Breast cancer integrin expression and its relationship
to tumour invasion and metastasis

Thesis submitted for the degree o f M aster o f Surgery
U niversity o f London
1995

Gerald Oui Peng Hock MBBS FRCS (Eng) FRCS (Ed)
D epartm ent o f Surgery
St B artholom ew ’s Hospital
W est Smith field
London E C IA 7BE

and

D epartm ent o f Biochemistry
Queen M ary & W estfield College
M ile End Road
London E C l 4NS

ProQuest Number: 10017223

All rights reserved
INFORMATION TO ALL USERS
The quality of this reproduction is dependent upon the quality of the copy submitted.
In the unlikely event that the author did not send a complete manuscript
and there are missing pages, th ese will be noted. Also, if material had to be removed,
a note will indicate the deletion.

uest.
ProQuest 10017223
Published by ProQuest LLC(2016). Copyright of the Dissertation is held by the Author.
All rights reserved.
This work is protected against unauthorized copying under Title 17, United States Code.
Microform Edition © ProQuest LLC.
ProQuest LLC
789 East Eisenhower Parkway
P.O. Box 1346
Ann Arbor, Ml 48106-1346

ABSTRACT
The integrins are receptors consisting o f varying oc and ^ subunits that modulate cell
adhesion to the extracellular matrix. Loss o f cell-m atrix interaction in m alignant
disease m ight result in less adhesive cells predisposed to metastasis. Integrin
expression and function in prim ary breast cancer was therefore investigated in
relation to nodal status.

Integrin subunits were measured using im m unohistochem istry on cryostat sections
o f prim ary breast cancer from lymph node negative (LN-) and lym ph node positive
(LN 4-) wom en. Loss o f the a ljS l, a2j81, «3/31, «6/81, «v/81 and «v/35 integrins
w ere significantly related to positive nodal status at the tim e o f clinical presentation.
The accuracy o f a clinical score to predict nodal status using the /81, « v and «1
subunits in conjunction with tum our size, vascular invasion and multifocal disease
was 89.1 %.

The consequence o f altered integrin expression on cell-m atrix adhesion was evaluated

in-vitro. Prim ary tum ours from LN- and LN-I- w om en w ere isolated using
im m unom agnetic separation and added to triplicate wells coated with either
fibronectin, vitronectin, lam inin or collagen. Prim ary breast cancer cells from LN4patients failed to adhere to their matrix com pared to LN- patients. Receptor
specificity was dem onstrated by inhibition o f cell-m atrix adhesion using integrin
antibodies and peptide inhibitors.

The influence o f the integrins on chem oinvasion was assessed using breast cancer
cell lines plated on 8 fxm porous filters coated with m atrix protein ligands. The
M DA-M B-231 and Hs578T cell lines displayed significant chem oinvasion that was
inhibited by preventing cell-m atrix adhesion with integrin antibodies.

A ltered integrin expression in prim ary breast cancer is related to nodal status and has
been shown to be functionally related to tum our cell adhesion. Integrin expression

may thus be o f prognostic significance and could allow patient selection for axillary
surgery.

Perturbation

o f integrin

function

in m alignant cell

invasiveness and may be a potential therapeutic target.

lines reduced

Declaration of originality
I declare that the laboratory research for this thesis is original and that the ideas
w ere developed in conjunction with my supervisors. I perform ed the experiments
m yself with the guidance and technical assistance o f the scientific staff at the
D epartm ent o f Pathology at St B artholom ew ’s Hospital and the D epartm ent o f
Biochem istry at Q ueen M ary & W estfield College,

U niversity o f London.

H istopathological and im munochem ical slides w ere reviewed with D r Clive W ells,
Consultant Pathologist. Statistical advice was provided by the D epartm ent o f
C om puter Services at St B artholom ew ’s Medical College and the D epartm ent o f
Statistics at Queen M ary and W estfield College. M r Peter Browne in the Com puter
Services D epartm ent helped me develop the program m e to assess data using logistic
regression analysis.

Acknowledgements
I dedicate this thesis to my w ife C orina who has been a loyal friend and pillar o f
strength throughout the research period and the writing up o f this thesis. My
supervisor M r Robert C arpenter, D irector o f the Breast U nit at the Royal Hospitals
T rust at St B artholom ew ’s H ospital, has been a source o f know ledge and a fountain
o f inspiration for the experim ental w ork and the preparation o f m anuscripts. D r
Clive W ells, Consultant Pathologist at St Bartholom ew ’s H ospital, was very patient
in going through a seem ingly endless num ber o f routine and specially stained slides.
P rof G avin Vinson at the D epartm ent o f Biochemistry at Q ueen M ary & W estfield
College was invaluable in helping me understand the science o f a com plex field o f
tum our biology. I am very grateful to P rof Richard W ood for supporting me within
the Professorial Surgical Unit. Statistical advice was provided by M r Peter Browne
(D epartm ent o f Com puter Services) and P ro f Steven Evans (D epartm ent o f
Statistics). None o f this w ork could have ever been possible w ithout the guidance
and assistance o f the scientific staff at St Bartholom ew ’s and Q ueen M ary &
W estfield C ollege, particularly John Puddefoot, Suzanne Jordan and Patricia
Yeomans.

Financial support was gratefully received throughout this thesis from the Trustees
o f the Joint Research Board o f St B artholom ew ’s Hospital and the South Essex
Medical Education & Research Trust. I am also grateful to the Surgical Research
Society and the British Oncological Association w ho provided funding to attend
international and national conferences to present w ork relating to this thesis.

This thesis has stim ulated a desire to understand further the interaction between
cancer cells and their m atrix in tum our progression, and has been the first step in
my decision to pursue an academ ic career in clinical surgery.

Contents
Page

Abstract

2

Declaration of originality

4

Acknowledgements

5

Contents

6

List of tables

16

List of figures

19

List of appendices

23

Chapter 1 Introduction and literature review

24

General considerations
.i

The cell adhesion molecule families

24

.ii

The cell-cell adhesion receptors

26

.iii

The cel 1-substratum adhesion molecules

29

.iv

The integrins

30

The integrin molecule
.i

Structure

30

.ii

Term inology

34

I Classification o f the integrins
Li

The integrin subfamilies

36

I.ii

The ]81 subfamily

36

I.iii

The j82 subfam ily

37

I.iv

The /33 subfam ily

37

I.v

The j84 subfam ily

39

I.vi

The

- 188 subfam ilies

39

V Ligand recognition bv the integrins
V .i

G eneral considerations

40

V .ii

The RGD sequence

40

V .iii

N on-RG D active peptide sequences

44

V .iv

Intercellular integrin recognition proteins

44

V .v

M ultiple receptors and multiple ligands

44

l.V .i

General considerations

46

l.V .ii

O utside-in signalling

48

l.V .iii

Inside-out signalling

49

l.V .iv

Regulation o f integrin expression and function

50

I.V I Biological role o f the integrins
l.V I.i

G eneral considerations

52

l.V I.ii

Cell m igration

52

l.V I.iii

D evelopm ent

53

l.V I.iv

Inflam m ation

54

l.V I.v

Coagulation

58

l.V II Pathological role o f the integrins
l.V II.i

General considerations

58

l.V II.ii

Congenital deficiency

58

l.V II.iii

Inflam m atory conditions

59

l.V II.iv

Cancer

59

l.V III Pathogenesis o f tum our metastasis
l.V III.i

Introduction

60

l.V III.ii

The cell adhesion molecules in cancer metastasis

62

l.V III.iii

Proteolytic enzymes

69

l.V III.iv

M otility factors

70

l.V III.v

Angiogenesis

71

l.V III.v i

V ascular invasion

72

l.V III.v ii

H ost im m unosurveillance-tum our cell interactions

73

l.V III.v iii

Invasion into secondary sites

73

l.V III.ix

G enetic influences

74

l.V III.x

Conclusions

75

l.IX The cell adhesion molecules in breast cancer invasion and m etastasis
l.IX .i

G eneral considerations

75

l.I X .ll

D ecreased integrin expression

76

l.IX .iii

Increased integrin expression

76

l.IX .iv

Integrin expression o f in-situ breast cancer

77

l.IX .v

Cadherins

77

l.IX .v i

67 kD a Lam inin receptor

78

l.IX .v ii

O estrogens, progestins and cell adhesion

78

l.X

Potential therapeutic benefits o f integrin research

l.X .i

N on-cancer applications

79

1.X .ii

The cell adhesion molecules as future anti-tum our agents

79

Chapter 2 Aims of the study

81

2.1 Background
2 .Li

W hat do m arkers o f tum our biology measure?

81

2 .1.11

Clinical evaluation o f women with breast cancer

81

2.1.111

The dilem m a o f the axilla in human breast cancer

82

2.1. iv

Potential benefits o f predicting nodal status w ithout

2 .1.v

surgery to the axilla

83

C urrent know ledge o f the integrins in hum an breast cancer

83

2 .11. Experim ental design
2.11.1

H ypothesis

84

2.11.11

Experim ental strategy

84

Chapter 3 Integrin expression in benign and malignant human
breast tissue

86

3.1 Introduction
3.1. i

Background

86

3.1.11

Aims

86

3 .11 M aterials
3.11.1

G eneral reagents for im m unohistochem istry

87

3.11.11

A nti-integrin monoclonal antibodies for im m unohistochem istry

88

3 .11.111

N on-integrin monoclonal antibodies for im m unohistochem istry

88

3 .II.iv

Apparatus

88

3.11.V

Solutions for im m unochem istry

89

3 .111 M ethods: im m unohistochem istrv
3.111.1

Tissue collection for frozen storage

8

89

3.111.Ü

Preparation o f cryostat sections for im m unohistochem istry

89

3 .III.iii

Im m unohistochem istry to m easure integrin expression

90

3 .11 I.iv

Review o f the histology

91

3.111.V

Tissue preparation o f paraffin em bedded sections

91

3.111.vi

Staining o f negative lymph nodes with CAM 5.2

92

3.111.VÜ

Integrin expression in metastatic breast cancer in axillary nodes

92

3.111.viii

Analysis o f results: integrin expression in human breast tissue

93

3 .IV Results: integrin expression in benign hum an breast tissue
3 .IV .i

Patient sample and tum our characteristics

93

3.IV.Ü

Integrin expression in benign luminal and myoepithelial cells

94

3 .IV .iii

Integrin expression in supporting strom a o f benign breast tissue

96

3.V Results: invasive breast cancer
3 .V .i

Patient and tum our characteristics o f pilot study
on integrin expression

97

3 .V .ii

Patterns o f integrin expression in prim ary breast cancer

98

3 .V .iii

Integrin expression in breast cancer com pared to
benign epithelium

101

3 .V .iv

O bserver variation in the m easurem ent o f integrin expression

102

3 .V .v

Integrin expression in prim ary breast cancer and nodal
status: selection o f subunits for further assessm ent

