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ABSTRACT.

This thesis describes a series of experiments conducted to elucidate some of
the mechanisms by which the extracellular matrix (ECM) may control
differentiation and growth of colon epithelial cells. The use of in vitro
models mimicking the ECM in which some colon carcinoma cell lines express
a normal differentiated phenotype permitted the analysis of the biochemical
and genetic mechanisms underlying the cell-matrix interaction. The
findings give an insight into some of the events occurring during the
multistep progression from normal epithelium to colorectal cancer.

The ability of colon carcinoma cells to express a differentiated phenotype
was found to depend on the presence of a specific cell surface collagen
receptor recognising the tripeptide sequence Arg-Gly-Asp (RGD) which is a
cell binding site common to several ECM proteins. In order to map the
gene(s) controlling the expression of this RGD receptor and hence collagen
binding and morphological differentiation, a panel of somatic cell hybrids
was produced by fusing a human colon carcinoma cell line able to
differentiate in collagen matrix with a mouse rectal carcinoma cell line that
shows no glandular organisation. The gene(s) controlling both the collagen
binding and glandular differentiation was mapped to the human
chromosome 15. The RGD receptor complex was then characterised using
affinity chromatography and immunoprecipitation techniques and shown to
be a member of the integrin superfamily of cell surface receptors.
Carcinoembryonic antigen was shown to function as an accessory molecule
controlling the collagen receptor activity. The collagen receptor was shown
to be under the regulatory control of Transforming Growth Factor Betas
which by upregulating the receptor expression, increased the adhesiveness
of the cells to collagen and their morphological differentiation.
Immunohistochemical studies were also performed to analyse the expression
of the collagen receptor complex in normal colon epithelial cells and in
colorectal adenocarcinomas. Low expression of the collagen receptor was
found frequently in colorectal adenocarcinomas and was associated with a
loss of tumour differentiation. These data supported the hypothesis that loss
of ability to express an ECM receptor could be a key step occurring in the

pathogenesis of colon cancer.



ACKNOWLEDGEMENTS.

First of all I would like to thank my supervisor Sir Walter Bodmer for helpful
and stimulating discussions during my three years spent in his laboratory at
the Imperial Cancer Research Fund.

I am grateful to many people at the Fund who gave me encouragement and
technical advice. Particularly I would like to thank Cynthia Dixon and Helga

Durbin for their invaluable practical help.

I would like to thank all the technical staff at the I.C.R.F. Histopathology Unit
at the Royal College of Surgeons and in particular George Elia for many

sections processed at very short notice.

Last but not least I should thank my wife Julia for her invaluable

encouragement throughout the different stages of this thesis.



DECLARATION.

All the experiments included in this thesis were performed by myself unless

specifically indicated otherwise in the text.



This thesis is dedicated to my wife Julia.



CONTENTS.

PAGE
TITLE PAGE. 1
ABSTRACT. 2
ACKNOWLEDGEMENTS. 3
DECLARATION. 4
CONTENTS. 6

LIST OF FIGURES. 14

LIST OF TABLES. 19
ABBREVIATIONS. 20
CHAPTER 1. GENERAL INTRODUCTION 21

1.1 INTRODUCTION 21

1.2 ADENOCARCINOMA OF THE LARGE BOWEL 23

1.2.1 Epidemiology 23

1.2.2 Adenoma-carcinoma sequence 26

1.2.3 Histopathology 26

1.2.3 a) Macroscopic appearance 26

1.2.3 b) Microscopic appearance 27

1.2.4 Prognosis 28

1.2.4 a) Grading 28

1.2.4 b) Staging 30

1.3 EXTRACELLULAR MATRIX AND NEOPLASIA 31
1.3.1 Extracellular matrix proteins 31

1.3.1 a) Collagens 31



1.

4

1.3.2

1.3.3

1.3.4
1.3.5

3.1 b) Fibronectin
3.1 ¢) Laminin

3.1 d) Nidogen/Entactin
3.1 e) Vitronectin

3.1

1
1
1
1
1 f) Proteoglycans

3.2 a) Integrin family

.3.2 b) Non integrin extracellular matrix
receptors

Extracellular matrix receptors
1
1

Extracellular matrix proteins in epithelial
neoplasia

Colorectal tumour differentiation

In vitro models for the study of colorectal

tumour differentiation using human colorectal

carcinoma cell lines

1.3.5 a) Introduction

1.3.5 b) Intestinal differentiation in culture

1.3.5 ¢) Spontaneous glandular differentiation
in culture

1.3.5 d) Glandular differentiation in
immunocompromised mice

1.3.5 e) Glandular differentiation in organ
culture and in three-dimensional
collagen gel

AIMS OF THE RESEARCH

1.4.1

1.4.2

1.4.3

1.4.4

1.4.5

Development of an in vitro model to study
differentiation of colorectal cancer

The identification and characterisation of
extracellular matrix receptors controlling
differentiation in colorectal carcinoma
cell lines

To investigate mechanisms by which
Transforming Growth Factor betas control
differentiation and proliferation of colorectal
carcinoma cell lines

Elucidation of the genetic control of colorectal
tumour differentiation

To study changes in the expression of collagen
receptors in relation to the development of
colorectal tumours

35
37
38
38
39

39
40
45
47

49

52
52
52

53
53

54

56

57

58

58

59

59



CHAPTER 2. MATERIALS AND METHODS

2.1

2.2

2.3

2.4

2.5

2.6

CELL BIOLOGY
2.1.1 Standard tissue culture
2.1.2 Collagen gel

2.1.2 a) Preparation
2.1.2 b) Semi-quantitative analysis of the

degree of glandular differentiation of

SW1222 colon carcinoma cells in
collagen gel

2.1.3 Matrigel

CELL ADHESION
2.2.1 Extracellular matrix proteins
2.2.2 Coating

2.2.3 Cell attachment assay

SYNTHETIC PEPTIDES
2.3.1 Synthesis

2.3.2 Use of synthetic peptides to inhibit tumour

differentiation in three dimensional collagen

gel

2.3.3 Use of synthetic peptides to inhibit cell
attachment to extracellular matrix proteins

PRODUCTION OF HUMAN-MOUSE SOMATIC CELL
HYBRIDS

2.4.1 Fusion technique
2.4.2 Cloning

2.4.3 Chromosome analysis

PRODUCTION OF XENOGRAFT TUMOURS

MONOCLONAL ANTIBODIES

2.6.1 Production
2.6.1 a) Immunisation
2.6.1 b) Fusion technique
2.6.1 c¢) Culture of fused cells

61
61
61
63

63

64

64
64
65
65

66

66

66

67

67

67
68
68

69

70

70
70
71
71



2.7

2.8

2.6.1 d) Cloning
2.6.1 ¢) Weaning off HMT medium

2.6.2 Initial screening
2.6.2 a) GAG-ELISA on whole cells
2.6.2 b) Indirect immunoperoxidase staining

2.6.3 Immunodiffusion

2.6.4 Inhibition of the binding to extracellular
matrix proteins by monoclonal antibodies

2.6.5 ELISA for carcinoembryonic antigen
reactivity

2.6.6 Testing the collagen binding activity of
carcinoembryonic antigen

IMMUNOCHEMISTRY

2.7.1 Affinity chromatography using a type I

collagen Sepharose column

2.7.1 a) Preparation of a type I collagen-
Sepharose column

2.7.1 b) 1251 surface labelling

2.7.1 c¢) Elution of radiolabelled collagen
binding proteins from a
collagen-Sepharose column

2.7.1 d) SDS-polyacrylamide gel

2.7.2 Immunoprecipitation

TRANSFORMING GROWTH FACTOR BETAS
2.8.1 Source
2.8.2 Effect on cell proliferation in monolayer

2.8.3 Effect on cell proliferation and differentiation
in collagen gel

2.8.4 Effect on cell binding to type I collagen

71
72

72
73
74

75

75

76

76

77

77
78
78

79
79

80

81
81

81

81
82



CHAPTER 3.

3.1

3.2

3.3

3.4

3.5

3.6

CHAPTER 4.

4.1

4.2

4.3

THE CONTROL OF COLORECTAL TUMOUR
DIFFERENTIATION AND PROLIFERATION
BY EXTRACELLULAR MATRIX RECEPTORS
INTRODUCTION

GROWTH PATTERNS OF COLORECTAL
CARCINOMA CELL LINES

3.2.1 Standard tissue culture conditions
3.2.2 Three-dimensional collagen gel

3.2.3 Matrigel

ADHESION OF COLORECTAL CARCINOMA CELL
LINES TO EXTRACELLULAR MATRIX PROTEINS

CHARACTERISATION OF THE COLLAGEN
RECEPTOR BINDING SITES OF SW1222 AND
SW480 COLON CARCINOMA CELL LINES

THE ROLE OF AN RGD-DIRECTED COLLAGEN
RECEPTOR IN MEDIATING SW1222
DIFFERENTIATION IN COLLAGEN GEL

DISCUSSION

GENETIC CONTROL OF COLLAGEN MEDIATED

GLANDULAR DIFFERENTIATION OF SW1222 CELLS

INTRODUCTION

PRODUCTION OF THE HUMAN-MOUSE SWC
SOMATIC CELL HYBRIDS

4.2.1 Fusions and selection

4.2.2 Karyotype analysis

CHARACTERISATION OF THE SWC HYBRIDS

4.3.1 Growth of SWC hybrids in monolayer

4.3.2 Growth of SWC hybrids in a three-dimensional

collagen gel

83
83

83
83
88
92

92

95

103

106

110

110

111
111

112

112

112

119



4.4

4.5

CHAPTER 5.

5.1

5.2

4.3.3 Growth of SWC hybrids as xenografts in nude
mice

FUNCTIONS OF AN RGD COLLAGEN RECEPTOR ON
SWC HYBRIDS

4.4.1 Control of morphological differentiation

4.4.2 Control of cell adhesion

DISCUSSION

CHARACTERISATION OF A COLLAGEN RECEPTOR
COMPLEX ON SW1222 COLON TUMOUR CELLS:
ASSOCIATION WITH CARCINOEMBRYONIC
ANTIGEN

INTRODUCTION

USE OF MONOCLONAL ANTIBODIES TO IDENTIFY
CELL SURFACE COLLAGEN RECEPTORS

5.2.1 Production and initial screening
5.2.2 Characterisation of monoclonal antibody MP4F10

5.2.2(a) Origin

5.2.2(b) Reactivity of monoclonal antibody
MP4F10 with normal colorectal mucosa

5.2.2(¢c) Reactivity of monoclonal antibody
MP4F10 with other normal
human tissues

5.2.2(d) Reactivity of monoclonal antibody
MPF10 with type I collagen, type IV
collagen, fibronectin and laminin

5.2.2(e) Reactivity of monoclonal antibody
MP4F10 with colorectal
adenocarcinomas

5.2.2(f) Reactivity of monoclonal antibody
MP4F10 with human colorectal
carcinoma cell lines

5.2.3 Screening of monoclonal antibodies in a cell
attachment assay

5.2.4 Reactivity of PR3B10 monoclonal antibody with
human carcinoembryonic antigen

123

128
130
132

132

138
138

139
139
143
143

143

143

145

145

148

148

155

11



5.3

5.4

CHAPTER 6.

6.1

6.2

6.3

6.4

6.5

5.2.5 Inhibition of SW1222 collagen binding by
monoclonal antibodies recognising
carcinoembryonic antigen

5.2.6 Type I collagen binding activity of
carcinoembryonic antigen

ISOLATION OF AN RGD-DIRECTED COLLAGEN
RECEPTOR COMPLEX FROM SW1222 COLON
TUMOUR CELLS

5.3.1 Introduction

5.3.2 Affinity chromatography on a type I collagen
Sepharose column

5.3.3 Immunoprecipitation

DISCUSSION

CONTROL OF THE EXPRESSION AND FUNCTION OF
THE SW1222 COLLAGEN RECEPTOR BY
TRANSFORMING GROWTH FACTOR BETAS
INTRODUCTION

EFFECT OF TGF-B1 AND TGF-f2 ON SW1222
COLLAGEN BINDING

EFFECT TGF-B; AND TGF-B2 ON SW1222
DIFFERENTIATION AND PROLIFERATION
6.3.1 Collagen gel culture

6.3.2 Monolayer culture

EFFECT TGF-B; AND TGF-§3 ON THE COLLAGEN

BINDING, DIFFERENTIATION AND PROLIFERATION
OF OTHER COLORECTAL CARCINOMA CELL LINES

DISCUSSION

158

158

162
162

163

163

164

171

171

172

174

174

177

177

181



CHAPTER 7. DISTRIBUTION OF VLA-2 AND VLA-3 INTEGRIN
COLLAGEN RECEPTORS IN NORMAL AND

NEOPLASTIC COLONIC MUCOSA
7.1 INTRODUCTION
7.2 TISSUES
7.3 IMMUNOHISTOCHEMISTRY
7.4 RESULTS

7.4.1 Expression of VLA-2 and VLA-3 in normal colonic
epithelium

7.4.2 Expression of VLA-2 and VLA-3 in adenomas and
colon adenocarcinomas

7.5 DISCUSSION

CHAPTER 8. CONCLUDING REMARKS

REFERENCES.

PUBLICATIONS.

185

185

186

186

187

187

191

196

198

202



LIST OF FIGURES.

CHAPTER 3, PAGE
Fig.3.1(a) SW1222 cells in monolayer, phase contrast microscopy. 86
Fig.3.1(b) SW480 cells in monolayer, phase contrast microscopy. 86
Fig.3.2(a) SW620 cells in monolayer, phase contrast microscopy. 87
Fig.3.2(b) LS174T cells in monolayer, phase contrast microscopy. 87
Fig.3.3(a) SW1222 cells in three-dimensional collagen gel (d-PAS). 89
Fig.3.3(b) SW480 cells in three-dimensional collagen gel (H&E). 89
Fig.3.4(a) Semiquantitative analysis of the degree of glandular

differentiation of SW1222 cells in collagen gel. 90
Fig.3.4(b)  Growth curve of SW1222 cells in three-dimensional

collagen gel and in monolayer. 91
Fig.3.5(a) SW620 cells in three-dimensional collagen gel (H&E). 93
Fig.3.5(b) LS174T cells in three-dimensional collagen gel (H&E). 93
Fig.3.6 SW1222 cells in Matrigel (H&E). 94

Fig.3.7(a) Binding of seven human colorectal carcinoma cell lines to

human type I collagen using a cell adhesion assay. 96
Fig.3.7(b) Binding of seven human colorectal carcinoma cell lines to

human type IV collagen using a cell adhesion assay. 97
Fig.3.8(a) Binding of seven human colorectal carcinoma cell lines to

human fibronectin using a cell adhesion assay. 98
Fig.3.8(b) Binding of seven human colorectal carcinoma cell lines to

human laminin using a cell adhesion assay. 99
Fig.3.9 Effect of serial concentrations of SRGDTG, SRGETG, GRGDSP

and GRGESP synthetic peptides on the type I collagen

binding of SW1222 colon carcinoma cells. 101
Fig.3.10 Effect of SRGDTG, SRGETG synthetic peptides (2mg/ml) and

EDTA (1ImM) on the collagen binding of SW1222 and SW480

colon carcinoma cell lines. 102
Fig.3.11(a) SWI1222 cells grown in three-dimensional collagen gel

in the presence of SRGDTG peptide (2Zmg/ml). 104
Fig.3.11(b) SWI1222 cells grown in three-dimensional collagen gel

in the presence of SRGETG peptide (2mg/ml). 104



Fig.3.12 Effect of SRGDTG and SRGETG peptides (2mg/ml) on the

glandular differentiation of SW1222 cells. 105
CHAPTER 4,
Fig.4.1 Reactivity of anti-B2 microglobulin monoclonal

antibody (BBM1) with SWC 3 hybrid cells by indirect

immunoperoxidase technique (a, x40; b, x150). 115
Fig.4.2 Reactivity of anti-HLA class I monoclonal antibodies

(W6/32) with SWC 2 hybrid cells by indirect

immunoperoxidase technique (a, x40; b, x150). 116
Fig.4.3(a) CMT-93 mouse rectal carcinoma cells grown in

monolayer, phase contrast microscopy

(Giemsa staining, x150). 117
Fig.4.3(b) SWC 3 hybrids cells grown in monolayer, phase contrast

microscopy (Giemsa staining, x150). 117
Fig.4.4(a) SWC 7 hybrid cells grown in monolayer, phase contrast

microscopy (Giemsa staining, x150). 118
Fig.4.4(b) SWC 2 hybrid cells grown in monolayer, phase contrast

microscopy (Giemsa staining, x150). 118
Fig.4.5(a) SWC 3 hybrid cells grown in three-dimensional collagen

gel (H&E). 120
Fig.4.5(b) SWC 6B hybrid cells grown in three-dimensional collagen

gel (H&E). 120
Fig.4.6(a) SWC 2 hybrid cells grown in three-dimensional collagen

gel (H&E). 122
Fig.4.6(b) CMT-93 mouse rectal carcinoma cells grown in

three-dimensional collagen gel (H&E). 122
Fig.4.7(a) SW1222 cells grown as xenograft in

immunocompromised mice (H&E, x100). 124
Fig.4.7(b) CMT-93 cells grown as xenograft in

immunocompromised mice (H&E, x100). 124
Fig.4.8 SWC 3/3 hybrid cells grown as xenograft

in immunocompromised mice (H&E; a, x40; b, x100). 125
Fig.4.9(a) SWC 2 hybrid cells grown as xenograft in

immunocompromised mice (H&E, x100). 126
Fig.4.9(b) SWC 3/10 hybrid cells grown as xenografts in

immunocompromised mice (H&E, x100). 126



Fig.4.10(a)

Fig.4.10(b)

Fig.4.11(a) Effect of SRGDTG, SRGETG synthetic peptides (2mg/ml)
on the collagen binding of SW1222 and CMT 93 colorectal
carcinoma cell line.

Fig.4.11(b) Effect of SRGDTG, SRGETG synthetic peptides (2mg/ml)
on the collagen binding of SWC 3/3, SWC 3/7, SWC 3/6 and
SWC 3/10 hybrid clones.

CHAPTER 5,

Fig.5.1(a) Reactivity of monoclonal antibody MP6F3 with normal
colorectal mucosa (indirect immunoperoxidase staining).

Fig.5.1(b) Reactivity of monoclonal antibody MP6D10 with normal
colorectal mucosa (indirect immunoperoxidase staining).

Fig.5.2 Reactivity of monoclonal antibody MP4F10 with normal
colorectal mucosa (indirect immunoperoxidase staining).

Fig.5.3(a) Reactivity of monoclonal antibody MP4F10 with the
stratified epithelium of the skin (indirect
immunoperoxidase staining).

Fig.5.3(b) Reactivity of monoclonal antibody MP4F10 with
endothelial cells (indirect immunoperoxidase staining).

Fig.5.4 Reactivity of monoclonal antibody MP4F10 with
type I collagen, type IV collagen, fibronectin and laminin.

Fig.5.5 Reactivity of monoclonal antibody MP4F10 with a
moderately differentiated adenocarcinoma (indirect
immunoperoxidase staining).

Fig.5.6 Reactivity of monoclonal antibody MP4F10 with seven
human colorectal carcinoma cell lines.

Fig.5.7 Reactivity of monoclonal antibody MP4F10 with SW1222
cells (indirect immunoperoxidase staining, a,x40; b,x150).

Fig.5.8(a) Screening of nine monoclonal antibodies for their

SWC 6A hybrid cells grown as xenografts in
immunocompromised mice (H&E, x40).
SWC 2D hybrid cells grown as xenografts in

immunocompromised mice (H&E, x100).

ability to inhibit the binding of SW1222 cells to human
type I collagen.

127

127

133

134

142

142

144

146

146

147

149

150

151

153



Fig.5.8(b)

Fig.5.9

Fig.5.10

Fig.5.11

Fig.5.12

Fig.5.13

Fig.5.14

Screening of nine monoclonal antibodies for their
ability to inhibit the binding of SW1222 cells to human
type IV collagen.

Reactivity of PR3B10, 601, C46 and Oxoid monoclonal
antibodies with human carcinoembryonic antigen.
Immunoprecipitation of 1251 labelled human
carcinoembryonic antigen (CEA) with anti-CEA
monoclonal antibodies.

Inhibition of the binding of SW1222 cells to collagen
coated plates by anti-carcinoembryonic antigen (CEA)
monoclonal antibodies and the Arg-Gly-Asp-Thr (RGDT)-
containing peptide.

Type I collagen binding activity of carcinoembryonic
antigen, bovine serum albumin and SW1222 and LS174T
colon carcinoma cells.

Reactivity of MP6F3, PR3B10, 601 and Oxoid monoclonal
antibodies with SW1222 and LS174T colon carcinoma cells.
Isolation of an Arg-Gly-Asp (RGD)-directed collagen

receptor complex from SW1222 colon tumour cells.

CHAPTER 6,

Fig.6.1

Fig.6.2

Fig.6.3

Fig.6.4(a)

Fig.6.4(b)

Fig.6.5

Fig.6.6

Effect of TGF-B; and TGF-B2 on the expression of cellular
alkaline phosphatase.

Effect of TGF-B; and TGF-B2 on the binding of SW1222
colon carcinoma cells to type I collagen.

Effect of SRGDTG peptide on the TGF-B increased collagen
binding of SW1222 colon carcinoma cells.

Undifferentiated SW1222 cells growing in three
dimensional collagen gel (H&E, x150).

Undifferentiated SW1222 cells growing in three
dimensional collagen gel in the presence of 5ng/ml of
TGF-B1(H&E, x150).

Effect of TGF-B1 and TGF-f2 on the proliferation of SW1222
and SW480 cells in three-dimensional collagen gel (day 6).
Effect of TGF-B; and TGF-B2 on the proliferation of SW1222
and SW480 cells in monolayer (day 6).

154

156

157

159

160

161

166

173

175

176

178

178

179

180



CHAPTER 7,

Fig.7.1

Fig.7.2

Fig.7.3

Fig.7.4

Fig.7.5(a)

Fig.7.5(b)

Fig.7.6(a)

Fig.7.6(b)

Reactivity of anti-B; integrin chain monoclonal
antibody (DH12) with normal colorectal mucosa (indirect
immunoperoxidase staining, x250).

Reactivity of anti-a2 integrin chain monoclonal
antibody (B1.515) with normal colorectal mucosa (indirect
immunoperoxidase staining, x250).

Reactivity of anti-o3 integrin chain monoclonal
antibody (E1.56) with normal colorectal mucosa (indirect
immunoperoxidase staining, x250).

Reactivity of anti-Bj integrin chain monoclonal
antibody (DH12) with a moderately differentiated
adenocarcinoma (indirect immunoperoxidase staining,
a,x100; b,x250).

Reactivity of anti-ap integrin chain monoclonal
antibody (B1.515) with a moderately differentiated
adenocarcinoma (indirect immunoperoxidase staining,
x250).

