macrophages was included as a positive control to 
ensure that the ELISA and WEHI assays were functional.
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Table 11, TNF detected in CM and cell extracts

Cell type and stimulus CM CM Cell extracts
ELISA Bioassay* Bioassay*

Macrophages (LPS&PMA) 900-4,000 pg/ml** 1200+/-40 330+/-50
Macrophages <10 40+/-2

Macrophages (TGFP) 60+/-10 ND

Macrophages (GM-CSF) 30+/-5 ND
Macrophages (poly (rl) poly (rC)) 150+/-30

ND

Macrophages (IL-1 a) 75+/-100 ND

Keratinocytes <50pg/ml <10 <10
Keratinocytes (TGFp) <50 <10 ND
Keratinocytes (GM-CSF) <50 <10 ND
Keratinocytes (poly (rl) poly (rC)) <50 <10 ND

Keratinocytes (IL-1 a) <50 <10 ND
Keratinocytes (LPS&PMA) <50 <10 <10
SCC9 <50 <10 ND
SCC25 <50 <10 <10
A431 <50 <10 <10
T-24 <50 <10 <10
SVK-14 <50 <10 <10

* values represent units of TNF activity neutralised with anti-TNF 
** values detected varies with donor.
ND=not done. Data are the mean +/- sem of 3 separate determinations.

4,6.3 Effect of TNF on the proliferation of normal keratinocvtes and 

SCC lines

Recombinant TNF inhibits the proliferation of normal keratinocytes in a dose
dependent manner as measured by 3H thymidine incorporation (fig 92, see
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chapter 5). Growth inhibition was observed 36-72h following the addition of 
cytokine. Long term culture in the presence of cytokine confirmed these 
observations (fig 36). The growth of SCC 4 and SCC 9 cells was also inhibited 
by TNF whereas T-24, SVK-14 and SCC 25 cells showed no inhibitory 
response (fig 37, data for SVK-14). Inhibition of growth by TNF was reversible 
as cells could be subcultured.

TNF, at all concentrations > 500U/ml, also produced alterations in the 
morphology of normal keratinocytes resulting in more spread cells often 
containing granules and vesicles (fig 38).

4.6.4 Synthesis and secretion of of IL-1 a and B and IL-6 bv 

keratinocvtes and SCC lines.

Northern analysis demonstrates synthesis of IL-1 a and p transcripts by normal 
keratinocytes and SCC lines (figs 39 & 40). The predominant species of IL-1

transcript was IL-1 a. Synthesis of IL-6 transcripts by normal keratinocytes could 
not be demonstrated by Northern analysis, although these transcripts were 
readily detected in PBL, T-24 and SVK-14 cells (fig 41). Correctly spliced IL-6 
transcripts were detected by the more sensitive nuclease protection assay in 
normal keratinocytes, T-24, activated macrophages, SVK-14 and SCC 9 cells 
(fig 42).

The rate of secretion of IL-1 bioactivity by normal keratinocytes 
(20U/106cells/24h) was within the range of values observed for the SCC lines 
tested (10-35 U/ml/106cells/24h ) and comparable to the rate of secretion by 
activated macrophages (52U/ml/106cells/24h, table 12). Secretion of IL-1 by 
normal keratinocytes was markedly increased following the addition of TNF, 
GM-CSF or the combination of LPS & PMA to the culture medium (fig 43). 
Minimal increase in IL-1 secretion was observed following the addition of poly

(rl) poly (rC). The effect of TGF-p on the rate of secretion of IL-1 could not be

determined as TGFp interferes with the thymocyte proliferation assay.
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Following addition of GM-CSF, poly (rl) poly(rC) or TNF, cell viability (as 
determined by the percentage of cells able to exclude trypan blue), did not differ 
from the baseline value 90-95%; following addition of LPS & PMA cell viability 
was 82%. Preincubation of CM obtained from both keratinocytes and SCC lines

with neutralising antibodies to IL-1a or IL-1 p demonstrated that IL-1a was the 
predominant species of biologically active protein (figs 43 & 44). Lower levels of

IL-1 p were secreted by normal keratinocytes, A431, SVK-14 and SCC9 cells. A 
component of the total IL-1 bioactivity could not be neutralised by a combination

of neutralising antibodies to IL-1 a and p and may be due to IL-6 bioactivity 

present in CM.

The rate of secretion of IL-6 bioactivity by normal keratinocytes (210 
U/1 O ĉells/ml) was significantly lower than that observed for the SCC lines 
(440-4018U/ml/106cells/24h, table 12). Secretion of IL-6 by normal

keratinocytes was Increased following the addition of TNF, GM-CSF, IL-1 a,

TGFp and the combination of LPS & PMA to the culture medium (fig 45). 
Minimal increase in secretion of IL-6 was seen following the addition of poly (rl) 
poly (rC). The viability of the cell cultures following the addition of GM-CSF,

poly(rl) poly(rC), IL-1 or TNF was >90%, following addition of TGF-p 60% and 
following addition of LPS&PMA 85%. This majority of this activity on B9 cells, 
secreted by normal keratinocytes and SVK-14 cells, could be neutralised by pre 
incubation of CM with a polyclonal goat anti IL-6 antibody (fig 46). The 
remaining bioactivity detected in T-24 and SCC9 CM seems likely to be due to 
the presence of other factors which influence proliferation of this line, the 
identities of which are currently unknown.

4.6.5 3h thymidine proliferation assay.

IL-1 a alone stimulated the proliferation of growth arrested fibroblasts (fig 47a), 
whereas IL-6 inhibited fibroblast proliferation of cells maintained in normal
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medium (ie in the presence of serum, fig 47d). No effect of IL-1 a or IL-6 was 
observed on the proliferation of normal keratinocytes, SCC9 or SCC 25 cell 
lines as determined by 3H thymidine incorporation either when the cells were 
maintained in 1% serum (figs 47 a & c, 48 a & c) or in normal medium (figs 47b 
& d, 48b & d). Similarly long term culture of keratinocytes of cell lines failed to 
demonstrate stimulation of growth as determined by crystal violet assay (data 
not shown).

4.6.6 Synthesis and secretion of PPGF bv normal keratinocvtes and 
SCC cell lines

Northern analysis of poly A+ RNA demonstrates transcripts for PDGFA in 
stimulated K562, T-24 cells and normal human keratinocytes (fig 49). 
Transcripts for PDGF B chain were detected in K562 cells and T-24 cells (fig 
49). Prolonged exposure of this filter demonstrates a weak band corresponding 
to transcripts for PDGF B in normal keratinocytes and A431 cells.

Transcripts for the PDGF receptor B chain were detected in poly A+ RNA 
isolated from human dermal fibroblasts, 3T3 and J2 cells with lower levels in 
normal keratinocytes, SVK-14 and T-24 cells (figs 50a & b). The rate of 
secretion of PDGF by normal human keratinocytes (p5) was 0.38ng/107 
cells/24h (assays performed by E Raines, University of Washington, Seattle).

Exogenous porcine PDGF inhibited the proliferation of normal keratinocytes as 
determined by 3H thymidine incorporation (fig 51). However long term culture in 
the presence of PDGF failed to demonstrate any significant differences 
between PDGF treated and normal cells. The response of SCC lines to PDGF 
was not evaluated.

4.6.7 Synthesis and secretion of FGF and ILGF-1 bv normal 
keratinocvtes and SCC cell lines.

Transcripts for bFGF were detected in human dermal and foetal fibroblasts,
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SVK-14 cells and keratinocytes (maintained in MCDB 153) by Northern 
analysis (fig 52). Transcripts for ILGF-1 were detected in human dermal 
fibroblasts, MCF-7, SVK-14 cells and normal keratinocytes (fig 53). ILGF-1 
protein is secreted by normal keratinocytes and the rate of secretion was 
increased in response to EGF, (rate of secretion 4.8 ng/107 cells/24h when cells 
were grown in medium containing EGF and 2.6ng/107 cells/24h when it was 
omitted;
(assays performed by M. Green, Unilever Research, Sharnbrook, Bedford).

4.7 D iscussion .

In summary these observations demonstrate that TNF, PDGF, ILGF-1 and FGF 
transcripts are synthesised by normal keratinocytes and some SCC cell lines. 
TNF inhibits the growth of normal keratinocytes. Although the response of these 
cells to FGF and ILGF has not been evaluated the presence of transcripts for 
these growth factors suggests that these growth factors may also influence 
epithelial proliferation.

4.7.1 Synthesis and secretion of TNF

TNF transcripts were detected by in T- 24 and SVK-14 cells (fig 34). The identity 
of TNF transcripts was confirmed by the nuclease protection assay (fig 35) 
which distinguishes between single base mismatches (Winter et al, 1985) and 
does not detect transcripts which are closely related to, but not identical to TNF. 
Transcripts for TNF could not be detected in normal keratinocytes by Northern 
analysis (fig 34) and the result of the protection assay for these cells is 
equivocal in that although a faint band is apparent, (perhaps indicating low 
levels of transcripts) the RNA is also partly degraded (fig 35).

The transcripts detected in the SCC cell lines do not appear to be translated 
into protein (table 11). However low levels of protein may be produced that 
cannot be detected by the assays used in this study. Failure to detect TNF 
protein in SCC cell lines has been previously reported (Spriggs et al, 1988) 
and it may be that the RNA is rapidly degraded or cannot be translated into
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protein by these cells.

It was originally thought that although the growth of tumour cells was inhibited 
by TNF, normal cells were resistant. However in this study, both normal 
keratinocytes and some SCC cell lines showed inhibition of growth in response 
to TNF. Whether the effect of TNF is cytotoxic or cytostatic has not been 
determined conclusively in these experiments. A slight reduction in cell 
numbers was observed following treatment with TNF for 36h, however
TNF-treated cells could be sub-cultured (unlike cells treated with TGF0, see 
results chapter 3). Further investigations, for example chromium release assay 
are required to determine whether or not the effect of TNF is cytotoxic or 
cytostatic.

Pillai et al (1989) have recently reported that normal human keratinocytes 
express high affinity TNF receptors (1,250/cell) and that their growth is inhibited 
by TNF. These authors confirmed that keratinocytes can internalise TNF which 
is consistent with the observation that the epidermis can accumulate a 
percentage of parenterally administered TNF. This study also demonstrated 
that TNF may stimulate differentiation of keratinocytes as measured by their 
ability to form cornified envelopes.

Although I could not demonstrate that TNF is synthesised by normal 
keratinocytes, this cytokine is synthesised and secreted by a variety of cell types 
present in the dermal infiltrate of a wound, or by cell types arising as a result of 
an inflammatory stimulus including activated macrophages (Pennica et al,
1984) and T and B lymphocytes (Turner et al, 1987, Pennica et al, 1985). If this 
cytokine is functional in vivo, the inhibition of cell growth in response to 
exogenous TNF in vitro suggests that keratinocytes may be able to respond to 
TNF present in the cellular milieu and that this cytokine may also influence 
epithelial growth control following injury or inflammation. TNF may also be 
synthesised by the cells found in the lymphocytic infiltrate which is often 
associated with SCC and influence the growth of these tumours
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However not all SCC lines are sensitive to the growth inhibitory effects of TNF; 
some cell lines, for example SCC 4 and SCC 9 show growth inhibition while 
others including T-24, SVK-14 and SCC 25 show no response (Sugarman et al, 
1985 and results presented here). The basis for sensitivity or resistance to TNF 
is unclear. Resistant cells can be made sensitive to TNF by treatment with 
inhibitors of transcription or translation suggesting that resistant cells have an 
endogenous protection mechanism which is dependent on protein synthesis 
(Ostrove & Gifford, 1979, Kull & Cuatrecasas 1981, Hahn, 1985) such as the 
induction of superoxide dismutase (Wong & Goeddel, 1988).

Studies have demonstrated that resistance to TNF is associated with the 
production of TNF in some cell types. For example, exposure of L929 cells or 
ZR-75-1, (a breast cancer cell line) to low doses of TNF results in TNF resistant 
sub-lines in which TNF transcripts can be detected and the cells secrete TNF, 
(Rubin et al, 1986, Spriggs et al, 1987). TNF transcripts were also detected in 
T-24 and SVK-14 cells (which are resistant to TNF) in this study (figs 34 & 35). 
However the presence of transcripts in TNF resistant cells is not a consistent 
finding (Spriggs et al, 1988) and both TNF sensitive and resistant cell lines can 
express TNF transcripts in the presence of cycloheximide, suggesting that TNF 
expression can be negatively regulated by a labile protein. This observation is 
not true for all SCC lines which suggests that more than one mechanism is 
involved in the control of TNF gene expression (Spriggs et al, 1988). Further 
proof that synthesis of TNF transcripts is not restricted to TNF resistant cells is 
provided by the observation that transcripts can also be detected in cultured 
endothelial cells which are sensitive to the growth inhibitory effects of TNF (D 
Chantry, G Howells & M Turner, Charing Cross Sunley Research Centre, 
unpublished results).

Another hypothesis proposed to explain why some cells are resistant to TNF is 
that some cell lines fail to express TNF receptors (Kull et al, 1985, Baglioni et 
al, 1985, Rubin et al, 1985) or express a reduced numbers of receptors. 12/14 
of the resistant cell lines examined by Spriggs et al (1988) and 5/6 resistant 
breast carcinoma cell lines examined by Dollbaum et al (1988) had detectable 
levels of high affinity TNF receptors.
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In other cases expression of oncogenes has been associated with TNF 
resistance. Expression of the HER2/ERB B2 oncogene (a transmembrane 
receptor protein, similar in structure to the EGFR) induces TNF resistance in 
murine fibroblasts and is accompanied by an increased dissociation constant 
for TNF binding to high affinity receptors (Hudziak et al, 1988). Fibroblasts 
transformed by the ras oncogene remain sensitive to TNF. This suggests that 
TNF resistance is specifically associated with expression of HER2 and that the 
product of this oncogene may interfere with receptor function. In contrast, 
introduction of the src and E1A oncogenes into 3T3 cells (normally resistant to 
TNF) induces TNF sensitivity (Chen MJ et al, 1987). The mechanism 
responsible for this altered reactivity is unclear although Fletcher et al (1987) 
suggested that src overcomes resistance by inhibiting the formation of gap 
junctions.

Expression of growth factors may also be involved in resistance to TNF in
certain cell types since EGF and TGFa protect ME-180, (a human cervical 
carcinoma cell line) from the inhibitory effects of TNF (Sugarman et al, 1987). 
However these growth factors have no effect on the response of L929 or BT-20 
cells to TNF and do not appear to protect normal keratinocytes or keratinocytes 
expressing oncogenes (see chapter 5) from the inhibitory effects of TNF.

4.7.2 Synthesis and secretion of IL-1 and IL-6

Synthesis and secretion of IL-1 (predominantly IL-1 a), by murine keratinocytes 
has been well documented (Luger et al, 1982, Ansel et al, 1988) and the rate of 
secretion can be modulated in response to a variety of noxious stimuli 
including LPS (Luger et al, 1982), silica (Luger et al, 1982), mechanical 
disruption (Luger et al, 1982), thermal injury (Kupper et al, 1985) and ultraviolet 
irradiation (Ansel et al, 1983). Secretion of IL-1 also varies with the 
differentiation state of murine keratinocytes (Ansel et al, 1983). Similarly human
keratinocytes constitutively synthesise and secrete IL-1 (predominantly IL-1 a, 
Kupper et al, 1986) and secretion can be modified in response to phorbol esters
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(Kupper et al, 1987, Blanton et al, 1989), thermal injury (Kupper et al, 1985) or 
ultraviolet irradiation (Kupper et al, 1987). However, the effects of non injurious 
stimuli, such as growth factors or cytokines, on secretion of IL-1 had not been
previously determined. This study confirms that IL-1 a & (3 transcripts are 
synthesised constitutively by human keratinocytes and SCC lines in vitro (figs
39 & 40) and that the protein species secreted is predominantly IL-1 a (figs 43 & 
44) as previously reported (Kupper et al, 1986).

The rate of secretion of IL-1 by normal keratinocytes doubled following the 
addition of the GM-CSF, increased 7 fold following the addition of TNF and 
increased 9 fold following the addition of the combination of LPS & PMA (fig 
43). The observation that the viability of the cell cultures did not fall following 
addition of GM-CSF or TNF suggests that the increased rate of secretion of 
IL-1 is not due to an increase in cell death. However whether stimulation with 
these cytokines results in an increase in the rate of synthesis of transcripts or 
an increased rate of secretion of intracellular cytokine has not been determined.

GM-CSF (which induces the maturation of undifferentiated bone marrow 
haemopoietic cells into mature granulocytes and macrophages: Lee FT et al,
1985) and TNF, a key mediator of both the immune and inflammatory 
responses (Sherry & Cerami, 1988), are synthesised and secreted by a wide 
range of cells found in the dermal infiltrate of a wound or arising as a result of 
an inflammatory stimulus. GM-CSF is released following stimulation of 
endothelial cells (Seelentag et al, 1987), fibroblasts, (Kaushansky et al, 1988) 
macrophages, (Thorens et al, 1987) and T cells (Herrman et al, 1988). Murine 
keratinocytes have also been shown to synthesise GM-CSF (Kupper et al, 
1988b) TNF is secreted by activated macrophages (Pennica et al, 1984) and T 
and B lymphocytes (Turner et al, 1987, Pennica et al, 1985). As these cytokines 
are present in the cellular milieu following inflammation or injury they may be 
able to augment secretion of IL-1 by keratinocytes.

Kirnbauer et al (1989) recently reported that keratinocyte cell lines (A431 and 
KC) constitutively express IL-6 transcripts and that both normal keratinocytes
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and SCC lines secrete IL-6 with an increase in the rate of secretion in response 
to PMA, Con A, silica or IL-1. The results presented here confirm and extend 
these observations, demonstrating that IL-6 transcripts are also present in 
normal human keratinocytes (fig 42) and that both normal cells and a variety of 
SCC lines secrete IL-6 (figs 45 & 46). The rate of secretion of IL-6 by SCC lines 
was significantly greater than that observed for normal cells. Secretion of IL-6 
by normal keratinocytes was also increased 10 fold in response to GM-CSF, 7
fold in response to IL-1 a, three fold in response to TNF, four fold in response to
LPS & PMA and doubled in response to TGF-p (fig 45). Cell viability was 
retained following addition of IL-1, GM-CSF or TNF again suggesting that IL-6 is 
actively secreted by keratinocytes and not liberated as a result of cell death. An 
unexpected observation was the secretion of high levels of IL-6 protein (table 
12) by keratinocytes whereas the level of transcripts was low (figs 41 & 42).