102

3 .VI Results: in~situ breast cancer
3.VI.1

Patient sample and tum our characteristics

104

3.VI.Ü

Integrin expression in in-situ breast cancer cells

106

3 .V I.iii

Integrin expression in in-situ com pared to invasive
breast cancer

106

3 .VII Results: integrin expression in metastatic breast cancer
3 .V II.i

Patterns o f integrin expression in m etastatic breast cancer

108

3.VII.Ü

Integrin expression in prim ary and m etastatic breast cancer

111

3 .VIII D iscussion
3. V III. i

Introduction

112

3.V III.ii

Integrin expression in benign breast parenchym a

112

3 .V III.iii

Integrin expression in the supporting strom a

113

3 .V III.iv

Integrin expression in human breast cancer

114

3 .VIII.V

Integrin expression in in-situ disease

115

3.V III.vi

Integrin expression in metastatic breast cancer cells

116

3.V III.vii

M odification o f im munochemical methods for optimal staining

116

3.V III.viii

Conclusions

117

Chapter 4 Integrin expression in primary breast cancer, the
relationship to tumour variables and axillary nodal status

118

4.1 Introduction
4.1.1

Background

118

4 .1.11

Aims

118

4 .11

Patients, materials and methods

4.11.1

M aterials

118

4.11.11

Im m unochem istry to m easure c-erbB-2 expression

119

4 .11.111

Im m unochem istry to m easure steroid receptor status

119

4 .II.iv

D ata analysis: the integrins and pathological variables in

120

breast cancer
4 .111 Results: integrin expression and breast cancer tum our variables
4.111.1

Patient sample and tum our characteristics

120

4.111.11

M issing data

121

4 .IV Results: integrin expression and pathological variables in breast cancer
4 .IV .i

Patterns o f integrin expression in prim ary breast cancer

122

4.IV .Ü

Integrin expression and tum our size

123

4 .IV .iii

Integrin expression and tum our grade

123

4 .IV .iv

Integrin expression and histological type

123

4 .1V .v

Integrin expression and vascular invasion

128

4 .IV .v i

Integrin expression and multifocal disease

128

4.IV.VÜ

Integrin expression and age o f first presentation

128

4.IV .viii

Integrin expression and steroid receptor status

132

4 .IV .ix

Integrin receptor and p l8 5 (c-erbB2) expression

133

4.V Results: integrin expression and nodal status in human breast cancer
4 .V .i

The relationship between integrin expression and nodal status

10

133

4 .v . i i

The integrins as independent predictors o f nodal status

135

4 .VI Results: the relationship between non-integrin variables and nodal status
4 .V I.i

4.VI.Ü

Independent analysis o f tum our variables as indicators
o f nodal status

136

Validity o f tum our variables as indicators o f nodal status

138

4 .VII Results: determ inants o f axillarv metastasis in breast cancer
4 .V II.i

4 .V II.ii

Identification o f independent predictors o f nodal status
in breast cancer

138

A potential clinical score to predict nodal status

140

4 .VIII D iscussion
4 .V III.i

Introduction

141

4.V III.ii

Integrin expression and breast cancer histology

142

4 .V II.iii

Integrin expression and tum our size

142

4 .V III.iv

Integrin expression and tum our grade

143

4 .VIII.V

V ascular invasion, cell adhesion and tum our metastasis

143

4 .V III.vi

M ultifocal disease and integrin expression

144

4.V III.vii

Integrin expression and cell surface m arkers

145

4.V III.viii

The integrins in breast cancer and nodal status

145

4 .V III.ix

N on-integrin variables as predictors o f nodal status
in breast cancer

4 .VIII.X

4.V III.xi

146

Clinical application o f integrin expression as a
predictor o f node status

147

Conclusions

148

Chapter 5 Integrin expression in fine needle aspirates of
breast cancer cells

149

5.1 Introduction
5 .1.

iBackground

149

5.1.11

Aims

149

5 .11 Im m unocytochem istrv
5.11.1

M aterials and methods

149

5.II.Ü

Specimen collection and storage

150

11

5 .11.111

Staining for integrin expression using im m unocytochem istry

150

S .II.iv

The M ay-Griinewald Giem sa staining method

151

5.11.V

D ata interpretation and analysis

151

5.111.1

Patient sample and tum our characteristics

151

5.111.11

Intraobserver and interobserver variation

153

5 .111.111

Integrin expression on cytology smears

153

5.111.iv

Com parison o f integrin expression in cytology and

5.111 Results

histology specimens

155

5.1V D iscussion
5.1V. i

Introduction

157

5.1V.ii

Advantages o f im m unocytochem istry in integrin assessm ent

157

5 .IV .iii

Disadvantages o f im m unocytochem istry in integrin assessm ent

5.1V .iv

Conclusions

158
158

Chapter 6 Integrin mediated adhesion of primary breast cancer ceils

159

6.1 Introduction
6.1.

i Background

159

6.1.11

Aims

159

6.11 M aterials
6.11.1

Cell separation, in-vitro adhesion and enum eration

159

6.11. ii

Solutions for cell culture and separation

162

6.111 M ethods: im m unom agnetic separation o f breast cancer cells
6.111.1

Introduction

162

6.111. ii

Enzym atic disaggregation o f breast cancer tissue

162

6.111. iii

Cell viability assessed by trypan blue exclusion

163

6.111.iv

Coating o f Dynabeads beads

163

6.111.V

Im m unom agnetic separation o f breast cancer cells

164

6.111.vi

D etachm ent o f Dynabeads from breast cancer cells

167

6.1V M ethods: In-vitro adhesion assav o f prim arv breast cancer cells
6.1V.i

The coating procedure

168

6.1V.Ü

Incubation o f patient derived breast cancer cells

168

12

6 .IV .iii

Cell enum eration using the M TT assay

170

6 .IV .iv

Analysis o f data f o r c e l l

171

adhesion

6 .V V alidation o f m ethodology
6 .V .i

Im m unom agnetic separation o f breast cancer cells

171

6 .V .ii

Cell enum eration by M TT uptake and A xioH O M E

176

6 .V .iii

Establishing the purity o f the m alignant cell suspension

177

6 .V .iv

Cell survival o f isolated prim ary breast cancer cells

177

6 . VI Results: in-vitro adhesion o f prim arv breast cancer cells
6 .V I.i

Patient sample and tum our characteristics

179

6 .VI.Ü

Optim um conditions for assays o f in-vitro adhesion

179

6 .V I.iii

Differences in prim ary breast cancer cell adhesion with
nodal status

b .V I.iv

184

V ariation in integrin inhibition o f prim ary breast cancer
cell-m atrix adhesion with nodal status

184

6 .VI.V

The relationship between integrin function and nodal status

195

b.V I.v i

Com parison o f integrin mediated cell-m atrix adhesion
and expression

197

6 . VII Discussion
b.V II.i

Introduction

197

6 .VII.Ü

Im m unom agnetic separation for cell biology studies

198

6 . V II.iii

Characteristics o f prim ary breast cancer cell isolates

199

6 .V II.iv

Differences in prim ary breast cancer cell adhesion with
nodal status

199

6 .VII.V

The relationship between integrin expression and function

201

b.V II.vi

Conclusions

203

Chapter 7 Integrin regulation of tumour adhesion and invasion in
breast cancer cell lines

204

7.1 Introduction
7.1.1

Background

204

7 .I.ii

Properties o f the breast cancer cell lines

204

13

7 .11 M aterials
T .II.i

Cell culture w ork

205

7.II.Ü

Solutions for cell culture

206

7 .111 Cell culture methods
7 .III.i

Routine propagation o f cell lines

207

7.111.11

H arvesting cells for routine subculture

207

7 .111.111

H arvesting cells for use in in-vitro assays

207

7 .III.iv

Freezing cells for storage

207

7.III.V

Resuscitation o f cells from frozen storage

208

7 .IV M ethods: integrin expression and adhesion in breast cancer cell lines
7 .IV .i

Integrin expression in breast cancer cell lines

7.IV.Ü

In-vitro assessm ent o f breast cancer cell line adhesion
to matrix proteins

208

208

7.V M ethods: breast cancer cell invasion studies
7 .V .i

The apparatus

209

7 .V .ii

Preparation o f conditioned medium

210

7 .V .iii

Coating o f cell culture inserts

210

7 .V .iv

The m-vffro invasion assay

211

7 .V .v

Enum eration o f invasive cells using the M TT assay

213

7.V .v i

Enum eration o f invasive cells using A xioH OM E

213

7.V.VÜ

Analysis o f data

213

7 .VI V alidation o f m ethodologv
7 .V I.i

Cell enum eration o f breast cancer cell lines

7.VI.Ü

V alidation o f control systems used to assess breast

214

cancer cell adhesion

214

7 .V I.iii

V alidation studies on cell survival times

215

7 .V I.iv

T he integrity o f the matrix protein coat in assays o f

in-vitro invasion

215

7 .VII Results: integrin expression and adhesion in breast cancer cell lines
7 .V II.i