Reactivity of anti-o3 integrin chain monoclonal
antibody (E1.56) with a moderately differentiated
adenocarcinoma (indirect immunoperoxidase staining,
x250).

Reactivity of anti-ap integrin chain monoclonal
antibody (B1.515) with a poorly differentiated
adenocarcinoma (indirect immunoperoxidase staining,
x250).

Reactivity of anti-a3 integrin chain monoclonal
antibody (E1.56) with a poorly differentiated
adenocarcinoma (indirect immunoperoxidase staining,
x250).

188

189

190

193

194

194

195

195



LIST OF TABLES.

CHAPTER 1 PAGE

Table 1.1 Integrin receptor family. 42

CHAPTER 2,

Table 2.1 Origins of cell lines. 62

CHAPTER 3,

Table 3.1 Human colorectal carcinoma cell lines. 84

CHAPTER 4,

Table 4.1 Monoclonal antibodies recognising human cell surface
determinants. 113

Table 4.2 Characterisation of SWC hybrids by monoclonal antibodies

recognising human cell surface determinants. 114
Table 4.3 Segregation of morphological differentiation of

SWC hybrids with chromosome 15. 121
Table 4.4 Tumourigenicity of SWC hybrids in nude mice. 129
Table 4.5 Effect of SRGDTG and SRGETG peptides on glandular

differentiation of SWC3 subclones in collagen gel. 131
CHAPTER 35,
Table 5.1 Summary of fusions and monoclonal antibodies produced. 141

Table 5.2 Monoclonal antibodies used to characterise the SW1222

collagen receptor complex. 165

CHAPTER 7,

Table 7.1 Expression of B, ap and a3 integrin chains in 4 adenomas

and 24 colorectal adenocarcinomas. 192

19



ABBREVIATIONS.

20

BSA: Bovine serum albumin

CEA Carcinoembryonic antigen

Coll: Collagen

DMEM: Dulbecco's modification of Eagle's medium

d-PAS: Periodic acid-Schiff diastase

ECM: Extracellular matrix

EDTA: Ethylenediaminetetraacetic acid

FB Fibrinogen

FCS: Foetal calf serum

FN Fibronectin

GAG-ELISA: B galactosidase/anti-p galactosidase enzyme-linked
immunosorbent assay

GRGDSP: Glycine-Arginine-Glycine-Aspartic acid-Serine-Proline

GRGESP: Glycine-Arginine-Glycine-Glutamic acid-Serine-Proline

H&E: Haematoxylin & eosin

HMT: Hypoxanthine, methotrexate, thymidine

ICAM Intercellular adhesion molecule

LFA Lymphocyte adhesion molecule

LM Laminin

mAb: monoclonal antibody

N-CAM Neural cell adhesion molecule

PBS: Phosphate buffered saline

SDS-PAGE: Sodium dodecylsulphate polyacrilamide gel -electrophoresis.

SRGDTG: Serine-Arginine-Glycine-Aspartic acid-Threonine-Glycine

SRGETG: Serine-Arginine-Glycine-Glutamic acid-Threonine-Glycine

TGF-B: Transforming growth factor beta

VWF Von Willebrand factor

VLA: Very late antigen

VN Vitronectin



CHAPTER 1.

GENERAL INTRODUCTION

1.1 INTRODUCTION

Adenocarcinoma of the large intestine is the second commonest cancer in
Englénd and Wales, with over 20,000 new cases diagnosed in 1983 (Her
Majesty's Stationery Office, 1983). It is second only to lung cancer in males
and to breast cancer in women. Although a small percentage of cases of
colorectal cancer occurs in individuals with predisposing conditions such as
extensive ulcerative colitis (MacDougall, 1964; Lennard-Jones et al, 1983) or
with autosomal dominant inherited disorders such as Familial Adenomatous
Polyposis (Bussey, 1975) and the Hereditary Non Polyposis Colorectal Cancers
(Lynch et al, 1985), for the majority of sporadic cases the aetiopathogenesis

remains poorly understood.

Despite major advances in the diagnosis and treatment of colorectal cancer,
there has been no significant improvement in mortality rates over the last
two decades (Slaney, 1971; Wood et al, 1981) with overall five year survival
remaining at 50% (Stower and Hardcastle, 1985). It is clear, however, that
there is a wide variation in prognosis and so attempts have been made to
identify histopathological characteristics of tumours at the time of diagnosis
which would be predictive of survival. Of these the degree of invasion and
the degree of tubular differentiation are the two most consistently found to
correlate with survival (Dukes and Bussey, 1958; Morson and Sobin, 1976).
Elucidation of the molecular events controlling differentiation would not
only contribute to the understanding of the natural history and behaviour
of colorectal tumours but also throw light on possible strategies to intervene
and prevent or treat colorectal cancer. To this end, therefore, there is a need
for the development of suitable in vitro models in which colorectal tumour
cells express differentiated and undifferentiated phenotypes which are

characteristic of tumours in vivo.
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Extracellular matrix is a complex meshwork of proteins and carbohydrates
which not only mechanically supports and surrounds cells, but has been
shown to play a crucial role in the induction and maintenance of cell shape,
proliferation, migration and differentiation (Hauschka and Koningsberg,
1966; Gay et al, 1974; Kosher and Church, 1975; Liotta et al, 1978; Adamson,
1983; Yamada, 1983; Watt, 1986). The morphogenesis of normal gut epithelial
cells (Haffen et al, 1983; Kedinger et al, 1987; Simon-Assmann et al, 1986,
1988) and the differentiated state of responsive colorectal carcinoma cell
lines (Fukamachi et al, 1987; Kirkland, 1988b; Richman and Bodmer, 1988;
Fukamachi and Kim, 1989) likewise have been shown to be influenced by the

ECM proteins. However the nature of this interaction was poorly understood.

The aim of the study was, therefore, to investigate at a biochemical and
genetic level how the extracellular matrix exerts these effects on colorectal
tumour cells in order to understand the processes by which cancer cells
escape from such controlling mechanisms. To this end an in vitro model was
used in which human colon carcinoma cell lines were grown in a three-
dimensional gel culture system containing extracellular matrix proteins.
Using this system the ability of tumour cells to express the in vivo pattern of
tubular differentiation could be analysed under various test conditions to

identify the controlling mechanisms.

In order to put in context the work which will be presented in this thesis,
this chapter reviews the current status of knowledge regarding the
actiopathogenesis of colorectal cancer and its histopathological correlates.
In addition the structure, function and distribution of extracellular matrix
proteins and their cellular receptors are discussed with reference to their
role in controlling growth and morphological differentiation of colon

tumour cells in vivo and in vitro.
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1.2 ADENOCARCINOMA OF THE LARGE BOWEL

For the purposes of the International Classification of Diseases (ICD) cancer
of the colon and rectum are distinguished (Waterhouse et al, 1982) and this
distinction is based on observed differences in age, sex and world-wide
distribution (Armstrong and Doll, 1975; Boyle et al, 1985). However the
histoﬁathology of adenocarcinoma in these two sites is essentially the same

(Morson and Dawson, 1979) and will be therefore consider together.

1.2.1 EPIDEMIOLOGY

Colorectal cancer is a common cancer in the Western countries but it is
relatively rare in Africa, Asia and the Central America and South America
West of the Andes mountains (Waterhouse et al, 1982). It shows a
characteristic increased incidence with age with about 80% of all patients
being over 55 year old at the age of diagnosis (Bussey and Walace, 1960).
Colorectal cancer patients under the age of 40 account for less than 15% of
most patient populations (Safford et al, 1981).

Genetic and environmental factors have been implicated in the
aetiopathogenesis of colorectal cancer. Recent studies have indicated that
about 5-6% of all malignant tumours of the large bowel may occur in
individuals with a family history of inherited predisposition to cancer
(Mecklin, 1987). These tumours can be divided in the hereditary non
polyposis colorectal cancers (HNPCC also referred to as Lynch syndromes)
(Lynch et al, 1985) and Familial Adenomatous Polyposis (FAP) and its clinical
variants (Bussey, 1975). In the apparently non hereditary forms of
colorectal cancer, there appears to be similar familial predisposition to
colorectal cancer. In fact the first degree relatives of patients with
colorectal cancer have 3 times greater risk than individuals without such
family history (Lynch et al, 1980).

The hereditary non polyposis colorectal cancer syndromes follow a
dominant pattern of inheritance with an earlier average age of onset of

colorectal cancer (45 years) than in the general population (65 years)



(Mecklin et al, 1986a). They are usually subdivided into hereditary, site
specific, non polyposis colorectal cancer (or Lynch Syndrome I) and
hereditary, non polyposis colorectal cancer in association with other forms
of cancer, most commonly localised in endometrium (Lynch et al, 1981) and
less frequently in ovary, breast or stomach (Lynch H.T. and Lynch P.M,,
1979). Multiple synchronous or metachronous colon cancers with a
tendency toward right-sided lesions are also characteristic features of the

hereditary non polyposis colorectal cancer syndromes (Lynch et al, 1977).

Familial Adenomatous Polyposis is a rare dominantly inherited condition
where the affected individuals develop from few hundred to over a thousand
of adenomas throughout the gastrointestinal tract but especially in the large
bowel (Bussey, 1975). Each of these adenomas is likely to give raise to a
carcinoma unless the large bowel is removed. Following the report of an
interstitial deletion at the long arm of chromosome 5 in a patient with
Gardner Syndrome (Herrera et al, 1986), which is a clinical variant of FAP
(Gardner, 1962), the FAP gene was localised on the long arm of chromosome
5(q21-22) (Bodmer et al, 1987; Leppert et al, 1987). Subsequently a proportion
of sporadic colorectal carcinomas (between 20% and 40%) were found to
carry a deletion that appeared to involve the same gene (Solomon et al,
1987). These results would suggest a role for the same gene in sporadic and
familial cases of colorectal cancer as has been shown in other familial and
sporadic tumours such as retinoblastoma (Cavanee et al, 1983). Based on
Knudson's hypothesis (Knudson, 1971) at least two mutations are required
beforé a tumour can develop. Individuals who carry a dominantly inherited
predisposition to cancer such as FAP will develop colorectal tumour only
after a further somatic mutation. The polyps in FAP patients, however,
which were not shown to have the second genetic change, may arise
because of a threshold effect on the negative growth control by the normal
FAP gene product (Bodmer et al, 1987). Conversely in the sporadic tumours,
two successive genetic events involving the same gene will be acquired to
abrogate the same gene function (Bodmer, 1988).

Over 70% of sporadic colorectal cancers have also lost a region of the short
arm of chromosome 17 (Vogelstein et al, 1988) which includes the gene
encoding the p53 nuclear oncoprotein (Baker et al, 1989). Point mutations

within a highly conserved region of the p53 gene have been found in eight
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cases of colorectal cancer where one allele had been lost and in one case that
has retained both parental alleles (Nigro et al, 1989). Mutated p53 seems to
function as a dominantly-acting oncogene which could complement for
example ras oncogene in transformation assay (Parada et al, 1984). Whether
the loss of normal p53 gene product is directly oncogenic

in vivo is not yet clear. Deletion of genetic material on chromosome 18
(Vogelstein et al, 1988; Fearon et al, 1990), chromosome 22 (Okamoto et al,
1988) and point mutations of the ras proto-oncogene (Bos et al, 1987) have
also been found in high frequency in colorectal cancers. It appears
therefore that several different genectic events may be required to generate

a malignant tumour such as colorectal cancer.

Epidemiological studies have also pointed to the role played by

environmental factors in the aetiology of colorectal cancer. In countries
such as United States, England and Scotland where mortality rates for
colorectal cancer are high, there have been gradual falls in mortality over
time (Cutler and Young, 1975; Boyle et al, 1985). Conversely in other areas of
the world with lower incidence of colorectal cancer such as South and
Central America, Asia and Central and Eastern Europe, there has been an
increase in mortality rates (Boyle et al, 1985). Migrants from areas with low
incidence to regions with a higher risk showed a rapid increase in
incidence of colorectal cancer (McMichael et al, 1980; Warshauer et al, 1986).
Evidence from these studies with substantial support from animal studies
indicate that dietary and nutritional factors are likely to be involved in
colon carcinogenesis (Reddy B.S., 1986). Particularly diets with high fat and
meat intake have been associated with high risk (Wynder, 1975) and diets
with high fibre and vegetable intake with low risk (Reddy et al, 1983; Rosen
et al, 1988). Animal studies have shown that colonic cell proliferation can be
stimulated by a number of dietary fibres, fats, bile acids and short-chain
fatty acids and many of these factors also can increase the induction of

experimental tumourigenesis (Jacobs, 1988).

25



1.2.2 ADENOMA-CARCINOMA SEQUENCE

The adenoma can be defined as an abnormal focus of epithelial proliferation
where the immature proliferative cells are not limited to the base of the
crypt as in the normal colon mucosa (Kaye et al, 1973) but occupy the entire

crypt length and appear within the surface epithelium (Jass, 1989).

Adenomas are the most common type of benign tumours of the colon and
rectum and can be classified according to the histological structure as
tubular, tubular-villous and villous adenomas (Morson and Sobin, 1976). The
cells of these tumours show different degrees of dysplasia including
pleomorphism, nuclear hyperchromasia, loss of polarity, increased mitosis.
Dysplasia, large size and villous histology are the major characteristics of
the adenomas with malignant potential (Muto et al, 1975).

There is evidence suggesting that a large percentage of colorectal cancers
can develop from pre-existing adenomas and this process could take an
average of 10-15 years (Morson, 1974; Muto et al, 1975). This comes from the
finding that in 30% of the patients operated for cancer of the colon and
rectum adenomas can be found adjacent to the carcinoma (Morson et al,
1983). There is also a striking correlation between the prevalence of
adenoma and the incidence of death due to colorectal cancer in different
populations (Bernstein et al, 1985; Coode et al, 1985). In an uncontrolled study
where all adenomas were removed during regular endoscopic surveillance,
there was a fall in the number of cancers that developed in the clean colon
(Gilbertsen and Nelms, 1978).

1.2.3 HISTOPATHOLOGY

1.2.3 a) MACROSCOPIC APPEARANCE

In areas of the world where cancer of the large intestine has a high
incidence, the tumour is often found in the descending left-sided or distal

segment, from the splenic flexure to the rectosigmoid junction (Weisburger,
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1988). However recently in Western countries a trend towards a decline in
incidence in rectal cancer and an increase in right sided colon cancers have
been described (Howson et al, 1985). Differences have been found also for
age-specific sex ratios for various parts of the large bowel with the
distribution changing towards an increase in right sided colon cancer in

older women (over 60 year old) (Jensen, 1984; Butcher et al, 1985).

Most cancers of the colon and rectum are small ulcerating tumours with an
annular constricting growth. They cause stenosis often with dilatation of the
proximal bowel and are mainly localised in the distal colon (Morson and
Dawson, 1979). Polypoid types of intestinal cancer can be found anywhere in
the intestine but are more common in the proximal side. They present as
intraluminal polypoid mass which rarely obstruct the lumen (Faintuch and
Levin, 1988).

About 10% of intestinal cancer will show a colloid appearance on the cut
surface which is due to abundant secretion of mucin by tumour cells
(Morson and Dawson, 1979).

1.2.3 b) MICROSCOPIC APPEARANCE

Classically the pathologist's definition of tumour differentiation relates
largely to structure and architecture. In general terms a tumour is described
well differentiated when tumour cells have morphology similar to the adult
cells of the tissue of origin, in their organisation in relation to one another
and to the stroma and blood vessels and also in their functional activities
(Anderson, 1985).

In a well differentiated colorectal adenocarcinoma, the tumour cells will
form gland-like acini like in the normal intestinal glands although the
individual cells can be irregular in shape, size and nuclei and be associated
in multicellular solid organoid. Because the acini are not able to drain into
the lumen, they can show various degrees of distension with accumulation
of mucous fluid. Conversely poorly differentiated colorectal cancers will
grow as a solid sheet of cells where glandular structures are not easily

identified. Staining by the Periodic-Acid Shiff technique may be useful to
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detect mucin droplets between tumour cells or within their cytoplasm
(Bancroft and Stevens, 1982).

In a 'study from St. Mark's Hospital in London about 20% of colorectal cancers
were shown to be very well differentiated, 60% moderately differentiated
and 20% poorly differentiated (Dukes and Bussey, 1958). Ten per cent of
colorectal tumours are mucinous adenocarcinomas and secrete large amount
of mucin (Sasaki O. et al, 1987). When there is a large accumulation of mucin
inside the cell, the cytoplasm displaces the nucleus and the individual cells
can have a signet ring appearance (Fantuch and Levin, 1988). Signet ring
cell carcinomas are tumours composed only of signet-ring cells and
represent less than 1% of all tumours of the large bowel (Symonds and
Vicerky, 1976; Minsky et al, 1987; Sasaki O. et al, 1987). These tumours are
more often found in young patients (Sasaki O. et al, 1987) and colorectal
cancer families (Budd et al, 1981; Mecklin et al, 1986b). The undifferentiated
form of the colorectal carcinoma is rare and is characterised by the lack of
tubular formation and mucin production (Gibbs, 1977). Other types are also
rare and include squamous, adenosquamous and carcinoid tumours (Morson
and Dawson, 1979).

1.2.4 PROGNOSIS

Approximately one-half of all patients with colorectal carcinoma can be
cured by appropriate surgical treatment (Hughes, 1963; Shepherd and Jones,
1971). The factors most consistently found to correlate with prognosis are
the grade of differentiation (grading) and the extent of spread (staging) at
the time of the operation (Dukes, 1932, 1937; Grinnell, 1939; Dukes, 1940;
Dukes and Bussey, 1958; Goldwin and Brown, 1975).

1.2.4. a) GRADING

Many attempts have been made to predict the prognosis of patients with
colorectal cancer on the basis of histological grading. The degree of

differentiation of the tumour, according to the architecture and tubular
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configuration, is the only histological variable which is used routinely for
tumour grading and has been generally considered to reflect the grade of

malignancy (Morson and Sobin, 1976; Halvorsen and Seim, 1988a). However
one of the pitfalls of this grading system is its highly subjective nature with

a poor level of interobserver agreement (Jass et al, 1986).

Colorectal cancer can be divided in three histological groups of low grade,
average grade and high grade of malignancy according to the degree of
tubular differentiation, the size and shape of cells and nuclei as well as the
number of mitotic figures (Morson and Sobin, 1976). Well differentiated
adenocarcinomas are composed of complex or simple tubules in which nuclei
are uniform in size and polarised (Dukes and Bussey, 1958). In moderately
differentiated adenocarcinomas tubules can be complex, simple or slightly
irregular and nuclear polarity is just discerned or is lost. The presence of
either irregularly folded, eclongated, distorted tubules or the absence of any
attempt of tubular formation are the histological features of poorly
differentiated colorectal adenocarcinoma (Dukes and Bussey, 1958).
According to these criteria twenty per cent of colorectal cancer are well
differentiated (low grade), sixty per cent are moderately differentiated
(average grade) and twenty per cent are poorly differentiated (high grade)
(Dukes and Bussey, 1958). This classification reflects the behaviour of the
tumour and influences the survival rate (Halvorsen and Seim, 1988a). In fact
the 5 year survival rate is about 80% for the low grade tumours, about 60%
for those of average grade and about 25% for all tumours of high grade

malignancy.

Mucinous carcinomas have been considered to have a poorer prognosis than
non-mucinous types (Wolfman et al, 1957; Umpleby et al, 1985). Recently
Halvorsen and Seim (1988b) using a multivariate analysis showed an
independent prognostic influence only for the intracellular mucinous
pattern (signet ring cell pattern). The presence of lymph node metastases is
also correlated with the histological grading being between 25-50% in low
and average grade tumours and nearly 80% in the high grade tumours (Jass
et al, 1986).

More recently Jass and his colleagues (1987) have proposed a new prognostic

classification where the presence of peritumoural lymphocytic infiltrate,



the characteristics of the invasive margin (expanding rather than
infiltrating) and the number of lymph nodes involved were important and
independent factors affecting survival. Four prognostic groups were
identified according to these criteria. Group I comprised 31% of the patients,
with 96% S5-year survival. Group II comprised a further 31% of patients with
an 85% 5-year survival. 18% of the patients were in group III and had a 67%
S-year survival. The remaining 20% of patients were placed in group IV

with only 27% survival at 5 years.

1.2.4 b) STAGING

Colorectal tumours tend to spread circumferentially in the wall of the large
intestine and also directly through the wall to the serosa. The involvement
of the paracolic lymph nodes is an early event whereas blood spread to the

liver and other organs occurs relatively late (Morson and Dawson, 1979).

Dukes' classification firstly published in 1958 is still widely accepted as a
guide to prognosis (Dukes and Bussey, 1958). Dukes 'A' tumours are confined
to the intestinal wall, but not beyond the muscularis mucosa and no lymph
nodes are involved. These tumours have a 5 year survival approaching 100%
but account for only 15% of all operated patients. Dukes 'B' tumours are
spread through the intestinal wall beyond the muscularis mucosa to the
pericolic and perirectal tissue in continuity with no lymph node
involvement. Dukes 'B' tumours have a 5 year survival of 70-78% and
represent 35-40% of all operated patients. In Dukes 'Cy' tumour lymph nodes
are involved and the extent of local spread is immaterial. These tumours
have a 5 year survival of 40% and represent 38% of all operated patients.

When the lymph node involvement extends along the lymphovascular

pedicle (apical), tumours are classified as Dukes 'C2'. These tumours have a 5

year survival of 10% and represent 9% of all operated patients (Dukes and
Bussey, 1958; Jass et al, 1986). The prognostic implications for the groups
defined by the Dukes' classification (Dukes and Bussey, 1958) are similar to
the new groups identified by the Jass' classification based on histological
grading (Jass et al, 1987). Extramural venous invasion seems also to be
associated with poor prognosis (Talbot et al, 1980).
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1.3 EXTRACELLULAR MATRIX AND NEOPLASIA

1.3.1 EXTRACELLULAR MATRIX PROTEINS

The extracellular matrix (ECM) is a complex meshwork of proteins and
carbohydrates which are synthesised and deposited in the vicinity of the
cells forming an organised intercellular network. The matrix not only
provides a mechanical support where cells reside, but can function as a
dynamic factor controlling cell shape, proliferation, migration and
differentiation (Yamada, 1983; Watt, 1986). Many of the molecular events that
define the interaction between cells and the extracellular matrix are still
largely unknown. However an increase in our knowledge of this interaction
has come from the elucidation of the primary sequence of several
extracellular matrix proteins and the precise location and characteristics of
the binding domains. This has lead to the identification and further
characterisation of specific cell surface receptors for several extracellular
matrix components (Buck and Horwitz, 1987) which via their structural link
to the cytoskeleton (Horwitz et al, 1986) may be mediators of the ECM effects

on the cells.