The results of these experiments suggest that production of IL-1 and IL-6 may 
be independently regulated, perhaps reflecting their different roles in vivo since 
addition of different exogenous stimuli had variable effects on the rate of 
secretion of these cytokines; TNF significantly increased the rate of secretion of
IL-1 a but had less effect on IL-6, whereas addition of GM-CSF produced only a
slight increase in secretion of IL-1 a but a  significant increase in IL-6. The 
combination of LPS & PMA had a greater effect on the release of IL-1 than IL-6. 
No significant increase in secretion of IL-1 or IL-6 was observed following the 
addition of poly (rl) poly (rC); this factor has been shown to influence secretion 
of IL-6 by fibroblasts (Van Damme et al, 1987) but has little effect on secretion 
of IL:6 by macrophages (D Chantry, Charing Cross Sunley Research Centre, 
unpublished results).

The significance of the finding of high basal levels of IL-1 and IL-6 remains 
speculative as it is not yet clear whether these cytokines are functional in 
epidermis. However if they are secreted by keratinocytes in vivo, antagonists 
must exist to avoid inappropriate triggering of an immune response. 
Prostaglandin E2 is produced by a variety of cell types present in an
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inflammatory environment including macrophages (Kunkel et al, 1988), 
fibroblasts (Dayer et al, 1985), keratinocytes (Nickoloff et al, 1986) and
endothelial cells (Warner et al, 1987) and has been shown to down regulate 
IL-1 production by monocytes (Kunkel et al, 1986) and may thus participate in 
negative control of IL-1 production by a variety of cell types (Durum et al, 1985).

TGF-p is synthesised by a variety of cell types including human keratinocytes 
(Derynck et al, 1987, Akhurst et al, 1988, and see results presented in chapter 
3), fibroblasts (Derynck et al, 1987), T cells (Kehrl et al, 1986a) and 
macrophages (Assoian et al, 1987) and appears to block several early events in 
the immune response in vitro, including the proliferation of mitogenically 
stimulated T and B cells (Kehrl et al, 1986a & b) and secretion of immunoglobin
by B cells (Kehrl et al, 1986b). TGFp also deactivates macrophages, as 
measured by their ability to produce super-oxide, (Tsunawaki et al, 1988) 
inhibits synthesis of IL-1 and TNF by stimulated peripheral blood mononuclear 
cells (Chantry et al, 1989) and blocks cytotoxic T cell formation in a mixed 
lymphocyte reaction (Ranges et al, 1987). However the results presented here,
(fig 43) demonstrate that TGFp may increase IL-6 activity, an unexpected result
in view of the more general inhibitory actions of TGFp, and it seems likely that 
other cytokines with inhibitory effects, as yet unidentified (Hayashi & Aurelian, 
1986, Nickoloff et al, 1986) may function in the regulation of an immune 
response.

IL-1 and IL-6 may also be involved in tissue repair since IL-1 has been shown 
to influence fibroblast proliferation (Schmidt et al, 1982, Luger et al, 1982) and 
collagenase production (Dayer et al, 1985) whereas IL-6 is growth inhibitory 
for fibroblasts (Chen et al, 1988). IL-1 has been reported to induce proliferation 
of murine keratinocytes (Ristow, 1987) and human keratinocytes (Sauder, 1984 
& 1985). However, in agreement with the findings of Hancock et al (1988) this 
study fails to demonstrate any effect of IL-1 or IL-6 on the proliferation of normal 
keratinocytes or those SCC lines tested (fig 47 & 48) and it seems unlikely that 
these cytokines could directly influence keratinocyte proliferation in vivo.
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However the reported variations in the response of keratinocytes to IL-1 may 
reflect the different in vitro culture systems.The failure to detect a consistent 
proliferative response suggests that IL-1 is unlikely to be of importance in 
influencing keratinocyte proliferation in vivo. This study also failed to detect any 
proliferative response of cultured keratinocytes or SCC lines to IL-6. (figs 47 & 
48)

4.7.3.Synthesis of and response of normal keratinocvtes to P D G F

Kao et al (1984) demonstrated that PDGF does not influence the proliferation of 
breast cancer cell lines and other studies show that A431 cells do not express 
PDGF receptors (Heldin et al, 1981). The data presented here, although 
preliminary suggests that normal human keratinocytes can synthesise PDGF 
(fig 49), secrete protein and expresses ow levels of transcripts for the PDGF 
receptor (figs 50a & b). The results of the proliferation assay (fig 51) are difficult 
to interpret as although inhibition of growth was observed, as determined by 3H 
thymidine incorporation, no effect was seen with the crystal violet assay (data 
not shown).

Further experiments are required to investigate whether or not keratinocytes are 
responsive to PDGF. For example measurement of the effect of PDGF on 
calcium ion efflux to determine whether or not cells show any metabolic 
response to PDGF.

The PDGF receptor transcripts may be transcripts for a closely related molecule 
and this possibility could be investigated by nuclease protection assay. If further 
investigation suggests that PDGF and/or its receptor can be synthesised by 
keratinocytes it may also influence the growth of keratinocytes, fibroblasts or 
other responsive cell types.

4,7.4 Synthesis of F G F  and ILGF-1 by normal keratinocvtes and 
S C C  cell lines.
Transcripts for bFGF were detected in human keratinocytes maintained in 
MCDB 153 but not in cells grown in DMEM/Hams F12 supplemented with 10%
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FCS /HICE (fig 52). Similar results have recently been reported by Halaban et 
al (1988). These authors postulated that as bFGF is a mitogen for melanocytes it 
may be an important mitogen for these cells in vivo but did not speculate on a 
role for this factor in the control of epithelial proliferation. Exogenous aFGF or 
bFGF, in combination with insulin, but not EGF, has been shown to induce 
DNA synthesis in murine keratinocytes (Balb /MK) cultured in dishes coated 
with poly -D-lysine and human fibronectin and maintained in defined medium
(DMEM/Hams F12 supplemented with 5p.g/ml transferringOnM Na2 SeC>3,
0.2mM ethanolamine, 5p.g/ml insulin and 5ng/ml EGF, Falco et al, 1988). This 
observation suggests that bFGF has the potential to exert autocrine or 
paracrine effects on keratinocyte growth control.

ILGF-1 transcripts were also detected in normal human keratinocytes, MCF-7 
and SVK-14 cell lines (fig 53). Secretion of ILGF-1 protein by normal 
keratinocytes has also been observed (M Green, Unilever Research, personal 
communication). Falco et al (1988) have shown that ILGF-1 can result in a 
greater mitogenic response than insulin in Balb/ MK keratinocytes. Furthermore, 
in combination with EGF and other defined medium components, this growth 
factor sustains keratinocyte proliferation whereas the same concentration of 
insulin does not. Nickoloff et al (1988 )have established that ILGF-1 also 
stimulates proliferation of human keratinocytes via ILGF-1 receptors. Kamalati et 
al (1989) also reported that ILGF-1 induces differentiation in SVK-14 cells.
Taken together, this evidence also suggests a possible role for ILGF-1 in the 
control of epithelial proliferation and differentiation.

4.8 Conclusions

I N F
TNF transcripts are synthesised by T-24 and SVK-14 cells but were not 
conclusively detected in normal keratinocytes. Transcripts detected in the SCC 
cell lines do not appear to be translated into protein but the levels may be too 
low to be detected by the assays used in this study. The growth of normal 
keratinocytes is inhibited by TNF, however a number of SCC cell lines fail to

1 9 9



show an inhibitory response. The mechanisms responsible for lack of response 
to TNF are unclear. This cytokine is synthesised and secreted by a variety of 
cell types present in the dermal infiltrate of a wound, arising as a result of an 
inflammatory stimulus or present in the inflammatory infiltrate often associated 
with SCC. TNF may thus inhibit the growth of both normal and malignant 
keratinocytes in vivo and further studies are required to explore this hypothesis.

IL-1 and IL-6

The finding that IL-1 and II-6 are synthesised and secreted by keratinocytes 
suggest that these cells may be more intimately involved in the immune 
response than hitherto assumed. Normal keratinocytes synthesise and release 
IL-1 and IL-6, molecules which are involved in the activation of T and B cells. 
The capacity of keratinocytes to secrete IL-1 and IL-6 can also be modulated by
other cytokines including GM-CSF, TNF and TGFp suggesting that in an 
immune or inflammatory response these cells have the capacity to interact with 
cytokines secreted by a variety of cell types. The identity of antagonists which 
may act to avoid inappropriate triggering of an immune response remains 
unclear and further studies are required to assess the physiological and 
pathophysiological role of cytokine production by keratinocytes.

PDGF. FGF and ILGF-1

The finding of synthesis of transcripts for PDGF, FGF and ILGF-1 by normal 
keratinocytes and SCC cell lines suggests that these factors may also influence 
growth control of epithelia. Further studies are required to investigate their 
possible roles.

200



Chapter 5

Introduction of Oncogenes Into Cultured Keratinocvtes and Study of 
Their Effects on Growth Factor Production.

5.1 Introduction.

Activated ras and myc oncogenes are frequently found in human tumours 
although the mechanisms whereby oncogenes exert their immortalising effects 
on cells are poorly understood. In vitro, single oncogenes usually induce only 
partial transformation of embryonic cells. More commonly oncogenes 
co-operate (act in pairs) to immortalise cells both in vitro and in vivo (reviewed 
in section 1.3). Previous studies have demonstrated that oncogene expression 
can change the growth rate of some cell types. For example, expression of 
activated ras stimulates the proliferation of chicken fibroblasts infected with 
MC29 (Royer-Prokora et al, 1978) and NIH 3T3 or rat embryo fibroblasts 
microinjected with mutant ras protein also show enhanced proliferation 
(Feramisco et al, 1984, Sullivan et al, 1986, Trahey et al, 1987). A fundamental 
characteristic of tumour cells is a reduced dependence on exogenous growth 
factors and expression of activated ras can also alter the growth factor 
requirements of cells. For example ras transformed 3T3 cells are insensitive to 
the stimulatory effect of exogenous growth factors (Stern et al, 1986) and cells 
transfected with the myc gene have reduced serum requirements (Armelin et al, 
1984, Mougneau et al, 1984). Adenovirus E1A, c-myc and SV40T oncogenes 
have also been shown to co-operate with activated ras to allow the growth of 
rat Schwann cells in defined medium without the addition of exogenous growth 
factors (Ridley et al, 1988).

Introduction of the ras oncogene, SV40T or polyoma virus, into immortalised
rodent cell lines increases the rate of secretion of growth factors by these cells
(Ozanne et al, 1980, Sporn & Todaro, 1980, Kaplan et al, 1981). This
observation led to the hypothesis that secreted growth factors may interact with
producer cells to stimulate growth in an autocrine fashion (Spom & Todaro,
1980). These growth factors have been purified, their cDNA sequences
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Introduction of activated ras into primary mammalian cells (Chinese hamster 
lung cells) results in increased secretion of transforming growth factors four 
days post transfection (Spandidos, 1985) suggesting that release of growth 
factors may be a direct result of ras oncogene action rather than a consequence 
of additional cellular events occurring during transformation.

Further studies have shown that ras transformed NIH 3T3 cells (Marshall et al,
1985) and MCF-7 cells (Dickson et al, 1987) secrete specifically TGFa and 
established murine keratinocytes (Balb/ MK-2) infected with a retrovirus carrying 
src or ras show loss of dependence on EGF for growth (Weissman & Aaronson,
1985, Falco et al, 1988) suggesting that TGFa may influence cell growth. High
levels of TGFa in Rat-1 cells (Rosenthal et al, 1986) or NRK fibroblasts 
(Wantanabe et al, 1987) or high levels of EGF in 3T3 fibroblasts (Stem et al,
1987) have been shown to induce transformation and tumourigenicity in an 
autocrine fashion. (However murine fibroblasts, lacking EGF receptors, can still
be transformed by mutant ras, demonstrating that extracellular TGFa-EGF
receptor ligand interactions are not essential for transformation). TGFp has also 
been identified in ras-transformed cells (Anzano et al, 1985) and is present in a 
variety of human tumours (Derynck et al, 1987) and may also influence cell 
growth (Shipley et al, 1986).

Since activated oncogenes are widespread in human tumours and may be 
associated with alterations in growth factor production, the aim of this 
experiment was to see if there are changes in the rate of secretion of 
transforming growth factors by human keratinocytes expressing activated ras or 
myc oncogenes and to determine whether these cells show altered response to 
exogenous growth factors.

determined, and are termed transforming growth factors (see section 1.1.2 ).
Similar results have also been reported for primary rodent cells transformed
with c or v myc (Spandidos, 1985).
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5.2 Gene transfer techniques.

A variety of different techniques have been developed to introduce exogenous 
DNA into cells including calcium phosphate precipitation, DEAE dextran, cell 
fusion methods, electroporesis, microinjection and viral vectors (reviewed by 
James & Grosveld, 1986). In this study calcium phosphate precipitation, 
microinjection and retroviral vectors have been used in experiments designed 
to introduce oncogenes into cultured human keratinocytes.

5.2.1 Calcium phosphate precipitation.

This method, first described by Graham & van der Eb (1973) is the most 
commonly used and most convenient method for DNA transfer for some 
adherent cell types. It depends on the reaction of CaCl2 with Na2HP04 to form
a water insoluble precipitate which binds DNA. When added to a cell monolayer 
this insoluble precipitate is taken up by the cells and broken down, releasing 
the DNA which under suitable conditions can be incorporated into the host 
genome. The process by which this happens is unclear, although intracellular 
DNA molecules appear to be trapped in phagocytic vacuoles and lysosomes 
(Loyter et al, 1982) but little is known about how they gain access to the nucleus 
and become integrated into the genome. Division of recipient cells within 
24-48h of gene transfer is important and there is usually a transient phase of 
gene expression during which the newly introduced genes are converted into 
mini chromosomes. When the donor DNA contains a dominant selectable 
marker, typically the neomycin acetate transferase gene (Neor, Jimenez & 
Davies, 1980, Southern & Berg, 1982) which confers resistance to G418 or the 
hygromycin phosphotransferase gene which confers resistance to hygromycin 
B, (Hygr, Blochlinger & Diggelmann, 1984) cells expressing the gene of interest 
can be obtained by growth in the appropriate selection medium. Calcium 
phosphate precipitation results in the integration of multiple copies of the 
transfected gene, often in tandem repeats (reviewed by James & Grosveld,
1986).
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5.3.2 Microiniection.

Transfer of DNA into the cytoplasm or nucleus can also be achieved by the use 
of microinjection apparatus, originally described by de Fonbrune (1949) and in 
further detail by Mangeat & Burridge (1985) and Ansorge (1982). The 
advantages of microinjection are that it offers high efficiency gene transfer for 
certain cell types (Celis, 1984), allows the introduction of multiple gene copies 
(Capecchi, 1980, Wong & Capecchi, 1985), there is no size limitation on the 

gene transferred and cells are not exposed to harsh buffer conditions or toxic 
precipitates. The principal disadvantages of the technique are the low number 
of cells that can be injected (typically< 200/h) and the damaging effect produced 
by the introduction of the micropipette together with the pressure exerted by the 
injection fluid.

5.2.3 Viral vectors.

Viral vectors have the advantage of allowing efficient introduction of genes into 
almost any cell type (Hwang & Gilboa, 1984). They allow simultaneous infection 
of large numbers of cells with a limited number of integrated viruses. The 
disadvantage is the size constraint for the cloned DNA, since the viral genome 
must be packagable (size limit 6-8Kb). Many different DNA viruses have been 
employed for gene transfer including SV40, bovine papilloma virus, adenovirus 
and a number of retroviruses.

5.2.3.1 Retroviruses

Retroviruses are RNA tumour viruses (reviewed by Varmus,1982) which rely for 
their propagation on two basic features, reverse transcriptase for the 
transcription of their RNA genome into DNA after infection of a cell (reviewed by 
Baltimore, 1985) and subsequent integration of this DNA into the host genome 
(Panganiban, 1985) where it is translated into new viral proteins which are 
subsequently packaged into new viral particles.

The basic retroviral (RV) genome consists of three protein coding genes, the
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gag gene (which codes for internal structural proteins), the pol gene (which 
codes for reverse transcriptase) and the env gene (which codes for envelope 
protein). In addition the virus contains 5' and 3' long terminal repeat (LTR) 
sequences necessary for the initiation and polyadenylation of transcripts, 
integration of viral DNA and sequences required for reverse transcription, 
encapsulation of RNA and splicing of subgenomic RNA. Downstream of the 5'

LTR is a packaging region, called the psi (\j/) site, required for encapsulation of 
the viral RNA. Transcription beginning at the initiation site in the 5' LTR results 
in genomic RNA, translated into gag and pol proteins and to processed 
sub-genomic RNA, using the viral splice sites which is translated into envelope 
protein. The envelope protein determines host specificity (Varmus, 1982, Weiss 
et al, 1982), see below. A schematic representation of the proviral structure of a 
retrovirus is shown in fig 54.
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Fig 54. Schematic representation of the proviral structure of the Moloney murine 

leukaemia virus.
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Fig 55. Strategy for the production of infectious retrovirus containing vector 

RNA.
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5.2.3.2 Shuttle vectors and packaging cell lines.

Wild-type retroviruses can be modified to render them suitable as RV vectors. 
The gag, pol and env genes can be deleted from the virus and their products 
supplied in trans by another virus. The structural genes are replaced by cDNA 
or genomic sequence. Generally vectors also contain a selectable marker, Neor

or Hygr. The cis acting elements, including the LTR's and \y site are left intact. 
The vectors also carry a pBR origin of replication to allow recovery of proviral 
genomes as bacterial plasmids. Virions containing such recombinant RV 
genomes can infect and integrate into a target cell but as they are defective, 
following the loss of structural genes, cannot replicate.

In order to obtain large numbers of recombinant virions, the virus (as DNA 
provirus in a plasmid) can be introduced by calcium phosphate transfection into 
cultured fibroblasts and the cells superinfected with a replication competent 
wild-type RV (Miller at al, 1983, Gruber et al, 1985). This helper virus provides 
the structural proteins and reverse transcriptase. However superinfection leads 
to the generation of mixed-wild type/recombinant stocks as a result of 
recombination events. This is undesirable as replication competent virus may 
lead to spread of recombinant virus beyond the target tissue.