Integrin expression in breast cancer cell lines

218

7 .V II.ii

A dhesion to the extracellular matrix

219

7 .V II.iii

Inhibition o f cell adhesion by RGD and integrin antibodies

219

14

7 .V III Results: breast cancer cell line in-vitro invasion studies
7 .V III.i

Breast cancer chem oinvasion through matrix proteins

228

7.V III.Ü

Q uantification o f non-adherent invasive cells

228

7 .V III.iii

Inhibition o f invasion by integrin m onoclonal antibodies

230

7 .V III.iv

The relationship between cell adhesion and chem oinvasion

230

7 .IX Discussion
7.IX .Î

Integrin expression in breast cancer cell lines
com pared to hum an tissue

7.IX .Ü

237

Integrin expression and adhesive function in breast
cancer cell lines

237

7 .IX .iii

Integrin mediated breast cancer invasion in-vitro

241

7 .IX .iv

Breast cancer integrin expression, cell adhesion and invasion

244

7.IX.V

Conclusion

245

C h a p te r 8 G e n e ra l discussion a n d conclusions

246

8.1 General discussion
8.1.1

The integrins in the tum our biology o f breast cancer metastasis

246

8.1.ii

Lim itations o f in-vitro assays as models o f tum our progression

247

8.1.iii

Potential application o f the integrins in breast cancer
m anagem ent

248

8 .I.iv

Further w ork on the integrins in breast cancer metastasis

249

8 .I.v

Final conclusions

251

A ppendices

252

R eferen ces

258

P u b lish ed m a n u sc rip ts

arisin g fro m th is thesis

Reprints o f published manuscripts are included in the inside back cover pocket

15

283

List of tables
Table

Page

Chapter 1
1.1

Abbreviations relating to cell adhesion molecules

25

1.2

The integrin cell-cell adhesion molecules

26

1.3

The non-integrin cell-cell adhesion m olecules

27

1.4

The integrin cell-substratum adhesion molecules

28

1.5

The non-integrin cell-substratum adhesion molecules

29

1.6

M olecular weights (Daltons) o f the integrin subunits

33

1.7

Synonym s o f integrin subunits and their heterodim ers

35

1.8

The integrin family

38

1.9

Integrin recognition o f the extracellular matrix through
the RGD epitope

41

1.10

RGD-X recognition sequences in the extracellular matrix

42

1.11

N on-RG D peptides that form ligands for cell adhesion receptors

43

1.12

Cell adhesion molecules implicated in the m etastatic process

67

1.13

M etalloproteinase enzymes that contribute to tum our cell invasion

69

Chapter 2
2.1

Studies evaluating integrin expression in breast cancer

84

Chapter 3
3.1

M onoclonal antibodies used to m easure integrin expression

3.2

Patient sample and tum our characteristics o f patients with

90

benign samples

94

3.3

Integrin expression in benign breast parenchym a

94

3.4

Integrin expression in supporting strom a o f benign breast tissue

97

3.5

Patient and tum our characteristics o f pilot study on integrin expression

98

3 .6

Proportion o f positive integrin staining in benign and m alignant

101

breast sections
3.7

Intraobserver and interobserver variation in reading integrin expression 102

3 .8

Integrin expression and nodal status in prim ary breast cancer

103

3 .9

Sample characteristics o f patients with in-situ breast cancer

105

3 .10

Integrin staining in 35 patients w i t h b r e a s t cancer

105

16

3.11

Com parison o f integrin expression in in-situ and invasive breast
cancer cells

3.12

108

Integrin expression in prim ary and metastatic breast cancer
(a) frozen and (b) paraffin em bedded sections

3.13

110

Com parison o f altered integrin expression between the prim ary
and m etastatic breast cancer o f the same patient

111

Chapter 4
4.1

Sam ple characteristics o f 101 w om en with breast cancer

121

4.2

Staining patterns o f integrin expression in prim ary breast cancer

122

4.3

The relationship between integrin expression and tum our size

124

4 .4

The relationship between integrin expression and tum our grade

125

4.5

Classification o f the breast cancer sample into special ductal,
lobular and mixed types

126

4 .6

The relationship between the integrins and histological type

127

4 .7

The relationship between the integrins and vascular invasion

129

4.8

Integrin expression and the presence o f multifocal disease

130

4 .9

Integrin expression and age o f first presentation

131

4.10

Integrin and steroid receptor status in prim ary breast cancer

132

4.11

Integrin expression and p l8 5 (c-erbB2) in breast cancer

133

4.12

The relationship between integrin expression in prim ary breast
cancer and nodal status

134

4.13

Com ponents o f the validity o f a test

136

4.14

Test characteristics o f the integrins as indicators o f nodal status

136

4.15

Tum our variables in prim ary breast cancer and nodal status

137

4 .1 6

Test characteristics o f independent tum our variables as
predictors o f nodal status in breast cancer

4 .1 7

Integrin and non-integrin variables ranked according to the
Rao coefficient as predictors o f nodal status in breast cancer

4.18

4 .1 9

138

139

Significant indicators o f nodal status selected using logistic
regression

140

A clinical score to predict nodal status in breast cancer

140

17

4 .20

Results o f the scoring system to predict nodal status in
breast cancer

141

Chapter 5
5.1

Sam ple characteristics o f w om en studied using breast cancer aspirates

5 .2

Actual num ber o f breast cancer cases assessed for integrin
expression using both cytology smears and frozen section

152

153

5.3

Integrin staining intensity in breast cancer cell aspirates

154

5 .4

Com parison o f integrin status on histology and cytology

156

Chapter 6
6 .1

Integrin subunits assessed for adhesion to each matrix protein

170

6.2

M onoclonal antibodies used in the in-vitro cell adhesion assay

170

6.3

Cell yields from im m unom agnetic separation

175

6.4

Com parison o f Dynabead detachm ent by immunological
and/or mechanical methods

176

6.5

Com parison o f cell enum eration by the M TT assay with A xioH O M E

176

6.6

Profile o f prim ary breast cancers used to evaluate integrin function

179

6.7

Subunits used to assess integrin function as indicators o f nodal status

195

6.8

Com parison o f integrin expression and function in prim ary breast
cancer cells with nodal status

196

6 .9

Com parison o f integrin adhesive function with expression

197

6.10

Integrin determ inants o f nodal status in hum an breast cancer

203

Chapter 7
7.1

O rigins and grow th rates o f com m only used breast cancer cell lines

205

7.2

Cell surface m arkers o f com m only used breast cancer cell lines

205

7.3

Basic culture medium and special supplem ents for breast cancer
cell lines

206

7.4

Integrin subunits assayed in in-vitro studies o f invasion

7.5

C om parison o f H s578T chem oinvasion by M TT assay and A xioH O M E 214

7 .6

Integrin expression in com m only used breast cancer cell lines

7 .7

B reast cancer cell invasion through fibronectin to dem onstrate
minimal detachm ent from the lower surface o f the filter

18

212

218

228

List of figures
Figure

Page

Chapter 1
1.1

Schem atic representation o f integrin structure

31

1.2

Schem atic representation o f outside-in signalling

47

1.3

Schem atic representation o f inside-out signalling

47

1.4

The cell adhesion molecules in acute inflam m ation

57

1.5

Events m odulated by the cell adhesion molecules in coagulation

57

1.6

The m ultistep process o f tum our metastasis

61

1.7

Proposed cell adhesion interactions in cancer metastasis

62

1.8

Proposed role o f the integrins in tum our metastasis

68

Chapter 3
3.1

Oil integrin expression in benign breast myoepithelium (x 250)

95

3.2

jgl integrin expression in myoepithelial and luminal cells (x250)

95

3.3

/31 integrin expression in fibrocystic disease (x 250)

96

3.4

Diffuse integrin expression around breast cancer cell
m em branes (x400)

99

3.5

Positive integrin expression around breast cancer nests (x400)

99

3.6

Focal integrin expression in breast cancer (x400)

100

3.7

Negative integrin expression in breast cancer (x400)

100

3.8

Integrin expression around in-situ breast cancer cell nests (x400)

107

3.9

Integrin expression in in-situ breast cancer cells (x400)

107

3.10

Integrin expression in metastatic breast cancer cells (x250)

109

Chapter 5
5.1

Positive integrin expression in breast cancer aspirates (x400)

5.2

N egative integrin staining in breast cancer cell aspirates with
positive internal control on supporting strom a (x400)

154

155

Chapter 6
6.1

The principles o f im m unom agnetic separation

165

6.2

The M agnetic Particle Concentrator

166

6.3

Cell sm ear o f enzym e disaggregated hum an breast cancer tissue (x250)

172

6.4

Binding o f breast cancer cells to EMA-1 inked Dynabeads (x250)

172

19

6.5

Cluster o f breast cancer cells after bead detachm ent (x250)

6.6

Isolated breast cancer cells after light trypsinisation

173

dem onstrating exclusion o f trypan blue (x250)

173

6.7

G iem sa stain o f isolated cells to show m alignant m orphology (x400)

174

6.8

Im m unochem istry to show preservation o f the jSl subunit after
im m unom agnetic separation

174

6 .9

M ean survival o f patient derived prim ary breast cancer cells

178

6 .10

V ariation o f prim ary breast cancer cell-m atrix adhesion with
incubation times

6.11

180

V ariation o f prim ary breast cancer cell adhesion with
m atrix concentrations

6.12

181

Inhibition o f prim ary breast cancer cell-m atrix adhesion by
varying RGD concentrations

6.13

182

Inhibition o f prim ary breast cancer cell-m atrix adhesion by
varying am ounts o f integrin antibodies

6.14

V ariation in prim ary breast cancer cell-m atrix adhesion with
nodal status

6.15

185

The effect o f prolonged incubation on prim ary breast cancer
cell adhesion o f node positive women

6.16

189

D ifferential RGD inhibition o f prim ary breast cancer cell-collagen
IV adhesion by RGD with nodal status

6.21

188

D ifferential RGD inhibition o f prim ary breast cancer cell-lam inin
adhesion by RGD with nodal status

6.20

188

D ifferential RGD inhibition o f prim ary breast cancer cel 1-vitronectin
adhesion by RGD with nodal status

6.19

187

D ifferential inhibition o f prim ary breast cancer cell-fibronectin
adhesion by RGD with nodal status

6.18

186

The effect o f increasing matrix protein concentrations on
prim ary breast cancer cell adhesion o f node positive w om en

6.17

183

189

D ifferences in inhibition o f prim ary breast cancer cell-fibronectin
adhesion with nodal status by integrin antibodies

20

190

6.22

D ifferences in inhibition o f prim ary breast cancer cell-vitronectin
adhesion with nodal status by integrin antibodies