1.3.1 a) COLLAGENS

Collagens are the major components of the ECM and comprise about one third
of the proteins found in the body (Piez, 1984). The molecule is composed of
three polypeptide chains (o-chain), each about 1000 aminoacids in length.
Triplet Gly-X-Y aminoacid repeats where X and Y are often hydroxyproline
and hydroxylysine are characteristics of collagens and are required to
assemble the o-chains in a triple helical structure resulting in a rod-shaped
molecule (Piez, 1976). However all collagens have also nontriplet regions
that are presumably globular in structure and are critical to biological
function. At least eleven types of distinct collagens have been identified so
far (Mayne and Burgeson, 1987) and they all have in common a triple-
helical domain which is combined differently with globular and non-helical
structural elemenis. They are synthesised intracellularly as individual

molecules or precursor molecules. After secretion into the extracellular
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space, they aggregate with one another into supramolecular structures,
which are subsequently stabilised by intermolecular covalent bo. nds
(Kiihn, 1987).

COLLAGEN 1, II, IIl. These are the so called interstitial or fibrillar collagens
which are synthesised as precursors named procollagens and then are
processed by proteolysis both in their NH2- and COOH- termini (Hoffmann et
al, 1976). Mature proteins form long thin fibres about 280nm long and 1.5nm
in diameter (Schmitt, 1956; Hodge and Schmitt, 1960). Structurally they are
composed of a long triple-helical central domain and short non-helical
segments at their ends named telopeptides (Bear, 1952). Type I collagen is the
main component of fibres in tissues such as bone, tendon and dermis
(Becker et al, 1976; von der Mark H. et al, 1976; von der Mark K. et al, 1976;
Wick et al, 1976). It constitutes 50-60% of all collagen found in the intestinal,
large vessel and uterine wall (Miller, 1984). Type III collagen is often found
in association with type I collagen and it is found in the fine reticular
networks in spaces surrounding larger type I fibres in sections of dermis
and vessel walls (Timpl et al, 1977). Type I and type III collagens are also
distributed within the connective tissue stroma of all internal organs such
as the intestine, heart, lung, spleen, muscles and around all structures such
as nerves and small blood vessels (Miller, 1984).

Type II collagen is found only in selected tissues such as notochord, nucleus
pulposus, hyaline cartilage vitreous where it forms the major collagen type
(>95%)(von der Mark K. et al, 1976). Because of this selective localisation,
type II collagen has been considered a marker of chondrogenesis.
Fibroblasts and smooth muscle cells have been shown to produce both type I
and type III collagens in culture (Gay et al.,, 1976; Timpl et al, 1977). Rat
intestinal epithelial cells can synthesise and secrete in the culture medium
predominantly type I collagen (Quaroni and Trelstand, 1980). Type II
collagen is mainly produced by chondrocytes in culture and by embryonic
mesenchymal cells when they show chondroblast differentiation (von der
Mark K. and von der Mark H., 1977).

The tripeptide sequence Arginine-Glycine-Aspartic acid (RGD) is found in
four different locations in the oy chain and in two locations in the a7 chain
of the triple helical region of type I collagen (Hofmann et al, 1980). This may

constitute the cell binding site of some collagen receptors (Dedhar et al,
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1987; Chelberg et al, 1989) as has been shown for the fibronectin
(Pierschbacher and Ruoslahti, 1984a, 1984b) and vitronectin receptors
(Cheresh, 1987).

COLLAGEN 1V. It is the major component of all basement membranes together
with the glycoproteins laminin, nidogen, entactin and heparan sulphate
proteoglycan (Timpl and Dziadek, 1986). Basement membranes lie at the base
of various normal epithelial and endothelial cells, separating the cells from
the adjacent stromal connective tissue in gut, cornea, lung and blood vessels
(Timpl and Dziadek, 1986). They also function as a selective filtration barrier
for macromolecules in kidney, brain-blood barrier and placenta. Type IV
molecules are larger than the fibrillar collagens (about 390nm) and are
composed of a carboxyl-terminal, 229 aminoacid-long domain, which lacks
collagenous sequences referred to as NC-1 (non-collagenous 1) and a triple-
helical domain of about 1500 aminoacids (Timpl et al, 1981; Bichinger et al,
1982). A second non collagenous domain has been inferred to occur 90nm
from the aminoterminus of the molecule, called NC2 and may represent a
collagenase resistant region (Timpl et al, 1981). Type IV collagen differs
from the type I-III collagens by the presence of frequent interruptions in
the Gly-X-Y triplet which cause flexible sites and zones with greater
susceptibility to proteolytic enzymes such as pepsin. Antibodies to type IV
collagen have been raised to several portions of the collagen molecule
confirming its unique localisation in the basement membrane of several
tissues (Timpl and Dziadek, 1986). None of the purified antibodies to type I, II
and III collagens have been found to react with type IV collagen basement
membrane (Wick et al, 1975, 1976; Nowack et al, 1976).

COLLAGEN__ V. Biochemical, electron microscopic studies and DNA sequencing
have indicated a close homology of type V collagen to the interstitial
collagens (type I-III) (Miller et al, 1982; Myer et al, 1985; Weil et al, 1987). It
is primarily found in the endomysium of skeleton muscle (Duance et al, 1977;
Bailey et al, 1979) and is not detected within the synaptic regions of muscle
basement membranes (Sanes, 1982). Smooth muscle cells have been shown to

synthesise and secrete type V collagen in culture (Gay et al, 1981).

COLLAGEN VI. It constitutes microfibrils in the interstitial connective tissue

which contains type I-III collagens and fibronectin, but no close



codistribution with these proteins has been demonstrated. Collagen type VI
possesses a typical triple helix with characteristics Gly-X-Y repeats with a
comparable rigidity to those of interstitial collagen (Hofmann et al, 1984).
Immunostaining at the light-microscopic level wusing affinity-purified
polyclonal antibodies or monoclonal antibodies, have shown mainly a
fibrillar staining pattern of arteries and small blood vessels, interstitial
septa and sinusoids of parenchymal organs (liver, lung, kidney, spleen)
(von der Mark et al, 1984; Hessle and Engvall, 1984).

Collagen VII. It is the main component of the anchoring fibrils which are
found with the sub-basal lamina of certain tissues (Palade and Farquhar,
1965; Bruns, 1969). These fibrils seem to stabilise the connedion between the
basement membrane and the adjacent stroma (Sakai, 1986). Tissue
distribution studies have shown that it is localised within the basement
membrane zone of certain epithelial cell layers such as skin, chorion,
amnios which correlates with the anchoring fibril distribution (Brody, 1960;
Burgeson 1987). As it relates to the anchoring fibrils network, collagen VII
may function as one of the molecules which provide a firm attachment of

the epithelial cells to its underlying stromal matrix (Burgeson et al, 1985).

Collagen VIII. It is a minor component of most mesenchymal tissues and
blood vessels (Alitalo et al, 1983). It is synthesised by differentiated
endothelial cells in vitro and may participate in the stabilisation of the
differentiated phenotype (Sage et al, 1979).

Collagen IX, It is a minor cartilage constituent which differs from the
interstitial collagens for possessing 3 collagenous domains, each of which is
interspersed by a short non collagenous domain. Another characteristic of
this molecule is the covalent association of glycosaminoglycan chains to the
a2 chain (Konomi et al, 1986), although the precise attachment site is not
known at present. In general type IX collagen is present predominantly in
the pericellular matrix which immediately surrounds the chondrocytes and

may contain a higher proportion of proteoglycans (Poole et al, 1982).

Collagen X. It has a very restricted tissue distribution, being mainly
synthesised by hypertrophic chondrocytes during the process of
endochondral ossification (Schmid and Conrad, 1982). In the foetal and
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adolescent skeleton, the molecule is transiently found in the cartilage which
will be replaced by bone. In the adult type X collagen persists in the zone of
calcified cartilage from the subchondral bone (Schmid and Linsenmayer,

1985). Therefore type X collagen bridges the spatial and temporal transition

from cartilage to bone.

Collagen XI. This is a minor collagen, referred also as K collagen (Miller,
1985; Eyre and Wu) and shares biochemical properties and aminoacid
sequence homology with type V collagen (Burgeson et al, 1982).
Immunolocalisation experiments showed its presence in all types of
cartilage in which type II collagen form the main collagen framework. It
has Been suggested that type XI collagen may regulate the diameter of type
I collagen fibrils either by forming a coating layer on the surface of the
fibril or through its quantitative ratio to type I collagen in the fibril (Smith
et al, 1985).

1.3.1 b) FIBRONECTIN

Fibronectin is a multifunctional glycoprotein present at the cell surface and
in the pericellular and intercellular matrix and in a large variety of body
fluids (Hynes, 1976; Yamada and Olden, 1978; Ruoslahti et al, 1981). It is
composed of two polypeptides associated through two disulfide bonds to form
a dimer with a molecular weight of about 550.000 kDa (Skorstengaard et al,
1986). The structure of the fibronectin polypeptides varies somewhat
depending on the cellular source of the protein. For example fibronectin
isolated from plasma consists of polypeptides that differ from one another in
molecular weight from those produced by most types of cultured cells
(Yamada and Kennedy, 1979; Tamkun et al, 1984). This is due to an alternative
splicing of the fibronectin mRNA which generates different mRNA
molecules from identical primary transcripts (Tamkun et al, 1984; Zardi et al,
1987).

Several binding sites have been identified in the fibronectin molecules such
as those for fibrin, heparin, Staph)‘lococci, fibrinogen, collagens in addition
to the cellular binding site (Ruoslahti et al, 1981; Yamada, 1983). Intact

fibronectin binds readily to collagen type I, II, III, IV and V, although it has
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greater avidity of binding to denatured collagen (gelatin) than to native
collagen (Engvall et al, 1978; Bell and Engvall, 1982). It also binds native type
I collagen at 37°C but not at room temperature (Engvall et al, 1981) and
similarly it binds only unfolded type IV collagen (Engvall et al, 1982). This
suggests that some degree of opening of the triple helical structure of
collagens is necessary for the fibronectin binding. The cell attachment site
of fibronectin has been localised in the middle portion of the fibronectin
polypeptide in one of the type III homology segments, which contains the
tripeptide sequence Arginine-Glycine-Aspartic acid (RGD) (Pierschbacher
and Ruoslahti, 1984a, 1984b). The role of the RGD sequence as recognition
signal was demonstrated by making smaller fragments of fibronectin and by
assaying for the cell-attachment promoting activity in the fragments and in
synthetic peptides derived from the fibronectin fragments. Pierschbacher
and Ruoslahti (1984a, 1984b) showed that fragments and synthetic peptides
containing the RGD sequence promoted cell attachment when they were
coated onto a surface, whereas in solution they inhibited cell attachment to
fibronectin or to the synthetic peptides themselves. Changes in the peptides
as small as the substitution of glutamic acid for the aspartic acid or alanine
for the glycine ecliminated the peptide activity (Pierschbacher and
Ruoslahti, 1984a, 1984b). The RGD sequence is also the cell recognition site of
several other extracellular matrix and platelet adhesion proteins, such as
vitronectin (Cheresh, 1987), type I collagen (Dedhar et al, 1987), type VI
collagen (Aumailley et al, 1989), tenascin (Bourdon and Ruoslahti, 1989),
fibrinogen (Plow et al, 1985), von Willebrand factor (Plow et al, 1985),
osteopontin (Oldberg and Ruoslahti, 1986), thrombospondin (Lawler et al,
1988) and possibly many others (Ruoslahti and Pierschbacher, 1987).

Some of the cell surface receptors which recognise the RGD sequence,
belong to a large family of cell surface proteins involved in cell-matrix and
cell-cell interaction, named "integrins" (Buck and Horowitz, 1987; Hynes,
1987; Ruoslahti and Pierschbacher, 1987).

Alternative cell-binding peptide sequences that function independently of
the originally identified RGD have been recently described in the type III
connecting segment (IIICS) of the fibronectin molecule (Humphries et al,
1986; Humphries et al, 1987, Humphries et al, 1988). This non RGD fibronectin
receptor recognising the IIICS binding site seems to be selectively expressed
by cells from the peripheral nervous system (Humphries et al, 1987) and by
resting peripheral blood and cultured T lymphocytes (Wayner et al, 1989).

36



37

These and other extracellular matrix receptors which do not belong to the

integrin family will be described in detail in Section 1.3.3 (b).

Fibronectin mediates multiple functions. It can change the differentiation
traits of chondrocytes into fibroblast like cells or induce loss of the
contractile phenotype of smooth muscle cells (Pennypacher et al, 1979; West
et al, 1979). It can also affect proliferation of keratinocytes (Kubo et al,
1987), hepatocytes (Sawada et al, 1987), fibroblasts (Yamada et al, 1982) and is
dirccily involved in the process of cell migration during embryogenesis
(Duband and Thiery, 1982; Bronner-Fraser, 1986; Straus et al, 1989).

1.3.1 ¢) LAMININ

It is a large glycoprotein (800-900kDa molecular weight) and a major
costituent of basement membrane (Timpl et al, 1979). It was first extracted
and purified from the extracellular matrix produced by Engelbreth-Holm-
Swam (EHS) sarcoma (Timpl et al, 1979). It is composed of three chains, A
(400 kDa), B1 (215kDa) and B2 (205kDa) which are assembled together in a
cross structure. The carboxyl terminus of each B chain extends down the
long arm of laminin in a coiled-coil structure while the remainder of each
chain forms a short arm (Barlow et al, 1984). Other isoforms of the protein
may exist. Bla and B1lb have been identified after in vivo translation of Bl
chain mRNA (Kurkinen et al, 1983). A fifth polypeptide designated M
appears to be secreted mainly by non-neoplastic cells (Ohno et al, 1985).
Laminin has binding domains for heparin and type IV collagen (Ott et al,
1982; Rao et al, 1982). A domain which promotes neurite outgrowth in vitro
has also been described, located close to the heparin binding domain (Davis
et al, 1985). In the mouse, laminin is detected in the early stage of
embryogenesis division (Dziadek and Timple, 1985) and is associated with
differentiating epithelial tissues (Ekblom et al, 1980; Reh et al, 1987). It also
promotes outgrowth of peripheral and central nervous system (CNS)
neurones. A major site for the cell binding has been identified in the Bl
chain of the laminin molecule (Sasaki M. et al, 1987). The pentapeptide
Tyrosine-Isoleucine-Glycine-Serine-Arginine (YIGSR) was found to be



active in promoting cell attachment, chemotaxis and binding of a 67kDa
laminin receptor (Graf et al, 1987).

In the gut, laminin production and expression has recently been studied by
the in situ hybridisation technique (Senior et al, 1988). Laminin was
confined to the muscularis externa and the lamina propria during
embryogenesis and after birth. Intestinal epithelial cells did not show any
reactivity suggesting that the mesenchymal cells may be the main
producers of laminin. However no laminin mRNA could be demonstrated in

any cell type in the adult mouse gut.

1.3.1 d) NIDOGEN/ENTACTIN

Nidogen is an 150kDa protein which was also first isolated from the
Engelbreth-Holm-Swarn (EHS) sarcoma and is found in several basement
membranes in association with laminin (Timpl et al, 1983). Entactin is an
158kDa protein which is probably very close or identical to nidogen. It is
found in the basement membrane zone of several tissues, co-localised with
collagen IV, laminin and heparin sulphate (Laurie et al, 1984). The function
of nidogen/entactin is not known. They may modulate some of the functions
of laminin such as its binding to cells and collagen IV (Aumailley et al,
1987).

1.3.1 e) VITRONECTIN

It is an adhesive protein present in plasma and extracellular matrices
previously known as serum-spreading factor (Holmes, 1967). Like
fibronectin, vitronectin binds heparin, collagen and proteoglycans and
promotes cell attachment via a specific cell surface receptor (Suzuki et al,
1984). An Arginine-Glycine-Aspartic acid (RGD) sequence is present in
positions 45-47 of the vitronectin molecule and constitutes the specific cell
binding site (Pytela et al, 1985b). The biological role of plasma vitronectin is
unknown. A possible involvement in complement activation and blood
clotting has been suggested since it is homologous to the S-protein which is
a plasma factor, inhibitor of membrane binding of complement and of the

thrombin-antithrombin complex (Jenne and Stanley, 1985).
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1.3.1 f) PROTEOGLYCANS

They consist of glycosaminoglycan chains covalently linked to core proteins
and are characterised by a great structural and functional variety, and wide
distribution in different tissues (Hassell et al, 1986). They are localised in the
extraéellular matrices, basement membrane, cell surface and can bind to
each other or to other macromolecular components of the matrix, such as
collagen, vitronectin and fibronectin. Seven groups of glycosaminoglycans
have been distinguished by their sugar residues and these are hyaluronic
acid, chondroitin-4-sulphate, chondroitin-6-sulphate, dermatan sulphate,
heparin and keratan-sulphate (Lindhal and Hook, 1978).

Given the structural heterogeneity of proteoglycan molecules it is likely
that their function is not only to provide an hydrated space around and
between cells, but also to regulate the circulation of cells and molecules
through the extracellular matrix (Lindhal and Hook, 1978). Recently it has
been also suggested that a fibroblast protecglycan, ramed decorin, may have
a role in controlling proliferation of Chinese ovary cells in vitro
(Yamaguchi and Ruoslahti, 1988).

1.3.2 EXTRACELLULAR MATRIX RECEPTORS

Ultrastructural studies have shown the presence of thick regions on the
surface of the cells adjacent to extracellular matrix proteins (Abercrombie et
al, 1971) with which cytoskeleton filaments such as actin, o-actinin,
fibronectin, talin, vinculin seem to interact (Wehland et al, 1979; Burridge
and Feramisco, 1980; Geiger et al, 1980; Burridge and Connell, 1983). The co-
distribution of intracellular actin with the extracellular fibronectin fibrils
(Hynes and Destree, 1978; Singer, 1979) and the organising effect of
exogenous fibronectin on the cytoskeleton (Ali et al, 1977; Bannikov et al,
1982) lead to the hypothesis that transmembrane structures exist that link

the cytoskeleton with the extracellular matrix (Hynes, 1981).

Two main approaches have been used to isolate cell surface receptors to

extracellular matrix proteins. Firstly polyclonal or monoclonal antibodies



were raised which inhibited the cell attachment to matrix proteins. These
antibodies were subsequently used to identify by immunoprecipitation,
biochemical purification or antibody-affinity chromatography the
molecules with which such antibodies interact (Wayner and Carter, 1987;
Wayner et al, 1988). The second approach was based upon the initial
discovery that the tripeptide sequence Arginine-Glycine-Aspartic acid
(RGD) was the recognition signal for the fibronectin receptor
(Pierschbacher and Ruoslahti, 1984a). Using this peptide a 140kDa
glycoprotein complex was specifically eluted from a fibronectin affinity
column. The complex was then incorporated into liposomes and showed a
specific RGD-mediated binding to fibronectin substrate (Pytela et al, 1985b,
1986). This approach then lead to the isolation of receptors for other
extracellular matrix proteins such as vitronectin (Pytela et al, 1985a, 1986a),
type I collagen (Dedhar et al, 1987), tenascin (Bourdon and Ruoslahti, 1989)
and many others which have been denominated RGD receptors

(Ruoslahti and Pierschbacher, 1987).

Based upon structural and functional similarities, it has been proposed that
some of the RGD receptors are members of a supergene family of cell surface

receptors, named "integrins" (Hynes, 1987).

1.3.2 a) INTEGRIN FAMILY

The integrins are heterodimers composed of a small § subunit (95-130kDa)
non covalently associated with a larger o subunit (130-210kDa) (Hynes,
1987). The smaller subunit has a faster electrophoretic mobility under non
reducing conditions suggesting intrachain disulphide bonding. In some
cases the larger subunit shows the opposite behaviour, migrating faster
under reducing conditions (Hynes, 1987). The complex of three proteins
isolated from chicken fibroblasts, which has been named integrin (Buck et
al, 1986), corresponds also to several heterodimers sharing a common §
subunit combined separately with different o chains (Hynes et al, 1989).
The integrin receptors have been initially subdivided in 3 subfamilies
which are defined by their B chain component (Table 1.1). The B sub-family
includes the chicken integrin and the very late antigens or VLA which are
extracellular matrix receptors that bind collagens, fibronectin and laminin
(Hemler et al, 1987; Wayner and Carter, 1987; Hemler, 1988; Wayner et al,
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1988). The second group of receptors are those formed with the B2 subunit
(LFA1, MACI1, pl150,95) and mediate leukocyte cell-cell interactions (Springer
et al, 1987; Hogg, 1989). The third subfamily which shares the B3 subunit,
named cytoadhesins, includes the vitronectin receptor (Cheresh, 1987) and
the platelet glycoprotein gplIb/IIla (Pytela et al, 1986) which are receptors
for vitronectin (Cheresh, 1987; Thiagarajan and Kelly, 1988), fibrinogen
(Nachman and Leung, 1982; Cheresh et al, 1989a), von Willebrand factor
(Ruggeri et al, 1983; Cheresh, 1987) and thrombospondin (Lawler, 1988).

Recently three new P chains have been described on carcinoma cell lines. A
210kDa B4 chain has been isolated from pancreatic and colon carcinoma cell
lines and found to be associated with the ag chain of VLA-6. The new agf4
receptor is found mainly on epithelial and endothelial cells and shows the
specificity of a laminin receptor (Kajiji et al, 1989; Hemler et al, 1989; Lotz et
al, 1990). An additional novel § chain (named Bx) which is associated with the
oy chain of the vitronectin receptor, has been also described on lung and
colon carcinoma cell lines (Cheresh et al, 1989b). The oyBx receptor promotes
cell attachment to vitronectin and fibronectin, but unlike the vitronectin
receptor (ayB3) of endothelial (Cheresh, 1987) and melanoma cells (Cheresh
and Spiro, 1987) it fails to support attachment to fibrinogen or von
Willebrand factor (Cheresh et al, 1989b). In addition a novel integrin B
subunit (named Bg) also present in association with the vitronectin receptor
(VNr) o subunit, has been isolated from the surface of a human osteosarcoma
cell line (Freed et al, 1989). It is likely that the novel B¢ chain is closely
related or identical to the Bx chain described by Cheresh et al (1989b).
Therefore the ag chain can be associated with both the B; and the new B4
chain and the ay chain with the B3 and the new By and Bg chains. This
introduces more complexity into the structural basis of the integrin
classification according to the common f subunit and breaks the rule of a

unique o chain for each P chain (Hynes, 1987).
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INTEGRIN RECEPTOR FAMILY

SUBUNITS

B1 oo
B1 a1
B1 a2
B1a3
B1 a4
B1as
Bl ag

B2 oL

B2 oM
B2 ax

B3 ay
B3 arx

B4 a6
Bxoy

Bsay

RECEPTORS

Chicken Integrin Complex
VLA-1
VLA-2
VLA-3
VLA-4
VLA-5
VLA-6

LFA-1
MAC-1
p150,95

VN-r
GPIIb/IIla

LM

1

r

VN-r, FN-r

VN-r

LIGANDS

FN.LM, VN
Coll, LM

Coll, LM
Coll, FN, LM
EN

EN

LM

ICAM1, ICAM2
C3bi

C3bi, FB
Factor X,
zymosan

VN, .
FN, VN, VWF,
Coll, FB

LM

VN, FN

VN

Abbreviations: VLA=Very late antigens. LFA=lymphocyte function-associated

antigen. FN=fibronectin. LM=laminin.
ICAM-=intercellular adhesion molecule.