Techniques to generate helper-free recombinant RV are based on the discovery 

of the of the virus (Mann et al, 1983). Integrated viral genomes which lack the 

\y site are able to produce all viral proteins required to make a virion but cannot

package their own RNA. A recombinant RV that contains the xy site and has 

access to the proteins required in trans is packaged normally (Mann et al,

1983). NIH 3T3 fibroblast derived cell lines, termed \y2, have been developed

that contain an integrated helper virus from which the xy sitehas been deleted. 
Transfection of these cell lines with a plasmid containing a replication defective 
recombinant retrovirus as proviral DNA, results in the production of viral RNA

containing only the vector as the y-deleted helper virus is able to complement
the lack of structural proteins in trans (fig 55). If the RV vector contains a
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selectable marker together with the gene of interest, selection can be added to 
the medium to establish cell lines that contain both constructs as part of their 
genome and produce helper-free recombinant RV. Since this vector is 
packaged and buds from the cell into the supernatant this can be harvested and 
used to infect other cell types. This procedure does not carry any risk of 
dissemination of virus as the vector can infect a single cell and integrate into the 
DNA but cannot be transmitted further because it lacks the necessary viral 
genes.

5.2.3.3.Generation of ecotropic/amphotropic retrovirus.

The host range of a RV is dependent on the ability of the viral envelope proteins 
to bind to cellular receptors required for entry of virus into the cell. Thus the host

range of a recombinant RV vector is dependent on the y-deleted helper 
integrated into the fibroblast packaging cell line. Ecotropic (murine restricted) 
vectors have a narrow host range whereas amphotropic RV are also able to 
infect a wide variety of mammalian cell types including human cells. Packaging 
cell lines therefore contain either a RV genome (from the Moloney murine 
leukaemia virus), from which the psi site has been deleted (to give ecotropic

host specificity, for example \y2) or a RV genome in which the original env 
sequences are replaced by sequences from a murine amphotropic virus (for 
example clone 4070A, Chattopadhyay et al, 1981) to make an amphotropic

packaging cell line, termed yam (Cone & Mulligan,1984).

Recombination events resulting in the production of replication competent RV 
may still occur. Generation of replication competent virus from packaging cell

lines is termed helper formation. It appears that deletion of the \jr site in the 
packaging cell line does not block packaging completely. Miller & Buttimore

(1986) demonstrated that virus producing cell lines derived from \j/2 or yarn may

produce low levels of virus containing the \y- genome and are able to transfer 
packaging sequences to recipient cells. In addition, a vector particle is 
occasionally packaged due to recombination between the RV vector and the
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packaging virus (Cone & Mulligan, 1984, Sorge et al, 1984, Mann & Baltimore, 
1985, Miller & Buttimore, 1986, Miller et al, 1986, Bosselman et al, 1987, 
Bender et al, 1987). The risk of recombination can be further reduced by 
separating the integration sites of the gag, pol and env genes (Wantanabe & 
Temin, 1983, Bosselman et al, 1987). This type of construction requires 
extraction of genetic information from three separate DNA molecules to produce 
a replication competent genome which is considered to be an unlikely event.

Other modified packaging cell lines for example PA317 (Miller & Buttimore,
1986) incorporate a mutation at the 3' LTR and a deletion at the 5' end of the

5'LTR of the \jr- genome such that if a \jr- genome is packaged it cannot 
integrate. To further reduce the possibility of recombination events Danos & 
Mulligan (1988) introduced 2 murine leukaemia-derived genomes with 
mutations in the gag region of one genome and in the pol region of the other to

create a packaging line termed CRIP. The mutant packaging constructs were 
introduced into fibroblasts by independent transfection experiments to avoid 
recombination between the transfected plasmids. As these constructs have

separate integration sites within the genome, deletion of the \y site, 3'LTR and 
mutations in either the gag or env regions these mutations cannot readily be

rescued by recombination with a \\/+ genome, one of the mutated genomes

would first have to regain a \|r site and 3'LTR by a double recombination with the 

vector genome, to be able, in a subsequent round of infection to recombine with 
the complementary mutant genome to yield a wild-type genome.

Self inactivating (SIN) RV vectors have also been developed. These vectors 
contain a deletion in the 3' LTR which includes sequences encoding enhancer 
and promoter functions. When virus derived from these vectors is used to infect 
cells, the deletion is transferred to the 5' LTR resulting in transcriptional 
inactivation of the provirus (Yu et al, 1986). Such constructs will not function 
without the use of an internal promotor because the enhancer and promoter 
functions have been removed.
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Initially RV vector systems produced only low viral titers (5x10̂  pfu/ml). 
Transfected RV DNA is not expressed as well as DNA integrated after viral 
infection. (Hwang & Gilboa, 1984). High titer RV can be produced by a two step 
protocol. Firstly the RV DNA, contained in a plasmid, is transfected into an 
amphotropic packaging cell line. The supernatant is then collected and used to

infect an ecotropic packaging cell line (\j/2) to yield high titer (1x106 pfu/ml) 
ecotropic particles (Miller et al, 1986). This protocol was used for the 
experiments described in this thesis.

5.3 Materials and methods.

5.3.1 Cell culture

Normal human keratinocytes, strain k (with a mitomycin C treated 3T3 Neor 
feeder layer, a kind gift from C. Marshall, Institute Cancer Research, London) 
were grown either in DMEM/Hams F12 supplemented with 10 % FCS, 
hydrocortisone, insulin, cholera toxin and epidermal growth factor or in MCDB 
153 supplemented with bovine pituitary extract, epidermal growth factor, insulin 
and hydrocortisone (Clonetics Corporation, San Diego, CA). SVK-14 cells were 
grown as described in section 4.5.2. NDK cells (a kind gift from J Adams, ICRF, 
London) were derived from strain h human keratinocytes isolated under 
standard conditions used to derive keratinocytes from newborn foreskin 
epidermis (Adams & Watt, 1988). These cells differ in morphology from normal 
keratinocytes in that they have prominent ruffled membranes and fail to stratify 
or undergo terminal differentiation. NDK cells were grown in DMEM/Hams F12 
supplemented with 10% FCS hydrocortisone, insulin, cholera toxin and 
epidermal growth factor. The growth properties of these cells have been 
previously characterised (Adams & Watt, 1988). Like normal keratinocytes these 
cells require hydrocortisone for growth and the growth rate is increased in 
response to EGF, however proliferation is not stimulated by cholera toxin or 
insulin. Mouse fibroblasts, (L cells, ATCC CCL 1) were grown in DMEM 
supplemented with 10% FCS.
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5.3.2 Titration of G418 and hvaromvcin resistance

Prior to transfection, keratinocytes, SVK-14 and NDK cells were tested for G418 
and hygromycin resistance. Cells were plated at 2x10̂  cells/60mm dish 
(keratinocytes with a mitomycin C treated 3T3 Neor feeder layer) and colonies 
allowed to establish. After 4 days G418 (Gibco, Paisley, Scotland) or 
hygromycin B (Hyg, Boehringer Mannheim) was added to the medium at a final

concentration of 0,100, 200, 500,600, 800 and 1000 pg/ml. At days 5, 7,10,13 
and 16, the feeder layer was removed, cells trypsinised and numbers assessed.

No viable cells were seen after day 10 in the presence of 500pg/ml or higher 
concentrations of G418. The minimum dose of hygromycin B that killed all the

cells was 400pg/ml.

5.3.3 Calcium phosphate precipitation

Human keratinocytes, cultured with a mitomycin treated 3T3 Neor feeder layer 
were plated at 5x105-1 x106/100mm dish. Transfection experiments were 
performed when colonies reached the 8-16 cell stage. Mouse fibroblasts were 
plated at 1 x105/100mm dish 24h prior to transfection.

For calcium phosphate transfection plasmid DNA was dissolved at 1 pg/ml in 
sterile Tris/EDTA (0.1 mM EDTA, 1.0mM Tris HCI pH 7.9). Carrier DNA

(25pg/ml) was prepared by dissolving salmon sperm DNA in Tris/EDTA as

above. For each dish of cells to be transfected 450pl of carrier DNA plus 1pJ of

plasmid DNA was added to a sterile test tube followed by 50pl of CaCl2. The 

reaction was mixed gently and using a Pasteur pipette to bubble air into the

solution 500pl of 2x HeBS (HEPES buffered saline, prepared by mixing 5ml 1M 

HEPES, 1.5 ml 0.2M Na2HP04, 28.8ml of 1M NaCI and DDW to a final volume

of 100mls) was added over 2min. The reaction was left for 20min. The 
precipitate was added dropwise to the cell surface and incubated for 4-36h 
(James & Grosveld, 1986).
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Glycerol shock (Parker & Stark, 1979) was incorporated into some keratinocyte 
transfections. This was performed following incubation of the cells with the 
precipitate, the medium was removed, cells washed twice in serum free medium 
(sfm) and 4mls 15% glycerol in PBS added and incubated at 37°C for 4 min. 
Control transfections in which the plasmid DNA was omitted were performed in 
all cases.

Following transfection the medium was changed and cells incubated for a

further 24h at 37°C when fresh medium containing G418 (500pg/ml for 4-6 

days followed by 1 mg/ml) was added to the cultures. In some experiments 
G418 selection was not added to the keratinocyte cultures immediately post 
transfection; instead cells were fed every 2 days and selection initiated at 
various time points (2-10 days) post transfection. Cultures that became 
confluent during this period were split 1:10 and G418 selection was added 
when colonies of 8-16 cells were established. The selection medium was 
changed every 2 days until either day 21 or all cells were dead and shed into 
the culture medium. To assess the number of foci of transformed cells, dishes of 
L cells were maintained in medium without selection.

The following plasmids were used;

PAGTI contains a 6.6Kb Bam H1 fragment carrying the human T-24 Ha-ras 
gene and Neor (Spandidos, 1985). A kind gift from D Spandidos, Beatson 
Institute, Glasgow.
PHOGT1 contains an identical Ha-ras insert under the control of SV40 origin 
and *Jeor (Spandidos, 1985). A kind gift from D Spandidos, Beatson Institute, 
Glasgow.
pSV2 Neo contains Neor under the control of SV40 origin (Southern & Berg, 
1982). A kind gift from F Farzaneh, King's College Hospital, London. 
pSV3 Neo contains Neor and SV40 T under the control of SV40 origin 
(Southern & Berg, 1982). A kind gift from F Farzaneh, King's College Hospital, 
London.
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5.3.4 Microiniection

A Zeiss micromanipulator (Zeiss, Oberkochen, West Germany) in association 
with a Leitz Fluovert inverted microscope (x12 eyepieces, x20-32 objectives) 
anchored to a solid base-plate so that the equipment was vibration free was 
used for these experiments. Capillaries, with a thin glass filament (Clark 
Electro medical Instruments, Pangbourne, Reading) were drawn into

microneedles, diameter approximately 1pm, using a Narishige PN-3 electrode 
puller (Microinstruments (Oxford), Ltd). Microneedles were filled using a thin 
X-ray glass cylinder (Glastechnik & Konstruktion, Berlin, West Germany). The 
pressure injection system, Microinjector 5242, was manufactured by Eppendorf 
Co, Hamburg, West Germany.

Keratinocytes for microinjection (p10-16) were plated at 2x10^/60mm dish with 
a Neor 3T3 feeder layer 3-5 days prior to injection. 3T3 cells (clone J 2) were 
plated at 1x10̂ . Plasmid DNA, (PAGT1, PHOGT1, pSV2Neo and

pSV2Neo-T24) was diluted 1pg/ml in buffer with a high potassium: sodium ratio 

(48mM K2HPO4,14mM NaHPO^ 45mM KH2PO4 pH7.2) and a continuous 

flow of DNA through the needle was established using the Eppendorf 
Microinjector. The tip of the needle was viewed through the phase contrast 
microscope and moved to a position above the cell to be injected. Movement of 
the needle in a horizontal plane was controlled by the "joy stick". For 
microinjection the tip of the needle was lowered onto a cell using the control for 
movement in a vertical axis. As the needle was lowered, the cell appeared to 
enlarge and a change in the phase contrast spread as a wave from the tip of the 
needle. The needle was withdrawn by raising the needle from the cell in a 
vertical direction, repositioned over another cell and the process repeated.

Typically 60 -100 cells were injected/60mm dish. Cells at the periphery of 
several keratinocyte colonies were injected per experiment. On completion of
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the injection procedure the medium was changed and cells incubated at 37°C 
overnight. The medium was changed again on the following day and G418 
selection added to half the dishes of J2 cells 3-5 days later. The remaining 
dishes received medium only to assess the number of foci of transformed cells. 
Selection was added to injected keratinocyte cultures at varying time intervals.

5.3.5 Retroviral vectors. Preliminary experiments

Preliminary experiments were carried out to establish whether or not RV vectors 
would allow transfer of genes into human keratinocytes. The RV vector was a 
SIN construct carrying the gene for Neor under the control of an internal herpes 
virus thymidine kinase promoter (Yu et al, 1986). The construct was obtained in

Y  am (a kind gift from E. Wagner, EMBL, Heidelberg, FRG). y a m  cells were 

grown in DMEM supplemented with 10% FCS. Six clones were picked from the 
polyclonal population by the ring method, expanded and when the cultures 
were confluent the medium was changed, virus supernatant harvested the

following day and filtered through a 0.45pm membrane (Sartorius, Gottingen, 
FRG). The amphotropic virus stock was concentrated by precipitation in a 
Sorvall centrifuge, TV-865 rotor at 14,000 rpm at 4°C for 16h. The pellet was 
resuspended in 1% of the original volume of DMEM and 10% FCS. The titer of 
the virus supernatant (see below) obtained from the various clones was 
1.1x10^ - 2x104 colony forming units (cfu) /ml. The highest titer virus was used 
to infect keratinocytes (p4) with a Neor J2 feeder layer for16h with the

addition of polybrene 8pg/ml (Sigma) which increases the efficiency of infection 
of the cells by attracting virus to the cell surface. The medium was changed the 
following day and then every two days until day 7, when G418 selection was 
added. Low numbers (1-3) Neor colonies were apparent in each 100mm dish 
by day 15. The colonies continued to expand, reaching 2-3 cm in diameter and 
were re-established following trypsinisation.

These experiments were repeated and further infections using RV carrying 
oncogenes were carried out. RV shuttle vectors which allow the expression of
oncogenes together with a selectable marker were a kind gift from H. Land,
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ICRF, London. These vectors are based on the Zip NeoSV(X) vector, derived 
from an integrated Moloney murine leukaemia virus (Hoffman et al, 1982). In 
place of the RV coding sequences are 2 endonuclease cleavage sites, Bam H1 
and Xho 1(Cepko et al, 1984). DNA sequences encoding Neor under the 
control of an SV40 origin together with pBR322 sequences for propagation of 
the vector in E. coli are inserted at the Xho1 site, while oncogene sequences 
have been inserted into the Bam H1 site.

The following retroviral vectors were used.
Zip Ras was derived from zipNeo SV(X) by inserting 710 bp of the v-Ha ras 
gene into the BamH1 site (Dotto et al, 1985).
Zip SV40 was derived from zipNeo SV(X) by inserting 2.5Kb of the SV40 
early region into the Bam H1 site (Jat et al, 1986).
Zip E1A12S was derived from zipNeo SV(X) by inserting the E1A12S cDNA 
into the Bam H1 site (Roberts et al, 1985).
ZipHyg was derived from zipNeo SV(X) by replacing Neor, pBR ori and SV40 
on with Hyg r (H. Land, unpublished vector).
ZipRasHyg was derived from zipHyg by inserting 710bp of the v-Ha ras gene 
into the BamH1 site (H. Land, unpublished vector).
PLJ (DOL) is a retroviral vector based on the Moloney sarcoma virus contains 
Neor (Korman et al, 1987).
DoKv Myc is a virus based on the Moloney sarcoma virus harbouring the 
v-gagmyc oncogene derived from the avian myelocytomatosis virus MC29.
(Dotto et al,1985).
LJ-tsSVT was derived from DOL by inserting the temperature sensitive SV40T 
gene (ts T, tsA58, Tegtmeyer et al, 1975) into the cloning site Ridley et al (1988). 
These vectors are summarised fig 56.
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Zip Neo SV(X)

Zip ras

Zip El A 12s

Zip SV40

Zip Hyg
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Xba Eco R1 Xba
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sd sa

sd sa

sd sa

t
Eco R1

sd sa

Bam Hl-Sma 1-Sal 1 cloning site

pLJ

Do K vmyc

LJ-ts SVLT

Fig 56. Schematic representation of retroviral vectors carrying oncogenes.
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5.3.5.1 Preparation of virus particles

RV vectors were obtained as supernatant from clonal ecotropic virus producing 
cell lines. Amphotropic packaging cell lines, PA317 (Miller & Buttimore, 1986),

CRIP (Danos & Mulligan, 1988) ory22 ( Cone & Mulligan,1984) were infected

with 1 x105 cfu of ecotropic virus in the presence of polybrene (8pg/ml) for 2h. 
The medium was then changed and the cells split 1:10 on the following day and

either G418 (1 mg/ml) or Hyg (100-400pg/ml) selection (as appropriate) was 
added. When colonies were apparent, they were either pooled or cloned by the 
ring method and the cell population expanded. For infection of keratinocytes, 
amphotropic vims was harvested into 5 mis DMEM/Hams F12 supplemented 
with, 10%FCS, hydrocortisone, insulin, cholera toxin and epidermal growth

factor or MCDB 153 and filtered through a 0.45pm membrane. The titer of the 
retrovirus was determined by infection of 3T3 and/or SVK-14 cells as described 
below.

5.3.5.2 Titration of retrovirus.

3T3 cells were plated at 7x105 in 100mm dishes the day before use. On the test 

day the medium was removed and varying amounts of vims (20pl, 200pl or

2mls) added to the cells in a total volume of 2 mis containing 8pg/ml polybrene. 
Control dishes received medium and polybrene only. After 2h the vims was 
removed and fresh medium added. The cells were split (1:5-1:20) on the 
following day depending on the anticipated titer and selection medium added 
to half of the dishes. When cells in the control dishes were dead, dishes from 
the titration were stained with crystal violet in 20% ethanol and colonies 
counted. Results are expressed as colonies/ml of vims supernatant.
The titer of supernatant was also determined using SVK-14, plated at 2x105, 
three days prior to the titration using the same protocol.
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s.3.5.4 Calcium Phosphate transfection of plasmid DNA

In order to try and improve the titer of certain vectors, plasmid carrying the

provirus was transfected into y2 cells (grown in the presence of DMEM and 
10% newborn calf serum) using the calcium phosphate gene transfer protocol 
described in section 5.3.3. After 5h the precipitate was removed, cells washed 
twice in sfm before 15% glycerol in PBS (4mls) was added and incubated at 
37°C for 4min. Cells were washed again in sfm and ecotropic virus was 
harvested 20 h later. This virus stock was used to infect amphotropic packaging 
cell lines as described above.