6.23

Differences in inhibition o f prim ary breast cancer cell-lam inin
adhesion with nodal status by integrin antibodies

6.24

192

D ifferences in inhibition o f prim ary breast cancer cell-collagen IV
adhesion with nodal status by integrin antibodies

6.25

191

193

T he effect o f high dose integrin antibodies on prim ary breast
cancer cell-m atrix adhesion o f node positive patients

194

C h a p te r 7
7.1

A pparatus to assess chem oinvasion o f breast cancer cell lines

210

7 .2

Cell adhesion to plastic and bovine serum album in

215

7.3

Cell survival and proliferation on human matrix proteins

216

7.4

M igration o f 3T3 cells through dissolved matrix coated filters

217

7.5

Positive staining o f a3j81 in H s578T breast cancer cells (x400)

219

7 .6

A dhesion o f breast cancer cells with varying incubation tim es

220

7.7

Breast cancer cell line adhesion to varying matrix protein

221

concentrations
7.8

RGD effect on breast cancer cell line adhesion to the

222

extracellular matrix
7 .9

ROE effect on breast cancer cell line adhesion to the
extracellular m atrix

7 .1 0

223

Inhibition o f breast cancer cell attachm ent to fibronectin by
integrin antibodies

7.11

224

Inhibition o f breast cancer cell attachm ent to vitronectin by
integrin antibodies

7.12

225

Inhibition o f breast cancer cell attachm ent to laminin by
integrin antibodies

7.13

226

Inhibition o f breast cancer cell attachm ent to collagen IV by
integrin antibodies

227

7.14

C hem oinvasion o f breast cancer cell lines through matrix proteins

7.15

Dose related inhibition o f chem oinvasion o f H s578T through
fibronectin by integrin antibodies

229

231

21

7.16

Dose related inhibition o f chem oinvasion o f M DA-M B-231 and
H s578T by m a b l3 through lam inin and type IV collagen

7.17

Dose related inhibition o f chem oinvasion o f M DA-M B-231
and H s578T through M atrigel by integrin antibodies

7.18

234

The effect o f tim ing the addition o f integrin antibodies on
M DA-M B-231 and Hs578T chem oinvasion through fibronectin

7.20

233

Inhibition o f chem oinvasion o f breast cancer cell lines through
matrix by integrin antibodies

7.19

232

235

The effect o f tim ing the addition o f m ab l3 on M DA-M B-231
and H s578T chem oinvasion through basem ent m em brane proteins

22

236

List of appendices

Appendix

Page

I

General abbreviations relating to this thesis

252

II

Conventional abbreviations used in am ino acid nom enclature

253

III

TES PA coating o f glass slides

254

IV

Physical characteristics o f Dynabeads M -450

254

V

Raw data o f patient derived prim ary breast cancer cells

255

V .I

V ariation in prim ary breast cancer cell-m atrix adhesion
with nodal status

V .2

255

D ifferential inhibition o f prim ary breast cancer cell-m atrix
adhesion by RGD with nodal status with RGB as a control

V .3

256

D ifferences in inhibition o f prim ary breast cancer cell-m atrix
adhesion by integrin antibodies with nodal status

23

257

Chapter 1
Introduction and literature review

l.I. General considerations
l.I.i

The cell adhesion molecule families

The cell adhesion molecules are a group o f receptors that m odulate cell-cell as well
as cell-m atrix interactions (A lbelda and Buck 1990). N orm al organogenesis,
im m unological defense against foreign antigen and tissue repair all depend on
interactions betw een neighbouring cells with each other and the extracellular matrix.
These interactions influence im portant cellular activities such as proliferation,
differentiation, attachm ent and m igration. The cell adhesion m olecules can be
divided into several fam ilies, the principle m embers o f which are the integrins
(Hynes 1987), the im munoglobulin superfam ily (W illiams and Barclay 1989), the
selectins (Bevilacqua e ta l 1991), the cadherins (Takeichi 1990), the H erm es (CD44)
group (Koopman et al 1990) and the 67 kD a family o f receptors to lam inin, collagen
and elastin (Terranova et al 1983). T here are also receptors that are not readily
classified into fam ilies, such as the 85 kD a integral m em brane protein that binds
hyaluronic acid (Underhill et al 1985). The adhesion molecules provide a means o f
com m unication between cells and the extracellular matrix. In this thesis, the term
extracellular m atrix is used generally to describe both the basem ent m em brane and
the interstitial m atrix, while the latter term s are used in a m ore specific context.

T he cell adhesion molecules w ere traditionally divided into those required for
intercellular recognition and those necessary for interaction with the extracellular
m atrix. A lthough the boundaries o f such a classification system has becom e less well
defined as fam ilies were found to contain members that fulfil both criteria, this
division rem ains a useful means o f understanding the concepts o f this com plex field.
The cum bersom e term inology used in the study o f cell adhesion molecules requires
the use o f abbreviations and those used in this thesis are listed in Table 1.1.
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Table 1.1 Abbreviations relating to cell adhesion molecules

CD

cluster of differentiation number

CEA

carcinoembryoni c antigen

CSAT

cell substrate attachment antigen

EC

endothelial cell

ELAM

endothelial-leukocyte adhesion molecule

gp

platelet glycoprotein

GMP

granule membrane protein

HCAM

homing cell adhesion molecule

HEY

high endothelial venule

HML

human mucosal lymphocyte

ICAM

intercellular adhesion molecule

LEC-CAM

lectin cell adhesion molecule

LEU-CAM

leukocyte cell adhesion molecule

LEA

leukocyte function-related antigen

LPAM

lymphocyte Peyer’s patch adhesion molecule

MHC

major histocompatibility complex

PADGEM

platelet activation dependant granule-external membrane protein

PEC AM

platelet endothelial cell adhesion molecule

PMN

polymorphic neutrophil

TCR

T cell receptor

VCAM

vascular cell adhesion molecule

VLA

very late activation antigen
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l.I.ii The ceU-cell adhesion receptors
The cell-cell adhesion molecules recognise specific ligands on the surface o f other
cells. This receptor-1 igand interaction may be one o f two types. H om ophilic cell
adhesion m olecules are those in which one receptor type recognises another sim ilar
receptor as the ligand. The cadherins are an exam ple o f cell adhesion molecules that
display hom ophilic recognition. In contrast, heterophilic adhesion receptors interact
with different molecules on target cells. The ligands recognised by heterophilic cell
cell adhesion receptors may be adhesion molecules o f a different type or fam ily, or
specific m olecules that are not in themselves cell adhesion receptors. The integrin
fam ily o f adhesion molecules display heterophilic recognition. The distribution o f the
receptors, their ligands, and the function o f intercellular adhesion molecules are
sum m arised in Table 1.2 for the integrin and Table 1.3 for the non-integrin families.

Table 1.2 The integrin cell-cell adhesion molecules

Receptor

Distribution

Ligand

Function

a4j81

Leukocytes,

VCAM-1

Lymphocyte

melanoma cells

and

tumour

cell

adhesion

to

endothelium

«4/37

Lymphocytes

?

Lymphocyte-endothelium interaction

aL/32

Leukocytes

ICAM-1

Leukocyte adhesion; T-cell help; T and natural killer

ICAM-2

cell cytotoxicity.

ICAM-3
oM/32

Leukocytes

ICAM-1, c3bi

Cell-cell interaction, phagocytosis

ICAM-3
ax/32

Neutrophils,

c3bi

Cell-cell interaction in inflammation

monocytes
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Table 1.3 The non-integrin cell-cell adhesion molecules

Receptor

Distribution

Ligand

Function

The immunoglobulin superfamily
ICAM-1

Inflammatory leukocytes

aL/32, oM/32

Leukocyte interaction

ICAM-2

Endothelium, monocytes

aLjS2

Leukocyte interaction

ICAM-3

Lymphocytes

aL|82, oM|32

Leukocyte interaction

VCAM-1

Activated endothelium

a4/31

Leukocyte-endothelium interaction

LFA-2

T-lymphocytes

LFA-3

T cell interaction

LFA-3

T-lymphocytes

LFA-2

T cell interaction

PEC AM -1

Endothelium, leukocytes

PEC AM-1

Leukocyte-endothelium and platelet-

platelets

endothelium adhesion

The cadherins
E-cadherin

Epithelium

E-cadherin

The cadherin family modulates cell-cell
interaction in adhesion, growth and

P-cadherin

Placenta, epithelium

P-cadherin

differentiation. They are found at adherens
junctions (desmosomes) where they

N-cadherin

Neuro-muscular cells

N-cadherin

organise the cytoskeleton, and are also
important in embryogenesis.

The selectins
ELAM-1

9

Endothelium

Neutrophil adhesion in inflammation

PADGEM

9

Neutrophils,

Leukocyte and platelet interaction with

monocytes,

each other and to endothelium

platelets
gp90MEL14

Addressins

Neutrophils,

Leukocyte-endothelium interaction in early

monocytes,

acute inflammation

lymphocytes
gplOOMELH

Addressins

Lymphocytes

Homing in lymph nodes

Lymphocytes

Homing in lymph nodes

The Hermes group
CD44 (H-CAM) Addressins

Other cell-cell adhesion molecules
CD36 (GPIV)

Endothelium, platelets

Thrombospondin Platelet-monocyte adhesion
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Table 1.4 The integrin cell-substratum adhesion molecules

Receptor

Distribution

Ligand

The /31 subfamily

am

Epithelium, endothelium, smooth muscle, stromal cells,

Laminin, collagen

carcinomas, melanomas

aW \

Epithelium, endothelium, smooth muscle, lymphocytes,

Laminin, collagen

platelets, carcinomas, melanomas
Epithelium, endothelium, smooth muscle, lymphocytes,

Fibronectin; laminin;

carcinomas and melanomas

collagen

o4/31

Lymphocytes, monocytes, stromal cells, melanomas

Fibronectin

o5/31

Endothelium, smooth muscle, memory T-cells, platelets

Fibronectin

06/31

Epithelium, endothelium, platelets, memory T-cells,

Laminin

03/31

carcinomas, melanomas
Epithelium, endothelium, smooth muscle, stromal cells,

ov/31

Fibronectin

carcinomas, melanomas

The /32 subfamily
aM/32

The
aIIb/33

Leukocytes

Fibrinogen

subfamily
Platelets

Fibrinogen;fibronectin;
vitronectin;

von

Willebrand factor

av|83

Epithelium, endothelium, smooth muscle, carcinomas

Vitronectin; fibrinogen;
von Willebrand factor;
thrombospondin;
fibronectin

The /34 subfamily
Epithelium, hemidesmosomes

Laminin

Epithelium, carcinomas

Vitronectin; fibronectin

Epithelium

Fibronectin

a6|84

The /35 subfamily
avj85

The 06 subfamily
av/36

The /38 subfamily
av|88

Epithelium, placenta, bone marrow
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l.I.iii The cell-substratum adhesion molecules
The cell-substratum adhesion receptors provide a means o f com m unication between
cells and the extracellular matrix. The attachm ent o f cells to their surroundings is
im portant in determ ining cell shape and in m aintaining cellular function. In in-vivo
tissue, hem idesm osom es form specialised areas o f the m em brane w here nonm igratory cells bind the matrix. In cultured cells, sim ilar specialized areas are
term ed

focal contacts.