VWF=von Willebrand factor.

VN=vitronectin.
C3bi=complement 3bi. FB=fibrinogen.

Coll.=collagen.



The VLA subfamily of extracellular matrix receptors will be described in
more detail, being found on epithelial cells as well as other cell types
(Hemler, 1988).

Very late antigens, The very late antigens (VLA) are heterodimers composed
of unique o subunits non covalently associated with the common 140kDa i
integrin subunit (Peters et al, 1984; Rettig et al, 1984). VLA-1 and VLA-2 were
originally identified as novel cell surface molecules appearing 2-4 weeks
after in vitro activation of T cells (Hemler et al, 1987). Subsequently four
additional heterodimers (VLA-3, VLA-4, VLA-5 and VLA-6) were discovered
and found to belong to the same protein family (Hemler, 1988). '
Although VLA-3, VLA-4, VLA-5 and VLA-6 are not activated antigens, the

VLA terminology was maintained for all members of the family.

Both VLA-1 and VLA-2 are widely present on epithelial cells, fibroblasts,
endothelial cells, smooth muscle cells, haematopoietic cells (Hemler, 1988)
and have been shown to be receptors for collagens (Wayner and Carter,
1987; Wayner et al, 1988; Kramer and Marks, 1989) and laminin (Languino et
al, 1989; Elices and Hemler, 1989; Lotz et al, 1990; Tawil et al, 1990). The o
chain- has a molecular mass of 200kDa and the o9 chain has a molecular mass
of 150kDa. Both &) and a3 chains have been mapped to the human
chromosome 5 (Hemler, 1988). Cloning and sequencing of VLA-2 a3 chain
have recently shown the presence of an inserted (I) domain of about 200
aminoacids (Takada and Hemler, 1989), homologous to the cartilage matrix
protein (CMP-1 and CMP-2) (Argraves et al, 1987) and von Willebrand factor
(vVWF) (Roth et al, 1986; Pareti et al, 1987) domains which are involved also in
collagen binding. This homology has suggested that the I domain of VLA-2
o chain possibly participates in VLA-2 adhesion to collagen (Takada and
Hemler, 1989). Intriguingly the a2 chain NHj-terminal sequence predicted
from cDNA (Takada and Hemler, 1989) was not found to match the previously
published o2 chain NHj-terminal sequence (Takada et al, 1987b). It has been
suggested that there may be another VLA heterodimer that resembles VLA-2
in size but has a different aminoacid sequence (Takada and Hemler, 1989).

VLA-3 appears to function as a multiple receptor for collagen, fibronectin
and laminin (Wayner and Carter, 1987; Takada et al, 1988). VLA-3 had also

been shown to be immunochemically crossreactive with the chicken
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integrin (Takada et al, 1987a) which shows also a fibronectin and laminin
receptor activity (Buck et al, 1986; Hynes et al, 1989). VLA-3 a3 chain has a
molecular mass of 150kDa and has been mapped to the human chromosome
17 (Retting et al, 1984). Ultrastructural studies have recently demonstrated
the presence of VLA-3 at intercellular contact sites of epithelial and

mesenchymal cells, suggesting its possible role also as a cell-cell adhesion

molecule (Kaufmann et al, 1989).

VLA-4 o4 chain, 140kDa molecular weight, is different from other VLA
proteins because it is present on haematopoietic cells but has been found in
only low amounts on most adherent cells and cell lines (Hemler et al, 1987).
Recently Wayner et al (1989) and Guan and Hynes (1990) have shown that
VLA-4 is a fibronectin receptor. The binding site was identified in the
carboxyl-terminal cell adhesion region of fibronectin containing the
heparin domain and a region of molecular heterogeneity in the connecting
segment-1 (CS-1) generated by alternative splicing of fibronectin pre-
mRNA (Schwarzbauer et al, 1987). VLA-4 does not recognise the 80kDa
tryptic fragment containing the Arginine-Glycine-Aspartic acid (RGD)
which is the cell binding site of the VLA-5 fibronectin receptor (Pytela et al,
1985a). The ability of anti-VLA-4 monoclonal antibodies to block cytolytic T
cell lysis of target B cells (Clayberger et al, 1987) suggests that VLA-4 may
also be involved in both cell-matrix and cell-cell interactions (Takada et al,
1989). VLA-4 appears to be homologous to the heterodimer murine
lymphocyte homing receptor LPAM-1 which mediates the adhesion of

lymphocytes to mucosal sites (Holzmann and Weissman, 1989).

VLA-5 is also a receptor for fibronectin and is immunochemically identical
to the fibronectin receptor affinity purified from human placenta and
osteosarcoma cells (Pytela et al, 1985a). VLA-5 is also widely present on
haematopoietic, fibroblasts and epithelial cells (Wayner et al, 1988) and
shows the same Arginine-Glycine-Aspartic acid (RGD) binding sites of the
previously isolated fibronectin receptor (Pytela et al, 1985a). The gene
encoding for the o5 chain, which has a molecular mass of 150kDa, has been

mapped to the human chromosome 12 (Sosnoski et al, 1988).

VLA-6 is a laminin receptor which has been isolated from platelets
(Sonnenberg et al, 1988). However in epithelial and endothelial cells the ag
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chain (145kDa molecular weight) is also found associated with the novel B4
chain, recently described (Hemler et al, 1989; Kajiji et al, 1989; Lotz et al,
1990).

1.3.2 b) NON INTEGRIN EXTRACELLULAR MATRIX RECEPTORS

Several extracellular matrix receptors which do not show structural
similarity with the integrin superfamily of cell surface receptors have also
been identified. A collagen receptor named anchorin CII (34kDa molecular
weight) has been isolated from chondrocyte membrane (Mollenhauer and
von der Mark, 1983) and partially sequenced (Fernandez et al, 1988). It reacts
with native but not with denatured chick collagen type I, II, III, IV and V.
One and two dimensional SDS-gel electrophoresis revealed that the anchorin
CII is only present in membranes of chondrocytes and limb bud

mesenchymal cells (Mollenhauer and von der Mark, 1983).

Dedhar et al (1987) isolated a collagen receptor complex with molecular
masses of 250, 70 and 30kDa from a human osteosarcoma cell line (MG-63)
using affinity chromatography on a type 1 Sepharose collagen column.
The collagen receptor complex isolated was Arginine-Glycine-Aspartic acid-
Threonine (RGDT) dependent and required a native collagen conformation
for the binding. However it appeared to be structurally unrelated to the
integrin family (Dedhar et al, 1987).

Wayner and Carter (1987) have also described an heterogeneous 90kDa
membrane glycoprotein that binds to type I and type IV collagen in affinity
chromatography termed ECMRIII (class III extracellular matrix receptor).
Tissue distribution studies using anti-ECMRIII monoclonal antibodies showed
that this receptor is expressed in many nucleated cells including
lymphocytes, epithelial cells, fibroblasts, glial cells but was not detectable in
either platelets or erytrocytes (Carter and Wayner, 1988), An intriguing
structural homology between the ECMRIII and an heterotypic adhesion
receptor (HAR) involved in lymphocyte interactions with endothelial cells
has been recently found (Gallatin et al, 1989). It has been suggested that the
ECMRIII may have a dual binding specificity by mediating cell-matrix

interaction via its collagen binding and cell-cell interaction through the



specificity for a cell surface ligand on endothelial cells (Streeter et al, 1988;
Gallatin et al, 1989).

A complex of four collagen binding proteins of 102, 87, 45 and 38kDa
molecular weight have been isolated from plasma membrane preparations
by affinity chromatography (Lu et al, 1989). All four major proteins in
addition to two proteolytic fragments of 58kDa and 33kDa were eluted from a
gelatin or a type I collagen affinity column using high salt concentration or
an Arginine-Glycine-Aspartic acid (RGD) containing peptide (Lu et al, 1989).
The 102, 87 and 38kDa were shown to be collagen receptors involved in the
adhesion of transformed epithelial cells (HeLa) to both denatured and native
collagen. Although the collagen binding proteins recognised the RGD
sequence, they did not appear to share the heterodimeric structure of the
integrin receptors (Lu et al, 1989).

A 67kDa laminin receptor has been isolated from a rat myoblast cell line
(Lesot et al, 1983), murine fibrosarcoma cells (Malinoff and Wicha, 1983) and
human mammary carcinoma cells (Rao et al, 1983). Anti-laminin receptor
antiquics were shown to block the cell attachment to lamir}in (Liotia et al,
1985) and the receptor bound actin (Brown et al, 1983) asi'?he integrin
fibronectin receptor (Tamkun et al, 1986). The cell binding site of the 67kDa
laminin receptor has been identified in the pentapeptide sequence
Tyrosine-Isoleucine-Glycine-Serine-Arginine (YIGSR) present in the Bl
chain of the laminin molecule (Graf et al, 1987). Using a laminin affinity
column, a 67kDa laminin binding protein was specifically cluted using the
pentapeptide (Graf et al, 1987). Both lung colonisation in mice and in vitro
invasiveness of B16F10 melanoma cells were significantly reduced by the
YIGSR peptide (Iwamoto et al, 1987). It has been suggested that the YIGSR-
directed laminin receptor could play a role in the formation of metastases by
mediating the binding of tumour cells to laminin basement membrane
(Iwamoto et al, 1987). More recently a synthetic peptide containing the
Isoleucine-Lysine-Valine-Alanine-Valine (IKVAV) sequence from just
above the carboxyl globule on the long arm of the A chain of laminin has
been shown to be the binding site which stimulates axonal-like processes of
cerebellar neurones and PC12 rat pheochromocytoma cells (Tashiro et al,
1989).

46



1.3.3 EXTRACELLULAR MATRIX PROTEINS IN EPITHELIAL
NEOPLASIA

Many benign and malignant epithelial neoplasia are characterised by the
presence of a desmoplastic reaction composed of a prominent stroma
containing cells (fibroblasts, myofibroblasts, histiocytes, leucocytes), blood
vessels and extracellular matrix (ECM) proteins (Tremblay, 1979; Anderson,
1985). In benign tumours this fibrovascular stroma is well organised
resembling that of the corresponding normal epithelium. However, some
malignant tumours such as carcinoma of the breast, stomach and pancreas
stimulate an intense desmoplastic reaction in which the stroma accounts for
90% of the total tumour mass (Dvorak, 1986). These tumours are the so called

"scirrhous" (from Greek "skirros" , "hard") carcinomas (Anderson, 1985).

The stroma of tumours contains most of the known components of the
normal ECM, including collagens (type I, II, III, V and VI), fibronectin and
several proteoglycans (d'Ardenne et al, 1984; De Clerck et al, 1985; el Torkey
et al, 1985; Crouch et al, 1987; Wobbes et al, 1988). The amount of collagen
seems to constitute the major difference in the stromal content of the
tumours (Dvorak, 1986). In epithelial neoplasia a basement membrane
composed of type IV collagen, entactin, proteoglycans and other
extracellular matrix proteins is normally interposed between the tumour
cells and stroma (Liotta, 1984), with gaps, duplication and fragmentation
particularly at points where the tumour appears to be invasive (Imai and
Stein, 1963).

The tumour stroma can originate through different mechanisms. Many
tumours expand by compressing the adjacent cells and blood vessels with
subsequent necrosis of neighbouring cells. If the pre-existing ECM is not
rcmerd by enzymatic digestion (Liotta et al, 1983), it will be displaced and
progressively reduced by the growing tumour until it forms a discrete zone
between the tumour and the adjacent normal tissue, called pseudocapsule
(McGee and Al-Adnani, 1976).

Most of the tumour matrix is newly synthesised by either the normal or the
tumour cells themselves. Myofibroblasts, which are present in many
tumours and normal tissues, have been shown to synthesise and secrete

collagens, proteoglycans and other ECM proteins (Barsky et al, 1982;



Ghadially, 1982; Lagacé et al, 1985). A stimulatory effect on the formation of
the tumour stroma may be also induced by soluble factors produced by
tumour cells, such as Transforming Growth Factor Betas (TGF-Bg). These are
multipotent regulatory proteins (Massagué, 1987; Rizzino, 1988; Roberts and
Sporn, 1988; Roberts A.B. et al, 1988), which are secreted by many
transformed cells (Anzano et al, 1985; Coffey et al, 1986; Akhurst et al, 1988;
Niitsu et al, 1988; Anzano et al, 1989). TGF-8s have been shown to increase
fibroblast deposition of extracellular matrix proteins such as collagen,
fibronectin and proteoglycans (Ignotz and Massagué, 1986; Roberts et al,
1986; Bassols and Massagué, 1988) and to inhibit their proteolytic degradation
(Edwards et al, 1987; Saksela et al, 1987). More recently it has been shown
that TGF-Bg increase the synthesis and expression of cell surface receptors
for collagens, fibronectin, laminin and probably for other ECM proteins
which may mediate the response of cells to matrix components (Ignotz and
Massagué, 1987; Roberts C.J., 1988; Heino et al, 1989). A number of carcinoma
cell lines also have the ability to synthesise in culture several components
of the basement membrane such as type IV collagen, laminin (Glasgow and
Colman, 1984; Bellot et al, 1985; Daneker et al, 1987) and in some cases also
type 1, type III and type V collagens (Barsky et al, 1982; Sakakibara et al,
1982; Form et al, 1984). It is therefore likely that tumour cells may contribute

to the formation of the tumour stroma.

In recent years there has been increasing evidence for the active role
played by extracellular matrix proteins in controlling proliferation,
differentiation and gene expression of tumour, as well as normal cells in
vitro (Hauschka and Koningberg, 1966; Gay et al, 1974; Kosher and Church,
1975; Liotta et al, 1978; Adamson, 1983; Yamada, 1983; Liotta et al, 1983). There
have therefore been several attempts to investigate whether the grade of
malignancy and invasiveness of a tumour in vivo could be also in part
explained in terms of abnormal distribution and function of ECM proteins
and their subsequent abnormal interaction with tumour cells. No correlation
has been found between the degree of tumour malignancy and the amount
of collagens (Dvorak, 1986; Wobbes et al, 1988) or fibronectin in the tumour
stroma (Forster et al, 1984). Immunohistochemical studies have shown that
laminin, a basement membrane component was absent or found in small
amount in breast carcinomas as compared to the normal breast epithelium

and benign lesions (Albrechtsen et al, 1981; Siegal et al, 1981). Studies have
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also demonstrated that in rectal adenocarcinomas the retention of laminin
in the basement membrane was positively correlated with the degree of
glandular differentiation of the tumour and inversely related with the
metastatic potential (Burtin et al, 1982; Forster et al, 1984, 1986; Daneker et al,
1987). It has been suggested that laminin expression together with Dukes'
stage could be an indicator of prognosis (Forster et al, 1986). However in
some tumours the basement membrane tends to show less pronounced and
less frequent alterations (Frappart et al, 1982; McArdle et al, 1984;
Albrechtensen et al, 1986) and is retained through invasion and metastases
(Pitelka et al, 1980). The loss of basement membrane proteins found in some
tumours could be therefore only the final stage of tumour invasion whereas
changes in gene expression in the tumour cells may be more important in
altering cell polarity and the relationship of the cells with each other and

possibly with stroma (Dulbecco et al, 1988).

1.3.4 COLORECTAL TUMOUR DIFFERENTIATION

As discussed in Section 1.2.4(a) the degree of differentiation according to the
architecture and tubular configuration is an important parameter which
has been generally considered to reflect the grade of malignancy of
colorectal tumours. The understanding of the mechanisms controlling the
differentiated phenotype of tumour cells may therefore give us an insight to
the heterogeneous processes in the development of colorectal cancer in

which the control of differentiation and proliferation is greatly impaired.

The process of differentiation can also be examined using biochemical and
functional parameters. Certainly in cell types other than colon epithelial
cells, several biochemical markers of differentiation have been known for
many years, e.g. hemoglobin for erythroid cells, myosin, tropomyosin or
myoglobin for myogenic cells and tyrosine hydroxylase, choline
acetyltransferase and acetylcholinesterase in neural cells (Holtzer et al,
1972). Specific biochemical markers of cellular or subcellular colon
differentiation are lacking (Colony, 1984). Attempts have been made in the
last decade to identify differentiation antigens on colon epithelial cells by

raising monoclonal antibodies to colon epithelial determinants. The majority
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of these reagents were found to react with highly immunogenic components
of the colon tumour cells such as mucus-associated antigens (Bara et al, 1986;
Podolsky et al, 1986; Richman and Bodmer, 1987), carcinoembryonic antigen
(Shiveley et al, 1982; Wagener et al, 1983a, 1983b), blood group antigens
(Brockaus et al, 1982; Magnani et al, 1982; Hansson et al 1983) and the
intermediate filaments cytokeratins (Lane, 1982; Makin et al, 1984). The
expression of the above antigens has been studied extensively in benign and

malignant colon tumours.

Mucus-associated antigens detected by polyclonal or monoclonal antibodies
are neither strongly expressed in colorectal adenocarcinomas nor
independently related to the grade of tubular differentiation unless the
tumours are of the mucinous histological type (Richman and Bodmer, 1987).
This may reflect the high prevalence of columnar cell differentiation
lineage in colorectal tumours as has been confirmed by ultrastructural
studies (Kaye et al, 1973; Seiler et al, 1984) and, more recently, by
immunocytochemistry using a monoclonal antibody (PR 1A3) which reacts
predominantly with columnar cells (Richman and Bodmer, 1987).

Carcinoembryonic antigen (CEA) which was initially thought to be an
oncofoetal protein specific for the colon (Gold and Freedman, 1965), has
been now shown to be a member of a family of at least 10 related gene
products which share structural and sequence homology and are found on a
variety of malignant and normal tissues (Rogers, 1983). Recently cDNA
sequencing of CEA has revealed a striking homology with members of the
immuhoglobulin gene family (Thompson et al, 1987; Zimmermann et al,
1987; Barnett et al, 1989), such as the neural cell adhesion molecule (N-CAM)
which is known to play a role in cell-cell and cell substratum interactions
during neuronal development (Rutishauser, 1984). However the function of
CEA is largely unknown. In normal adult colonic mucosa CEA is expressed by
mature columnar cells at the glycocalyx (external coating) of the luminal
surface and by undifferentiated cells at the crypt base (Ahnen et al, 1987).
However during gut embryogenesis (8 weeks to 20 weeks of gestation), CEA is
frequently found expressed on the entire surface of the colon epithelial
cells when these are still organised in a multilayered structure (Benchimol
et al, 1989). Then when the typical adult unilayered intestinal epithelium is

completely developed, the apical membrane localisation of CEA becomes
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progressively more evident (Benchimol et al, 1989). Thus since the known
homology of CEA with intercellular adhesion molecules members of the
immunoglobulin gene family (Thompson et al, 1987; Zimmermann et al, 1987;
Barnett et al, 1989) and its intercellular localisation in the developing
intestine it has been suggested that CEA may also function as an

intercellular adhesion molecule involved in tissue organisation (Benchimol
et al, 1989). In colorectal tumours CEA is normally found expressed on the
entire surface of the colon epithelial cells showing however no relationship
with the degree of glandular differentiation, pathological extent of the
disease or clinical prognosis (O'Brien et al, 1981; Ahnen et al, 1982, 1987;
Shirota et al, 1988; Boucher et al, 1989).

Blood group antigens (A, B, H and Lewis?) are normally found in the foetus
in the distal colon and rectum but are absent in the adult distal colon
although they are present in more proximal segments (Szulman, 1962;
Wiley et al, 1981a, 1981b; Yuan et al, 1985). Inappropriate expression of these
antigens is found in benign and malignant colorectal tumours but again no
correlation with the histological grade is normally found (Cooper et al, 1980;
Brown et al, 1984; Cordon-Cardo et al, 1986).

Cytokeratins, the intermediate filaments of epithelial cells (Moll et al, 1982)
have also been studied in colorectal tumours. However the same pattern of
expression of the low molecular weight polypeptides 8, 18 and 19 is found in
tumours as in the normal colon epithelium (Osborn et al, 1986). Although the
intracellular network of the cytokeratins is remarkably distorted in poorly
differentiated tumours (Brown et al, 1983), there is no clear evidence of a
possible use of cellular expression of cytokeratins as marker of tubular
differentiation (Chesa et al, 1986).

In conclusion there are currently no specific immunological markers
which reflect the histopathological grade of colorectal tumours based on the
degree of tubular differentiation. Morphological assessment of the glandular
configuration and evaluation of the preserved nuclear polarity where cell
base and apex are readily distinguished (Jass et al, 1986) are still the most
reliable criteria used to define the grade of malignancy of colorectal
tumours. Thus, culture systems where colon tumour cells can be analysed for

their ability to express morphological differentiation as described for the
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tumours in vivo are suitable models to use to analyse the mechanisms of

tumour differentiation.

1.3.5 IN VITRO MODELS FOR THE STUDY OF COLORECTAL
TUMOUR DIFFERENTIATION USING HUMAN COLORECTAL
CARCINOMA CELL LINES

1.3.5 a) INTRODUCTION

Cell lines established from human tumours became available during the
1950s (Gey and Bang, 1952; Eagle, 1955; Berman and Stulberg, 1956) and the
number of human colorectal tumour cell lines described in the literature
has risen in the last two decades (Tompkins et al, 1974; Fogh and Trempe,
1975; Leibovitz et al, 1976; Brattain et al, 1984; Rutzky, 1984; Kirkland and
Bailey, 1986). Enzymatic and mechanical techniques have been widely and
successfully used to initiate long-term culture of colorectal carcinoma cell
lines from primary tumours and lymph node metastases (Fogh and Trempe,
1975; Leibovitz et al, 1976; Vose, 1981; Kemmner et al, 1987). Several well
characterised cell lines have been propagated in long term culture
requiring either standard culture media supplemented with serum or serum-
free chemically defined media (Hayashi and Sato, 1976). Cell lines from
villous and tubular colonic adenomas have also become available (Paraskeva
et al, 1984; Willson et al, 1987).