5.3.5.4 Packaging cell line helper check

G 418 resistant colonies, obtained following titration of virus on 3T3 cells or 
SVK-14 cells were trypsinised and plated at high density. When cells were 
confluent, fresh medium was conditioned overnight and filtered through a

0.45pm membrane. 3T3 cells were plated at 1x106 in 100mm dishes on the 
same day and infected with the CM in the presence of polybrene. After 2h the 
medium was changed and the following day G418 selection added. The 
cultures were incubated for 10 days and any colonies, indicating the presence 
of replication competent helper virus, stained with crystal violet. No 
supernatants gave positive results in this assay but any found would have been 
discarded and not used in subsequent experiments.

5.3.5.5 Infection of keratinocvtes with retroviral vectors carrying 
oncogenes

The procedures described below were conducted in a microbiological isolation 
suite at category 1S at ICRF, in accordance with the British ACGM/HSE 
guidelines, note 5.

Experiments involving infection of normal human keratinocytes with Zip Ras 
failed to yield any G418r colonies. However this vector was successfully used to
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produce G418r SVK-14 cells. As generation of normal keratinocyte cultures 
expressing v Ha-ras could not be achieved it was decided to infect these cells 
initially with a retroviral vector containing a nuclear oncogene, E1A, myc or 
SV40 T, followed by infection with a vector carrying ras together with the gene 
for hygromycin resistance (ZipRasHyg). An alternative strategy (following the 
protocol described by Ridley et al, 1988) involved infection of keratinocytes with 
LJ-ts SV LT followed by infection with ZipRasHyg.

All retroviral vectors were used to infect normal human keratinocytes, SVK-14 
cells and NDK to establish whether or not oncogenes could be introduced into 
immortalised cells, or cells that fail to differentiate, more readily than into normal 
keratinocytes.

Following infection of cells and selection in the appropriate medium, G418r 
and/or Hygr cells were cloned by either the ring method or growth in soft agar. 
For ring cloning, a metal or plastic cloning ring was placed over a colony, 
sealed with silicone grease and filled with trypsin/EDTA to harvest the cells 
which were then transferred to 24 well plates. For soft agar cloning (used to 
isolate clones of NDK expressing SV40T or SV40T and ras) triplicate 60 mm 
bacteriological plastic dishes (Sterilin, Feltham, England) were seeded with 
103,104, 105 or 106 cells in 1 ml of appropriate medium containing selection 
and 0.3% Noble agar (Difco Laboratories, Inc., Detroit, Ml) over 4mls of a 0.6% 
agar base. Cultures were fed each week with 1 ml of 0.3% agar medium. After 
14 days colonies were harvested with a Pasteur pipette, disrupted by aspiration 
with medium and transferred to 24 well plates.

5.3.5.6 Keratinocvte culture helper check,

Keratinocyte cultures infected with retroviral vectors were also checked for the 
production of helper virus. Overnight CM was collected from confluent cultures

of cells and filtered through a 0.45pm membrane before incorporation in an XC 
assay (Rowe et al, 1970). Briefly, 3T3 cells were plated at 5x103 /well in 24 well 
plates the day before. On the test day the medium was removed and the
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supernatant to be tested diluted in medium at 1:3 or 1:5 and 200pl of neat or 
diluted CM added to the wells in duplicate in the presence of polybrene. Virus 
stock, known to contain helper (a gift from H Land), was added at 1:1000,
1:10,000 and 1:100,000 to serve as a positive control in the assay. After 
incubation at 37°C for 2h the virus was removed and fresh medium added. The 
medium was changed at 2 and 4 days. After 5-6 days, when the 3T3 cells were 
confluent, the medium was removed and the monolayer was irradiated with UV 
for 40s. The 3T3 cells were overlaid with 2x1O3 XC cells/ well in 1 ml of medium. 
(XC cells were cultured in DMEM supplemented with 10% newborn calf 
serum). The medium was changed on the following day. After a further 24h the 
cells were stained with crystal violet. XC cells are very sensitive to lysis by RV 
and any virus produced by the 3T3 cells produces clear plaques in the XC 
monolayer. The limit of sensitivity of this assay is 3 plaque forming units (pfu) /ml

S.3.5.7 Northern analysis

Total cellular RNA was extracted by the guanine isothiocyanate method and 
separated on 1% agarose/formaldehyde gels as described in section 3.2.31. 
After electrophoresis was complete, gels separating RNA from keratinocytes 
containing v-gagmyc constructs were soaked in 50mM NaOH and 10mM NaCI 
for 45min at RT followed by neutralisation for 45min at RT in 0.1 M Tris-HCI (pH
7.5). (The partial alkaline hydrolysis improves the transfer of high molecular 
weight RNA). Gels were then transferred to nitrocellulose and hybridised with 
32p labelled probes as described in section 3.2.24. The probes used were as 
follows:

Neor, 1.8Kb ECOR1 insert (Grosveld et al, 1982);
SV40T, 2.6Kb BamH 1 insert (Southern & Berg, 1982); 
v-Ha ras 730 base pair Sst-Pst insert (Oncor, Gaithesburg, MD); 
v-myc 1.56Kb Pst-Aha111 insert (Oncor, Gaithesburg, MD); 
c-myc 3rd exon 1.8Kb ECOR 1 insert (Oncor, Gaithesburg, MD).
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5.3.5.8 Southern analysis

concentration of 2%. Proteinase K (Sigma, 200|ig/ml) was added and the 
mixture incubated overnight at 37°C in a shaking water bath. The sample was 
extracted three times with phenol/chloroform and finally with chloroform/isoamyl 
alcohol alone. DNA was precipitated at RT following addition of 10% of the total 
volume 3M NaAc and two volumes of ethanol and recovered by gently rolling 
the thread-like precipitate around the bent tip of a Pasteur pipette. DNA was

dissolved in TE to a final concentration of 1pg/ml on a rotating wheel at 4°C 
overnight. DNA preparations were quantified and their purity assessed by 
measuring their optical densities at 1 nm intervals between 220 and 320nm by 
spectrophotometry as described in section 3.2.20.

For analysis of proviral SV40T DNA, cellular DNA was digested to completion 
with restriction enzymes: ECOR1, Bam H1 or Xba (Boehringer Mannheim,

Lewes, E. Sussex). 10 pg of DNA was analysed by electrophoresis on 1% 
agarose gels in TAE buffer as described in section 3.2.22 and transferred to 
Genescreen plus™  (New England Nuclear Products, Boston, MA). Southern 
blotting was performed by a modification of the standard protocol (Southern,
1975 & 1980). Gels were denatured by incubation in 0.4M NaOH/0.6M NaCI for 
30min at RT with gentle agitation and neutralised in 1.5M NaCI/0.5M Tris-HCI 
pH 7.5.

A glass plate was laid across a large glass tray containing 10xSSC and a sheet 
of Whatman 3M filter paper folded over the plate with both ends in the SSC  
solution to act as a wick. The gel was placed on the wick and all air bubbles 
gently smoothed out. Saran wrap was placed around the edges of the gel to 
prevent short circuiting of the fluid path through the gel. A sheet of 
Genescreen™ nylon membrane, cut to the exact size of the gel was carefully
placed onto a tray of deionised water and allowed to wet by capillary action
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High molecular weight DNA was extracted from cells by the method of Blin &
Stafford (1976). Cells were were trypsinised, washed twice in PBS followed by
STE, the pellet resuspended in STE (1.5x107cells/ml) and SDS added to a final



prior to soaking for 15 min in 10x SSC. The membrane was then placed over 
the gel and covered by 16 sheets of Whatman 3M paper, 60mm of absorbent 
paper towels and finally a glass plate carrying a small weight. DNA transfer was 
allowed to proceed for 18h before the membrane was removed, immersed 
briefly in 0.4M NaOH followed by 0.2M Tris-HCI pH 7.5, 2x SSC. The 
membrane was allowed to air dry at RT.

Hybridisation of DNA was carried out at 65°C following prehybridisation of the 
membrane in 20 mis of 1% SDS, 1M NaCI and 10% dextran sulphate at 65°C 
for 1h. Denatured salmon sperm DNA (>100mg/ml) and 32p labelled 
denatured probe, (5x105cpm/ml) was added and incubated at 65°C for 18h. 
Following removal of the probe, the membrane was washed twice in in 300 mis 
of 2x SSC at RT for 5min and twice in 500mls of 2x SSC and 1 %SDS at 65°C 
for 10-15min. The membrane was sealed in Saran wrap for autoradiography.

5.3.5.9 Indirect immunofluorescence to detect SV40T antigen

For indirect immunofluorescence cells were grown on glass cover slips, 
washed in PBS and fixed in 1:1 methanol/acetone for 10min at -20°C. 20% 
human serum (Sigma) in PBS was used as a blocking agent for 15 min 
followed by incubation of the cells for 2h in a humid chamber with a 
monoclonal antibody reactive with SV40T (T/402, Harlow et al (1981), a kind 
gift from D.Lane, ICRF, London) diluted 1:20 in PBS. Cells were washed in PBS 
before incubation with a FITC-conjugated anti-mouse IgG (ICN Biomedicals, 
High Wycombe, England), diluted 1:32 in PBS containing 10% BSA for 1h. 
Cells were washed again in PBS, mounted in Citifluor AF-1 mountant (Citifluor 
Ltd, London, UK) and examined with a Leitz Dialux 22EB microscope.

5.3.5.10 Immunoprecipitation for o21Ha ras

Semiconfluent dishes of cells were washed four times in methionine free DMEM

and labelled with 35S methionine (52TBq/mmol, 200pCi/60mm dish:
Amersham, UK) for 18h in DMEM lacking methionine and supplemented with
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1% FCS. Cells were washed in PBS and lysed in 1 ml phospholysis buffer 
(10mM Na2 HP04, O.IMNaCI, 1% Triton X-100, 0.5% sodium deoxycholate,

0.1 % SDS). Extracts were disrupted by vortex, centrifuged for 10min at 4°C and 
either used immediately or stored at -70°C. TCA precipitable radioactivity was

determined by adding 50pl of each cell lysate to 50pl of BSA (10mg/ml in PBS) 
and 1 ml of 10% TCA prechilled to 4°C. The samples were mixed by vortex, left 
on ice for 20min, filtered and Whatman GF/C filters washed with 10% TCA 
followed by absolute ethanol. Filters were air dried, liquid scintillant added and 
radioactivity counted. 1.5 x107 TCA precipitable counts were used for each 
immunoprecipitation.

Cell extracts were pre-cleared by incubation with 2pl of normal rabbit serum

(Sigma,) and 50pJ of washed Staphylococcus aureus (a kind gift from F 
Fitzjohn, ICRF, London). To detect p21 Ha-ras, aliquots of the cell extracts were

incubated with 10pl of rat anti- ras p21 monoclonal antibody (Oncogene

Science, Manhasset, NY) and 2pl of normal rat serum (Sigma) at 4°C. Control

cell extracts were incubated with 2pl of normal rat serum. 5pl of goat anti rat IgG 

(Cappel, Dynatech Labs, Billinshurst, W Sussex) was added and the extracts

incubated for 1 h. Extracts were finally incubated for 1 h with 40pl of 
Staphylococcus aureus and cell pellets washed with the following buffers, 0.1 M 
NaCI, 1 mM EDTA, 0.1 M Tris-HCI pH8,1 % NP40, 0.3% SDS followed by IM 
NaCI, 0.1% Tris-HCI pH8, 0.1% NP40 and 10mM Tris-HCI pH8, 0.1% NP40.

Pellets were resuspended in 20pl of SDS-polyacrylamide gel electrophoresis 

sample buffer, boiled for 5min and centrifuged. Supernatants were run on 12% 
SDS-polyacrylamide gels as described by Laemmli (1970). Gels were fixed in 
isopropanol: water: acetic acid (25:65:10) for 30min, soaked in Amplify™ 
(Amersham, UK) with agitation for 30min, dried under vacuum at 80°C and 
autoradiographed.
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5.3.5.11 Western blotting to detect pHO v-aaa mvc

Keratinocytes expressing v-gag myc (1x107), Colo 320 (1x106 t cultured in 
RPMI supplemented with 10 % FCS) or normal keratinocytes (2x107) were
lysed in 500pl SDS-PAGE loading buffer, passed through a 25 gauge needle to 
shear DNA boiled for 5min and run on 10% SDS-polyacrylamide gels.
Proteins were transferred to nitrocellulose by Western blotting as described in 
section 3.2.10. Nitrocellulose was blocked with 5% Marvel milk powder 
(Cadbury Schwepps) in PBS for 1 h and incubated for 4h with a monoclonal 
antibody reactive against v-myc and c-myc (X-myc 3, Moore et al.1987, a kind 
gift from G.Evan, ICRF, London) diluted 1:1000 in 5% Marvel/PBS. Filters were 
washed extensively in Marvel/PBS prior to incubation for2h with 125l-Protein A 
(Amersham, 100,000 counts/ml) in Marvel/PBS. After further washing filters 
were air dried and autoradiographed.

5.3.5.12 Expression of keratinocvte/fibroblast differentiation 
markers

To confirm the epithelial origin of the various cell types resulting from infection 
with RV vectors, indirect immunofluorescence was carried out using antibodies 
directed against keratins, vimentin, peanut lectin-binding glycoproteins, Thy-1 
and pgp-1. (Epithelial cells should express keratins and peanut lectin-binding 
glycoproteins; fibroblasts Thy-1 and vimentin). For immunofluorescence, cells 
were grown on glass cover slips, washed in PBS and fixed as follows: 1:1 
methanol/acetone for 10min at -20°C for staining with antibodies to 
intermediate filaments, 1:1 methanol/acetone for 10min at RT for Thy-1 and 
3.7%-formaldehyde in PBS for 10min at RT for peanut lectin-binding 
glycoproteins.

The following antibodies were used for indirect immunofluorescence. Mouse 
monoclonals: LP 34, reactive with keratins 10,18, and complexes of keratins 5 
& 14, 6 &16, (Lane et al, 1985); LE 61, reactive with keratin 18 (Lane, 1982); 
vim 13.2, reactive with vimentin (P & S Biomedicals Ltd, Liverpool, England);
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F15-42-1-5 reactive with Thy-1 (McKenzie & Fabre, 1981) and D1/93 reactive 
with human pgp-1 (Isacke et al, 1986). Anti-PNA -gp reactive with keratinocyte 
peanut lectin-binding glycoprotein is a rabbit polyclonal antibody (Morrison et 
al, 1988). Vim 13.2 is an IgM antibody, the others are IgG. FITC-conjugated 
second antibodies, (rabbit anti mouse IgM, rabbit anti mouse IgG and goat anti 
rabbit IgG) were obtained from ICN Biomedicals, High Wycombe, England. 
LP34 and LE 61 were a kind gift from B Lane, ICRF, London, F15-42-1-5 from J 
Fabre, East Grinstead Hospital, Surrey and D1/93 from C Isacke, Imperial 
College, London).

Cells were incubated with the first antibody for 1 h at RT in a humid chamber. 
LP34 culture supernatant was used undiluted, LE61 ascites fluid diluted 1:80 in 
PBS, vim 13.2 diluted 1:200 in PBS, F15-42-1-5 diluted 1:2000 in PBS with 1% 
BSA, anti-PNA-gp diluted 1:50 in PBS and D1/93 diluted 1:100 in PBS. In 
control experiments the first layer antibody was omitted. Cells were washed 
extensively in PBS prior to incubation with FITC-conjugated second antibody 
diluted 1:32 in PBS for 1 h. Cells were washed again, mounted in Citifluor AF-1 
Mountant and examined with a Leitz Dialux 22EB microscope.

5.3.5.13 Preparation of cell extracts and conditioned medium for 
TGF cc&B assay

Cell extracts and CM were prepared as described in sections 3.2.4 & 3.2.6. 
Confluent dishes of cells at passage numbers 2-3 (post infection with retroviral 
vectors) were used for these experiments. Cells were cultured in medium 
containing the appropriate selection throughout the period of this study 
although selection was omitted from the serum free medium conditioned for 
growth factor analysis.
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5.3.5.14 R esponse of keratinocytes expressing v-Ha ras_Qr_SY4QT 
to exogen ou s TGFB or TNF

The effect of 10 and 30ng/ml TGFp or 500, 2,000, 5,000 or 10,000 U/ml of TNF 
on the following cells: normal keratinocytes, a polyclonal population of 
keratinocytes expressing SV40T (KT), clonal populations expressing SV40T 
(KT1, KT5), and SV40T and either v H-ras or the hygromycin control vector 
(KTrasI, KTras2, KT1 rasA and KTIhyg ) was evaluated by 3H thymidine 
incorporation and long term culture in the presence of exogenous growth factor.

For proliferation assay, cells were plated at 2x105 in 60mm dishes. TGFp or 
TNF was added when cells were >50% confluent. After overnight incubation, 
fresh cytokine was added and 3H thymidine incorporation over the last 6h of 
incubation was measured. Cells were harvested as described in section
3.2.12.1. For long term culture experiments cells were plated at low density 
(normal cells 1x103/60mm dish, others at 5x104) and when colonies
containing 4-8 cells were established TGFp or TNF was added to the culture 
medium. The medium was changed every two days and fresh cytokine added 
until day 11 when dishes were stained with crystal violet.

5.4 Results

5.4.1 Calcium phosphate precipitation

G418r colonies were apparent by day 10 in all experiments in which L cells 
weretransfected with the plasmids described above. (Results for PHOGT1 are 
shown in table 13).
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Table 13, G418I colonies following transfection qLL cells and 
keratinocvtes with PHOGT1.

G418E colonies/100 mm dish /lip DNA
Lcells Keratinocytes

PAGTI 800 0
PHOGT1 1000 0
pSV2Neo 600 0
pSV3Neo 800 0
pSV2Neo-T24 600 0

Foci of transformed cells (>500/100mm dish) were also apparent by day 8. 
Where appropriate, expression of SV40 T was confirmed by 
immunofluorescence with a polyclonal antibody which recognises SV40 T 
antigen (results not shown).

Experiments in which keratinocytes were transfected with plasmids carrying the 
Ha-ras oncogene failed to yield G418r cells. Colonies were observed following 
transfection of keratinocytes with the control plasmid (pSV2Neo) or a plasmid 
containing SV40T (pSV3Neo) but were not subcultured at this stage. Calcium 
phosphate transfection of keratinocytes with plasmids containing Ha-ras was 
repeated many times, varying the time of exposure of cells to the precipitate and 
the morphology of the precipitate but no G418r colonies were seen. Alternative 
techniques including the use of microinjection and viral vectors were then 
considered.