The cell-substratum

adhesion

m olecules

involved

in

hem idesm osom es and focal contacts com prise o f the integrins (Stepp et al 1990) as
well as proteoglycans such as heparan sulphate (LeBaron et al 1988). The syndecans,
found on the basolateral surface o f epithelial cells w here they colocalise w ith the
cytoskeleton, bind collagen and fibronectin through heparan sulphate side chains
(Saunders et al 1989). The main cell-substratum adhesion receptors o f the integrin
and non-integrin families are listed in Table 1.4 and 1.5 respectively.

Table 1.5 The non-integrin cell-substratum adhesion molecules

Receptor

Distribution

Ligand

Normal and malignant epithelium

Laminin

The 67 kDa family
Laminin receptor
Elastin receptor

Elastin

Collagen receptor

Collagen

Proteoglycans
Heparan sulphate

Focal contacts

Matrix proteins

Syndecan

Basal epithelium

Collagen, fibronectin

Transformed fibroblast cell lines

Hyaluronic acid

Others
85kDa receptor
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l.I.iv The integrins
The integrins are the largest and most versatile o f the cell adhesion molecules and
are thus considered to be a superfam ily. They are found on a wide variety o f normal
and diseased tissue, and m ost cells express several integrins (Hynes 1987). By
m odulating bidirectional flow o f inform ation to and from the cell across the plasm a
m em brane (Hynes 1992), the integrins influence a variety o f essential life processes
by allow ing cells to com m unicate with each other and to the extracellular matrix.
The integrins play a fundamental part in the control o f cell attachm ent, m igration,
grow th and differentiation, thus contributing to im portant physiological events such
as em bryogenesis, acute inflam m ation, tissue healing and coagulation (A lbelda and
Buck 1990). In disease processes, they contribute a pathological role in mechanisms
leading to a diverse range o f disorders including autoim m unity, adult respiratory
distress

syndrom e,

atherosclerosis,

reperfusion

injury

following

ischaemia,

coagulopathy, tum our invasion and metastasis.

The integrins w ork in conjunction with other adhesion m olecule fam ilies in living
systems to m ediate im portant cell-cell and cell substratum interactions (Koopman et

al 1990). These may be transient as exem plified by integrin expression on migrating
cells in em bryogenesis, or m ore perm anent as in the case o f hemidesmosomes
responsible for maintaining the spatial relationship o f cells to each other and to the
underlying m atrix. M any o f these receptors either becom e expressed or dem onstrate
increased avidity after activation, a mechanism that allows for regulation o f function
(H em ler 1990). In this thesis, discussion will mainly concern the integrins but the
role o f other cell adhesion molecules, w herever relevant, will also be described.

l . n The integrin molecule

l.n .i Structure
Unlike other cell adhesion molecules that are made up o f single subunits, the
integrins are transm em brane receptor proteins made up o f heterodim ers o f noncovalently linked a and

subunits (Hynes 1987). 14 a and 8 jS subunits have been

30

identified, and though they could theoretically associate to form many duplex
perm utations, only 20 integrin heterodim ers have been discovered (Hynes 1992). The
integrins are integral m em brane proteins with a short intracellular com ponent and
a larger extracellular dom ain that contains the receptor binding site (Albelda and
Buck 1990). The am ino term inal is located in the extracellular dom ain while the
carboxyl term inal provides a link to the cytoskeleton. The integrity o f both subunits
o f the heterodim er is required for norm al receptor signalling (Buck et al 1986).
Function also depends on the presence o f calcium and magnesium ions, which in
addition to being part o f the ligand binding site, stabilizes the tertiary structure o f
the m olecule (H um phries 1990). The intracellular dom ain couples talin and a-actinin
w hich in turn associates with vinculin, tens in and other proteins o f the actin
cytoskeleton

(H orw itz A

et al 1986; Burridge et al 1988). A schematic

representation o f the general structure o f the integrins is shown in F igure 1.1.

Figure 1.1 Schem atic representation o f integrin structure
a subunit

p s ubuni t
Key
•

hom ologous
repeats
1 domain

E
s
s

c y s t e i n e rich
domain
disulphide bond

ext racellul ar domain

cell m e m b r a n e
signalling proteins
actin
(Adapted from A lbelda and Buck 1990)
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The jÔ subunits range in m olecular w eight from 95 to 130 kD a (Hynes 1987) but j84
is substantially larger at 220 kD a (H em ler et al 1989). The ^ subunit migrates in
sodium dodoecyl sulphate-polyacrylam ide gel electrophoresis (SDS-PAGE) faster
under non-reducing conditions because the m olecule in this state assumes a more
com pact structure due to extensive disulphide bonding w ithin the polypeptide
(Santoro et al 1988). This characteristic feature o f the jS subunit in SDS-PA GE is
due to the sulphur content o f a cysteine rich dom ain that occupies up to a quarter o f
the extracellular com ponent o f the structure (Ruoslahti and Pierschbacher 1987). The
m olecular weights o f the various integrin subunits under reducing and non-reducing
conditions are shown in Table 1.6. The am ino term inal region o f the j(3 subunit is
characterised by a highly evolutionary conserved segm ent o f about 200 am ino acids
that contain divalent cation binding sites. The im portance o f this region in
determ ining ligand specificity is shown by the failure o f allbjSS on platelets to
recognise the RGD m otif on fibrinogen as the result o f substitution o f the single
am ino acid aspartate for tyrosine on the /33 molecule (Ginsberg et al 1988).

The a. subunits are substantially larger polypeptide chains with a range o f 145 to 210
kDa. Several o f the a. subunits consist o f a heavy and a light chain linked by a
disulphide bond in the extracellular domain (Hynes 1987). The size o f the light chain
is about 20 kD a, while that o f the heavy chain ranges from 120 to 135 kD a (Table
1.6). The light chain, when present, consists o f a short transm em brane segm ent
linked by disulphide bonds to the larger extracellular heavy chain (Hynes 1992).
Each a subunit also contains a seven-fold repeat hom ologous segm ent tow ards the
am ino-term inal. In some a. subunits ( a l , « 2 , a L , a M , ax ) there is an I-domain o f
about 180 am ino acids before the last five homologous repeats which is thought to
contribute to receptor function (Hynes 1992).
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Table 1.6 Molecular weights (Daltons) of the integrin subunits

Subunit

Reduced (fragment)

Non-reduced

al

210 000

200 000

al

165 000

160 000

a3

130 000/ 25 000

150 000

a4

150 000

140 000

a5

135 000/ 25 000

155 000

a6

120 000/ 30 000

140 000

av

125 000/ 24 000

150 000

aL

180 000

170 000

oM

170 000

165 000

ax

150 000

145 000

allb

120 000/ 25 000

145 000

/31

130 000

110 000

95 000

90 000

|83

105 000

90 000

)84

220 000

210 000

65

110 000

100 000

The intracytoplasm ic dom ain o f the |8 subunit determ ines the activation state o f the
integrin heterodim er and functions as a regulator o f inform ation passing into and out
o f the cell (Hibbs et al 1991). This region o f the integrin structure has also been
show n to be necessary for ligand binding and is essential for the localization o f
integrins to focal contacts (Hayashi et al 1990). The intracytoplasm ic dom ain o f the

OL subunit modulates the activation state o f the integrin receptor. Evidence for this
com es from experim ents showing that deletion o f the intracytoplasm ic portion o f a L
does not com prom ise the binding affinity o f aL/32 to its ligand ICAM -1 (Hibbs et

al 1991), but truncation o f the cytoplasmic portion o f a llb o f the platelet integrin
aIIbjS3 leads to a perm anently active state o f the receptor (O ’Toole et al 1991a). The
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intracytoplasm ic dom ain o f the a subunit is also necessary for integrin mediated cell
motility (Hynes 1992). A lternative splicing o f the intracytoplasm ic dom ains o f the
« 3 , « 6 , jSl, j(33 and |84 subunits has been reported (Hynes 1992) and may contribute
to the versatility o f integrin mediated responses by trigerring alternative signalling
mechanisms. N orm al integrin receptor function is dependent upon the integrity o f
the cytoskeleton as shown by failure o f signal transduction caused by disruption o f
cytoskeletal assem bly by cytochalasin D (Koopman et al 1990).

l.n .ii Terminology
The term inology relating to cell adhesion molecules is som ew hat confusing as many
are known by m ore than one name. This disarray came about as a result o f the
discovery o f these receptors by w orkers in different fields o f the natural sciences.
It was only with the assim ilation o f research that it becam e obvious that these
molecules had properties in com m on or were in some cases identical. Those found
on leukocytes also carry a cluster o f differentiation (C .D .) num ber while those on
platelets may be referred to by platelet glycoprotein (g .p .) nom enclature. A receptor
consisting o f m ore than one subunit may be known in its com plete form by one
name but each subunit individually might be known as another. F or exam ple, the
a M integrin subunit is also called Mac-1 but when bound to the j82 subunit, forms
a heterodim er known as M o-1. Although most o f the integrins are now named
according to their constituent subunits, no literature search on the subject would be
com plete w ithout knowledge o f the older term inology. Synonymous term inology still
occasionally used in the classification o f the integrins is listed in Table 1.7.
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Table 1.7 Synonyms of integrin subunits and their heterodimers