1.3.5 b) INTESTINAL DIFFERENTIATION IN CULTURE

Some colon carcinoma cell lines have been described that exhibit aspects of
intestinal differentiation. Caco 2 cells, for example, form a polarised
monolayer when fully confluent with spontaneous development of brush
border and brush border enzymes (Pinto et al, 1983). Other cell lines have
been shown also to be capable of fluid transport (Dharmasthaporn et al,
1984; Kirkland, 1985, 1990). HT29 cells can be induced to express a typical

enterocytic differentiation when galactose was substituted for glucose in the
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culture medium (Pinto et al, 1982) or when were grown in the total absence
of hexoses (Zweibaum et al, 1985) or in a medium in which inosine or uridine
were substituted for glucose (Wice et al, 1985). The presence of small
intestinal brush border enzymes in colorectal tumour cells has been
previously reported and represents a re-expression of foetal function being

those. enzymes normally present in foetal colon (Zweibaum et al, 1984).

1.3.5 ¢) SPONTANEOUS GLANDULAR DIFFERENTIATION IN CULTURE

Whitehead et al (1987) described a colon carcinoma cell line (LIM 1863)
which in culture spontaneously formed differentiated organoids.
Histologically the cells were arranged around a central lumen and the
nuclei polarised to the periphery. Columnar cells with a polarised,
structurally normal brush border and goblet cells containing mucus were
present. No endocrine cells were detected by morphological or histochemical
analysis. Of interest was the finding that LIM 1863 cells did not attach and
spread spontaneously on tissue culture plastic. However cells showed a
specific binding to culture surfaces pretreated with type I and type IV
collagen but did not attach to fibronectin or laminin coated surfaces
(Whitehead et al, 1987). This is suggestive for the presence of functional cell

surface collagen receptors on LIM 1863 cells.

1.3.5 d) GLANDULAR DIFFERENTIATION IN IMMUNOCOMPROMISED
MICE

Recently Trainer et al (1988) have examined 19 human colorectal carcinoma
cell lines with regard to morphology, ultrastructure, expression of tumour-
associated antigens, proliferative capacity in vitro and tumourigenicity in
immunocompromised mice. Seventeen out of nineteen cell lines exhibited
cpithelial cell traits including intercellular junctional complexes and/or
microvilli by ultrastructural analysis although all popu]ations expressed
cytokeratins as detected by immunohistochemical techniques.

Some of the cell lines (HT 29, LS174T, SW403 and Lovo) when injected
subcutaneously in the flank or in hind foot-pad of nude mice, formed

palpable tumours after variable length of time. Histologically these tumours
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showed the glandular differentiation pattern seen in well and moderate
differentiated human colorectal adenocarcinoma. Other cell lines in general
(Colo 201, Colo 205, SW48, SW620, DLD-1, SW480, Colo320DM, Colo320HSR)
exhibited little or no tissue structure and formed unorganised cell sheets as
in poorly differentiated tumours. Of interest was the finding that tissue
organisation was invariably associated with stromal deposition of the host-
infiltrating fibroblasts suggesting the importance of the epithelial-
mesenchymal interactions in the glandular organisation (Trainer et al,
1988).

However none of the above cell lines showed morphological organisation in
culture, which would provide the ideal system for the identification of the
controlling mechanisms of the differentiated phenotype without the host-

tumour cell interaction.

1.3.5 e) GLANDULAR DIFFERENTIATION IN ORGAN CULTURE AND IN
THREE-DIMENSIONAL COLLAGEN GEL

Some human colorectal carcinoma cell lines have been shown to be able to
migrate, proliferate and differentiate when grown in organ culture using
foetal rat mesenchymal cells. For one such cell line, LS174T (Tom et al, 1976),
Fukamachi et al (1987) showed that mesenchyme could induce glandular
structures with columnar-like cells whose nuclei were located basally and in
which, periodic-acid Shiff (PAS) positive mucus was present in the lumen.
Ultrastructural studies showed that tight junctions were formed at most (85-
90%) cell-cell adhesion sites toward the lumen while the basement
membrane structure which is normally present on the basal surface of
epithelial cells on the epithelial-mesenchymal interface, was found only in
some regions of the glands (5-20%). This suggests that the basement
membrane might not always be necessary in modulating differentiation if
an appropriate substrata produced by the mesenchymal cells is present.
More recently Fukamachi and Kim (1989) have shown that early passages
(<18) of LS174T colon carcinoma cells also have the ability to form glandular
structures when they were combined with reconstituted type I collagen gels
in vitro. No basal lamina formation was seen in the glandular structure
suggesting that basal lamina is not essential for epithelial polarisation and

morphogenesis of at least some colorectal carcinoma cell lines.
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Two other colorectal carcinoma cell lines SW1222 (Leibovitz et al, 1976) and
HRA-19al.1 (Kirkland and Bailey, 1986) showed a similar pattern of
glandular differentiation when they were grown in a three-dimensional
collagen gel culture (Kirkland, 1988b; Richman and Bodmer, 1988). Both cell
lines showed a more differentiated columnar cell phenotype where
microvilli were abundant and uniform in size at the apical cell surface and
the nuclei were polarised to the basolateral membrane in contact with the
collagen gel. When the cell lines were grown in agarose gel, no glandular
differentiation or changes in cell polarity were seen. This suggests that the
three-dimensional cell conformation is not sufficient in inducing cell
differentiation but cell - collagen interaction is required for the induction
of the differentiated phenotype. Both SW1222 cells (Richman and Bodmer,
1988) and HRA-19al.1. (Kirkland, 1988a) showed glandular differentiation
with columnar and goblet cell differentiation also when grown as
xenografts in immunocompromised mice. In HRA-19al.1 xenografts,
endocrine cells were also observed confirming the Unitarian hypothesis
that all the differentiated cell types in colorectal epithelium share a common
cell of origin (Chang and Leblond, 1971; Cheng and Leblond, 1974; Cox and
Pierce, 1982; Ponder et al, 1985).

It would seems that type I collagen fibres can provide the inductive signal
required for the expression of morphological differentiation at least in some
colorectal cell lines in vitro. However the importance of basement
membrane in inducing epithelial polarity has been reported in both normal
epithelial cells (Bemfield et al, 1972; Vracko, 1974; Banerjee et al, 1977) and
in transformed cells (Ingber et al, 1981; Reddy J.K. et al, 1986). Whether
other extracellular matrix components or soluble factors produced by the
host play a role in the induction of the differentiated phenotype seen in the

mouse xenograft in vivo is uncertain.



1.4 AIMS OF THE RESEARCH

The overall aim of this research project was to define some of the molecular
events controlling the morphological differentiation of colorectal tumours
in order to understand some of the steps characterising the development of

colorectal cancer.

As discussed in Section 1.2.4 (a), the histopathological definition of colorectal
tumour differentiation is based largely on overall tissue architecture. The
presence or absence of glandular differentiation represents an important
factor defining the grade of malignancy of colorectal tumours (Morson and

Sobin, 1976). The key questions which need to be answered are:

a) Is the cell - matrix interaction responsible for the induction and

maintenance of the glandular differentiation in colorectal cancer?

b) If so, is this interaction mediated by extracellular matrix receptors,
which control the expression of the differentiated phenotype by acting
as transducers of signals between the extracellular and the intracellular

compartment?

c) Since rate of proliferation is commonly observed to be inversely
correlated to degree of differentiation, could extracellular matrix

receptors be responsible for controlling both?

d) Could modulation of expression and function of extracellular matrix
receptors be one mechanism by which Transforming Growth Factor Betas
(TGF-Bs) control differentiation and proliferation of epithelial cells?

¢) Can the loss of differentiation observed with the development of high
grade, invasive malignancy be explained in terms of somatic cell
mutations which result in the loss of function of extracellular matrix

receptors?

The approaches used to answer these questions will be discussed in the

following paragraphs.



1.4.1 DEVELOPMENT OF AN IN VITRO MODEL TO STUDY
DIFFERENTIATION OF COLORECTAL CANCER

Previous studies have defined the role of extracellular matrix proteins and
in particular of collagen in controlling cell proliferation (Gay et al, 1974;
Liotta et al, 1978; Adamson, 1983), differentiation (Hauschka and Konigsberg,
1966; Kosher and Church, 1975) and gene expression (Lee et al, 1984, 1985).
A number of culture systems have been described in which the formation of
a polarised epithelium with cells organised in glandular structures occurs
in vitro. These models have been developed using three-dimensional
substrata such as collagen sponge or collagen gel (McAteer et al, 1988).
Three-dimensional collagen gel cultures have been shown to influence the
expression of a differentiated phenotype in a number of epithelial cells in
vitro such as cornea epithelial cells (Meier and Hay, 1975), liver
parenchymal cells (Michalopoulos and Pitot, 1975), mammary epithelial cells
(Emerman and Pitelka, 1977) and colorectal carcinoma cell lines (Kirkland,
1988b; Richman and Bodmer, 1988). The molecular events controlling
epithelial cell-collagen interactions and their consequences have not yet
been characterised. Direct interaction between the cell and collagen
however seems to be required for collagen to exert its action.

I have therefore selected from a panel of human colorectal carcinoma cell
lines, a cell line (SW1222) which only when grown in a three-dimensional
collagen gel expresses typical epithelial polarity and glandular organisation
resembling the differentiation of colorectal tumours in vivo (Richman and
Bodmer, 1988). This feature suggests a specific and direct effect of collagen
fibres in inducing the morphological differentiation seen in collagen gel

culture.

This in vitro system was therefore used to investigate whether this
interaction was mediated by specific cell surface collagen receptors and if

so, how their function was biochemically and genetically controlled.
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1.4.2 THE IDENTIFICATION AND CHARACTERISATION OF
EXTRACELLULAR MATRIX RECEPTORS CONTROLLING
DIFFERENTIATION IN COLORECTAL CARCINOMA CELL
LINES

Using this in vitro system I attempted to ascertain whether cell surface
molecules act as transducers of signals between the collagen matrix and the
cytoskeleton. To this end two approaches were used. The first using short
synthetic peptides containing the Arginine-Glycine-Aspartic acid (RGD)
tripepﬁde sequence which has been shown to be the recognition signal for
several extracellular matrix receptor proteins (Ruoslahti and

Pierschbacher, 1987). These peptides were studied for their ability to inhibit
the epithelial cell-collagen interaction. The second approach was to analyse
the ability of monoclonal antibodies to inhibit the cell binding to collagen
matrix. For this purpose both available monoclonal antibodies recognising
known epithelial cell surface determinants and monoclonal antibodies

specifically raised against SW1222 colon tumour cells were used.

The identification and characterisation of the collagen receptor was carried
out using affinity chromatography technique on a type I collagen-
Sepharose column, followed by immunoprecipitation using those
monoclonal antibodies that showed inhibitory activity on the SW1222 cell
collagen binding.

1.4.3 TO INVESTIGATE MECHANISMS BY WHICH TRANSFORMING
GROWTH FACTOR BETAS CONTROL DIFFERENTIATION AND
PROLIFERATION OF COLORECTAL CARCINOMA CELL LINES

Transforming growth factor betas (TGF-Bg) are multipotent regulatory
proteins, known to modulate proliferation and differentiation of several cell
types (Massagué, 1987; Rizzino, 1988; Roberts and Sporn, 1988, Roberts A.B. et
al, 1988). These effects are partially mediated by increased accumulation of
extracellular matrix proteins such as collagen, proteoglycans and
fibronectin (Ignotz and Massagué, 1986; Roberts et al, 1986; Bassols and
Massagué, 1988). It has however been proposed that TGF-Bg may also exert



their effect by increasing synthesis and expression of specific receptors for
extracellular matrix proteins (Ignotz and Massagué, 1987).

My aim was to evaluate whether TGF-Bg can modulate the expression and
function of extracellular matrix receptors in responsive colorectal
carcinoma cell lines and whether this may in turn result in the expression
of the differentiated phenotype and decreased proliferation rate of the

tumour cells.

1.4.4 ELUCIDATION OF THE GENETIC CONTROL OF COLORECTAL
TUMOUR DIFFERENTIATION

Somatic cell hybrids have proved extremely useful for human gene
mapping, for the study of gene expression associated with differentiated
function and the genetic analysis of malignancy (Davidson, 1974; Harris,
1986). Thus, to study the genetic control of the glandular differentiation
observed in three-dimensional collagen gel, somatic cell hybrids derived
from the fusion of the human colon carcinoma cell line (SW1222) able to
differentiate in three-dimensional collagen with a mouse rectal carcinoma
cell line (CMT-93) that shows no glandular organisation were produced.
Human-mouse hybrid clones containing a restricted number of human
chromosomes were analysed for their ability to express the differentiated

phenotype of the human parent cell line.

1.4.5 TO STUDY CHANGES IN THE EXPRESSION OF COLLAGEN
RECEPTORS IN RELATION TO THE DEVELOPMENT OF
COLORECTAL TUMOURS

Following further biochemical characterisation of the cell surface collagen
receptor and the availability of specific reagents recognising these
molecules, immunohistochemical studies were performed to evaluate the
expression of these receptors in vivo in normal colonic mucosa and in
colorectal neoplasia. This ultimately allowed me to test my original working

hypothesis that collagen receptors play an important role in controlling the
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glandular differentiation of colorectal tumour cells and that loss of these
receptors may be a crucial step which occurs with increasing grade of

malignancy in colorectal cancer.
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CHAPTER 2.

MATERIALS AND METHODS

2.1 CELL BIOLOGY

2.1.1 STANDARD TISSUE CULTURE

The colorectal carcinoma cell lines used in this research are listed in table
2.1. Cells were routinely cultured in 10cm sterile plastic Petri dishes (Nunc)
at 37°C in Dulbecco's modification of Eagle's medium (DMEM) and maintained
in a humidified atmosphere in 10% carbon dioxide. Growth media were
supplemented with 10% foetal calf serum (Gibco). Medium changes were
carried out every three days. Cells were examined by phase contrast
microscopy and were passaged by treatment with 0.25% trypsin, 0.01%
cthylenediaminetetraacetic acid (EDTA). An 8-azaguanine-resistant variant
of a mouse rectal carcinoma-derived cell line, CMT-93, was maintained in
DMEM-10% FCS containing 2x10-5M 6-thioguanine at 37°C in 10% CO3.
P3/NS1/1-Ag4-1 mouse myeloma cells were routinely cultured in 75cm2
Falcon 3024 flasks (Becton Dickinson) using Roswell Park Memorial Institute
1640 medium (RPMI 1640) supplemented with 10% foetal calf serum and
2x10-5M 6-thioguanine at 37°C in 5% CO3. All cell lines were periodically
checked by the Imperial Cancer Research Fund Cell Production Unit for
mycoplasma contamination and were found to be mycoplasma free. Cells
were frozen in a mixture of 90% FCS and 10% dimethylsulphoxide (DMSO) and
the temperature allowed to drop slowly to -70°C before being placed in liquid
nitrogen for storage.

Colorectal carcinoma cell lines were also grown on glass slides for
immunocytochemical staining. For this purpose 2x100 cells were
resuspended in 20ml culture medium and plated in 10cm Petri dishes
containing autoclaved 4 well "Multiwell" glass slides [C.A. Hendley Ltd,
(Essex)]. Cell adherence and growth on the glass slides appeared identical to
that seen in plastic Petri dishes. Cells were cultured on the slides for at least

3 days prior to staining.



CELL LINE

SW1222

SW480

SW620

LS174T

HT29

SW837

PC/IW

CMT 93

P3/NS/1-Ag4-1

TABLE 2.1

ORIGINS OF CELL LINES

ORIGIN

Human colon carcinoma

Human colon carcinoma

Lymph node metastasis
from SW480 primary

Human colon carcinoma

Human colon carcinoma

Human rectal carcinoma

Human colon carcinoma from
Familial Adenomatous
Polyposis patient

Mouse rectal carcinoma

Balb/c myeloma

Leibovitz et al, 1976

Leibovitz et al, 1976

Leibovitz et al, 1976

Tom et al, 1976

Fogh and Trempe, 1975

Leibovitz et al, 1976

Paraskeva et al, 1984

Franks and Hemmings,1977

Kohler and Milstein, 1976



2.1.2 COLLAGEN GEL

2.1.2 a) PREPARATION

Collagen gels were used to analyse the ability of colorectal carcinoma cell
lines -and a panel of derived hybrids to express the glandular differentiated
phenotype in vitro. Collagen gels were prepared using Vitrogen 100
collagen (Collagen Corporation, Palo Alto, California) according to the
manufacturer's instructions. Vitrogen 100 collagen is 99.9% pure collagen as
judged by sodium dodecylsulphate polyacrylamide gel electrophoresis in
conjunction with bacterial collagenase sensitivity and silver staining
techniques. It is 95-98% type I collagen with the remainder being type III
collagen. Neutralised, isotonic Vitrogen 100 collagen solution was prepared
by mixing 8ml of chilled Vitrogen collagen (3.1x0.1mg/ml concentration)
with 1ml 0.1M NaOH and 1ml of 10 times concentrated DMEM (Gibco). The pH
of the solution was adjusted to 7.4+0.2 by the addition of a few drops of 0.1IM
HCI or 0.1M NaOH.

Cells were mixed with Iml of the neutralised Vitrogen 100 collagen solution
and plated either into 24-well tissue culture plates (Falcon 3047, Becton
Dickinson) or into 3.5cm Petri dishes (Nunc). Collagen solution was
incubated at 37°C for 10-20 minutes. The gel was then overlaid with 0.5-1.5ml
of DMEM-10%FCS medium which was changed every three days. Cultures
were monitored under a Leitz Diavert phase contrast microscope every day.
After 14 days the gels were fixed by the addition of neutral buffered
formalin for 24 hours, removed from the dishes, embedded in paraffin and
sections were stained with haematoxylin/feosin (Richman and Bodmer, 1988).
The presence of mucin was also determined using the periodic acid-Schiff

diastase staining technique (Bancroft and Stevens, 1982).

2.1.2 b) SEMI-QUANTITATIVE ANALYSIS OF THE DEGREE OF
GLANDULAR DIFFERENTIATION OF SW1222 COLON
CARCINOMA CELLS IN COLLAGEN GEL

In order to analyse semi-quantitatively the glandular structure formation

by SW1222 cells, glands were defined as cell aggregates composed of single



columnar epithelial cells whose nuclei were polarised toward the basal
surface of the cell and where cells were organised around a central lumen.
Two hundred colonies were counted and the glandular structures were
identified under a Leitz Diavert phase contrast microscope (objective 32L) at
various times between 1 and 14 days. Triplicate dishes were prepared for
each experiment. Values were expressed as number of glandular structures

per number of cell colonies.

2.1.3 MATRIGEL

Matrigel (Collaborative Research, Inc.) was used to assess the ability of
human colon carcinoma cell lines to express glandular differentiation in
culture. Matrigel is a solubilised extract of the basement membrane from
Engelbreth-Holm-Swarm transplantable tumour (Timpl et al, 1979). It
contains collagen type IV, heparin sulphate proteoglycan and entactin.
Matrigel was used diluted (1:1) with DMEM, according to the manufacturer's
instructions. Colon carcinoma cell lines were resuspended at a cell density of
103 cells/ml and plated into 3.5cm petri dishes (Nunc) as described in Section
2.1.2. (a). The Matrigel cultures were managed as for collagen cultures
[Section 2.1.2.(a)].

2.2 CELL ADHESION

2.2.1 EXTRACELLULAR MATRIX PROTEINS

Human type I and type IV collagens (Sigma, St Louis) were dissolved in 0.1IN
acetic acid and stored at a concentration of 2mg/ml at 4°C until used. Human
fibronectin (Sigma) was dissolved in distilled water at a concentration of
Img/ml and stored in 20pg aliquots at -20°C. Mouse laminin, purified from

basement membrane extracts of the Engelbreth-Holm-Swarm transplantable



mouse tumour (Collaborative Research Inc.), was dissolved (Img) in 1ml of
0.05M Tris-HC1/0.15M NaCl pH 7.4 and stored at -70°C until used.

2.2.2 COATING

The cell attachment assay was performed using 96 well microtiter plates
(Dynatech) which had not previously been treated to induce cell adhesion.
In the absence of exogenous adhesive proteins, cells would not adhere to
these plates. Plate wells were coated with 50ul of a 20ug/ml solution in PBS-A
of each extracellular matrix protein (section 2.2.1). The plates were left
overnight uncovered in a vertical laminar flow cabinet to air dry. Control
plateé were prepared in the same way but using bovine serum albumin

(20pg/ml) to coat the wells instead of the extracellular matrix proteins.

2.2.3 CELL ATTACHMENT ASSAY

Cells were removed from subconfluent cultures using 0.25% trypsin and
0.01% EDTA and washed three times in serum-free DMEM. Approximately
5x104 or 1x105 were plated into the previously coated 96 well Dynatech plates
(Section 2.2.2) and allowed to attach for 2 hours at room temperature. The
supernatants were then removed and any remaining unattached cells
removed by washing three times with PBS-A. The relative number of
attached cells was then estimated by measuring alkaline phosphatase
activity (Huschtscha et al, 1989). Two hundred microliters of freshly made
assay. solution containing 0.2M boric acid, ImM MgCly and 1.2mM 4-
methylumbelliferyl phosphate (Sigma) were added to each well for 2 hours
at 37°C. This non-fluorogenic substrate will react with all forms of the
enzyme whether derived from placenta, intestine, liver, bone or kidney to
produce free phosphate and 5 methylumbelliferylerone which is a highly
fluorogenic compound (McComb et al, 1979). The relative fluorescence can
be measured using a Dynatech microfluor plate reader with the cells in situ.

and is directly proportional to the cell number (Huschtscha et al, 1989).



2.3 SYNTHETIC PEPTIDES

2.3.1 SYNTHESIS

The four hexapeptides used in the experiments were Serine-Arginine-
Glycine-Aspartic acid-Threonine-Glycine (SRGDTG), Serine-Arginine-
Glycine-Glutamic acid-Threonine-Glycine (SRGETG), Glycine-Arginine-
Glycine-Aspartic acid-Serine-Proline (GRGDSP) and Glycine-Arginine-
Glycine-Glutamic acid-Serine-Proline (GRGESP). The synthetic peptides were
kindly provided by Dr Jonathan Rothbard, Molecular Immunology
Laboratory, Imperial Cancer Research Fund, London. The peptides were
synthesised using a peptide synthesiser (Model 430A, Applied Biosystems,
Inc., Foster City, California) by the solid phase technique (Barany and
Merrifield, 1980) using commercially available t-boc protected aminoacids
and resins as previously described (Rothbard et al, 1988). The peptides were
assayed for purity by aminoacid analysis and analytical High-Perfomance-
Liquid Chromatography (HPLC) using an Aquafore RP-300 reverse phase

column.