5.4.2 Microinfection

G418r colonies or ras foci were apparent within 8-14 days following 
microinjection of J2 cells. Colonies obtained following injection of these cells 
with pSV2Neo were trypsinised, pooled and expanded to serve as Neor 
feeders in subsequent experiments.

A limited number of G418r keratinocyte colonies were established following
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microinjection with pSV2Neo DNA. The efficiency of this technique was <0.5%. 
These colonies continued to expand, often reaching up to 1-2cm in diameter, 
but the cells could not be subcultured. No G418r keratinocyte colonies were 
established following microinjection of keratinocytes with plasmid DNA 
containing the Ha-ras oncogene.

5.4.3 Retroviral vectors

5.4.3.1 Titration of retrovirus

The results obtained following titration of polyclonal ecotropic and amphotropic 
RV on 3T3 cells and polyclonal amphotropic RV on SVK-14 cells are 
summarised in tables 14a, b & c. Titers for clonal populations were lower than 
values obtained for the polyclonal pools and are not shown. Similar low titers of 
virus from the amphotropic packaging cell lines have been found using different 
vectors (J Bartek, ICRF, London, personal communication). Titers were highest 
when PA317 cells were used as the packaging cell line and supernatant 
derived from these cells was used for the majority of the experiments described.
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Table 14a.Titration of ecotropic virus using 3T3 cells

RV vector 
Zip Ras 
Zip NeoSV(X) 
Dok v Myc 
PLJ

Packaging cell line

500.000 cfu/ml
750.000
1.500.000
625.000

Table 14b. Titration of amphotropfc virus using 3T3 ce lls
Packaging cell line

PA317 \|/CRIP y2  2
RV vector
Zip Ras 3140 cfu/ml 4500 60
Zip NeoSV(X) 4700 2108 nd
Dok v Myc 4333 5000 nd
PLJ 2286 1790 nd
Zip SVXE1A12S 4800 2140 nd
ZipSV40 8080 nd nd
LJ-ts SVLT 36 60 nd
ZipRasHyg 2500 1200 110
ZipHyg 1600 900 80

nd=not done
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Table 14c. Titration of amphotropic virus using SVK-14 cells

packaging cell line
RV vector PA317 \|/CRIP \j/22

Zip Ras 130 cfu/ml 67 nd
Zip NeoSV(X) 600 240 nd
Zip SV40 1500 nd nd
LJ-ts SVLT 200 nd nd
Dok v Myc 550 410 nd
PLJ 215 149 nd
ZipRasHyg 210 154 110
ZipHyg 
nd=not done

342 171 80

5.4.3.2 Infection of SVK-14. NDK and normal keratinocvtes with 
retroviral vectors

Normal keratinocytes were not successfully infected with the following vectors: 
U -ts SVLT, ZipRas, ZipRasHyg, ZipSVXEIA12S, ZipNeoSV(X) or PLJ. Due to 
the failure to infect cells with ZipRas, SVK-14 cells, which already express 
SV40T and proliferate readily in vitro, and NDK which are a population of cells 
that do not undergo terminal differentiation in culture were included in these 
experiments.

Polyclonal and clonal derivatives of normal keratinocytes, SVK-14 and NDK 
obtained following infection of cells with RV vectors carrying oncogenes or the 
appropriate control vectors are summarised in table 15.
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Table 15. Cell types obtained following infection with retroviral
vectors. 
Cell type RV vector Polyclonal cell Clonal

SVK-14 Zip Ras
population
SVKRas

derivatives
SVK Ras 1,2,3,4

Zip NeoSV(X) SVKX1 -
Dok v Myc SVK Myc SVK Myc 1,3,4,5,6
PU SVKPU SVKPU 1,2,3,4,5,6

NDK Zip Ras - -
Zip NeoSV(X) NDKSVX1 NDKSVX 1-1,2

NDK ZipRasHyg NDKRas -
ZipHyg - -
ZipSV40 NDKT NDK T1,2,3,4,5,6,7
LJ-ts SVLT - -
Dok v Myc NDKMyc NDKMyc 1,2
PLJ NDKPU NDKPLJ 1,2
Zip SVXE1A NDKE1A -

NDKT ZipRasHyg NDKT Ras NDKTRas 12,3,5,6
NDKT ZipHyg NDKTHyg NDKTHC 1,2,3-7
NDK Myc ZipRasHyg NDKMycRas nd
NDK Myc ZipHyg NDKMycHyg nd

Keratinocytes Zip Ras
ZipRasHyg 
Zip NeoSV(X)
Zip SV40 KT
U-ts SVLT
Dok v Myc KMyc
P U
Zip SVXE1A

KT1,3,4,5
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Table 15cont. Cell types obtained following infection with retroviral 
vectors.
Cell type RV vector Polyclonal cell 

population
Clonal
derivatives

KT ZipRasHyg KTras KTRas 1,2
KT1 ZipRasHyg - KT1 RasA
KTI ZipHyg - KT1HC
KT5 ZipRasHyg - -
KT5 ZipRas Hyg - -
Kmyc ZipRasHyg - -
Kmyc ZipHyg - -

-negative result, ie cells not obtained; 
nd=not done.
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v-Ha Ras

Fig 57. Northern hybridisation for v-Ha ras mRNA using total RNA (40jig) from 
keratinocytes, SVK-14, SVKRas, SVKRas 1, SVKRas 4, NDK, NDKTRas, 
3T3Ras cells. (The 1.2Kb endogenous c-Ha ras transcript is not shown).

Fig 58. Northern hybridisation for v-Ha ras mRNA using total RNA (40pg) from 
keratinocytes, NDK, NDKTRas, NDKRas and 3T3 cells. Hybridisations for actin
and TGFp are also shown.
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Fig 59. Northern hybridisation for SV40 T and Neor mRNA using total RNA
(40|ig) from keratinocytes, NDK, NDKSVX1, NDKSVX1-1, NDKT1, NDKT2, 
NDKT3, NDKT4, NDKTRas, NDKTFIC and SVK-14 cells. The ethidium bromide 
stained gel is also shown.



Fig 60. Northern hybridisation for SV40 T, Neor , v-Ha ras and TGF(3 mRNA
using total RNA (40fig) from keratinocytes, KT, KT1, KT3, KT4, KT5, KTRasI, 
KTRas2, KT1HC, KTIRasA and SVK-14 cells. The ethidium bromide stained gel 
is also shown.
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Fig 61. Northern hybridisation for Neor , SV40 T, v-Ha ras and TGF[5 mRNA
using total RNA (40^g) from SVK-14, SVKSVX1, SVKRas, SVKRasI, SVKRas2 
SVKRas4, Keratinocytes, KTRasI, KTRas2, KTIRasA, KT1HC and 3T3Ras 
cells. Hybridisation for actin is also shown.
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Fig 62. Northern hybridisation for Neor, v-myc, v-Ha ras and SV40 T mRNA
using total RNA (40jig) from keratinocytes, NDK, NDKRas, NDKSVX1, 
NDKSVX1-1, NDKTRas, NDKTHC, NDKMycRas, NDKMycHC, 3T3Ras and 
SVKRas. The ethidium bromide stained gel is also shown.
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Fig 63. Northern hybridisation for v-myc and c-myc mRNA using total RNA
(40jj.g) from Keratinocytes, SVK-14, SVKPLJ, SVKmyc, SVKmycl, NDK, 
NDKPLJ, NDKMyc and NDKMycl cells.
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Fig 64. Northern hybridisation for v-myc, c-myc, Neor , SV40 T, v-Ha ras and
TGF(3 mRNA using total RNA (40jig) from keratinocytes, Kmyc, NDK, NDKPLJ, 
NDKPLJ1, NDKMyc, NDKMyc2, NDKMycRas, NDKMycHC, NDKTRas and 
NDKTHC. The ethidium bromide stained gel is also shown.
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Fig 65. Northern hybridisation for v-myc, c-myc and Neor mRNA using total
RNA (40ng) from SVK-14, SVKPLJ, SVKPLJ1, SVKPLJ4, SVKMyc, SVKMycl, 
SVKMyc3, SVKMyc5, keratinocytes, KPLJ1, KMyc and KMycl cells. 
Hybridisation for actin is also shown.
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Fig 66. Northern hybridisation for TGFp mRNA using total RNA (40mg) from 
keratinocytes, SCC 4, SCC9, SCC15, SCC25, SVK-14, SVKRas4, SVKMycl, 
A431, KTRas2 and KMyc. Hybridisation for actin is also shown.
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Fig 67(a). Northern hybridisation for TGFp mRNA using total RNA (40^g) from 
keratinocytes, KMyc, KT1, KT4, KTRasl. KTRas2, NDK, NDKSVX1, NDKRas, 
NDKMycRas, NDKMyc2, NDKT1, NDKTHC and NDKTRas.
(b) Northern hybridisation for TGFp mRNA using total RNA (40mg) from 
keratinocytes, KMyc, KT1, KT4, KTRasl, KTRas2, KTIRasA, SVK-14, SVKRas2, 
SVKRas4, SVKPLJ1, SVKMyc3.
The ethidium bromide stained gels are also shown.



S.4.3.3 Northern analysis

Northern analysis was carried out to confirm the presence of transcripts for the 
oncogene products following infection cells with RV vectors.

The presence of transcripts for v-Ha ras (4.9 or 4.2Kb, depending on the vector 
used), SV40 T (6.7Kb), Neor (4.2 or 3.8Kb), v-myc (7.8Kb) or c-myc (2.3Kb) in 
SVK-14, NDK and normal keratinocytes infected with retroviral vectors is shown 
in figs 57-65. The size of the full length and spliced transcripts depends on the 
size of the retroviral vector used. (The 1.2Kb transcript corresponding to the 
endogenous ras protein is not shown). Expression of v-myc reduced the level 
of c-myc transcripts figs 63-65.

NDK cells infected with ZipRas also show hybridisation to the SV40 T probe (fig 
62). This probably indicates cross contamination of cells (or RNA) with cells 
infected with ZipSV40. Hybridisation of the filter shown in fig 62 for Neor 
sequences detects transcripts of at least 6.7 and 3.8Kb in NDKRas cells. This 
size of Neor transcript is also found in cells infected with ZipSV40 (see also fig 
60). It is difficult to define precisely the length of Neor transcripts detected in 
NDKRas from fig 62 and hybridisation of this filter with a probe for Hygr would 
have helped to clarifywhich vector sequences were present in these cells. 
However I was unable to prepare a Hygr probe suitable for use in this kind of 
analysis to help clarify this point.

Levels of TGFp transcripts detected in cells infected with RV vectors, together 
with an actin hybridisation or EtBr stained gel are shown figs 66 and 67a & b. 
(An actin control was not used throughout as NDK cells appeared to contain 
only low levels of actin transcripts when compared to normal keratinocytes).

SVK-14 cells contained low levels of TGFp transcripts when compared to 

normal keratinocytes, SCC 4, SCC 9, SCC 15 or SCC 25 cells (figs 61 & 66).

Similar low levels of TGFp transcripts occur in SVK-14 following infection with

retroviral vectors (figs 66 & 67b). Low levels of TGFp transcripts were also
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slight increase in the level of TGFp transcripts following infection with ZipSV40 

and ZipRasHyg (Figs 60 & 67a & b) but in this case the lanes on these filters do 
not contain equivalent amounts of DNA. Keratinocytes infected with DOK vMyc

show the same level of TGFp transcripts the parent cells (Figs 67a & b).

NDK cells infected with ZipRas, Zip SV40, Dok vMyc or combinations of these

vectors did not show consistent alterations in the levels of TGFp transcripts 
when compared to normal cells (figs 58, 64 & 67a). 3T3 cells infected with

ZipRas contained reduced levels of TGFp transcripts when compared to the 

other cell types examined (figs 58 & 61).

detected in A431 cells (fig 66). Normal keratinocytes, keratinocytes infected
with ZipRas and KT infected with ZipRasHyg contained equivalent levels of
transcripts (fig 61). The results of different Northern analyses demonstrate a
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Fig 68. Culture morphology of (a & b) SVK-14; (c & d) SVKSVX1; (e & f)
SVKRas 2 cells. Scale bar 100(i.
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Fig 69. Culture morphology of (a & b) SVKPLJ; (c & d) SVKMycl; (e & f) 
SVKMyc 3 cells. Scale bar 100}I.
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Fig 70. Culture morphology of (a & b) NDK; (c & d) NDK Ras cells. Scale bar
100|i.
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Fig 71. Culture morphology of (a & b) NDKMyc; (c) NDKPLJ; (d) NDKMyc (p15);
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Fig 72. Culture morphology of (a & b) NDKT clones A & B; (c &d) NDKTRas 
clones 4 &2; NDKTHygC clones 4 & 2. Scale bar 100p.
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Fig 73 (a-d). Culture morphology KT, polyclonal cell populations. Scale bar
100*i.
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Fig 74. Culture morphology of KT(a & b) clone 1; (c & d) clone 3; (e & f) clone 4; 
(g &h ) clone 5. Scale bar 100p.
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Fig 75. Culture morphology (a, b, c) KTRas 1; (d.e.f) KTRas2. Scale bar 100(i.
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Fig 76. Comparison of the rates of proliferation of keratinocytes (K), KT, KTRasI 

and KTRas2 cells as determined by 3 H thymidine incorporation.
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Fig 77 (a-h). Culture morphology KMyc cells; (i) normal keratinocytes. Scale bar
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s.4.3.4 Morphology, growth characteristics and culture lifespan

SVK-14 cells normally grow as colonies at low density and with increased 
passage lose the ability to differentiate (Chang, 1986, figs 66a & b). The 
morphology of SVKRas cells resembled that of the parent cells (figs 68e & f ).
An increased rate of proliferation was observed when SVKRas cells were 
compared to the parent cells (data not shown). SVK-14 cells infected with the 
appropriate control vector (SVKX1, figs 68c & d) were vacuolated with 
elongated processes and proliferated slowly. The proliferation rate of SVKMyc 
was also slower than SVK-14 although clones 1,3 and 5 were comparable to 
the parent cells. The morphology of SVKMyc generally resembled SVK-14 (figs 
69c & d) although cells at the margins of colonies of clone 3 tended to show 
multiple processes (figs 69e & f). SVK PLJ resembled the parent cells (figs 69a 
& b) both in morphology and rate of proliferation.

NDK do not form colonies but grow as isolated cells with characteristic ruffled 
membranes (figs 70 a & b); at higher density they form a sheet but do not stratify 
(Adams & Watt, 1988). NDKRas had elongated processes and ruffled 
membranes were less obvious on some cells (figs 70c & d). These cells 
proliferated slowly and could only be subcultures 3-4 times. Cells expressing 
the appropriate control vector, NDKSVX1 grew well and generally resembled 
NDK in morphology; however some clonal derivatives of these cells for example 
NDKSVX1-2 had an elongated appearance and proliferated slowly. (The 
altered morphology and reduction in growth rate of clonal populations of cells 
expressing control vectors may have been influenced by the presence of G418 
selection in the culture medium as cells grew well, and assumed a more typical 
morphology when the selection was removed from the medium).

NDK Myc grew well but had an angular appearance (figs 71a & b). At high
passage (>14) NDKMyc "piled-up" and formed foci (fig 71 d). As these cells were
subcultured a cell type with a different morphology was seen with a more typical
keratinocyte-like morphology (figs 71 e & f). Colonies of these cells displaced
the more normaINDKMyc cells. The foci of NDKMyc with altered morphology
were separated by ring cloning but failed to divide and reverted to the more
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usual NDKMyc morphology.

NDK PLJ (fig 71c) resembled the parent cells, although clonal derivatives grew 
more slowly (as reported for NDKSVX1). NDKMyc Ras were small cells with 
elongated processes and ruffled membranes were less apparent (fig 71 g & h). 
NDK E1A were large cells (morphology not shown) and proliferated very slowly. 
NDKT showed a rapid rate of proliferation and resembled the parent cells at low 
density (figs 72a & b) although cells piled-up at high density. NDKTRas also 
proliferated rapidly, had elongated processes (figs 72c & d) and piledup even at 
low density. NDKTHC (figs 72e & f) resembled NDKT with regard to their 
morphology but proliferated slowly in medium containing both G418 and 
hygromycin.

Keratinocytes expressing SV40T (KTPC) resembled normal keratinocytes in 
that they grew as colonies at low density (fig 73 a & b) however, they could be 
grown without a 3T3 feeder layer. These cultures contained areas of cells with 
an elongated fibroblast-like morphology (fig 73c). 4 clonal derivatives of KTPC 
were obtained and exhibited distinct morphologies (figs 74a-h). KT1 (fig 74a & 
b) were small, round, highly proliferative cells. KT3 (fig 74c & d) had a more 
varied morphology with a higher percentage of large and multinucleate cells.
KT4 (fig 74e & f) were smaller highly proliferative cells and often shed cells into 
the medium. KT5 (fig 74g & h) were slow growing, large cells. Holes were often 
present in colonies of KT3 and KT5.

KTRas 1 (figs 75a & c) also grew as colonies but holes were also present (fig 
75b). This population went through a "crisis" phase at p3 when most of the cells 
failed to proliferate, were of bizarre morphology and contained vacuoles. 
However areas of dividing cells persistedwithin the culture and were expanded 
for further study. KTRas 2 (fig 75d & f) were highly proliferative cells and 
contained a high percentage of mitotic figures. The cells were slightly smaller 
than KTRas 1 and often shed cells into the culture medium at passage >12. The 
rates of proliferation of normal keratinocytes (p7), KT (p7), KTRas 1 (p7) and 
KTRas 2 (p7) are summarised in fig 76.
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KMyc, polyclonal populations of cells expressing v gagMyc, exhibited varied 
morphology (figs 79 a-h). At low passage areas of highly proliferative small cells 
were apparent (fig 77b), however after subculture the number of proliferative 
areas was reduced and a greater proportion of large, granular cells were 
present (fig 77g & h). These cells could only be subcultured 4-5 times.

SVK-14 cells are already immortal and thus investigation of the effect of 
oncogenes on the lifespan of these cells when infected with the vectors was 
inappropriate. NDK cells have a lifespan similar to normal keratinocytes (18 
subcultures, Adams & Watt, 1988). Expression of oncogenes extended the 
lifespan of NDK. For example, NDKT have undergone >25 subcultures since 
infection, NDKMyc >20 and NDKTRas >30 without showing any reduction in 
the rate of proliferation. NDK expressing the control vectors NDKSV(X) and PLJ 
showed a reduced rate of proliferation in medium containing selection and 
divided only very slowly after 10-12 subcultures.