Subunit Synonym
The
/31

Subunit Synonym

Integrin

Synonym

subfamily
CD29

al

CD49a

a 1/31

VLA-l;CD49a/CD29

a2

CD49b

a2/81

VLA-2;GPIa-na;CD49b/CD29

o3

CD49C

a3/81

VLA-3; CD49c/CD29

a4

CD49d

a4/31

VLA4; L-PAM-2; CD49d/CD29

a5

CD49e

a5/31

VLA-5;CD49e/CD29;GPIc-na
fibronectin receptor

a6

CD49f

a6/81

VLA-6; CD49f/CD29

av

CD51

avjgl

CD51/CD29

aL

C D lla

aL|82

LFA-1; CD 11 a/CD 18

aM

Mac-1; C D llb

aM/82

Mo-1; C D llb/C D 18

ax

pl50,95; C d llc

ax/32

CD11C/CD18

GPHb; CD41

anb/33

GPnb-raa; CD41/61

av

CD51

av/33

Vitronectin receptor; CDS 1/61

a6

CD49f

a6/34

Hemidesmosome

CD51

av/35

Vitronectin & fibronectin receptor

a4/37

L-PAM-1

The /32 subfamily
132

CD18

The /33 subfamily
/33

GPniA; CD61

aHb

The /34 subfamily
/34

The /35 subfamily
/85

/3x; /3s

av

Other integrin subfamilies
|37

/3p

a4

35

l.m

Classification of the integrins

l.m .i The integrin subfamilies
Traditional classification o f the integrins into subfamilies is based upon a common

P subunit associating with different a subunits. The integrin subfam ilies are named
after the com m on p subunit, and these are listed in Table 1.8. The division of
integrin subfam ilies by this method has becom e less clear as m ore subunits were
discovered because certain a chains associate with m ore than one P subunit. The a \
chain in particular displays this prom iscuity, binding to form heterodim ers w ith each
o f the p \, P3, p5, P6 and pS subunits (Bodary and M cLean 1990; M oyle et al
1991). A ttem pts to classify the integrins according to function, expression or ligand
specificity are com plex because o f considerable overlap. T o illustrate this point
Of1/31, a i p \ , cx3P\ and a6p\ all recognise laminin as a specific ligand and all play
a role in cell grow th, developm ent and differentiation (Krotoski et al 1986, Sorokin

et al 1990, Chen et al 1986a). In addition, a 1/31, «2/31 and a3pi also recognise
collagen as a ligand, and oi3p\ in addition is a fibronectin receptor (H ynes 1992).
The ligands recognised by each integrin heterodim er are sum m arised in Table 1.8.

l.m .U The/31 subfamily
The p i integrins form the largest subfam ily and is also known as the VLA (very late
activation antigen) group. The term was originally described in experim ents using
T -lym phocytes which reported a tim e lag o f two or m ore weeks betw een exposure
to antigen and receptor expression on the cell surface (H em ler et al 1985). In
contrast, T-lym phocyte proliferation and the developm ent o f im m unocom petence was
associated with expression o f new glycoprotein surface receptors w ithin days o f
antigen exposure.

T he p \ integrin subfam ily plays an im portant role in em bryological developm ent and
the organisation o f normal tissue architecture (Sorokin et al 1990, Chen et al 1986a).
They are expressed in a wide variety o f cell types including epithelial and
haem opoetic cells but not on granulocytes (H em ler 1990). The «2/31 integrin is
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found in the epithelium o f breast, pancreas, skin, respiratory, gastrointestinal and
urinary tracts, as well as leukocytes, fibroblasts and endothelium (Zutter and Santoro
1990, Hall et al 1991). In contrast, the aSjSl fibronectin receptor, is poorly
expressed in m ost tissues (Albelda and Buck 1990). The /31 integrins on leukocytes
have an im portant part to play in cell m igration to sites o f acute inflam m ation and
coagulation (H em ler 1990). These im portant events are m ediated through cell-cell
and cel 1-m atrix contact and will be described in greater detail under the appropriate
headings.

l.m .iii The

subfamily

The j82 subfam ily is restricted to w hite blood cells (Springer et al 1987), hence the
alternative nom enclature o f LEU-CAM (leukocyte cell adhesion m olecule). aL/52 is
expressed in m ost leukocytes, aM |82 in mononuclear phagocytes and neutrophils and
ax|82 in m acrophages. They are the principle integrins involved in inflam m ation and
tissue healing through leukocyte-leukocyte and leukocyte-target cell interactions.

l.n i.iv The /Î3 subfamily
The allbjSS integrin is exclusively expressed in platelets. A bundant receptor
expression and the general availability o f platelets provided a source o f integrins for
use in experim ents on aggregation and adhesion. Though allbjSS is a prom iscuous
receptor (Table 1.8), its main ligand is fibrinogen (Du et al 1991, O ’Toole et al
1991b). The av/33 integrin, the only other member o f this subfam ily, is expressed
in epithelial cells and is involved in the regulation o f cell grow th and migration
(Leavesley 1992).
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Table 1.8 The integrin family

0 subunit

a subunit

ligand

01 (VLA)

al

laminin, collagen

02

02 (LEU-CAM)

collagen, laminin

03

laminin, collagen, fibronectin

a4

VCAM-1, fibronectin

a5

fibronectin

a6

laminin

oil

laminin

a8

7

av

vitronectin, fibronectin

aL

ICAM-1, ICAM-2, ICAM-3

aM

ICAM-1, fibrinogen, C3bi
C3bi

ax

03 (cytoadhesins)

fibrinogen, fibronectin, vitronectin,

aflb

von Willebrand factor
vitronectin, von Willebrand factor,

av

fibrinogen, thrombospondin, fibronectin

04

a6

laminin

05

av

vitronectin, fibronectin

06

av

fibronectin

07

a4

fibronectin

aE
08

av
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i m . v The /34 subfamily
A t present the a6|84 integrin is the only known m em ber o f this subfam ily (Hemler

et al 1989). The jS4 subunit is unique in that its cytoplasm ic dom ain exceeds 1100
residues in length com pared to the typical size o f 50 am ino acids in other

chains.

Anatom ically and functionally they are found localised to hem idesm osom es (Stepp

et al 1990) and are im portant in wound healing (Kurpakus 1991). They represent a
subfam ily o f integrins that appear to be im portant in m aintaining stable spatial
relationship o f cells to each other and to the basem ent m em brane.

l.n i.vi The j35 -

subfamilies

There is only one m em ber in each o f the subfamilies determ ined by the j85, /36 and
jSS subunits, all o f which form a unique heterodim er with a v (M oyle et al 1991,
Freed et al 1989, Holzm ann and W eissm an 1989). Each o f these receptors recognise
either vitronectin and fibronectin as ligands (Table 1.8). The am ino acid sequence
o f the j(55 subunit, previously known as jSx (Cheresh et al 1989) or j5s (Freed et al
1989), has recently been identified (M clean 1990) and bears a 56% hom ology to the

^3 chain, the most closely related integrin subunits hitherto identified.

The (37 subfam ily has at least 2 members: a4/?7 and a E ^ l (H M L-1) (Parker et al
1992). These integrins are found on human mucosal lym phocytes, which are Tlym phocytes found external to the basement m em brane adjacent to the basolateral
surfaces o f epithelial cells in the breast, gastrointestinal, genitourinary and
respiratory tracts. The a4j8p integrin is probably also a m em ber o f the j87 family
though the sequence o f this ^ chain has not been fully determ ined. Like a4/57 and
aEj87, a 4/3p probably functions as a homing receptor for intraepithélial lym phocytes
in P eyer’s patches and other mucosal sites (Holzmann and W eissm an 1989).
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l.rv Ligand recognition by the integrins
l.rv.i General considerations
The ligands recognised by the integrins can be broadly categorised into two groups.
The first group consists o f specific short peptide sequences found in m atrix proteins,
w hile the second is made up o f m embers o f other cell adhesion m olecule families
found on different cell types. H eterophilic binding in this way allows for a diverse
and versatile relationship between integrin receptors and their ligands. The tripeptide
am ino acid arginine-glycine-aspartate, abbreviated to RGD in the single am ino acid
code, is the m ost extensively studied o f the epitopes (Ruoslahti and Pierschbacher
1987). The integrins are the only cell adhesion molecules currently known to
recognise the RGD sequence. As RGD is a com petitive inhibitor o f integrin function,
it has been w idely used in assays o f integrin function (Hynes 1992).

l.rV.ii The RGD sequence
The extracellular matrix proteins that bear the RGD recognition sequence include
collagen type I (D edhar et al 1987), collagen type IV ( Somogyi et al 1994),
fibronectin (Y am ada and Kennedy 1984), vitronectin (Leavesley et al 1992) and
lam inin (G rant et al 1989). The following integrins have been found to recognise the
RGD motif; aSjSl, a4 jg l, a5|81, avjSl, allbjg3, av/?3, av/?5,

(W ayner et al

1988, A lbelda and Buck 1990, Staatz et al 1991, Hynes 1992). The m atrix proteins
recognised by each o f these integrins is summarised in Table 1.9. Recent evidence
suggests the distance between the guanidinium group o f arginine and the carboxyl ic
group o f the aspartate side chain in the RGD peptide sequence is the critical minimal
structure required for functional activity (Greenspoon N et al 1993).

T he fourth am ino acid in the RGD-X sequence confers some degree o f specificity
to the recognition o f different matrix protein ligands. The m atrix proteins in which
the fourth am ino acid have been found to play a part in ligand recognition are listed
in Table 1.10. The specificity o f epitope binding is limited by considerable overlap:
an exam ple o f this is the RGDS m otif that is found w ithin the protein structure o f
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fibronectin, fibrinogen and von W illebrand factor. A single am ino acid follow ing the
RGD m otif is thus not the only factor that determ ines specific integrin receptor1igand binding. O ther m ore complex events that contribute a significant role include
the three dim ensional shape and structure o f the integrin m olecule (M ain et al 1992),
the conform ational state o f the RGD tripeptide (Ruoslahti and Pierschbacher 1987),
the highly divergent am ino acid sequence found on the intracellular dom ains o f a
subunits, and the presence o f alternative spliced forms o f various a. and /3 subunit
com binations (Juliano and Haskill 1993). A further explanation that has been
proposed is that the RGD sequence serves as a shared binding site, w ith specificity
generated by a second binding site unique to each protein ligand (Ruoslahti and
Pierschbacher 1987). The activation o f a particular integrin receptor m ight thus lead
to signal transduction that results in the unique function o f a particular receptor.