2.3.2 USE OF SYNTHETIC PEPTIDES TO INHIBIT TUMOUR
DIFFERENTIATION IN THREE DIMENSIONAL COLLAGEN GEL

The synthetic peptides described in Section 2.3.1 were evaluated for their
ability to inhibit the glandular differentiation of SW1222 colorectal
carcinoma cells and the derived hybrids in three-dimensional collagen gel
cultures. Trypsinised cells (1x10%) were washed three times with DMEM and
resuspended in 50ul DMEM containing the synthetic peptide SRGDTG or
SRGETG (2mg/ml), 25mM Hepes (pH 7.4) and bovine serum albumin
(2.5mg/ml). Cell suspensions were then mixed with 0.95ml isotonic,
neutralised Vitrogen 100 collagen solution and plated into 24-well tissue
culture plates as described in Section 2.1.2(a). Collagen gel cultures were
examined daily under a Leitz Diavert phase contrast microscope (objective
32L) and the glandular structures identified. Semi-quantitative analysis of

the glandular differentiation was performed as described in Section 2.1.2(b).



2.3.3 USE OF SYNTHETIC PEPTIDES TO INHIBIT CELL ATTACHMENT
TO EXTRACELLULAR MATRIX PROTEINS

The synthetic peptides (Section 2.3.1) were tested for their ability to inhibit
the binding of some colorectal carcinoma cell lines and hybrid cells to
extracellular matrix proteins in a cell attachment assay (Section 2.2.3).
Trypsinised cells were washed three times using serum-free DMEM and then
resuspended in DMEM containing bovine serum albumin at 2.5mg/ml, 25mM
Hepes (pH 7.4) and a synthetic peptide SRGDTG, SRGETG, GRGDSP or GRGESP at
serial concentrations between 0.03 to 2mg/ml. Then 2x104 cells/well were
allowed to attach to 96 well microtiter plates (Dynatech) previously coated
with various extracellular matrix proteins (Section 2.2.2) and the number of

attached cells was estimated as described in Section 2.2.3.

2.4 - PRODUCTION OF HUMAN-MOUSE SOMATIC CELL HYBRIDS

2.4.1 FUSION TECHNIQUE

Somatic cell hybridisation was performed according to the method of Galfré
et al (1977). SW1222 human colon carcinoma and CMT-93 mouse rectal
carcinoma cell lines were removed from the dishes in which they were
growing by using a 0.25%trypsin-0.01% EDTA mixture and washed twice with
serum-free DMEM. The cells were counted using a haemocytometer and
combined at a pre-determined ratio and concentration of approximately
5x100 of each cell type. The cell suspension was centrifuged at 1500 r.p.m.
for 7 minutes and the supernatant removed. The cell pellet was gently
dispersed by tapping the tube and 1ml of 50% (vol/vol) of polyethylene
glycol 1500 (PEG 1500, BDH Chemicals) in serum-free DMEM at 37°C was added
over 1 minute. The tube was placed in a 37°C waterbath for 1 minute, 1 ml of
serum-free DMEM at 37°C added over a further minute and 20ml of serum-
free DMEM at 37°C was added over the next 5 minutes. The cell suspension
was then centrifuged at 1000 r.p.m. for 10 minutes, the supernatant

discarded and the cells resuspended in DMEM containing 20% Myoclone-FCS



(GIBCO). The FCS was from a batch which had previously been screened to
support clonal growth. The cells were then plated at low density into 10cm
Petri dishes (Nunc) and incubated at 37°C. After 1 day half the medium was
replaced with fresh medium supplemented with 10-4M hypoxanthine,
1.6x10-5M thymidine and 10-35M methotrexate (HMT). For the first week
10-5M ouabain (Sigma) was also added. The medium was changed every three
days. Hybrid colonies were generally visible microscopically at 3-4 weeks
after fusion and were either grown up as a mass culture or were

subsequently cloned.

2.4.2 CLONING

The hybrid colonies cultured in 10cm Petri dishes (Nunc) were cloned using
cloning cylinders. The medium was aspirated from the dish and a sterile
cloning ring was dipped into silicone grease using sterile forceps and firmly
placed over the colony of interest. The cylinder was then filled with 0.05%
trypsin and 0.01% EDTA and incubated at 37°C until the cells detached. The
cell suspension was then transferred with a Pasteur pipette to a 24-well
tissue culture plate (Falcon 3047, Becton Dickinson) and grown in the
selective DMEM-HMT medium with 20% Myoclone FCS (Gibco). Once

confluent, the cells were transferred to a 6cm Petri dish (Nunc) and

cultured. An aliquot of cells was frozen at -70°C as soon as possible.

2.4.3 CHROMOSOME ANALYSIS

The human chromosomes present in the hybrids were identified by isozyme
and karyotype analysis. Isozyme analysis was accomplished using starch gel
or cellulose gel electrophoresis and standard techniques (Harris and
Hopkinson, 1976). This was performed by A. Rearney and S. Povey, Galton
Laboratory, London. Karyotyping was carried out by P. Gorman, R. Palmer
and D. Sheer, Human Cytogenetic Laboratory, Imperial Cancer Research
Fund, London using G-11 staining (Bobrow and Cross, 1974), Q banding
(Caspersson et al.,, 1971) and G banding (Seabright, 1972) techniques. In



addition the hybrids were typed with a panel of monoclonal antibodies
(mAbs) recognising human cell surface determinants using an indirect
immunoperoxidase technique [Section 2.6.2 (b)].

The panel of mAbs and the chromosomes to which their reactions map are
shown in Table 4.1.

2.5 PRODUCTION OF XENOGRAFT TUMOURS

Congenitally athymic female ICRF nu/nu nude mice between 5 and 6 weeks
old were used to produce xenograft tumours. The animals were housed in
isolators in the Animal Unit at Clare Hall Laboratories, Imperial Cancer
Research Fund, South Mimms, Potters Bar, Herts. Sterilised food and water
were provided ad libitum. Subconfluent cultures of each cell line were
detached using a 0.25% trypsin and 0.01% EDTA mixture, the suspension
washed twice in PBS-A and the cells counted using a haemocytometer. To
study the in vivo morphology of xenograft tumours produced by each cell
line, approximately 1x107 cells resuspended in 0.2ml PBS-A were inoculated
into one subcutaneous site on each mouse. Three mice were used for each
cell line. To assess the tumourigenicity of each cell line, serial dilutions
ranging from 1x107 to 1x10% cells of each were injected into three mice.
When tumours measured lcm in diameter, the mice were sacrified by
cervical dislocation and subjected to post-mortem examination. The tumours
were excised and processed for histology and immunohistochemistry. The

above procedures were performed by members of the Animal Unit.



2.6 MONOCLONAL ANTIBODIES

2.6.1 PRODUCTION
2.6.1 a)IMMUNISATION

Monoclonal antibodies were obtained from four separate fusions which were
carried out using spleen from BALB/c mice immunised by intraperitoneal
injections according to the following protocol. In fusion 1 and 2, mice were
immunised and boosted with SW1222 colon carcinoma cells. Cells were
removed from 10cm Petri dishes (Nunc) using 0.25% trypsin and 0.01% EDTA
and washed thrce times with PBS-A. Animals received intraperitoneally
5x109 cells resuspended in 0.1ml PBS-A with complete Freund's adjuvant at 12
weeks, with incomplete Freund's adjuvant at 8weeks, and with PBS-A only at
4 weeks and 4 days prior to each fusion,

In fusion 3 the last two injections (4 weeks and 4 days prior to the fusion)
were carried out using SW1222 cells which had been growing in three
dimensional collagen gel for 14 days (Section 2.1.2). Cells were removed from
the collagen gel culture according to the method described by Shor (1980).
Cells growing within the three-dimensional collagen gel, in 6cm Petri dishes
(Nunc), were washed three times with DMEM and then incubated with 4ml of
0.2mg/ml collagenase type IA (Sigma) in serum-frce DMEM for 3 hours to
dissolve the gels completely. The dissolved gel was then centrifuged at 300g
for 10 minutes and the cell pellet resuspended in 2 ml of 0.05% trypsin plus
0.01% EDTA in PBS-A which was then added back to the appropriate dishes to
detach those remaining cells which had adhered to the plastic as the
collagen gel was dissolved. Dishes were incubated for 10 minutes at 37°C and
cell number then determined using an haemocytometer chamber.

In fusion 4 a human-mouse hybrid clone, SWC 3, which was obtained from
the fusion of the human colon carcinoma cell line SW1222 with the mouse
rectal carcinoma cell line CMT-93 (Section 2.4), was used as immunogen. As
for the previous fusions, 5x100 cells were injected intraperitoneally at 12
weeks, 8 weeks, 4 weeks and 4 days prior to the fusion.

Animals were housed in a sterile environment in the Animal Unit at Clare
Hall Laboratories, Imperial Cancer Research Fund, South Mimms, Potters Bar,

Herts. Immunisations were carried out by members of the Animal Unit.



2.6.1 b)FUSION TECHNIQUE

The spleen was removed aseptically from an immunised mouse and a single
cell suspension made by pushing the spleen through a wire sieve.

Spleen cells were washed twice with RPMI 1640 medium. P3/NS1/1-Ag4-1
Balb/c myeloma cells growing in log phase were washed twice in RPMI 1640
medium and approximately 5x107 myeloma cells were mixed with
approximately 1x108 spleen cells. The cell mixture was pelleted at 1500 r.p.m.
for 5 minutes and the medium was removed. One ml of 50% polyethylene
glycol 4000 (PEG 4000, Merck, Darmstadt) in RPMI 1640 at 37°C was slowly
added to the pellet over 1 minute with continuous gentle stirring from the
pipette tip. A further 2ml of RPMI 1640 at 37°C were added over the next 2
minutes with gentle stirring. The suspension was then diluted to 20ml over
3-5 minutes. The fused cells were spun gently at 300 r.p.m. for 15 minutes,
resuspended in RPMI 1640 containing 20% Myoclone FCS, 10-4M
hypoxanthine, 1.6x10-5M thymidine and 10-5M methotrexate (HMT) and

p]atcd into 96 well microtiter tissue culture plates (Falcon).

2.6.1 ¢)CULTURE OF FUSED CELLS

The plates were incubated at 37°C in 5% CO3 in air at 100% humidity and the
medium was changed every four days by removing and replacing half of
medium on each occasion. Hybrid clones were generally visible
macroscopically at 2-3 weeks after fusion. Initial screening to identify the

monoclonal antibody producing clones, was performed prior to cloning.

2.6.1 d)CLONING

Monoclonal antibody producing hybrid colonies were subsequently single
cell cloned. Approximately 0.2ml of hybrid cells were dispersed into a 10cm
Petri dish containing 10ml of RPMI 1640 medium. The cells were widely
dispersed when viewed through an inverted microscope. Single cells were
picked with a drawn-out Pasteur pipette and transferred to individual wells
of 96-well microtiter plates containing mouse peritoneal feeder cells. The
peritoneal cells had been harvested by injecting 5Sml of RPMI 1640 medium



into the peritoneal cavity of a Balb/c mouse using a 24-gauge needle. After
gently massaging the abdominal area of the mouse, the fluid was withdrawn
into a 5ml glass syringe with 20-gauge needle. The feeder cells had been
seeded into the microtiter plates at least two days prior to the cloning.
Supernatants from the clones were assayed after about 15 days. For each
monoclonal antibody colony up to 4 positive clones were expanded by
transfer to 24-well plates and subsequently to flask cultures. Cloning by this

method was performed twice for each monoclonal antibody.

2.6.1 e) WEANING OFF HMT MEDIUM

Once frozen stocks of the clones had been established, the hybridoma
cultures were weaned off HMT medium. Initially, methotrexate (M) was
omitted from the culture medium. Then hypoxanthine (H) and thymidine (T)
were reduced to half concentration over a period of seven days and then
omitted. At this point if hybrid cells continued to grow, serum concentration

was reduced over a further seven days to 10%.

2.6.2 INITIAL SCREENING

The initial screening for antibody production from all fusions was
performed using a B galactosidase/anti-B galactosidase enzyme-linked
immunosorbent assay (GAG-ELISA) (Durbin and Bodmer, 1987) performed on
the original immunising cell line. In order to select monoclonal antibodies
with epithelial specificity which could be used later for functional and
immunochemical studies, a second screening was carried out using the
indirect immunoperoxidase staining technique on freshly frozen normal

large intestine and colorectal tumours.
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2.6.2 a)GAG-ELISA ON WHOLE CELLS

reparation

Ninety-six microtiter plates (Dynatech) were prepared for the GAG-ELISA by
adding fifty microliters per well of poly-l-lysine (Sigma) 0.01% (w/v) in
PBS-A for one hour at room temperature. Plates were then washed twice in
PBS-A prior to adding the cells. Cells were detached from the 10cm Petri
dishes (Nunc) using a mixture of 0.25% trypsin and 0.01% EDTA, washed
twice and resuspended in PBS-A. Approximately 2x10% cells in 50pl/well
PBS-A were added to the poly-l-lysine coated plates. Plates were then
centrifuged for five minutes at 1.500 r.p.m. using a Sorvall GLC-2B
centrifuge and then allowed to stand for a further 15 minutes. Cells were
fixed by adding 0.025% glutaraldheyde in PBS-A to each well for 30 minutes.
Plateé were then washed twice with PBS-A to remove the glutaraldheyde
solution. Non specific binding of the monoclonal antibody to the plastic
plates was reduced by adding PBS-A containing 0.1% gelatin (w/v) for at
least one hour at room temperature. If not for immediate use plates
containing the gelatin solution were covered with Titerteck plate sealer and

stored at 4°C for up to four weeks in the presence of 0.2% sodium azide.

A I r

For use in assays, plates were washed twice with PBS-A containing 0.2%
casein (w/v) (Oxoid) to remove the gelatin solution. Twenty-five or fifty
microliters of unconcentrated antibody supernatants were added in
duplicate for one hour and then wells were washed with PBS-A/casein
containing 0.2% Tween 20 (v/v) (Sigma). They were then incubated with
50ul rabbit anti-mouse immunoglobulin (Dako Z259) diluted 1:100 in 200mM
Tris buffer pH 7.4 containing 10% normal human serum for 1 hour at room
temperature. Following two washes with PBS/casein/Tween 20, 50ul of B-
galactosidase monoclonal antibody complexes diluted 1:1000 in 200mM Tris
buffer pH 7.4 containing 10% normal human serum were added for a further
one hour at room temperature. The complexes were provided by Mrs Helga
Durbin, Director's Laboratory, Imperial Cancer Research Fund, London.
Wells were then washed three times with PBS-A/casein/ Tween 20 and then
100pul of a filtered saturated solution of 4-methylumbelliferyl-B-D-

galactosidase (Sigma) were added for 10 minutes. Fluorescence was then



measured using a Dynatech Microfluor reader and expressed in arbitrary

fluorescence units.

2.6.2 b) INDIRECT IMMUNOPEROXIDASE STAINING

Tissues.

Fresh samples of normal large intestine and colorectal tumours were used to
select monoclonal antibodies with epithelial specificity. Samples were
obtained from the Imperial Cancer Research Fund Colorectal Cancer Unit,
St Mark's Hospital, London. The tissues were snap frozen in cold isopenthane
and stored at -70°C. Six micrometer cryostat sections were placed on slides
coated with 0.1% poly-l-lysine and fixed in acetone for 10 minutes at room
temperature. Sections were washed with PBS-A for 10 minutes, dried at room

temperature and stored at -70°C until stained.

ltur 11
Cultured supernatants were also tested on a panel of human colorectal
carcinoma cell lines growing in monolayer culture. Cells grown on
autoclaved multiwell glass slides were washed twice in PBS-A, then fixed for
5 minutes in acetone at room temperature. Cells were washed in PBS-A for 10

minutes prior to staining.

Indirect immunoperoxidase technique,

This method was used for screening of hybridoma culture supernatants and
for subsequent analysis of all tissue and cell cultures. Tissue sections or
cultured cells were covered with 20ul of monoclonal antibody and incubated
for one hour in a humidified chamber. After washing three times (10
minutes each) with PBS-A, peroxidase-conjugated rabbit anti-mouse diluted
1:50 in PBS-A containing 10% normal human serum was added for a further
30 minutes. Three more washes (10 minutes each) were performed following
which the peroxidase reaction was developed using a freshly prepared,
filtered solution of diaminobenzidine (Sigma), 5mg in 10ml Tris HCl pH 7.6
(0.2M Tris, 0.1M HCI) containing 0.03% hydrogen peroxide and 6mg imidazole
to accelerate polymerisation. The reaction was stopped after 5 minutes by
washing in tap water. Slides were counterstained with Mayer's haematoxylin

for 7 minutes, dehydrated in a graded alcohol series, cleared in xylene and
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mounted in DPX (B.D.H). Immunohistochemical staining was controlled by
the use of non-hybridoma tissue culture medium (RPMI 1640 with 10% FCS)
as the primary layer and by using the peroxidase conjugate antibody and

diaminobenzidine solution individually.

2.6.3 IMMUNODIFFUSION

This method was used to identify immunoglobulin classes and subclasses of
the selected monoclonal antibodies. Microscope slides were covered with 3ml
1% Agarose in a barbitone buffer (12g sodium barbital and 4.4g barbital in
11 of distilled water with sodium hydroxide, pH 8.2). Equidistant holes were
punched in the agarose using a template and the plugs of agarose were
removed by suction. In the central wells Sul volumes of different class and
subclass specific rabbit antisera (IgG1l, IgG2a, IgG2b, IgG3, IgM (Miles) were
placed. Five microliters of ten times concentrated monoclonal antibody
supernatants were then placed individually in peripheral wells. Monoclonal
antibodies of known immunoglobulin classes and subclasses were used as
controls. The slides were incubated for 12 hours in a humidified chamber at
room temperature. The lines of precipitation were then read with the aid of a
bright light [Ouchterlony and Nilsson (1978)].

2.6.4 INHIBITION OF THE BINDING TO EXTRACELLULAR MATRIX
PROTEINS BY MONOCLONAL ANTIBODIES

In order to identify cell surface molecules which may function as collagen
receptors, monoclonal antibodies were tested for their inhibitory activity in
a cell attachment assay (Section 2.2). Trypsinised cells were washed three
times in serum-free DMEM and counted using a haemocytometer chamber.
Approximately 5x104 cells were resuspended in 50ul of 10 times concentrated
monoclonal antibody culture supernatant or 100pg/ml concentration of
purified monoclonal antibody. Cells were allowed to attach to 96 well

microtiter plates (Dynatech) previously coated with several extracellular



76

matrix proteins as described in Sections 2.2.1 and 2.2.2. The number of

attached cells was estimated as described in Section 2.2.3.

2.6.5 ELISA FOR CARCINOEMBRYONIC ANTIGEN REACTIVITY

This method was used to test the monoclonal antibodies PR 3B10 (Richman
and Bodmer, 1987), C46 (Amersham), P8G 158 (Sera Lab) and anti-CEA (Oxoid)
for their reactivity with human carcinoembryonic antigen (CEA).

Human CEA was isolated from liver metastases of colon adenocarcinoma by a
process of saline extraction, salting out ion exchange and gel filtration
(Dako). It was dissolved in 0.1M NaCl containing 15mM sodium azide at a
concentration of 100pg/ml. The antigen was then diluted in PBS-A and added
to 96 well microtiter plate at a concentration of 20pg/ml in SOpl/well. Plates
were allowed to stand at room temperature for at least one hour and then
washed twice with PBS-A. The unoccupied sites were blocked by adding PBS-
A containing 0.1% gelatin and 0.2% sodium azide for at least one hour at
room temperature. The GAG-ELISA assay was then performed as described in
Section 2.6.2 (a) using the above monoclonal antibodies at a concentration of

20pg/ml.

2.6.6 TESTING THE COLLAGEN BINDING ACTIVITY OF
CARCINOEMBRYONIC ANTIGEN

In order to study whether carcinoembryonic antigen (CEA) is able to bind
collagen directly, two experiments were performed. In the first experiment
the ability of CEA to bind directly collagen coated microtiter plates was
assessed using the GAG-ELISA ([Section 2.6.2(a)] and a panel of monoclonal
antibodies shown to have CEA reactivity as described in Section 2.6.5. In this
assay 96 well microtiter plates (Dynatech) were coated with both 20ug/ml
and 40ug/ml of either human type I collagen or bovine serum albumin as
described in Section 2.2.2. A series of uncoated wells were also prepared.
Stock solution (100pg/ml) of human purified carcinoembryonic antigen
(CEA) (Section 2.6.6) was diluted in PBS-A and added to the previously coated



microtiter plate at 20pg/ml, 2pg/ml and 0.2pg/ml concentration for 3 hours
at room temperature. After two washes with PBS-A, the unoccupied sites
were blocked by adding PBS-A containing 0.1% gelatin (w/v) and 0.2%
sodium azide for one hour at room temperature. Plates were then washed
twice with PBS-A containing 0.2% casein (w/v) (Oxoid) to remove the gelatin
solution. Then 50ul of monoclonal antibodies PR 3B10 (Richman and Bodmer,
1987), P8G 158 (Sera Lab), anti-CEA (Oxoid) were added in duplicate at a
concentration of 20ug/ml for one hour. The binding of antibody to collagen
bound CEA was detected using the GAG-ELISA [Section 2.6.2(a)].

A second experiment was performed to assay the ability of CEA molecules to
inhibit the collagen binding of SW1222 cells. In this experiment 96 well
plates were coated with 20pg/ml of either human type I collagen or bovine
serum albumin as described in Section 2.2.2. Prior to adding the trypsinised
cells, stock solution (100pg/ml) of human purified CEA (Section 2.6.6) diluted
in PBS-A was added to the previously coated microtiter plate at
concentrations of 20ug/ml, 2pg/ml and 0.2ug/ml for 3 hours at room
temperature. The plates were then washed twice with PBS-A and trypsinised
SW1222 cells were then plated at a concentration of 5x104 cells/well. Cells
were allowed to attach for 2 hours at room temperature. The unattached cells
were washed away with PBS-A and the number of remaining attached cells
was then estimated by measuring alkaline phosphatase activity

(Section 2.2.3). This binding was compared in control plates in which CEA

was substituted with bovine serum albumin.

2.7 IMMUNOCHEMISTRY

2.7.1 AFFINITY CHROMATOGRAPHY USING A TYPE I COLLAGEN
SEPHAROSE COLUMN

Isolation of the collagen receptor on SW1222 cells was performed using an
affinity chromatography Sepharose column carrying covalently bound

human type I collagen matrix. Cells were surface radiolabelled with 1251 and
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applied to the collagen Sepharose column. Collagen binding proteins were
then eluted using an Arginine-Glycine-Aspartic acid (RGD) containing
peptide (Section 2.3.1) and immunoprecipitated using monoclonal antibodies
specific for various integrin collagen receptors and carcinoembrionic

antigen.