Expression of SV40 T also extends the lifespan of normal human keratinocytes 
(Chang, 1986) although whether or not established lines, like SVK-14, have 
been produced is not clear. KTPC have undergone >25 subcultures since 
infection, KT1>30, KT3>25, KT4>25, KTRas 1>25 and KTRas 2>35 subcultures. 
Expression of v gagMyc reduced the culture lifespanof normal human 
keratinocytes (see above).

Changes in the morphology and proliferation rates of cells infected with the 
various retroviral vectors (as compared to the parent cells) are summarised in 
table 16.

248



Table 16. Summary of changes in morphology and rate of 

proliferation of cells following infection with retroviral vectors.

Cell line Passage number 
post infection

Altered morphology Proliferation rate 
(compared to 
parent cells)

SVKRas 14 no increased
SVKX1 14 yes decreased
SVKMyc 14 some clones 

different
decreased

SVKPLJ 15 no no

NDKRas 13 yes decreased
NDKSVX1 6 some clones 

different
decreased

NDKMyc 20 yes decreased (some 
clones)

NDKPU 7 no no
NDKMycRas 22 yes increased
NDKE1A 2 yes decreased
NDKT >25 yes yes
NDKTRas >20 yes increased
NDKTHC 10 no decreased

KT 20-30 yes-varied yes-varied
KTRas 25-35 yes-varied increased
KMyc 5 yes decreased.

SVK-14 cells grow as colonies in soft agar and their colony forming efficiency
increases with passage (Chang, 1986). SVK-14 cells infected with the PLJ or
ZipRas vectors grew well in agar (fig 78b), however cells infected with Dok vMyc
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or ZipNeo SV(X) failed to form colonies (table 17). NDK cells infected with, Zip 
SV40T (p6) orZipSV40T together with either ZipRasHyg (p6) orZipHyg (p6), or 
infected with Dok vMyc together with ZipRasHyg (p6) formed colonies in agar 
(fig 78c, table 17). Keratinocytes infected with SV40T and ZipRas (p6),
KT1 RasA (p6), KTRasI (p5), KTRas 2 (p3) also grew well in agar (fig 78g, h & i, 
table 17). Keratinocytes infected with SV40T (p5) were occasionally able to 
form small colonies but the efficiency was low, <0.001 % (figs 78d, e, & f).

Colonies of NDKT, NDKTRas and NDKTHC were harvested with a Pasteur 
pipette and transferred to 24 well plates to establish clonal cell populations; see  
section 5.3.5.5.

5.4.3.5 Expression of keratinocvte/fibroblast differentiation markers

To confirm the epithelial origin of the NDK cells and keratinocytes derived
following infection with retroviral vectors, indirect immunofluorescence was
carried out using antibodies directed against keratins, (LP34 and LE61);
vimentin, (vim 13.2); Thy-1, (F-15-42-1-5) and peanut lectin-binding
glycoproteins of keratinocytes, (anti PNA-gp). The majority of NDK cells stain
positive with LP34, an antibody that recognises an epitope present on keratins
of both stratified and simple epithelia (figs 79 & 80). NDKPLJ and NDKSVX1
stained with a similar pattern (figs 79 c & d and 8 0 b ). The percentage of
keratin- positive cells was recorded and graded as +, ++/-, +/- or - (see table
17). NDKT, NDKMyc and NDKMycRas also showed reduced staining with
LP34 (figs 79 e & f and 80c, d & e). NDKTRas cells contained very few
keratin-positive cells (figs 79h and 80f, table 17). These cells did not express
simple keratins (table 18). Cells with reduced LP34 staining did not stain
positive with the fibroblast marker Thy-1 (figs 81 b -f, table 17) and were
positive with anti PNA-gp which recognises keratinocyte peanut lectin-binding
glycoprotein (fig 82 d-i, (films overexposed), table 17). These NDK derivatives
also showed reduced expression of vimentin (figs 83 c&d, table 17). D1/93,
which reacts with human pgp-1 (Isacke et al, 1986) could not be used to confirm
the epithelial origin of cells staining was positive with both keratinocytes and
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fibroblasts (data not shown).

Keratinocytes infected with RV vectors carrying oncogenes remained strongly 
positive for keratin expression (figs 84a-i & 85a-i, table 17) and did not express 
simple keratins (fig 86 b-d, table 17).
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Table 17. Expression of keratinocyte/fibroblast differentiation 
markers bv cells infected with retroviral vectors.

LP34 LE61

Antibody
Growth in

vim13.2 Thy-1 antiPNAgp agar

cell type 
NDK ++/- + +
NDKSVX1 ++/- - +/- - + -
NDKSVX1-1 ++/- - +/- - + -
NDKT +/- - +/- - + +
NDKT1 +/- - - - + +
NDKT2 +/- - nd - nd +
NDKT3 +/- - nd - nd +
NDKT5 +/- - nd - nd +
NDKE1A ++/- - nd nd nd -
NDKMyc +/- - +/- - + -
NDKMycl +/- - +/- - + -
NDKMyc2 +/- - +A - + -
NDKPU ++/- - +/- - + -
NDKPU1 ++/- - +/- - nd -
NDKTRas - - - - + +
NDKTRasI - - - - + +
NDKTRas2 - - - - nd +
NDKTRas5 - - - - + +
NDKTHC +/- - +/- - + +
NDKMycRas +/- - +/- - + +
NDKMycHC +/- - +/- - + +
h. dermal fibs - - + + _
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Table 17 cont. Expression of keratinocvte/fibroblast differentiation 
markers bv cells infected with retroviral vectors.

Antibody
Growth in

LP34 LE61 vim13.2 Thy-1 anti PNA gp agar
K + - - - + -
KT + - - - + +
KT1 + - - - + -
KT3 + - - - + -
KT4 + - - - + -
KT5 + - - - + -
KMyc + - - - + -
KTRasI + - - - + +
KTRas2 + - - - + +
KT1 RasA + - - - + +
KT1HC + - - - + -
SVK-14 + + _ - + +
h dermal fibs= human dermal fibroblasts

5.4.3.6 Indirect immunofluorescence for SV40T antigen

Indirect immunofluorescence demonstrating the presence of SV40 T in NDK 
and keratinocytes infected with Zip SV40T is shown in figs 87 a-i & 88 a-f.
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Fig 78. Growth of cells in soft agar, (a) SVK-14, (b) SVKRas; (c) NDKMycRas; 
(d) KT; (e) KT1; (f) KT3; (g) KT1 RasA; (h) KTRasI; (i) KTRas2. Scale bar 100|i.







Fig 79. Identification of keratins in cells by indirect immunofluorescence with 
LP34. (a&b) NDK; (c) NDKSVX1; (d) NDKPLJ; (e) NDKmyc; (f) NDKMycRas; (g)
NDKT; (h) NDKTRas. Scale bar 50|i.
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Fig 82. Identification of surface glycoproteins (peanut binding lectins) by indirect 

immunofluorescence with anti- PNA-gp (films overexposed). (a) keratinocytes, 

(b) NDK; (c) human dermal fibroblasts; (d) NDKPLJ; (e) NDKMyc; (f) 

NDKMycRas; (g) NDKT; (h) NDKTRas; (i)NDKTHyg. Scale bar 1 OOJ.l. 
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Fig 86. Identification of simple keratins in cells by indirect immunoflourescence 

with LE 61. (a) SVK-14. (b) KTRas1; (c) KTRas2 and (d) KT. Scale bar 100J.L 
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5.4.3.7 Cellular levels of TGFa and determination of the rate of
secretion of TGF a & p by cells infected with retroviral vectors

Cellular levels of TGFa and the rate of secretion of TGF a & p by cells infected
with retroviral vectors is summarised in table 18.

Table 18. Cellular levels of TGFa and rate of secretion of TGF a & p 

by cells infected with retroviral vectors
Cell Culture Rate of secretion Cell extracts
type medium (ng/107cells/24h)

TOTAL
(ng/1 Ocells)

TGFa TGFp TGFa

NDK FAD/FCS/HICE 1.54 4 0.18
NDKSVX1 tf 1.3 nd nd
NDKSVX1-1 tf 1.7 nd nd
NDKT it 0.8 3 <0.1
NDKT1 It 0.6 4 nd
NDKT2 ft 1.1 nd nd
NDKT3 ft nd nd nd
NDKT5 It nd nd nd
NDKE1A n nd nd nd
NDKMyc tt 1.26 4 0.16
NDKMycl it 1.3 nd nd
NDKPU it 1.6 4.2 nd
NDKPU1 it 1.55 nd nd
NDKTRas N 0.3 3.1 <0.1
NDKTRasI It <0.1 3.0 nd
NDKTRas2 It 0.3 2.6 nd
NDKTHC It 0.6 3.1 nd
NDKMycRas It 0.8 2.5 0.12
NDKMycHC It 0.87 2.5 nd
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Table 18cont. Cellular levels of TGFa and rate of secretion of TGF a
& p bv cells infected with retroviral vectors
Cell Culture Rate of secretion Cell extracts
type medium (ng/107cells/24h)

TOTAL
(ng/10cells)

TGFa TGFp TGFa
SVK-14 DMEM/FCS 1.4 5 0.14
SVK Ras n 1.24 nd nd
SVK Ras 1 if 0.9 4.5 <0.1
SVK Ras 2 ft 1.05 3.3 nd
SVK Ras 3 ft nd nd nd
SVK Ras 4 fl nd nd nd
SVKX1 ft 0.7 3.21 nd
SVK Myc n 1.23 5.5 <0.1
SVK Myc 1 tv nd nd nd
SVK Myc 3 n 1.3 7 nd
SVK Myc 4 ft nd 4 nd
SVK Myc 5 ft 1.15 6 nd
SVK Myc 6 ft nd 5 nd
SVK PU t« 1.32 5 <0.1
SVK PLJ1 it 1.21 5 nd
SVK P U  2 ft 0.9 4 nd
SVK P U  4 ft 1.42 4 nd
SVK PLJ 5 tt nd nd nd

K FAD/FCS/HICE 3.1 9 0.25
K MCDB153 1.95 4 0.15
KT FAD/FCS/HICE 1.5 8.5 <0.1
KT1 If 1.5 6.5 nd
KT3 ft 1.3 8 nd
KT4 ft nd nd nd
KT5 If 0.9 11 nd
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Table 18cont. Cellular levels of TGFa and rate of secretion of TGF a
& P by cells infected with retroviral vectors
Cell Culture Rate of secretion Cell extracts
type medium (ng/107cells/24h)

TOTAL
(ng/1 Ocells)

TGFa TGFp TGFa

KMyc FAD/FCS/HICE 0.5 11 0.15
KMyc MCDB 153 0.3 9 nd
KTRasI FAD/FCS/HICE <0.1 8 <0.1
KTRas2 ff <0.1 7 <0.1
KT1 RasA FAD/FCS/HICE 0.72 4 0.2
KT1HC t« 1.3 6 0.17
h. dermal fibs DMEM/FCS <0.1 6 nd
3T3 vt nd 7 nd
3T3Ras ti nd 13 nd
SCC 4 FAD/FCS/HI 0.61 4.5
SCC 9 vt 0.98 6 nd
SCC 15 vt nd 4 nd
SCC 25 vt 0.3 3 nd
A431 DMEM/FCS 0.42 2.5 nd
T-24 DMEM/FCS 0.37 nd nd
K MCDB 153 1.95 nd nd
KT vt 1.5 nd nd
KTRasI vt 1.3 nd nd
KTRas2 vt 0.5 nd nd

h dermal fibs=human dermal fibroblasts
FAD/FCS/HICE=DMEM/Hams F12 supplemented with FCS, hydrocortisone, 
insulin, cholera toxin and epidermal growth factor.
FAD/FCS/HI=DMEM/Hams F12 supplemented with FCS, hydrocortisone and 
insulin.

TGFp data are derived from the results of duplicate assays of the same sample 
and the average value is given.
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In summary these results demonstrate that cells infected with retroviral vectors 

showed a reduction in the rate of secretion of TGFa and a more variable 

alteration in the rate of secretion of TGFp as compared to the parent cells.
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Fig 89. Effect of TGFp on cell proliferation as determined by 3H thymidine 

incorporation, (a) KT, KT1, KT5, SVK-14 (p23); (b)SVK-14 ( p> 60) KTRas 1.

KTRas2; (c) NDK treatmend with TGFp for 24 and 72h. Results expressed as 

mean counts +/- sem.
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Fig 90. Effect of TGFp on the proliferation of KT, KT1, KT5 and SVK-14 cells 
(p23) as determined by crystal violet assay.
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Fig 91. Effect of TGFp on the proliferation of K TR asI, KTRas2 and SVK-14 cells 

as determined by crystal violet assay.
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Fig 92. Effect of TNF on cell proliferation as determined by3H thymidine 

incorporation (a) keratinocytes, KT, KT1, KT5. (b) KTRasl. KTRas2, SVK-14 

(p>60), SVK-14Ras. Results expressed as mean counts +/- sem.
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Fig 93. Effect of TNF on the proliferation of KT, KT1, KT5 and SVK-14 cells 

(p>60) as determined by crystal violet assay.
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Fig 97. Immunoprecipitation with a p21 ras specific monoclonal 

antibody carried out on lysates of 3T3, 3T3 infected with ZipRas, 

NDK, NDKT infected with ZipRas, SVK-14 and SVK-14 infected with 

ZipRas, N=Non immune; l=immune. The slower migration of the 

mutant ras protein is shown in the immune lanes corresponding to 

the SVKRas and 3T3Ras.
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Fig 98a. Immunoprecipitation with the p21 ras specific monoclonal antibody 

carried out on lysates of KT, KTRasI, KTRas2, KTIRasA, KT1HC and normal 

keratinocytes.

b. Immunoprecipitation with a p21 ras specific monoclonal antibody carried out 

on lysates of SVK-14, SVKRas2, SVKRas4, NDKT, NDKTHC, NDKTRas and 

NDKMycRas.
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Fig 99. Western blot to detect p110 gagmyc and p62 c-myc protein in 
keratinocytes, Colo 320, NDKMyc, NDKMycRas, SVKMycRas and KMyc.



5.4.3.8 R esponse of cells infected with retroviral vectors to 
exogen ou s TGFp and TNF

TGFp inhibits the proliferation of normal keratinocytes although a number of 
SCC cell lines are resistant to its growth inhibitory effects (see results chapter 3
section 3.3.5.1 ).The effect of TGFp on normal keratinocytes expressing SV40T 
(KT1, KT5) or SV40T and ras (KTRasI, KTRas2, all cells at passage number 6 
following infection) was evaluated by ^H-thymidine incorporation and long term
culture in the presence of TGFp. KTPC, KT1, KT5, KTRas 1 and KTRas 2 all
showed inhibition of growth in response to 10-30 ng/ml TGFp as determined by 
incorporation of 3H-thymidine (figs 89a & b). The proliferation of NDK cells was
also inhibited by TGFp: greater inhibition of growth was seen following
exposure of cells to TGFp for 72 than 24h (fig 89c). As noted previously (see 
section 3.3.5.1) SVK-14 cells at low passage number (p16-25 following initial
establishment of this line) were sensitive to the inhibitory effects of TGFp 
although at higher passage (p>60) cells were resistant (figs 89a & b). Similar 
results were obtained following long term culture (ie crystal violet assay) of KT, 
KT1, KT5, KTRasI, KTRas2 and SVK-14 cells (p23 & p60) in the presence of 10
& 30ng/ml TGFp (figs 90 & 91).

TNF also inhibits the proliferation of normal keratinocytes (see chapter 4 section 
4.6.3) although a number of SCC lines are again resistant. Keratinocytes 
infected with retroviral vectors were also tested for their response to TNF. KTPC, 
KT1, KT5, KTRasI and KTRas2 all showed inhibition of growth in response to 
TNF as determined by incorporation of 3H-thymidine (figs 92 a & b) or long 
term culture in the presence of this cytokine (fig 93). High passage SVK-14 cells 
were resistant to the growth inhibitory effects of TNF although SVKRas were 
sensitive (fig 92b).
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3-4.3-9 Southern analysis

Southern analysis was carried out to determine the number of RV inserts in 
som e cell types. ECOR1 cuts at a unique site in the proviral DNA of SV40T. Fig 
94 demonstrates the presence of 1 integrated copy of the gene in KT1 and KT5 
cells (lanes 2 & 5), 2 feint band are observed for KT3 and KT4 cells (lanes 3 &
4).

Fig 95 demonstrates 1 copy of the gene in KT1, KTRas 1 and KTRas2 cells 
(lanes 2, 3 & 4). KT1 Ras A cells are shown in lane 5. These cells were derived 
from KT1 following infection with ZipRasHyg. The presence of 2 bands in this 
lane indicates either that the KT1 cells were not a true clonal population or that 
gene rearrangement has occurred in the segment of DNA in which SV40 T 
integrated.

The filter shown in fig 95 was rehybridised for v -Ha ras but does not show an 
integrated exogenous ras gene fig 96. Only bands corresponding to 
endogenous ras are seen. The Southern analysis was performed at the end of 
this project using cells that had been subcultured many times following infection 
with the retroviral vector. However cells were maintained in medium containing 
the appropriate selection throughout the experiments.

Although the presence of v-Ha ras transcripts was demonstrated in cells 
infected with Zipras or ZipRasHyg at an early stage following infection with the 
retroviral vectors, no proof that these cells expressed the gene (or mutant ras 
protein, see  below) following repeated passage in tissue culture was obtained 
and this point requires further clarification.

5.4.3.10 Protein analysis

Polyacrylamide gel electrophoresis can be used to identify mutant ras protein
as it migrates more slowly than the normal protein (p21). Mutant and
endogenous ras protein were detected in 3T3 cells, and SVK-14 cells infected
with zip Ras (fig 97). Mutant ras protein was also detected in two clonal
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derivatives of SVKRas cells (fig 98b). However NDKT, NDKMyc, KT or KT1 cells 
infected with ZipRasHyg did not appear to express mutant ras protein (figs 98a 
& b) after repeated subculture. This experiment was carried out using the same 
cells as for the Southern analysis.

Results of the Southern and protein analysis suggests that following repeated 
passage in tissue culture, KTRas 1, KTRas2 and KT1 RasA cells no longer 
contain the v-Ha ras gene.

The presence of v-gagmyc protein (110 kD) was confirmed for polyclonal 
populations of NDK, SVK-14 and keratinocytes infected with Dok vMyc. 
Endogenous c-myc protein (62kD) was also detected in the cells examined (fig 
99).