Table 1.9 Integrin recognition o f the extracellular matrix through the RG D epitope

/31

/33
«4

av

06

av

av

+

av

aüb

+

4-

-h

+

4-

+

4-

+

+

+

TBSN

+

+

vWF

+

4-

FB

4-

4-

<x3

«5

/35

Col I
Col IV
LN
FN
VN

+

+

+

Abbreviations: CO L= collagen, L N = laminin, FN = fibronectin, VN= vitronectin, TBSN= thrombospond
vW F=von Willebrand factor, FB=fibrinogen.
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Table 1.10 RG D-X recognition sequences in the extracellular matrix

Sequence

Matrix protein

Receptor(s)

RGDA

Thrombospondin

aübi83

RGDF

Fibrinogen

anbi83

RGDG

Entactin

9

RGDM

Tenascin

9

RGDN

Laminin

9

RGDQ

Complement c3bi

9

RGDS

Fibronectin

a5|31, allbi83, avj83, a3/31, avjSl

Fibrinogen

av/33, aIIb/83

Osteopontin

9

von Willebrand factor

aIIb/33

Bone sialoprotein

9

Collagen type I

9

Fibronectin

9

Vitronectin

av/33, av/85, aIIb/33

RGDT

RGDV

R=arginine; G = glycine; D =aspartate; A = alanine; M = methionine; N=asparagine; Q=glutami
S= serine; T = threonine; V =valine; X =variable amino acid
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Table 1.11 Non-RGD peptides that form ligands for cell adhesion receptors

Sequence

Protein

Receptor(s)

DGEA

Collagen type I

«201

GPRP

Fibrinogen

7

KVAV

Laminin

?

KNNQKSEPLIGRKKT

Fibronectin

?

KQAGDV

Fibrinogen

allb 03

LDV

Fibronectin

«401

LGTIPG

Elastin

67 kDa laminin recq

LRE

Laminin

7

PDSGR

Laminin

7

REDV

Fibronectin

«401

RNIAEIIKDI

Laminin

7

RYW LPRPVCFEKGMNYTVR

Laminin

?

VGVAPG

Elastin

7

YEKPGSPPREWPRPRPGV

Fibronectin

7

YIGSR

Laminin

67 kDa laminin recef

A full key to the single amino acid code is provided in Appendix II
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l.rv.iii Non-RGD active peptide sequences
Several other peptide recognition sequences for the cell adhesion molecules have
been identified in extracellular matrix proteins (H um phries 1990, Hynes 1992). The
integrin and alternative adhesion receptors that recognise these non-RG D sequences
are sum m arised in Table 1.11. Integrin receptors are able to recognise both RGD
and non-RG D peptide sequences. The platelet integrin allb^3, that binds multiple
ligands,

recognises

fibronectin,

von

W illebrand

factor,

vitronectin

and

throm bospondin through RGD in addition also recognises the hexapeptide Lys-GlnA la-G ly-A sp-V al (KQAGDV) on the fibrinogen 7 -chain (Kloczewiak et al 1982).
O ther peptide sequences that have been identified as ligands for integrin receptors
include G lu-Ile-Leu-Asp-V al (EILD V ), recognised by a4]81 and a4j87 on the
alternatively spliced V segm ent o f fibronectin (H um phries et al 1987), G ly-Pro-A rgP ro (G PRP) recognised by axp2 on fibrinogen (Hynes 1992) and A sp-G ly-G lu-A la
(DGEA) recognised by 0:2^81 on type 1 collagen (Staatz et al 1991).

l.rV.iv Intercellular integrin recognition proteins
Specific dom ains on cell adhesion molecules o f the im m unoglobulin superfam ily
form ligands recognised by the integrins. Integrin receptor-1 igand interaction between
endothelial cells and leukocytes that facilitate cell m igration at sites o f active
inflam m ation include VCAM-1 recognised by a4l3\ (Shimizu et al 1990a) and
ICAM -1 recognised by each o f aL|82 (Staunton et al 1990), aM j82 and ot\^2
(K ishim oto et al 1989). Exchange o f inform ation between IC A M -1, 2 and 3 and the
j82 integrins on leukocytes also enables antigen presentation for the appropriate
im m une response. The principle ligands recognised by integrins that regulate cell-cell
interaction is sum m arised in Table 1.11.

l.IV .v Multiple receptors and multiple ligands
W hile som e integrin receptors recognise only single ligands, it can be seen from
Table 1.8 that others are capable o f recognising several epitopes. In addition, more
than one integrin may bind to the same ligand. The reasons for, and the mechanisms
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underlying, this variation in ligand specificity is unclear. Integrins that bind to
com m on m atrix proteins attach to different regions on the ligand molecule by
alternative peptide recognition sequences. As an exam ple, the a6j81 integrin binds
to an epitope on the E 8 long arm o f the laminin m olecule, w hile a l /? l (also a
laminin receptor) recognises a binding site on the E l fragm ent consisting o f the short
arm s and core area o f the cross-like structure (Hall et al 1990). D ifferent binding
sites on fibronectin bear different recognition epitopes for the attachm ent o f
alternative cell adhesion molecules. The RGDS binding site recognised by multiple
integrins (Table 1.10) is spatially distinct from the REDV and LD V binding sites,
both recognised by «4/31, at the IIICS segm ent o f fibronectin (H um phries et al
1986a). Conversely, an integrin that recognises m ore than one ligand possesses
unique binding sites that are spatially distinct on the receptor m olecule. An example
o f this is the «4/31 integrin that possesses unique and spatially discrete receptors for
the differential recognition o f fibronectin and VCAM-1 (Elices et al 1990).

A cell type may express more than one integrin for a particular extracellular matrix
protein. T-lym phocytes have two receptors for fibronectin, «5/31 that is RGD
dependant, and «4/31 that is RGD independent and located at a distinct site on the
cell surface (W ayner et al 1989). Sim ilar findings have been described for «vj33 and

«V/35 vitronectin receptors that distribute differentially on the surface o f identical
cells. The form er is found at focal contacts colocalising with the cytoskeleton, while
the latter is diffusely expressed on the cell surface (W ayner et al 1991).

Some integrin receptors dem onstrate alternative ligand specificity w hen expressed
in different cell types (Elices and H em ler 1989). «2)81 when expressed in platelets
is a collagen receptor (Santoro et al 1988) but when expressed in endothelial cells
is a laminin receptor (Languino et al 1989). The mechanism o f this differential
recognition is probably due to alternative spliced forms in the cytoplasm ic domain
o f the integrin receptor (Hum phries et al 1986a) w hereby varying cytoskeletal
linkage determ ines different signal transduction. H owever, some investigators have
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created truncated integrin forms lacking the transm em brane and cytoplasm ic dom ains
that dem onstrate functional activity (Bodary et al 1991). The com plex details o f
integrin receptor-1 igand interaction thus rem ain to be fully elucidated. The diverse
range o f integrin receptors for com m on ligands, their differential distribution and
selective expression in various tissue types may result in specific intracellular
signalling appropriate to a unique situation. This m ay provide an explanation as to
why certain integrin receptors such as a S ^ l are found in focal contacts but a3j81 are
not, even though both are fibronectin receptors (Elices et al 1991).

l.V Signal transduction
l.V .i General considerations
Precise control over cell m igration and anchorage within the body has m ajor
implications for biological mechanisms. The integrins are organised topographically
into areas called focal adhesions (Burridge et al 1988). The extracellular am ino
term inal o f the integrin heterodim er contains the receptor while the intracellular
carboxyl term inal provides contact with the cytoskeleton. This is the anatom ical basis
on which integrin signal transduction takes place. Integrin receptors undergo
conform ational change between an active and inactive state (Hynes 1992). The
integrins are capable o f transm itting inform ation into the cell not only from
neighbouring cells and the extracellular m atrix, but in addition are also able to signal
from within the cell to the outside (Du et al 1993). C urrent understanding o f integrin
receptor signalling thus takes two forms: the triggering o f intracellular events
consequent upon ligand binding o f the receptor (outside-in signalling), and the
regulation o f receptor expression, affinity and conform ational state from w ithin the
cell (inside-out signalling) (Hynes 1992). A sim plified schem e diagram to illustrate
the principles o f outside-in and inside-out signalling is shown in Figure 1.2 and
Figure 1.3 respectively.
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Figure 1.2 Schem atic representation o f outside-in signalling

Ligand binding

--------►

Active receptor

Signalling p a th w a y

Cell cytoskeleton

^

D ownstream events

--------^

D ownstream events

Figure 1.3 Schematic representation o f inside-out signalling

Inactive receptor

^

y

1 1

A gonist

--------^

Active receptor

Signalling p a th w a y s --------- ► D ow nstream events

Cell cytoskeleton

► D ownstream events
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l.V .ii Outside-in signalling
Follow ing ligand binding, receptor conform ation is m odified and specific activated
epitopes are expressed (O ’Toole et al 1991b; Frelinger et al 1991). Downstream
signalling regulating cellular events is dependent upon receptor -1igand binding o f the
intact integrin heterodim er (Shattil and Brugge 1991). In com m on with receptors in
general, the integrins signal from outside into the cell upon activation, thus allowing
m odulation o f cellular behaviour by the extracellular matrix as well as other ligand
bearing cells. The principle intercellular and cell-m atrix interactions governed by the
integrins in cell adhesion is achieved by this m echanism.