2.7.1 a)PREPARATION OF A TYPE I COLLAGEN SEPHAROSE COLUMN

The type I collagen sepharose column was prepared by dissolving 90mg of
human type I collagen (Sigma) in 40ml 0.IN acetic acid at 4°C and dialysing
this against 0.1M NaHCO03, containing 0.5M NaCl (coupling buffer) at pH 8.5
for 3 hours at 4°C. The collagen was then coupled to 3g of cyanogen-

bromide-activated Sepharose (Sigma) using the coupling buffer. The

collagen-Sepharose was then washed with three cycles of cold 0.1M acetate
buffer, pH 4.0; 0.5M NaCl followed by 0.1M borate buffer, pH 8.0; 0.5M NaCl.

The collagen-Sepharose column was then stored at 4°C until use.

2.7.1 b) 1251 SURFACE LABELLING

Prior to the application to the collagen column, cells were surface
radiolabelled using lactoperoxidase method. Cells (5x108) were detached by
incubating them with 1mM EDTA for 30minutes, washed twice with
phosphate buffered saline (150mM NaCl, 10mM Na phosphate, 1mM CaCl3,
ImM_ MgCly, pH 7.3) and resuspended in PBS containing 0.5ml glucose
(90mg/100ml) and 0.2mM phenylmethylsulphonylfiuoride (PMSF). Cells
were then labelled with 1251 (Amersham International) using the
lactoperoxidase method. A prepared mixture (100pl) containing 1mg/ml
lactoperoxidase and Sunits/ml glucose oxidase in PBS-A was added to the cell
suspension, followed by 10mCi 1251, This was gently agitated and incubated at
room temperature for 15 minutes. The labelled cells were then washed three
times in PBS-A to remove unlabelled 1251 and finally lysed by adding 1ml of
50mM Tris-HCl pH 7.5, containing 1mM CaClp, 1mM MgCl;, 100mM
octylglucoside and 2mM PMSF per 108 packed cells and incubating them for

15 minutes on ice with occasional shaking. Insoluble material was removed



by centrifugation at 12,000g for 15 minutes and then filtered through a
0.22um Millex GS filter.

2.7.1 ¢ ) ELUTION OF RADIOLABELLED COLLAGEN BINDING
PROTEINS FROM A COLLAGEN-SEPHAROSE COLUMN

The octylglucoside cell extracts were applied to the collagen-Sepharose
column previously prepared [Section 2.7.1 (a)] and equilibrated with column
buffer (SOmM Tris-HCI, pH 7.5, containing 1mM CaClp, ImM MgCl;, 100mM
octylglucoside and 2mM PMSF). The sample was allowed to enter the column
very slowly at 4°C. The rest of the procedure was conducted at room
temperature. The column was then washed with 20ml of column buffer
containing 20mM NaCl and 25mM octylthioglucoside. Elution of the column
was carried out with octylthioglucoside containing column buffer
supplemented with Serine-Arginine-Glycine-Aspartic acid-Threonine-
Glycine (SRGDTG) at 1mg/ml. Fractions (1ml) were collected and the eluted
proteins were analysed by sodium dodecylsulphate polyacrilamide gel
elecrophoresis (SDS-PAGE).

2.7.1 d) SDS-POLYACRYLAMIDE GEL

The eluted fractions for SDS-PAGE were boiled for 3 minutes in the presence
of solution containing 2% sodium dodecylsulphate (SDS), 10% glycerol, 0.02%
bromophenol blue and 8.0mM Tris-HCl (pH 6.8) with or without

5% B-mercaptoethanol. Aliquots of 50ul of the sample were electrophoresed
on polyacrylamide gel using the method described by Laemmli (1970).
Electrophoresis was performed using 7.5% acrylamide concentration. The
appropriate concentration was prepared from a solution containing 30%
acrylamide, 0.8% N,N' methylene-bis-acrylamide (Biorad) in 0.4M Tris-HCl
pH 8.8, 0.1% SDS, 0.06% TEMED (Biorad). The staining gel was prepared in the
same buffer at a pH 6.8. Following degassing for 10 minutes, the gels were
polymerised by the addition of ammonium persulphate (Biorad) to give a

final concentration of 0.03%. Gels were made 2mm thick.
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Electrophoresis was carried out in a running buffer made up with 25mM
Tris-base, 192mM glycine and 0.1% SDS. !4C-labelled molecular weight
markers (Amersham International) were run simultaneously as comparative
standards. The labelled markers comprised: lysozyme (14.300 Daltons
molecular weight), carbonic anydrase (30.000 Daltons molecular weight),
ovalbumin (46.000 Daltons Molecular Weight), bovine serum albumin (69.000
Daltons Molecular Weight), phosphorylase B (92.500 Daltons Molecular
Weight), myosin (200.000 Daltons Molecular Weight).

Gels were stained with Coomassie brilliant blue for 30 minutes. They were
extensively washed with a solution of 40% methanol, 7.5% acetic acid. After
drying onto blotting paper at 80°C on a slab gel dryer (Biorad), gels were
exposed to Kodak XAR-5 X-ray film at -70°C.

2.7.2 IMMUNOPRECIPITATION

This was performed on 1251 surface labelled collagen binding proteins
which have been specifically eluted from the collagen-Sepharose column
[Section 2.7.1(c)] and on freshly 1251 surface labelled cells prepared as
described in Section 2.7.1(b). Cell extracts were precleared by incubating
with fifty microliters of washed Protein-A Sepharose (Pharmacia) per
milliliter of cell lysate for 30 minutes. Immunoprecipitations were
performed with either 10 times concentrated culture supernatant or purified
monoclonal antibody. To this end separate aliquots of cell extracts were
incubated for 1 hour at 4°C with 50ul of monoclonal antibody, followed by
20pl of rabbit anti-mouse immunoglobulin diluted 1:10 in PBS-A. Finally 50ul
of 10% suspension of protein-A-Sepharose/PBS-A were added to the samples
which were continuously rotated at 4°C for 12-16 hours. The sepharose beads
were then washed twice with 50mM Tris base (pH 8.3) containing 1% Nonidet
NP40, 0.5% nordeoxycholate, 150mM NaCl and 0.1% SDS. Samples were then
boiled in SDS sample buffer [Section 2.7.1(d)] for 5 minutes and centrifuged.
Exposure times were adjusted by counting the radioactivity of the samples in
a gamma counter. Samples were analysed on a 7.5% SDS polyacrylamide gel
as described in Section 2.7.1(d).



2.8 TRANSFORMING GROWTH FACTOR BETAS

2.8.1 SOURCE

Porcine platelet derived Transforming Growth Factor Beta 1 (TGF-B;) and
Transforming Growth Factor Beta 2 (TGF-B2) (R&D System Inc.) were stored
in lyophilised samples at -20°C until used. These preparations containing 1png
of TGF-B; or TGF-B2 plus carrier bovine serum albumin (BSA) were
reconstituted in 1ml of 4mM HCI containing 1mg BSA before being diluted to
the final desired concentration with DMEM.

2.8.2 EFFECT ON CELL PROLIFERATION IN MONOLAYER

This method was used to test the effect of TGF-B; and TGF-B2 on the
proliferation of colorectal carcinoma cell lines and the derived hybrids in
monolayer culture. Cells were harvested using 0.25% trypsin-0.01% EDTA
mixture, then resuspended in DMEM/2% FCS and plated at 5x10% cells/well
into 96 well plates (Falcon). At day 1 (24 hours), day 3 and day 6 TGF-B;1 and
TGF-B2 (5ng/ml) were added to the wells. Prior to counting the cells were
washed twice in PBS-A and then the number of attached cells remaining was

estimated by measuring alkaline phosphatase activity as described in Section
2.2.3.

2.8.3 EFFECT ON CELL PROLIFERATION AND DIFFERENTIATION IN
COLLAGEN GEL

The effect of TGF-B; and TGF-B2 on cell proliferation and differentiation in
three-dimensional collagen gel was assessed by scoring the number of
colonies and the glandular structures under an inverted microscope
[Section 2.1.2(b)]. The collagen gel cultures were prepared into 3.5cm Petri

dishes (Nunc) as described in Section 2.1.2 (a) and then overlaid with 1.5ml
of DMEM/2% FCS. After 24 hours (day 1) TGF-B; or TGF-B2 (5ng/ml) was added



to the culture medium and this was changed every three days. Cell colonies
in six random fields were identified under a phase contrast Diavert Leitz
microscope (objective 10) The values were then expressed as meantstandard
deviation of triplicate dishes. After 14 days collagen gels were fixed with
neutral buffered formalin for 24 hours and processed as described in
Section 2.1(a).

2.8.4 EFFECT ON CELL BINDING TO TYPE I COLLAGEN

The effect of TGF-B; and TGF-B3 on the collagen binding of colorectal
carcinoma cell lines and the derived hybrids was assessed using a cell
attachment assay (Section 2.2). Trypsinised cells were washed three times in
serum-free DMEM and suspended in a universal container (Sterilin, Ltd)
containing DMEM, 2.5mg/ml bovine serum albumin and 25mM Hepes (pH
7.4). The cells were then incubated with or without TGF-B or TGF-f2 (0.1-
Sng/ml) for specified times ranging between lhour and 1%9hours. The cells
were then washed with serum-free DMEM and approximately 5x104 cells per
well were plated into the type I collagen coated 96 well Dynatech plates and
left for 2 hours at room temperature. The number of attached cells was then

estimated by measuring alkaline phosphatase activity as described in Section
2.2.3.



CHAPTER 3.

THE CONTROL OF COLORECTAL TUMOUR DIFFERENTIATION AND
PROLIFERATION BY EXTRACELLULAR MATRIX RECEPTORS

3.1 INTRODUCTION

This chapter describes a set of experiments designed to explore the role of
cell surface extracellular matrix receptors in mediating the differentiated

phenotype of some human colorectal carcinoma cell lines.

An in vitro system was used in which colorectal carcinoma cell lines were
grown in a three-dimensional culture containing either type I collagen
(Vitrogen 100) (Section 2.1.2) or a mixture of basement membrane
components (Matrigel) (Section 2.1.3). The effect of extracellular matrix

proteins on cell morphology, organisation and proliferation was evaluated.

Using a cell attachment assay, the relationship between the expression of
functional extracellular matrix receptors and the pattern of morphological
differentiation acquired by the colorectal carcinoma cell lines in the

collagen gel culture was investigated.

3.2 GROWTH PATTERNS OF COLORECTAL CARCINOMA
CELL LINES

3.2.1 STANDARD TISSUE CULTURE CONDITIONS

Seven human colorectal carcinoma cell lines were cultured on a plastic
surface in the absence of extracellular matrix proteins (Table 3.1). The cell
lines showed an heterogeneous cytological appearance and pattern of

growth although none of them showed features of glandular differentiation.



TABLE 3.1

HUMAN COLORECTAL CARCINOMA CELL LINES

CELL LINE ORIGIN REFERENCE

SW1222 Human colon carcinoma Leibovitz et al, 1976
SW480 Human colon carcinoma Leibovitz et al, 1976
SW620 Lymph node metastasis Leibovitz et al, 1976

from SW480 primary

LS174T Human colon carcinoma Tom et al, 1976

HT29 Human colon carcinoma Fogh and Trempe, 1975
SW837 Human rectal carcinoma Leibovitz et al, 1976
PC/IW Human colon carcinoma from Paraskeva et al, 1984

Familial Adenomatous
Polyposis patient
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The SW1222 cell line, isolated from a primary adenocarcinoma of the colon
(Dukes' stage C2) resected from a 44 year old male (Leibovitz et al, 1976),
proliferated relatively slowly in standard tissue culture conditions. Cells did
not migrate on the plastic but piled up to form cell aggregates. Frequently
cells attached so closely to each other on the surface of the cell masses that
cell borders were hardly discernible by phase contrast microscopy
[ﬁg.3;1(a)]. The SW1222 cell line was used between passage 62 and passage 70.
The SW480 cell line was isolated from a primary adenocarcinoma of the colon
from a 50 year old male (Leibovitz et al, 1976). It grew as a coherent flat
pleomorphic monolayer, with piled up rounded cells [fig.3.1(b)]. It was used
between passage 104 and passage 115.

The SW620 cell line was isolated from a lymph node metastasis of the primary
tumour from which SW480 was derived (Leibovitz et al, 1976). It proliferated
rapidly in culture as loose spindle shape cells [fig.3.2(a)].

The LS174T cell line was derived from a primary adenocarcinoma of the
colon (Dukes' stage B) from a 58 year old female (Tom et al, 1976). It grew as
flat packed islands of cells that coalesce to form an epithelial-like cell sheet
with loose rounded cells interspersed [fig.3.2(b)]. The HT29 cell line was
isolated from a primary adenocarcinoma of the colon resected from a 44 year
old female (Fogh and Trempe, 1975). It proliferated rapidly forming a typical
polygonal cell sheet characteristics of epithelial cells. The SW837 was
isolated from a primary adenocarcinoma of the rectum resected from a 53
year old male (Leibovitz et al, 1976). It grew as tightly coherent cell clumps
with well defined cell borders. SW620, LS174T, HT29 and SW837 cell lines were
used between passage 115 and passage 130.

The PC/JW cell line was isolated from a primary adenocarcinoma of the colon
resected from a 30 year old female with Familial Adenomatous Polyposis
(Paraskeva et al, 1984). It grew as tightly coherent cell clumps with well
defined cell borders. It was used between passage 50 and passage 55.
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3.2.2 THREE-DIMENSIONAL COLLAGEN GEL

A three-dimensional collagen gel culture system was used to study the ability
of responsive colorectal carcinoma cell. lines to form glandular structures
characteristic of well and moderately differentiated colorectal
adenocarcinomas in vivo [Section 1.2.3(b)]. The seven colorectal carcinoma
cell lines (Table 3.1) were grown in the Vitrogen 100 collagen gel culture
which is composed mainly (95-98%) of type I collagen (Section 2.1.2). Cell
morphology and structural organisation could be monitored daily thrdugh
an inverted microscope. After 14 days gel cultures were also fixed in neutral
buffered formal saline, embedded in paraffin blocks and stained with
haematoxylin/eosin. The presence of mucin was also determined using
Periodic acid-Schiff (PAS) diastase (Bancroft and Stevens, 1982).

SW1222 cells grew as organoids which were morphologically and
functionally differentiated. Under a phase contrast inverted microscope,
SW1222 cells appeared as spheroids with an apparent central space,
resembling the lumen of a gland. Histological studies revealed very
organised structures. Many of the cells were columnar, organised around a
central lumen, with nuclei polarised to the periphery. The lumen of the
glands often contained mucus as assessed by PAS-diastase staining
[fig.3.3(a)]. Solid sheets of cells where glandular structures were not
identified, were also present in variable number. A semi-quantitative
analysis of the grade of glandular differentiation based on counting the
glandular structures in a field was performed. It showed a progressive
increase with time in the number of glandular structures per total number
of cell colonies. During culture in the collagen gel this number reached a
plateau at about 7-10 days of 32.5% [fig.3.4(a)]. Morphological differentiation
was accompanicd by inhibition of growth [fig.3.4(b)]. The collagen gel
culture was repeated using SW1222 cells of varying passage numbers
between passage 62 and passage 70 and it was noticed that with increasing
passage number the gland-forming ability of SW1222 cells rapidly decreased.
It was therefore essential to use early passage SW1222 cells to obtain
reproducible results.

SW480 cells formed solid small organoids where nuclei were polarised
against the collagen matrix, although no glandular formation was seen
[fig.3.3(b)].
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Semiquantitative analysis of the degree of glandular
differentiation of SW1222 cells in collagen gel.

Trypsinised cells were mixed with neutralised Vitrogen 100 collagen solution
and plated into 24-well tissue culture plates. Two hundred colonies were
counted and the glandular structures were identified under a Leitz Diavert
phase contrast microscope (objective 32L) at various times between 1 and 14
days. Triplicate dishes were prepared for each experiments. Values were

expressed as number of glandular structures per number of cell colonies.



FIG. 3.4 (b)
3
—t— COULAGENGEL
©
o
*-—
.
A ol 2 -
o
w
m
=
e |
4 14
-l
-l
w
o
0 ' T . - .
0 5 10 15

DAYS

Growth curve of SWI1222 cells in collagen gel and in monolayer.
Collagen gels were incubated with 4ml of 0.2mg/ml collagenase type IA
(Sigma) for 3 hours to dissolve the gels completely. The dissolved gel was
then centrifuged and the cell pellet resuspended in 2 ml of 0.05% trypsin
plus 0.01% EDTA in PBS-A which was then added back to the appropriate
dishes to detach those remaining cells which had adhered to the plastic as
the collagen gel was dissolved. Dishes were incubated for 10 minutes at 37°C
and cell number then determined using an haemocytometer chamber (Shor,
1980). Cells growing in monolayer were removed using 0.05% trypsin plus
0.01% EDTA and cell number then determined using an haemocytometer

chamber.
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The other colorectal cell lines examined, grew either as very loose clumps of
cells (LS174T, SW620, PC/JW) or as irregular cell aggregates (HT29, SW837).
No nuclear polarisation or glandular differentiation was seen ([fig.3.5(a),
fig.3.5(b)].

3.2.3 MATRIGEL

To study whether the morphological differentiation of SW1222 and SW480
cells seen in the three-dimensional collagen gel culture was only due to the
cell interaction with the type I collagen matrix, both SW1222 and SW480 cells
were also grown in Matrigel (Section 2.1.3). Matrigel is a solubilised extract
of the basement membrane from the Engelbreth-Holm-Swarn (EHS)
transplantable tumour (Timpl et al, 1979). It contains collagen type IV,
heparin sulphate proteoglycan and entactin. Both SW1222 and SW480 cell
lines grew as coherent aggregates and no clear glandular differentiation
was seen. Sporadically (<5%) SW1222 cells were seen organised around a
central space in which however nuclei were not well polarised to the
periphery of the cell as seen in the three-dimensional collagen gel culture
(fig.3.6). '

3.3 ADHESION OF COLORECTAL CARCINOMA CELL LINES TO
EXTRACELLULAR MATRIX PROTEINS

A cell attachment assay (Section 2.2.3) was used to identify functional
extracellular matrix receptors expressed on colorectal carcinoma cell lines.
Trypsinised cells were washed three times in serum-free Dulbecco's
modification of Eagle's medium (DMEM) and were plated into 96-well
Dynatech plates previously coated with type I collagen, type IV collagen,
fibronectin and laminin (Section 2.2.2). After 2 hours, the supernatants
were removed and the unattached cells were then washed aways with PBS-A.
The number of remaining attached cells was then estimated by measuring

alkaline phosphatase activity (Section 2.2.3).
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Both SW1222 and SW480 cell lines showed substantial specific binding
activity to type I collagen as shown in fig.3.7(a). SW1222 cells bound
specifically also to type IV collagen, fibronectin and laminin whereas SW480
cells bound also only to fibronectin and laminin [fig.3.7(b), fig.3.8(a),
fig.3.8(b)]. LS174T cells bound only to laminin whereas HT29 cells did not
show specific binding activity to any of these extracellular matrix proteins
[fig.3.7(a), fig.3.7(b), fig.3.8(a), fig.3.8(b)].

3.4 CHARACTERISATION OF THE COLLAGEN RECEPTOR BINDING
SITES OF SW1222 AND SW480 COLON CARCINOMA CELL LINES

The experiments described in Section 3.3 have clearly shown that two colon
carcinoma cell lines (SW1222 and SW480) were able to differentiate
morphologically when grown in a three-dimensional collagen gel matrix
composed mainly of type I collagen. Both SW1222 and SW480 were also the
only colon carcinoma cell lines which expressed a functional cell surface
receptor for type I collagen as shown by a cell attachment assay (Section
3.3). Therefore the data suggested a relationship between the binding to
collagen of two colon carcinoma cell lines and their ability to express a
morphological differentiated phenotype in the three-dimensional collagen

gel culture.

In order to characterise the type of collagen receptor present on the
colorectal carcinoma cell lines, a competitive inhibition assay was
performed using synthetic peptides containing the Arg-Gly-Asp-Ser (RGDS)
and the Arg-Gly-Asp-Thr (RGDT) sequences (Section 2.3). The RGDS-
containing peptides have been shown to be the cell binding site of several
extracellular matrix proteins such as fibronectin (Pierschbacher and
Ruoslahti, 1984a, 1984b), vitronectin (Pytela et al, 1985a, 1986) and tenascin
(Bourdon and Ruoslahti, 1989). Recent studies have also shown that the
substitution of the Ser (S) residue with a Thr (T) residue results in a peptide
(RGDT) with an increased binding specificity for type I (Dedhar et al, 1987)
and type VI collagen (Aumailley et al, 1989). It has been suggested that the
fourth residue (Ser or Thr) can modify the shape of the peptide and this
allows the fit of the Arg-Gly-Asp sequence into a receptor with specificity
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Binding of seven human colorectal carcinoma cell lines (PC/JW,
SW837, LS174T, HT29, SW620, SW480, SW1222) to human type I
collagen using a cell adhesion assay.

Trypsinised cells were plated into 96 well Dynatech plates previously coated
with human type I collagen (Section 2.2.2) and allowed to attach for 2 hours
at room temperature. The supernatants were then removed and any
remaining unattached cells removed by washing three times with PBS-A.
The relative number of attached cells was then estimated by measuring
alkaline phosphatase activity (Huschtscha et al, 1989). Data represent mean

standard deviation of three determinations.
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FIG. 3.7 (b)
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Binding of seven human colorectal carcinoma cell lines (PC/JW,
Sw837, LS174T, HT29, SW620, SW480, SW1222) to human type IV
collagen using a cell adhesion assay.

Trypsinised cells were plated into 96 well Dynatech plates previously coated
with human type IV collagen (Section 2.2.2) and allowed to attach for 2 hours
at room temperature. The supernatants were then removed and any
remaining unattached cells removed by washing three times with PBS-A.
The relative number of attached cells was then estimated by measuring
alkaline phosphatase activity (Huschtscha et al, 1989). Data represent mean %

standard deviation of three determinations.
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Binding of seven human colorectal carcinoma cell lines (PC/JW,
SwW837, LS174T, HT29, SW620, SW480, SW1222) to human

fibronectin using a cell adhesion assay.

Trypsinised cells were plated into 96 well Dynatech plates previously coated
- with human fibronectin (Section 2.2.2) and allowed to attach for 2 hours at
room- temperature. The supernatants were then removed and any remaining
unattached cells removed by washing three times with PBS-A. The relative
number of attached cells was then estimated by measuring alkaline
phosphatase activity (Huschtscha et al, 1989). Data represent mean #

standard deviation of three determinations.
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FIG. 3.8 (b)
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Binding of seven human colorectal carcinoma cell lines (PC/JW,
Swg37, LS174T, HT29, SW620, SW480, SW1222) to human laminin
using a cell adhesion assay.

Trypsinised cells were plated into 96 well Dynatech plates previously coated
with human laminin (Section 2.2.2) and allowed to attach for 2 hours at room
temperature. The supernatants were then removed and any remaining
unattached cells removed by washing three times with PBS-A. The relative
number of attached cells was then estimated by measuring alkaline
phosphatase activity (Huschtscha et al, 1989). Data represent mean ¢

standard deviation of three determinations.