5.5 Discussion

5.5.1 Calcium phosphate transfection.

The efficiency of calcium phosphate transfection is low, <1% for murine 
fibroblasts (James & Grosveld, 1986) and known to be affected by a variety of 
factors including the cell type used. The efficiency is greater when rodent as 
opposed to human cells are used (Spandidos, 1985). The morphology of the 
precipitate is also important and should be fine and granular, (James & 
Grosveld, 1986) although Graham & Bacchetti (1983) recommended a coarse 
floccular precipitate. The pH o f  buffers used is also critical (mixing of the various 
components should yield a precipitate of pH 6.9+/- 0.05) as is the time of 
exposure of cells to the precipitate, in some experiments 4h is sufficient, 
Graham & Bacchetti (1983), other cell types may require up to 24h (Spandidos 
& Wilkie 1984a) and the concentration of DNA used in the precipitateis also
important (ideally, 10-50pg/ml). Both the size and concentration of the carrier 
DNA are also important as this affects the morphology of the precipitate 
(Graham et al, 1980). High molecular weight DNA is more efficient than low 
molecular weight, sheared DNA (Graham et al, 1980).
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Variation of the time of exposure of keratinocytes to a precipitate of varying 
morphology and correct pH failed to produce G418r keratinocyte colonies 
following transfection with plasmids containing the Ha ras gene. The most likely 
explanation for this failure is the low efficiency of this technique when human 
cells are used. Other factors which may have contributed to the low efficiency 
include the high passage number of the keratinocytes used for these 
experiments (p12-18). A higher success rate might have been achieved with 
low passage cell containing a higher percentage of self-renewing stem cells 
(Barrandon & Green, 1987b). These authors (Barrandon & Green, 1987b) have 
identified three different types of clones (or colonies) derived from the progeny 
of cultured keratinocytes. Holoclones are defined as having a high growth 
potential, in which the majority of the cells do not initially undergo terminal 
differentiation; paraclones as those which have low proliferative potential and 
in which all the progeny terminally differentiate; and meroclones which are 
intermediate between holoclones and paraclones. Founders of cells in 
holoclones may be stem cells and those of paraclones transit amplifying cells. 
Cells of low passage number contain a higher proportion of holoclones and 
have higher proliferative capacity. However only a small percentage of the total 
keratinocyte population are dividing and it might also have been helpful to vary 
the time interval between plating the keratinocytes and the transfection to 
increase the number of target cells. Another problem with human keratinocytes 
is that colonies are stratified and access to proliferative cells in the basal layer is 
limited.

Exposure of cells to high levels of calcium, which may induce stratification and
terminal differentiation of the keratinocyte population has been postulated as a
further explanation for failure of calcium phosphate transfection of keratinocytes
by Harper et al (1988). These authors proposed a low K/Ca or strontium based
transfection protocol and using this method successfully demonstrated
expression of the catecholamine transferase gene following transfection of
murine keratinocytes. However it seem s unlikely that exposure to high levels of
calcium is the only explanation for the low efficiency of this technique.
Successful gene transfer using a transfection protocol similar to that described
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here and keratinocytes at low passage has been achieved although the 
efficiency is low (Pei X-F and F Watt, ICRF, personal communication). 
Transfection of human keratinocytes with papilloma virus has also been 
achieved by this method (Pirisi et al, 1987, Durst et al, 1987, MCCance et al,
1988).

Improved efficiency of transfection has also been reported if human 
keratinocytes are trypsinised to single cells (Chang, 1986). A further 
explanation for the failure to achieve gene transfer by calcium phosphate 
transfection is the possible toxic effect of the exogenous ras genes on certain 
cell types (Ridley et al, 1988, see  below).

5.5.2 Microinjection

Microinjection of keratinocytes with pSV2Neo demonstrated that transfer of 
genes into keratinocytes by this method is feasible but occurs at only low 
efficiency. Keratinocytes offered a high degree of resistance to injection when 
compared to fibroblasts, presumably due to their rigid cytoskeleton. However 
gene transfer into human keratinocytes by microinjection has been reported by 
Steinberg et al (1989).

One possible reason for failure to establish keratinocytes expressing the Ha-ras 
oncogene is that the number of cells that could be injected in one session was 
low (<50 cells) reducing the chance of injecting cells in a holoclone with high 
initial proliferative potential (Barrandon & Green, 1987b).

Previous experiments suggest that an exogenous ras gene can be expressed in
certain types of cultured keratinocytes. For example, successful transfection of
human nasopharyngeal epithelial cells has been reported using Sendai virus
envelope-mediated gene transfer (Stevenson & Volsky, 1986). These cells
were shown to express ras and myc transcripts and to contain foci of cells with
altered morphology. Human epidermal keratinocytes also acquired indefinite
lifespan following infection of cells with a hybrid of adenovirus 12/SV40 (Rhim
et al, 1985) and Weissman & Aaronson (1985) reported that murine
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keratinocytes infected with a retrovirus containing HaMSV or KiMSV formed 
EGF-independent foci accompanied by alterations in cellular morphology.

Experimental data suggest that the effects of the ras gene on cell proliferation 
are variable. Microinjection of activated ras protein stimulates DNA synthesis in 
rodent embryo fibroblasts (Feramisco et al, 1984, Sullivan et al, 1986, Trahey et 
al, 1987). Murine haematopoietic cells isolated from the spleen or bone 
marrow, infected with a RV carrying v-Ha ras, are also stimulated to proliferate 
(Pierce & Aaronson, 1985, Kahn et al, 1986). However microinjection of ras 
proteins into PC 12 cells, a pheochromocytoma cell line, inhibits cell division 
and stimulates differentiation (Bar-Sagi & Feramisco, 1985). High levels of ras 
protein also inhibit the proliferation of rat kidney cells (Kelekar & Cole, 1987) 
and REF52 cells (Franza et al, 1986). Infection of Schwann cells with a retroviral 
vector containing ras induces proliferation arrest in the Gq/Gi or G2 /M phase of 
the cell cycle (Ridley et al, 1988). Microinjection of anti-ras antibodies inhibits 
the transition of cells from G1 to S (Mulchay et al, 1985), implying that ras 
protein has an important function at this stage of the cell cycle. No data are 
available regarding the activity of ras protein during the G2  or M phases of the
cell cycle but it has been postulated that oncogenic ras may act to inhibit 
proliferation at this stage of the cell cycle (Ridley et al, 1988).

Ridley et al (1988) also reported that expression of nuclear oncogenes (SV40T, 
c-myc or adenovirus E1 A) prevented ras-induced growth arrest of Schwann 
cells. Similar results have also been reported for REF 52 cells (Hirakawa & 
Ruley, 1988). The mechanism of interaction between nuclear oncogenes and 
ras is unknown although expression of nuclear oncogenes must in some way 
overcome the growth inhibitory effects of ras. Two possible models have been 
proposed to explain the observations of Ridley et al (1988). In one model, 
oncogenic ras may inhibit the cellular response to growth factors but expression 
of nuclear oncogenes abrogates the need for such factors. In the other, 
expression of ras may stimulate the secretion of a growth inhibitory factor or 
influence other growth inhibitory pathways and nuclear oncogenes desensitise 
cells to such factors.
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These reports suggest that expression of oncogenic ras might also have a 
growth inhibitory effect on human keratinocytes and that expression of ras 
might only be achieved following transfer of a nuclear oncogene together with 
ras into these cells. The observations of Ridley et al (1988) also suggest that 
tumour cells may harbour ras genes for long periods without signs of abnormal 
growth and that the finding of ras in human tumours may be of little significance, 
the oncogenes that co-operate with ras to allow rapid tumour progression 
being of greater importance.

5.5.3 Retroviral vectors

5.5.3.1 Production of amphotropic retroviral vectors.

In this study poor titers of amphotropic virus were obtained from all the 
packaging cell lines and the titers were lower as determined by the ability of RV 
to infect human (SVK-14) cells as compared to murine cells (3T3), tables 14b & 
c. This difference may reflect the slower proliferation rate of the SVK-14 cells 
when compared to 3T3.

The modified, safer amphotropic packaging cell lines, PA317 and CRIP are 
generally considered to be less efficient at packaging virus than ecotropic 
packaging lines although the reasons for this are unclear. Two factors which 
may influence the titer of virus are heterogeneity of the packaging cell lines, with 
loss of the amphotropic envelope from some cells. This can be minimised by 
culturing the packaging cells in medium containing hypoxanthine, aminopterin 
and thymidine as the packaging cells contain the selectable marker for gptr 
corresponding to the xanthine-guanine phosphoribosyl transferase gene 
(Mulligan & Berg, 1981). Packaging cells may also fal to generate sufficient 
viral glycoproteins to block amphotropic virus receptors which limits reinfection 
of the producer cells with RV and helps to raise the titer (Miller et al, 1986).

Poor expression of exogenous genes in mammalian cells using retroviral
vectors may also occur as the viral LTR may not function well as a promoter in
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some mammalian cells. This has been shown for teratocarcinoma cells (Stewart 
et al, 1982, Gorman et al, 1985) and in these experiments a higher success rate 
may be achieved using vectors containing internal epithelial specific promoters, 
for example promoter sequences associated with the keratin genes.

5.5.3.2 Morphology, growth characteristics and culture lifespan.

General remarks

This study has not attempted to evaluate the tumourigenicity of keratinocytes 
infected with retroviral vectors. The criteria generally used to distinguish 
malignant from normal keratinocytes in vitro include altered morphology, growth 
independent of fibroblast support, ability to be cultured to high passage, 
enhanced growth rate, anchorage independent growth in soft agar, tumour 
formation in nude mice and the nude mouse transplantation assay (Boukamp et 
al, 1985). The significance of these characteristics is poorly understood. For 
example, extended culture lifespan is not related to human tumorigenesis as 
cell lines can only occasionally be isolated from human tumours which 
suggests that the majority of tumour cells are inherently mortal and that 
immortality is a necessary but insufficient indicator of tumorigenesis (or the 
appropriate conditions for growing tumour cells in vitro have not been 
achieved). Similarly enhanced growth rate is not a general phenomenon 
associated with human malignant cells and several human tumour cell lines do 
not show anchorage independent growth even though they are tumourigenic in 
nude mice (Marshall et al, 1977). In this study only the ability of cells to grow in 
an anchorage independent fashion has been determined.

SVK-14 cells infected with retroviral vectors

The typical morphology of SVK-14 cells is shown (fig 68a & b). Cells infected 
with ZipRas and pLJ resembled the parent cells (figs 68e & f, 69a & b)

Cells infected with ZipNeoSV(X) and one clone resulting from infection with Dok
vMyc (SVKMyc 3) showed altered morphology (figs 68c & d, 69e & f). Unusual
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features associated with expression of v gagmyc included multiple cell 
processes and loss of cell to cell contact. This observation may be a reflection of 
increased cell motility or lack of desmosomes although this has not been 
conclusively established. Retroviruses integrate randomly in cells and it is 
possible that the altered morphology following infection with the control vector 
ZipNeoSV(X) or Dok vMyc (in clone 3) may represent displacement of a vital 
gene; however additional genetic events may be responsible for the altered 
morphology.

SVKSVX1 and SVKMyc cells showed a reduced rate of proliferation when 
compared to the parent cells (data not shown) and unlike SVK-14, SVKRas or 
SVKPLJ failed to form colonies in agar (fig 78). The reasons for this are unclear 
but may be due to a toxic effect of the v-gagmyc gene (see below) or changes 
in growth factor production. SVK-14 cells are already immortal and the effect of 
oncogenes on culture lifespan was not evaluated.

NDK cells infected with retroviral vectors.

The morphology of typical NDK cells and cells infected with retroviral vectors is 
shown figs 70-72. NDK infected with ZipSV40 orZipSV40 and ZipRas showed 
"piling-up "of cells and fusiform morphology (fig 70 c) which may reflect 
changes in cell adhesion, although this has not been conclusively established.

NDK infected with Dok vMyc also had an unusual appearance (figs 71a & b) but 
proliferated well (unlike normal keratinocytes infected with this vector, see  
below). At high passage, a second NDKMyc cell type appeared (figs 71 d, e & f) 
but reverted to a more typical morphology on passage. Since this second type 
of cell was only apparent when both cell types were present in the culture this 
altered morphology may be influenced by factors secreted by other NDKmyc 
cells or may represent a further genetic alteration.

The proliferation rate of NDK cells expressing control vectors ZipNeoSV(X) or
PLJ was reduced in medium containing selection when compared to the
parental cells implying a toxic effect of the selection on growth.
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Cells expressing ras alone were capable of only limited proliferation. A number 
of studies have reported that cells expressing ras may fail to proliferate (see 
section 5.5.2). NDK cells expressing SV40T or v-myc proliferated at a faster rate 
than the parent cells (data not shown) and these oncogenes extended the 
lifespan of these cells. The ability of v-gagmyc to extend the lifespan of NDK 
cells, but not normal keratinocytes, may be related to the fact that NDK could be 
infected more efficiently than normal keratinocytes but differences may also 
occur in the level of vgagmyc protein present in the two cell types although this 
has not been determined in the present study. The explanation for the extended 
lifespan (ie delay of senescence) of cells expressing oncogenes is unknown.

NDK cells expressing single oncogenes (with the exception of SV40T) did not 
grow in agar although cells expressing v-gagmyc and ras were able to form 
colonies.

Keratinocytes infected with retroviral vectors

Keratinocytes expressing G418r following infection with the control vectors Zip 
NeoSV(X) or PLJ could not be established although these experiments were 
repeated on many occasions and with low passage cells. Whether this was due 
to the failure to infect cells with high proliferative capacity or the toxic effect of 
selection on cell growth is unclear. Barrandon et al (1989c) have demonstrated 
that the growth potential in paraclones (see section 5.5.1 for definition) of 
human keratinocytes can be restored by infection of cells with a retrovirus 
carrying the E1A 12S gene implying that in order to be transformed by a viral 
oncogene, the target keratinocyte does not need to be a stem cell.

Keratinocytes expressing ras were also not obtained although the ZipRas vector 
readily infected SVK-14 cells. As discussed above it is possible that ras induces 
growth arrest (or differentiation) of normal keratinocytes. However failure to 
infect a cell with adequate proliferative capacity cannot be excluded.

Infection of keratinocytes with ZipSV40 was readily achieved. Transformation of
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human keratinocytes by infection with SV40 or transfection with its isolated DNA 
has been reported by a number of authors (Steinberg & Defendi, 1979, 
Taylor-Papadimitriou et al, 1982, Banks-Schlegel & Howley, 1983, Parkinson 
et al, 1983, Brown & Parkinson, 1984, Hronis et al, 1984, Bernard et al, 1985, 
Rhim et al, 1985, Edelman, 1985, Banks-Schlegel & Rhim, 1986). These 
studies demonstrate that SV40T can immortalise keratinocytes, decrease 
growth factor requirements in vitro, impair terminal differentiation in some 
cases, alter the normal keratin profile, and composition of the extracellular 
matrix.

SV40 transformed keratinocytes are known to grow as colonies in soft agar and 
the ability to do so increases at higher passage (Chang, 1986). These cells are 
not generally reported to be tumourigenic in vivo (Banks-Schlegel & Howley, 
1983, Hronis et al, 1984, Chang, 1986) although Brown & Gallimore (1987) 
reported that SV40 transformed cells produced SCC in nude mice. However 
secondary events were considered to have contributed to the development of 
these lesions as cells contained distinct cytological markers. The differences in 
biological properties reported for the various SV40 transformed keratinocyte 
cell lines may reflect the different procedures used to isolate the cell lines and 
the various techniques may select for different subpopulations of keratinocytes 
present in the culture.

In this study clones of keratinocytes infected with ZipSV40T showed variations 
in cell size and shape and the number of cells shed into the culture medium 
(figs 73 & 74). In the polyclonal population, fusiform "fibroblast-like" cells were 
also apparent. The changes in culture morphology may be due to changes in 
cell adhesion, variation in the proportion of differentiating cells which may 
influence the spatial arrangement of the culture and the proportion of 
differentiating cells.

The rate of proliferation of keratinocytes infected with ZipSV40 was also
variable. The rate of proliferation was KT1>KT4>KT3>KT5 (data not shown). All
cell types expressing SV40 T grew in the absence of a fibroblast feeder layer
when first subcultured but failed to grow well in agar at those passage numbers
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tested (p1 -15 following infection) although a few colonies were occasionally 
seen. Keratinocytes expressing SV40T generated in this study did not undergo 
a "crisis" phase and the culture lifespan of the cells was extended. Similar 
results have been reported both for keratinocytes transformed with whole virus, 
(Taylor-Papadimitriou et al, 1982, Banks-Schlegel & Howley, 1983) and SV40 
ori‘ DNA (Parkinson et al, 1983, Brown & Parkinson, 1984).

Two clones of keratinocytes expressing SV40T and ras were established: 
KTRasI and KTRas2. Confluent monolayers of KTRas2 cells shed large 
numbers of viable, small round cells into the medium. At the third passage 
(following infection), KTRasI entered a "crisis" phase although some cells 
survived and were expanded for further study. Crisis is not only associated with 
SV40 transformation of keratinocytes or fibroblasts but can also be associated 
with transformation by adenovirus (Graham et al, 1977) and was also reported 
when human bronchial epithelial cells were transformed with ras (Yoakum et al, 
1985).

Both KTRasI (p5) and KTRas2 (p3) were able to form large colonies in soft agar 
although cells expressing SV40T (p5) did not. This suggests that infection with 
ZipRas may have resulted in changes in growth factor production or 
responsiveness to these factors. Similar results were reported by Rhim et al 
(1985). In the study reported by these authors, human epithelial cells were 
infected with ahybrid of adenovirus 12 and SV40 (Ad/SV40) and subsequently 
with KiMSV. Following infection with Ad12/SV40 the cells exhibited indefinite 
culture lifespan but did not grow well in agar. On subsequent infection with 
KIMSV, the cells "piled up" in focal areas, shed cells into the medium and were 
ableio  grow in soft agar. These cells also formed rapidly progressive tumours in 
nude mice.

Keratinocytes resulting from infection with Dokv Myc are shown in figs 77a-h.
Initially these cultures contained both small proliferating and large, stratifying
cells. However the large granular cells rapidly began to predominate and the
lifespan of these cells was limited to 4-5 passages following infection. Further
studies to evaluate involucrin expression by these cells (as a marker for the
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induction of terminal differentiation) are planned. Cells expressing v-gagmyc 
proliferated slowly when compared to the parent cells. No differences in the 
lifespan of the cells was observed when the cells were cultured in the presence 
or absence of a 3T3 feeder layer.