99



100

for fibronectin, vitronectin or collagen matrix (Pierschbacher and
Ruoslahti, 1987).

The Ser-Arg-Gly-Asp-Thr-Gly (SRGDTG) and Gly-Arg-Gly-Asp-Ser-Pro
(GRGDSP) hexapeptides (Section 2.3.1) were initially tested for their ability to
inhibit the collagen binding of SW1222 cells in a cell attachment assay
(Section 2.2.3). The control peptides in which the aspartic acid residue (D)
was substituted by a glutamic residue (E) [Ser-Arg-Gly-Glu-Thr-Gly
(SRGETG), Gly-Arg-Gly-Glu-Ser-Pro (GRGESP)] were used as controls. All
synthetic peptides (SRGDTG, GRGDSP, SRGETG and GRGESP) were used at
concentrations ranging between 0.06 to 2mg/ml.

It was found that the collagen binding of SW1222 was inhibited by the
addition of both the GRGDSP and the SRGDTG peptides. However the SRGDTG
peptide was more effective (50% inhibition of binding at 0.75mg/ml
concentration) than the GRGDSP peptide (fig.3.9) The two control peptides
SRGETG and GRGESP had no effect on the collagen binding (fig. 3.9).

An experiment was designed to determine whether the binding activity of
the collagen receptor on SW1222 cells required the presence of divalent
cations such as Ca2+/Mg2+ as shown for several integrin extracellular
matrix receptors (Ruoslahti and Pierschbacher, 1986, 1987; Hogg, 1989).
Trypsinised cells were washed twice with PBSA (Ca2*/Mg2* free) and allowed
to attach to a type I collagen coated plate (Section 2.2.2) in presence of a
Ca2+/Mg2+ chelator (ImM EDTA). The number of attached cells was then
estimated by measuring alkaline phosphatase activity (Section 2.2.3). The
presence of ImM EDTA caused 83% inhibition of the collagen binding.

In contrast neither the SRGDTG peptide nor EDTA inhibited the binding of
SW480 cells to type I collagen (fig.3.10). These data suggested that the
binding of the two colorectal carcinoma cell lines (SW1222 and SW480) was
mediated by cell surface receptors showing different binding site
specificity.
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FIG. 3.9
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Effect of serial concentrations of SRGDTG, SRGETG, GRGDSP and
GRGESP synthetic peptides (from 0.06 to 2mg/ml) on the type I
collagen binding of SWI1222 colon carcinoma cells.

Trypsinised cells were resuspended in DMEM containing the SRGDTG,
SRGETG, GRGDSP or GRGESP synthetic peptides, 25mM Hepes (pH 7.4) and
bovine serum albumin (2.5mg/ml). Cells (2x104) were then allowed to attach
to collagen-coated plates (20pug/ml) for 2 hours at room temperature. The
supernatants were then removed and any remaining unattached cells
removed by washing three times with PBS-A. The relative number of
attached cells was then estimated by measuring alkaline phosphatase
activity (Huschtscha et al, 1989).
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Effect of SRGDTG, SRGETG synthetic peptides (2mg/ml) and EDTA
(ImM) on the collagen binding of SW1222 and SW480 colon
carcinoma cell lines.

Trypsinised cells (5x104) were allowed to attach to collagen-coated plates
(20pg/ml) for 2 hours at room temperature in the presence of 2mg/ml of
synthetic peptides (SRGDTG or SRGETG) or 1mM EDTA. The supernatants were
then removed and any remaining unattached cells removed by washing
three times with PBS-A. The relative number of attached cells was then
estimated by measuring alkaline phosphatase activity (Huschtscha et al,

1989). Data represent mean # standard deviation of three determinations.
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3.5 THE ROLE OF AN RGD-DIRECTED COLLAGEN RECEPTOR IN
MEDIATING SW1222 DIFFERENTIATION IN COLLAGEN GEL

A scries of experiments was designed to investigate whether the RGD-
directed collagen receptor on SW1222 cells was playing an important role in
the induction of the glandular differentiation seen in the three-dimensional
collagen gel culture. The SRGDTG peptide which showed more specific
inhibitory activity on the SW1222 collagen binding (Section 3.4) was
investigated for its ability to inhibit the glandular differentiation of SW1222

cells - in three-dimensional collagen gel cultures.

SW1222 cells were trypsinised and resuspended in culture medium
containing the Ser-Arg-Gly-Asp-Thr-Gly (SRGDTG) peptide at the
concentration which previously showed the maximum inhibition of the
collagen binding (2mg/ml). Cells were then embedded in the collagen gel
and grown for 14 days with culture medium supplemented with the above
SRGDTG peptide. Negative controls where either no peptide or an inactive
peptide Ser-Arg-Gly-Glu-Thr-Gly (SRGETG) (2mg/ml), where aspartic acid
(D) was substituted with a glutamic residue (E), were included (Section 2.3.2).

The addition of SRGDTG peptide markedly decreased the degree of glandular
differentiation and the number of clusters, giving rise to a much higher
proportion of single cells [fig.3.11(a)]. A semi-quantitative analysis of the
degree of glandular structure formation by SW1222 cells was performed by
counting two hundred colonies and identifying the glandular structures
under a Leitz Diavert phase contrast microscope at various times between 1
and 14 days [Section 2.1.2(b)]. Glandular structures were defined as cell
aggregates composed of single columnar epithelial cells whose nuclei were
polarised toward the basal surface of the cell and where cells were organised
around a central lumen. The maximum proportion of glandular
structures/colony of cells was significantly decreased in cultures

containing the active SRGDTG peptide (10%) as compared to either no peptide
(32%) or the inactive SRGETG peptide (30%) (fig.3.12).
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FIG. 3.12
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Effect of SRGDTG and SRGETG peptides (2mg/ml) on the glandular
differentiation of SW1222 cells.

Trypsinised cells were resuspended in DMEM containing the SRGDTG or
SRGETG synthetic peptides (2mg/ml), 25mM Hepes (pH 7.4) and bovine serum
albumin (2.5mg/ml). Cell suspensions were then mixed with neutralised
Vitrogen 100 collagen solution and plated into 24-well tissue culture plates.
The glandular structures were identified under a Leitz Diavert phase

contrast microscope at various times between 1 and 14 days.
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3.6 DISCUSSION

The data presented in this chapter examine the relationship between the
specific binding of a panel of colorectal carcinoma cell lines to extracellular
matrix components (type I collagen, type IV collagen, fibronectin and
laminin) and the ability of the cells to express a differentiated phenotype in
a three-dimensional collagen gel and in a mixture of basement membrane
compbnents. Type I collagen fibres seem specifically to induce
morphological differentiation in two responsive cell lines, SW1222 and

SW480, via cell binding by two different collagen receptors.

SW1222 formed glandular structures in which cells were organised around a
central lumen with typical epithelial polarity and mucin production as in
normal intestinal glands [fig.3.3(a)]. SW480 cells grew as solid small
organoids in which nuclei were polarised against the collagen matrix,
although no glandular formation was seen [fig.3.3(b)]. The same degree of
morphological differentiation was not seen when the cells were grown in
extracellular matrix proteins resembling a basement membrane structure
suggesting a specific inductive effect of type I collagen. This is in
agreement with previous studies reviewed in Section 1.4.1 in which three-
dimensional type I collagen gel cultures have been shown to influence
specifically the expression of a differentiated phenotype in a number of
normal and transformed epithelial cells (Meier and Hay, 1975; Michalopoulos
and Pitot, 1975; Emerman and Pitelka, 1977; Kirkland, 1988b; Richman and
Bodmer, 1988; Fukamachi and Kim, 1989). In particular, previous studies
(Kirkland, 1988b; Richman and Bodmer 1988) have shown that when
colorectal carcinoma cells were grown in a three-dimensional agarose gel,
no morphological differentiation was seen, suggesting the specific role of
collagen matrix in the induction of the differentiated phenotype. In this
chapter I have shown that only two (SW1222 and SW480) out of seven
colorectal carcinoma cell lines examined, were able to bind type I collagen
specifically suggesting the importance of a direct interaction between the
collagen matrix and a specific cell surface collagen receptor for the
induction of the differentiated phenotype. The specific inductive role of
type I collagen was confirmed by the fact that SW1222 cells did not
differentiate morphologically when grown in a reconstituted basement

membrane (Section 3.4), even though the cells expressed functional
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receptors for basement membrane proteins such as type IV collagen and

laminin (Section 3.5).

Numerous collagen receptors have been identified on normal and
transformed cells (Section 1.3.2), some of which are members of the
superfamily of extracellular matrix receptors called integrins. These
receptors are heterodimers of two non covalently linked subunits, o and B,
requiring divalent cations such as Ca2*¥/Mg2+ for binding to their ligands
(Hynes, 1987). In some cases the tripeptide sequence Arg-Gly-Asp (RGD) in
the ligand constitutes the specific cell binding site (Ruoslahti and
Pierschbacher, 1987).

The collagen binding of SW1222 cells is most probably mediaied by an RGD-
directed integrin like receptor since the binding was inhibited by an RGD-
containing peptide while a control peptide with the aspartic acid (D)
substituted by a glutamic residue (E) did not have any effect on the binding.
In addition the presence of EDTA in the binding medium, inhibited the
collagen binding of SW1222 cells, suggesting that Ca2+/Mg2+ are required
for the binding. The inhibition of the glandular differentiation by an RGD
containing peptide suggests that the RGD collagen receptor mediates not
only the attachment of SW1222 cells to collagen matrix but also the glandular
differentiation seen in three-dimensional collagen gel culture. Conversely
SW480 seems to express a receptor which does not bind an RGD sequence
present in collagen and does not require divalent cations. Non RGD-
dependent integrin collagen receptors have been described on hepatocytes
(Gullberg et al, 1989), melanoma cells (Kramer and Marks, 1989) and
fibrosarcoma cells (Wayner and Carter, 1987). Therefore it is possible that
SW480 collagen binding is mediated by a collagen receptor which does not
recognise the RGD tripeptide sequence present in collagen. Regardless of the
type of receptor, binding to collagen is the first essential step mediating the
morphological organisation of both SW1222 and SW480 cells growing in a
three-dimensional collagen gel. The other colorectal carcinoma cell lines
which did not bind collagen, grew as very loose clumps of cells with no

feature of glandular organisation or epithelial polarity.

Recently it has been reported that LS174T cells have the ability to form

glandular structures with microvilli, tight junctions and desmosomes not
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only when combined with foetal rat mesenchyme in organ culture
(Fukamachi et al, 1987) but also when cultured with type I collagen gel
(Fukamachi and Kim, 1989). This morphological feature was not however
noticed in the experiments presented in this chapter (Section 3.2) in which
LS174T cells grew loosely into the gel, with no glandular differentiation
[fig.3.5(b)]. This is likely to be due to the late passages (>100) used in my
experiment compared to the early passages (<18) used by Fukamachi and Kim
(1989). I noticed in fact that with the increasing passage numbers, the
gland-forming ability of SW1222 cells rapidly decreased. It was therefore
important to use cells from early passages to have reproducible results
(Section 3.2). It is possible that the absence of collagen or other relevant
extracellular matrix (ECM) proteins from the standard tissue culture
conditions may select for cells with high proliferative capacity. It is likely
that those cells with the ability to grow in these non physiological
conditions will be more resistant to the differentiating effects of collagen or
other ECM proteins because they lack the ability to interact directly with
these matrix proteins. This process of in vitro selection of more
undifferentiated and malignant tumour cells may resemble the multistep
progression towards a more malignant and undifferentiated phenotype

typical of colorectal cancer in vivo.

The specific induction of the glandular differentiation of SW1222 by type I
collagen was also an interesting finding. /n vivo the presence of a basement
membrane containing type IV collagen, laminin, nidogen, proteoglycans
and other minor components (Section 1.3.1) often separates normal
epithelial cells from type I collagen, which is the interstitial collagen found
in the stroma [Section 1.3.1(a)]. Colorectal carcinoma cells, however, may
interact directly with extracellular matrix proteins present in the stroma
because they often show cytoplasmic projections into the stroma due to the
disruption of their basement membrane (Imai and Stein, 1963). If tumour
cells still express a functional collagen receptor, they will be able to respond
to the differentiating stimuli by the interstitial collagens. Conversely when
tumour cells progress toward a late stage of malignancy, selection will lead
to the loss of the ability to synthesise and express the specific collagen
receptor and so escape from the controlling mechanisms for differentiation

and proliferation by extracellular matrix.



As discussed in Section 1.2.4, the pathologist's definition of tumour
differentiation relates largely to structure and architecture. Glandular
differentiation of SW1222 cells in three-dimensional collagen gel therefore
provides a good model for studying this aspect of differentiation. This in
vitro model was used to map the gene(s) controlling the binding and the
differentiation of SW1222 cells. These experiments are presented in chapter
4,
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CHAPTER 4.

GENETIC CONTROL OF COLLAGEN MEDIATED GLANDULAR
DIFFERENTIATION OF SW1222 CELLS

4.1 INTRODUCTION

This chapter will describe a series of experiments which have been carried
out to identify the genetic control of the induction of glandular

differentiation by collagen matrix in the SW1222 colon carcinoma cell line.

Previous experiments described in Chapter 3 have shown that the ability of
SW1222 cells to express the differentiated phenotype in collagen gel culture
appears to be determined by an Arg-Gly-Asp (RGD) directed collagen
receptor present on the cell surface. .In order to map and characterise the
the gene(s) controlling collagen receptor activity and glandular
differentiation, interspecific somatic cell hybrids produced by fusion of a
human colon carcinoma cell line (SW1222) and a mouse rectal carcinoma-
derived cell line (CMT-93) (Franks and Hemmings, 1977) were used. The
mouse cell line was chosen becauseildid not show glandular differentiation in
three-dimensional collagen gel culture and was of epithelial origin. This
would avoid the extinction of differentiated functions often observed in
crosses between differentiated and undifferentiated cells of heterologous
tissue type (Davidson, 1974). Somatic cell hybridisation has been used
extensively to analyse the regulation of differentiation and proliferation in
different cell types (Stanbridge, 1976; Stanbridge et al, 1982; Peehl and
Stanbridge, 1981, 1982). The value of interspecific hybrid clones obtained
from the fusion of a human and a mouse cell line stems from the fact that as
they proliferate, they loose human chromosomes in a random fashion (Weiss
and Green, 1967). Hybrids containing a restricted number of human
chromosomes can then be analysed for their ability to express the

differentiated phenotype of the human parent cell line (SW1222).

Using this approach, a panel of somatic cell hybrids was produced and their
karyotype analysed. The morphology and growth pattern in monolayer

culture, three-dimensional collagen gel culture and as xenografts in nude
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mice were compared to the parent cell lines (SW1222 and CMT 93). In addition
the collagen binding activity of the hybrid clones was analysed in a cell
attachment assay and was correlated with their in vitro and in vivo

phenotype.

4.2 PRODUCTION OF THE HUMAN-MOUSE SWC SOMATIC CELL
HYBRIDS

4.2.1 FUSIONS AND SELECTION

Two fusions were performed between the human colon carcinoma cell line
SW1222 and the mouse rectal carcinoma cell line CMT 93. Cells were fused
using polyethylene glycol 1500 and the hybrids selected in medium
containing 10-4M hypoxanthine, 1.6x10-5M thymidine and 10-°M
methotrexate (HMT) and 10-3M ouabain (Section 2.4). The CMT 93 variant
used was routinely cultured in medium containing 2x10-5M 6-thioguanine
and was HMT sensitive. Quabain was used to kill selectively the unfused
human cells. Ouabain blocks the sodium-potassium pump in the cell
membrane preventing normal intracellular regulation of these -electrolytes
(Racker, 1976). Human cells are 100-1000 times more sensitive to ouabain
than are rodent cells (Malcolm et al, 1986). Ouabain sensitivity of the SW1222
and CMT 93 cells was tested in preliminary experiments. Triplicate 6cm petri
dishes (Nunc) containing approximately 5x105 cells each were set up from
each parent cell line. Ouabain was added to a final concentration of between
10-3 to 10-8M in 10 fold dilution steps. Ouabain at a concentration of 10-5M
concentration was shown to be effective in killing the human cells (SW1222)
without causing death of the mouse cell line (CMT-93) and was therefore

used in the selection medium.

Individual hybrid clones were visible after 2-4 weeks and were picked out
using cloning cylinders (Section 2.4.2). Twelve and sixteen hybrid clones

were isolated and expanded from fusion 1 and fusion 2 respectively.
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4.2.2 KARYOTYPE ANALYSIS

In order to select the hybrid clones containing human chromosomes for
further characterisation, the hybrids were initially typed with a panel of
monoclonal antibodies (mAbs) recognising human cell surface determinants
(Table 4.1) using an indirect immunoperoxidase technique [Section 2.6.2(b)].
The presence of a human chromosome can be recognised by the positive
reactivity of the monoclonal antibody whose antigen maps to that
chromosome. Using this technique three (SWC 2, SWC3 and SWC 7) out twelve
hybrid clones from fusion 1 and four (SWC 6A, SWC 6B, SWC 2E and SWC 2D)
out of sixteen hybrid clones from fusion 2 were found to contain a variable
number of human chromosomes [Table 4.2; fig.4.1(a),(b); fig.4.2(a),(b)] and
were further analysed by G-11 staining, Q-banding and G-banding. A
correlation between mAb staining and karyotype analysis was found for the

human chromosomes for which the relevant mAb was used.

4.3 CHARACTERISATION OF THE SWC HYBRIDS

4.3.1 GROWTH OF SWC HYBRIDS IN MONOLAYER

All SWC hybrid clones showed a typical epithelial morphology forming a
monomorphic pavement-like culture on plastic surface. In culture they all
had the morphological appearance of the mouse parent cell line (CMT-93)
[fig.4.3(a)], although hybrid cells were larger and often multinucleated
(fig.4.3(b), fig.4.4(a),(b)]. None of the hybrid clones showed any features of

glandular differentiation when they were grown on a plastic surface.



110

TABLE 4.1

MONOCLONAL ANTIBODIES RECOGNISING HUMAN CELL
SURFACE DETERMINANTS

Monoclonal Determinant Human Reference

Anti R ni hrom

TRA-2-10 Unknown 1 Andrews et al, 1985

AUALl 40kDa epithelial cell 2 Spurr et al, 1986
surface antigen

OKT9 Transferrin receptor 3 Goodfellow et al, 1982

W6/32 HLA-A,B, C 6 Barnstable et al, 1978

EGFR1 Epithelial Growth 7 Waterfield et al, 1982
Factor Receptor

163A5 Unknown 11 Woodroofe et al, 1984

602 Unknown 12 Andrews et al, 1981

BBM1 B2-microglobulin 15 Brodsky et al, 1979

H207 125kDa cell surface 17 Bai et al, 1982
antigen

12E7 Unknown X/Y Goodfellow et al, 1980
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TABLE 4.2

CHARACTERISATION OF SWC HYBRIDS BY MONOCLONAL
ANTIBODIES RECOGNISING HUMAN CELL SURFACE
DETERMINANTS

SWC1
SwC2
SWC3
SwWC4
SWC5
SWC6
SWC17
SWC8
SWC9
SWC 10
SWC11
SwC12
SWC2A
SWC2B
SwC2D
SWC2E
SWCSA
SWCsD
SWCSF
SWCs5G
SWCSH
SWCS5L
SWC5M
SWC 5N
SWC 5P
SWC6A
SWC6B

] + 1 1 1 1 ] ] ] ] 1 + [} 1 ] ) ! ] 1t 1 + [} 1 1 + [} ]
] 1 ] ] ] ] 1 ' ] ) 1 ] + ] ] ] ] 1) ) ] + 1 ] 1 + + ]

] ] ) 1 [} 1 ] ] 1 ] 1 + 1 ] 1 ] ] 1) ] ¥ + 1 ] ] ] ) ]

+ 1 ] ] ] 1 ] L[] 1 ] ] ] t ] ' ] L] L] 1 ) ] ] ] (] (] ] ]
+ ] ] ] 1 ] ] 1 ] 1 ¥ ] 1 ] t 1 1 ] 1 1) ) ] ] ] + [} ]

+ ] 1 ] ) ] 1 (] ] ) [} 4 + ] ] ] ] t 1 1 + ] [} 1 ) + ]
+ + 1 ] ] ] ] 1 ] 1 ] + (] [} t ] t ] ] ] + [} (] 1 1 ] ]

PARENTS

Sw1222
CMT 93 - - - - - - - - - -
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4.3.2 GROWTH OF SWC HYBRIDS IN THREE-DIMENSIONAL COLLAGEN
GEL

Seven primary hybrid clones, SWC 2, SWC 3, SWC 7, SWC 2D, SWC 2E, SWC 6A
and SWC 6B were analysed for their ability to express the glandular
differentiation typical of SW1222 cells in three-dimensional collagen gel
(Section 2.1.2). Only two (SWC 3 and SWC 6B) out of seven showed glandular
structures where cells were organised around a central lumen with nuclei
polarised to the periphery as the human parent cell line SW1222 [fig.4.5(a),
(b)]. They differed from the human parent cell line (SW1222) in that mucin
material as detected by Periodic-acid Schiff diastase staining was not
identified and there was a lesser degree of glandular differentiation. In both
cases a large proportion of cells grew as undifferentiated solid sheets where
glandular structures were not easily identified [fig.4.5(a),(b)]. Karyotype
analysis revealed that both SWC 3 and SWC 6B hybrids had in common the
human chromosomes 15 and X/Y (Table 4.3). The remaining five hybrid
clones did not show any glandular differentiation, following the pattern of
the mouse parent CMT-93 ([fig.4.6(a),(b)].

In order to map the gene(s) responsible for the glandular differentiation,
one hybrid clone (SWC 3) was subsequentally subcloned using cloning ring
technique (Section 2.4.2). Thirty subclones were obtained and ten of these
were subsequentally evaluated. Eight out of ten SWC 3 subclones contained a
variable number of human chromosomes as shown by indirect
immunoperoxidase technique [Section 2.6.2(b)] and they were further
characterised by karyotype analysis (Section 2.4.3) and for their ability to
express glandular differentiation in three-dimensional collagen gel (Section
2.1.2). Three (SWC 3/3, SWC 3/5 and SWC 3/7) subclones formed well defined
glandular structures as seen with the original SWC 3 clone and the human
parent cell line (SW1222), when grown in three-dimensional collagen gel.
The remaining five SWC 3 subclones (SWC 3/4, SWC 3/6, SWC 3/8, SWC 3/9 and
SWC 3/10) grew as undifferentiated clusters with no glandular
differentiation.

A combined analysis of karyotypes, isoenzymes and monoclonal antibody
immunostaining of these hybrids showed that only the human chromosome
15 segregated with the structural differentiation in three-dimensional
collagen gel (Table 4.3).
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