The reasons for the toxic effect of v-gagmyc are unclear. In general, the 
expression of c-myc is tightly regulated and coupled to the control of growth 
(Kelly et al, 1983) and differentiation (Langdon et al, 1986, Holt et al, 1988, 
Schmid et al, 1989) in a variety of cell types. However levels of c-myc are high 
in proliferating murine keratinocytes and remain high after calcium induced 
terminal differentiation (Dotto et al, 1986) and the function of the myc protein in 
keratinocytes is unclear. The results of this study (fig 63) and similar 
observations by (Alt et al, 1986) show that the various myc proteins can regulate 
the expression of one another as expression of v-myc transcripts reduced the 
level of c-myc (fig 63).

The v-myc and c-myc proteins may have different biological activities 
(Henriksson et al, 1988). If this hypothesis is correct then reduced expression of 
c-myc by keratinocytes infected with Do vMyc may be related to the differences 
in morphology and the rate of proliferation as compared to normal cells. 
Whether these changes are a direct toxic result of expression of v-myc or an 
indirect effect resulting from altered control of proliferation is unknown.

5.5.3.3. Expression of keratinocyte/flbroblast differentiation

markers.

The epithelial origin of NDK cells has been previously confirmed since these 
cells express keratins (Adams & Watt, 1988). These cells do not express simple 
keratins and show increased expression of fibronectin, relative to normal 
keratinocytes (L Nichols & F Watt, ICRF, personal communication).

In this study some "NDK" cells failed to express keratins following infection with
the retroviral vectors (figs 78 &79) and the epithelial origin of these cells was
questioned. Expression of keratins is not restricted to epithelial cells as the
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astroglial cytoskeleton of the optic nerve of various amphibian species consists 
primarily of cytokeratin intermediated filaments (Rungger-Brandle et al, 1989). 
Keratins have also been identified in amphibian and human smooth muscle 
cells and foetal myocardium (reviewed by Rungger-Brandle et al, 1989). Loss of 
keratins from rapidly growing mesothelial cells has also been reported (Connell 
& Rheinwald, 1982).

Further investigations demonstrated that the NDK cells infected with the RV 
vectors are not fibroblasts (which may have been present as contaminants in 
the culture) as they lack the fibroblast marker Thy1 (fig 81) and continue to 
express epithelial peanut-lectin binding glycoprotein, (fig 82) which is not 
expressed by fibroblasts (S. Keeble, ICRF, personal communication and data 
from this study). Cells derived following infection with the retroviral vectors did 
not appear toexpress simple keratins (as determined by immunofluorescence, 
see table 17) although the identity of keratins synthesised has not been 
determined by two dimensional gel electrophoresis. These cells also showed 
reduced expression of vimentin (fig 83).

Keratinocytes infected with ZipSV40 (or ZipSV40 and ZipRasHyg) showed 
strong keratin expression (figs 84 & 85) and did not express simple keratins (fig 
86). This was an unexpected finding as transformation with SV40 virus normally 
disrupts the normal pattern of keratin synthesis and induces expression of 
keratins characteristic of simple epithelia (Bernard et al, 1985, Hronis et a l,
1984). Expression of simple keratins was also reported for keratinocytes 
transfected with SV40 oil" DNA (Brown & Gallimore, 1987). However Darmon et 
al, 1984 also failed to detect simple keratins in keratinocytes transformed by 
SV40 virus and it is possible that induction of simple keratins occurs as a 
secondary event following infection with this virus.

5.5.3.4 Cellular levels of TGFa and rate of secretion of TGF ct&p by 

cells infected with retroviral vectors

The optimal growth of cells in culture generally requires one or more growth
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factors (Rozengurt, 1986) and it has been suggested (Ridley et al, 1988) that 
oncogenes may co-operate to transform cells by reducing or abrogating the 
requirement of cells for exogenous growth factors. A number of studies have

reported that ras transformed cells may secrete higher levels of TGFa (Ozanne 
et al, 1980, Marshall et al, 1985, Spandidos, 1985, Dickson et al, 1987) and it 
has been postulated that this secreted growth factor may interact with the 
producer cells in an autocrine fashion to influence cell proliferation (Sporn & 
Todaro, 1980) although there is no formal proof that autocrine mechanisms are 
responsible for the proliferation of ras transformed cells.

To date, changes in the rate of secretion of TGFa by human keratinocytes 
transformed by oncogenes has not been reported. However SVK-14 cells are 
known to secrete a mitogen which acts synergistically with insulin to stimulate 
DNA synthesis in quiescent 3T3 cells. These cells also grow without a fibroblast 
feeder layer and have reduced growth factor requirements suggesting that 
oncogene expression results in altered growth factor production 
(Taylor-Papadimitriou et al, 1982).

In this study cell extracts and CM obtained from cells infected with RV vectors 

were analysed for levels of TGFa. The results (table18) show that the rate of 

secretion of TGFa by these cells was less than that observed for the parent

cells. Similar findings were observed for cellular levels of TGFa (table 18). (In 
some cases CM and cell extracts contained an unknown factor that enhanced

the binding of125 I TGFa to the solid phase used in the TGFa assay and such 
samples were retested with control antibody).

The rate of secretion of TGFa was found to vary with the culture medium used.

For example, the rate of secretion of TGFa by normal keratinocytes grown on a 
fibroblast feeder layer in DMEM/Hams F12 supplemented with 10%FCS, 
hydrocortisone, insulin, cholera toxin and epidermal growth factor was
3.1 ng/10^cells/24h whereas the rate of secretion of this growth factor by cells
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cultured in MCDB 153 was 1.95ng/10^cells/24h. The rate of secretion of TGFa 

by keratinocytes infected with retroviral vectors (KT, KT1, KTRasI, KTRas2, 
KMyc) was higher when the cells were grown in MCDB 153 when compared to 
when they were maintained without a fibroblast feeder layer in supplemented 
DMEM/Hams F12 (table 18). This suggests that although keratinocytes infected 
with the retroviral vectors carrying oncogenes were able to grow in the absence 
of a fibroblast feeder layer, maintaining cells in this way reduced secretion of

TGFa.

The rate of secretion of TGFa by keratinocytes infected with vectors carrying 
oncogenes was lower than the rate of secretion of this growth factor by normal

cells (table18). Cellular levels of TGFa were also lower in cells infected with 
these vectors. This demonstrates that infection of cells with retroviral vectors 
carrying the SV40T, myc and ras oncogenes does not result in an increased

rate of secretion of TGF a by keratinocytes. However a further effect, which must 
be considered is that the reduction in secretion of this growth factor may be 
related to the growth of cells in medium containing G418 and/or Hyg selection 
(see below). Other cell lines examined, SCC 4, SCC 9, SCC 15, SCC 25 and

A431 cells, also showed a reduced rate of secretion of TGFa when compared to 
normal keratinocytes (table 18).

The failure to demonstrate an increased rate of secretion, or increased cellular

levels of TGFa suggests that it is unlikely that this growth factor plays a 
significant role in the altered growth properties of these cells including the 
ability to grow in the absence of a fibroblast feeder layer, an increase in the rate 
of proliferation (as compared to the parent cells), the ability to grow in agar or 
extended culture lifespan.

Previous studies in which a hamster lung fibroblast cell line was transfected
with the T-24 Ha-ras, v-Kiras or myc oncogenes (Pichon et al, 1988) suggested
that high levels of oncogene expression may be required before changes in the
rate of secretion of growth factors occur. In the present study, all cells infected
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with retroviral vectors were shown to express the appropriate transcripts for the 
oncogene products or control sequences, however the levels of expression of 
the protein products have not been determined but may be important (see 
below).

Failure to demonstrate an increased rate of secretion of TGFa by murine 

keratinocytes infected with HaMSV has been recently reported by other authors 
(Falco et al, 1988). In this study ras transformed cells, maintained in defined 
medium, retained a strict requirement for insulin but lost their requirement for 
EGF. However these cells did not release any EGF-like activity (ie EGF or

TGFa) which may influence proliferation in the absence of EGF. Taken together

the results suggest that growth factors other than TGFa, the identities of which 
are currently unknown, may stimulate proliferation of keratinocytes infected with 
vectors carrying oncogenes.

An additional member of the EGF family, termed "amphiregulin", has recently 
been identified (Shoyab et al, 1989). This is a 78 amino acid polypeptide, with a 
high degree of homology to EGF, which binds to the EGFR although with lower 
affinity than EGF. It is as effective as EGF in stimulating the proliferation of 
murine Balb/MK keratinocytes, stimulates the growth of fibroblasts and inhibits 
the growth of A431 cells. It is not yet known whether the radioimmunoassay for

TGFa also detects amphiregulin, but this growth factor may also be synthesised 

by normal and transformed keratinocytes.

Other epidermal cell-derived factors (EDF) which stimulate the proliferation of 
keratinocytes have been reported (Eisinger et al, 1988). EDF has been shown 
to increase the number of rapidly proliferating keratinocyte colonies and to 
inhibit the proliferation of fibroblasts. It also inhibits the ability of fibroblasts to 
cause contraction of collagen gels, an activity not shown by EGF, bFGF, PDGF,

TGF|3 or NGF (nerve growth factor).

A third growth factor, specific for epithelial cells has been identified, purified and
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cDNA sequence determined from a human embryonic lung fibroblast cell line. 
This factor termed keratinocyte growth factor (KGF, Rubin et al, 1989, Finch et 
al, 1989) is a member of the fibroblast growth factor family. It is a potent mitogen 
for epithelial cells, but not fibroblasts. KGF transcripts have not been identified 
in any epithelial cell lines tested to date (Finch et al, 1989). Further studies to 
look for evidence of synthesis of other growth factors including amphiregulin 
and KGF are planned.

Ras transformed cells also secrete TGFp (Ozanne et al, 1980, 
Krycere-Martinerie et al, 1982, Kaplan et al, 1982, DeLarco, 1983, Cowley et al, 
1984) which may also influence the proliferation of cells via an autocrine 
mechanism (Spom &Todaro, 1980).

The rate of secretion of total TGFp by cells infected with retroviral vectors 
carrying oncogenes was also determined (table 18). The alterations in the rate

of secretion were more varied than those for TGFa.

The rate of secretion of TGFp by NDK infected with retroviral vectors was 
equivalent to or slightly lower than that of the parent cells (table 18). The lowest

levels of TGFp were observed in NDK infected with two vectors, either DOK 
vMyc and ZipRas or ZipSV40 and ZipRas (table 18). Whether the reduction in

the rate of secretion of TGFp is due to the presence of two oncogenes or culture 

of cells in medium containing both G418 and hygromycin selection is unclear.

Northern analysis also demonstrates variable levels of TGFp transcripts in NDK 
cellsand cells infected with RV vectors (figs 58, 64 & 67a).

The rate of secretion of TGFp by SVK-14 cells infected with retroviral vectors 
was also generally low when compared to the values for SVK-14. SVKMyc,

SVKMyc 3 and SVKMyc 6 showed an increase in the rate of secretion of TGFp 

and SVKRas clones 1 & 2 and SVKMyc 4 a reduced rate of secretion when the 
values were compared to those for the parent cells (table18). Cells expressing
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selection medium. These cells also expressed low levels of TGFp transcripts 

(figs 61,66 & 67b).

Similary variable rates of secretion of TGFp were detected in normal 
keratinocytes infected with retroviral vectors (table 18) and levels wereagain

influenced by the culture conditions. The rate of secretion of TGFp by KMyc 

maintained in DMEM/Hams F12 supplemented with 10% FCS, hydrocortisone, 
insulin, cholera toxin and epidermal growth factor with a 3T3 feeder layer was 
higher than the levels for normal keratinocytes (table 18). However the values 
for other cell types, following infection with the vectors (cultured under the same 
conditions) was lower (table 18). Northern analysis shows similar levels of

TGFp transcripts in keratinocytes and cells infected with ZipSV40 and ZipRas 

(fig 61).

Overall these results demonstrate a more varied change in the rate of secretion 

of TGFp by cells infected with vectors carrying oncogenes. Taken all together 

the results show a reduction in the rate of secretion of TGFp following infection

with the vectors. However levels of active (as opposed to total) TGFp detected in 

CM obtained from these cells may be more relevant; they have only been 
determined for 3 cell types; (normal keratinocytes 0.45ng/107cells/24h; KT 
0.4ng/107cells/24h; KT5 0.35ng/107cells/24h) and do not suggest any 
significant change.

5.5.3.5 Response of cells infected with retroviral vectors to 

exogenous TGFB or TNF.

Keratinocytes infected with ZipSV40 and ZipRasHyg showed inhibition of

growth in response to exogenous TGFp (figs 90 & 91). Whether or not any
changes in response will become apparent with increased passage in tissue
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culture (as observed for certain cell lines) has yet to be determined. The growth 
of most cells types was also inhibited by TNF (fig 93). However, whereas 
SVK-14 are normally resistant to TNF, SVKRas were sensitive. The 
mechanisms responsible for this change are unclear but similar observations 
have been reported following the introduction of the E1A and src oncogenes 
into 3T3 cells (Chen MJ et al, 1987).

S.5.3.6 Nucleic acid and protein analysis

Transcripts for the oncogene products and control sequences were detected by 
Northern analysis in cells infected with the retroviral vectors (figs 57 - 65).

Southern analysis confirms the clonal origin of KT1, KT5, KTRasI and KTRas2 
cells (figs 94 & 95). KT3 and KT4 cells may contain more than one integrated 
copy of the retroviral vector (fig 94).

The Southern analysis was performed using cells that had been sub-cultured 
many times following infection with the vectors and when the filter shown in fig 
95 was reprobed for the v-Ha ras gene, no evidence of integration of this vector' 
was seen (fig 96). Immunoprecipitation for ras protein also failed to demonstrate 
the oncogene product in these cells (figs 98 a & b). However expression of 
mutant ras protein following infection of SVK-14 with ZipRas was still detected 
following repeated passage in tissue culture (figs 97,98a).

The cells used in experiments to determine the rate of secretion of TGF a & p 

(passages 2-3 following infection with the vectors) were all found to express 
transcripts for the oncogene products. However conclusive evidence of 
expression of mutant ras protein at this stage was not obtained. Keratinocytes 
infected with ZipSV40T followed by ZipRasHyg may have ost the v-Ha ras gene 
with repeated sub culture. Failure of NDK infected with ZipRasHyg to express 
mutant ras protein (fig 98a) also suggests that this may have occurred in other 
cell types.
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Cells infected with the various vectors were maintained in medium containing 
G418 selection (or G418 and hygromycin) throughout the period of these 
experiments and the reasons for loss of the ras gene are unclear. The presence 
of transcripts for v-Ha ras in cells infected with ZipRasHyg clearly indicates that 
successful infection of these cells with this vector was achieved. The altered 
morphology of the NDK cells following infection with DOK vMyc and ZipRasHyg 
and the ability of NDKMycRas to grow in agar in agar also suggests successful 
infection. Previous studies reported that levels of p21 ras in polyclonal 
population of rat embryo fibroblasts cotransfected with plasmids containing ras 
and Neor fall during in vitro passage (Land et al, 1986) and it may be that 
repeated subculture selects for cells which express low levels of p21 ras. 
Whether or not the cells continue to express transcripts for Neor or Hygr at high 
passage has not been determined and further studies are planned. The 
Southern analysis and immunoprecipitation studies for p21 ras must be 
repeated using low passage cells.

5.6 Conclusions

These studies indicate that retroviral vectors can be used to transfer oncogenes 
(including SV40T, myc and ras) into cultured human keratinocytes. The altered 
growth properties of these cells when compared to the parental cells, including 
the ability to grow without a 3T3 feeder layer, the increased rate of proliferation 
and ability to grow in soft agar suggest that alterations in growth factor 
production, or in growth factors signalling pathways must occur.

Cells infected with the retroviral vectors do not secrete increased levels of TGFa
or consistently reduced levels of TGFp when compared to normal cells and
remained sensitive to the growth inhibitory effects of TGFp and TNF. This 
suggests that other growth factors, the identities of which are as yet inclear must 
act to influence the proliferation of these cells. However further characterisation 
of the cells types generated in this study is required before further experiments 
can be carried out.
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Chapter 6

6.1 Summary

Transforming growth factors have a wide range of biological activities related to 
cell proliferation and differentiation. In general TGFa promotes cell proliferation
while TGFp may stimulate or inhibit proliferation depending on the cell type and 
growth factor environment. Cultured human keratinocytes, skin and oral 
squamous cell carcinomas were analysed for the presence of transcripts and
protein for TGF a  & p. Both growth factors were detected in cultured 
keratinocytes (which have receptors for and respond to both ligands), and in
medium conditioned by these cells. Additionally transcripts for TGFa were 
found preferentially in the basal, proliferative compartment of cultured 
keratinocytes. Similarly both growth factors were detected in oral squamous cell 
carcinomas and a highly significant inverse correlation was found between the
levels of TGFa and the epidermal growth factor receptor in these tumours. The
data for TGFa are consistent with the existence of an autocrine growth control 
loop influencing cell proliferation in both a normal cell type and malignant 
epithelial tissues, a process that in keratinocytes and responsive squamous
cell carcinomas could be modulated by TGFp. However substantive proof of 
autocrine growth control is difficult to obtain both in vitro and in vivo. Evidence of 
production of IL-1, IL-6, FGF, ILGF-1 and PDGF was also obtained.

Epithelial cells were also infected with retroviral vectors carrying oncogenes
and the rate of secretion of TGFa & p determined. Three types of epithelial cells 
were infected with the vectors. SVK-14 were useful at the start of these 
experiments although other SV40 transformed keratinocytes were subsequently 
generated. NDK were included in the study as they are a population of 
keratinocytes which do not undergo terminal differentiation in culture. Normal 
keratinocytes were also infected with the vectors and represent a 
heterogeneous population of proliferating and terminally differentiating cells.
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When keratinocytes were infected with SV40T, ras or myc, or a combination of 
these oncogenes, some cell types showed an increase in the rate of 
proliferation, were able to grow in the absence of a fibroblast feeder layer, 
formed colonies in soft agar and showed an extended culture lifespan. Analysis
of the rate of secretion of TGFa & p showed a reduction in the rate of secretion
of TGFa and a more variable change in secretion of TGFp. (However the culture 
conditions were also shown to influence the rates of secretion of these growth 
factors). Cells infected with the retroviral vectors remained sensitive to the
growth inhibitory effects of TGFp and TNF. In view of the altered growth 
characteristics of these cells it is concluded that other growth factors, the 
identities of which are as yet unclear, must act to influence the proliferation of 
these cells.

However before firm conclusions can be drawn from this study it is essential to 
establish that the various cell types express all the oncogene products at the 
time thatsecretion of growth factors is determined. If this the case then these cell 
types may serve as a useful model to a ssess the role of oncogenes in abnormal 
growth control.
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