Intracellular integrin signalling involves the phosphorylation o f secondary m essenger
pathw ays. C urrent attention has focused on a novel 125 kD a cytoplasm ic protein
called focal adhesion kinase (ppl25^"^). ppllS^"^ is a tyrosine kinase substrate that has
been shown to colocal ise with the jSl subunit at focal contact points at the cell-m atrix
junction (K ornberg et al 1992). Activation o f this signalling pathw ay occurs within
10 minutes o f direct ligation o f the integrin receptor (Kornberg et al 1992). Specific
areas in the cytoplasm ic domain o f the |81 subunit have been mapped to a-actinin
(Otey et al 1993), talin (H orw itz et al 1986) and ppl25^"^ (K ornberg et al 1992).
Cytoskeleton organisation is influenced by activation o f ppl25^"^, via the cytosolic
proteins paxillin (Burridge et al 1992) and tens in (Buckholt and Burridge 1993)
regulating cell mobility, shape, anchorage and differentiation (Burridge et al 1988).
Signalling events downstream o f ppl25^"^, how ever, are currently not well defined
(Juliano and Haskill 1993).

O ther mechanisms o f signalling activated by integrin receptor ligation have also been
reported. These include other tyrosine kinase substrates such as the 130 (Kornberg

et al 1992) the 190 kiloDalton (Bartfeld et al 1993) phosphorylated proteins, and the
protein products o f the ras oncogenes (Kapron-Bras

1993).

O ther integrin

transduction pathways such as cAM P (Groux et al 1989), protein kinase C (Freed

et al 1989) and the phosphoinositide kinases (Zhang et al 1992) have a direct effect
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on the cytoskeleton. D irect ligand binding leads to integrin receptor clustering and
activation o f the sodium /hydrogen active transport system causing intracytoplasm ic
alkalinization (Schwartz et al 1991).

G ene expression following cell-m atrix

interactions have also been described (D hawan and Farm er 1990) but the precise
m echanism s that stim ulate the im m ediate-early grow th response genes such as fos
and jun are uncertain.

l.V .iii Inside-out signalling
Cell adhesion may also be regulated from w ithin the cell to the outside by
m odulating integrin receptor expression, activation and binding affinity (Hynes
1992). The mechanism o f this inside-out signalling is best illustrated by consideration
o f foreign antigen recognition by T-lym phocytes. The binding o f T-lym phocytes to
foreign protein on an antigen presenting cell is specifically m ediated via the T cell
receptor

(CD3)

and

its coreceptor

C D 4/8

in conjunction

with

the

m ajor

histocom patibility complex (M HC). Follow ing antigen specific binding to CD 3,
intracellular events occur resulting in a high avidity state o f the cxL^2 integrin
receptor on the T cell surface to its ligand ICAM-1 (Dustin and Springer 1989).
Ligation o f the T-cell receptor thus results in w eak binding affinity to the target cell
to allow adhesion/deadhesion and, in addition, activates the aLj82 receptor by insideout signalling to mediate high binding affinity to ICAM-1 that leads to strong
adhesion to the target cell (Hynes 1992). Sim ilar activated states have been described
for the a4j81, aSjSl and oi6^l integrins to their respective susbtrates (Shimuzu et al
1990b) w ithout an increase in receptor expression.

Inside-out signalling may also be stimulated by agonists causing intracellular changes
that result in integrin receptor activation. Evidence for this is seen in circulating non
activated platelets that do not bind soluble fibrinogen. Platelet activation by
alternative substrates such as throm bin, collagen or adenosine diphosphate result in
enhanced binding affinity o f allbj83 to fibrinogen (O ’Toole et al 1991b).
Intracellular calcium , ADP and factors that affect the sodium -hydrogen ion exchange

49

pum p are other agonists that activate inside-out signalling in leukocytes and platelets
(Altieri et al 1990). The secondary messengers involved in inside-out integrin
signalling pathways are not well defined, but the G proteins, phospholipases and
protein kinases are thought to influence key events (D ustin and Springer 1989).
Inside-out signalling is dependent upon the presence o f the divalent cations
m agnesium , calcium and manganese (Hum phries 1990) and the integrity o f the
cytoskeleton (Koopmman et at 1990). Anatom ically, it requires the propagation o f
a conform ational change from the intracellular domain o f the integrin receptor to the
extracellular binding site in response to specific cellular interaction (Du et al 1993).

A m ajor function o f the cytoplasm ic dom ain o f the integrin m olecule is to determ ine
the activation state o f the receptor by inside-out signalling (O ’Toole et al 1991a,
Hay ash i et al 1990). Deletion o f the j82 cytoplasm ic dom ain o f aL/32 leads to
expression o f the inactive receptor that can be partially activated by phorbol esters
(Hibbs et al 1991) but deletion o f the cytoplasmic dom ain o f the oL subunit alone
has no effect on integrin function. In contrast, deletion o f the a llb intracytoplasm ic
dom ain o f the allj83 platelet integrin results in a perm anently activated receptor state
(O ’Toole et al 1991a). The diversity o f the am ino acid sequence in the cytoplasm ic
dom ain o f the various integrin subunits together with the existence o f alternatively
spliced forms is likely to contribute to the versatile response o f inside-out signalling
(Hynes 1992).

l.V .iv Regulation of integrin expression and function
Regulation o f integrin function may be achieved by selective tem poral and spatial
expression o f the receptors on different cell types, modulation o f the activation state,
and altered binding affinity (Hynes 1992). Although cellular integrin expression is
increased following lym phocyte stim ulation by antigen (H em ler 1990), pretreatm ent
o f cells with the protein synthesis inhibitor cyclohexim ide indicate that de novo
proteogenesis is not a prerequisite for integrin function (A znavoorian et al 1990).
This suggests that integrin receptors are preform ed and becom e activated only upon

50

stim ulation.

The integrins may be activated by direct ligation o f receptors with specific epitopes.
This mechanism is best illustrated by the allbj83 platelet integrin that does not bind
soluble ligands

in the unactivated form to avoid spontaneous

intravascular

coagulation in-vivo. Ligation o f unactivated aIlb/33 to surface bound fibrinogen,
throm bin and collagen in established blood clot results in receptor activation that
facilitates binding to its multiple ligands (Table 1.4), thus contributing to the
haem ostatic process (Phillips et al 1988). The integrin activated state is associated
with receptor clustering (Phillips et at 1988) that can be detected by monoclonal
antibodies (Frelinger et al 1991) and assayed using functional studies (O ’Toole et al
1991a). Induction o f the activated allb|l33 in solubilised receptors suggest that
activation and deactivation is intrinsic to the receptor itself and is a m anifestation o f
inside-out signalling (O ’Toole et al 1991a).

Various cell adhesion molecules, tissue and soluble factors have been shown to
influence integrin modulation by inside-out signalling. The activation o f Tlymphocytes through high affinity binding o f ICAM-1 has been described in l.V .iii.
The cell adhesion molecule CD44 has also been shown to activate the aL ^2 integrin
in lym phocytes by sim ilar mechanisms (Koopman et al 1990). Tissue and soluble
factors m odulate integrin activation by up or down regulation o f receptor function.
Transfection o f c-erbB2 cD N A into the im mortalised benign breast epithelial cell line
M T S V I-7 is associated with low levels o f expression o f «2/31 and reduced ability
o f these cells to organise into three dim ensional structures in collagen gels (D ’Souza
1993). In contrast, the interleukins IL -6 and IL-12 have been found to enhance
integrin mediated function in natural killer cells (Rabinowich et al 1993a and b).

Integrin activation is dependent on the presence o f m agnesium , calcium and
manganese (H um phries 1990) that is heterodim er specific. This is exem plified by the
a2j81 integrin that requires magnesium but not calcium ions in its capacity as a
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collagen receptor (Staatz et al 1989), and the binding affinity o f a5^1 to fibronectin
that is affected by varying the m anganese ion concentration alone (Gailit and
Ruoslahti 1988).

l.V I Biological role of the integrins
l.V I.i General considerations
The integrins are universally distributed with at least one m em ber o f each subfamily
present on m ost cell types (Albelda and Buck 1990). The variety o f integrins endows
a cell with the capacity to recognise its extracellular m atrix, the m atrix secreted by
other cells, as well as other cells to which it might com e into contact. T he integrins
w ork in conjunction with other adhesion molecules, tissue and soluble factors to play
an im portant part in cell m igration (Bauer et al 1992), developm ent (Jeffredo et al
1988), inflam m ation (H em ler 1990), coagulation (Phillips et al 1988) and wound
healing (Sporn et al 1990).

l.VI.ii Cell migration
Regulation o f directional cell migration is determ ined by interaction between cells
and their m atrix (A znavoorian et al 1990). There are num erous exam ples o f this
im portant biological process in em bryonic developm ent and acute inflam m ation. The
level o f integrin expression is related to the capacity o f a cell to m igrate. Anchorage
and traction facilitating cell movem ent may take place at optim um levels o f integrin
expression, but when the levels o f expression are very high cells may becom e fixed
in their position (Ruoslahti 1992). Integrin receptor-ligand interaction activates
intracellular signalling pathways that regulate coordinated cell m igration through the
cytoskeleton (A kiyam a et al 1989). The integrins are im portant for specific cell
attachm ent to ligands in the extracellular matrix to enable purposeful and directional
m ovem ent (Charo et al 1990). Cells that do not express the integrins m ight thus be
associated with reduced m igratory potential. This has been dem onstrated by
experim ents on m alignant m elanom a cells that lack the otS^l integrin that are unable
to migrate on a fibronectin matrix (Bauer et al 1992). The integrins may be
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transiently expressed in cells that are required to undergo coordinated m ovem ent in
response to a specific stim ulus, such as in the directional m ovem ent o f lymphocytes
tow ards sites o f active inflam m ation (Bretscher 1989) or in the developing em bryo
in m orphogenesis (Jeffredo et al 1988). This is in contrast to the a6|(34 integrin
expressed in hem idesm osom es, w hose function is to maintain the perm anent spatial
relationship betw een cells and the matrix (Stepp et al 1990).

Directional cell m ovem ent towards a soluble attractant (chem otaxis) differs from
non-directional m ovem ent (chemokinesis) and cell m otility tow ards substratum bound
matrix proteins (haptotaxis). D ifferential responses induced in hum an m elanom a cells
pretreated by pertussis toxin suggest that chem otaxis induced by lam inin and type IV
collagen involve a guanine nucleotide binding protein but chem otaxis induced by
fibronectin utilises an alternative intracellular signalling mechanism (Aznavoorian et

al 1990). The same study showed that haptotaxis was not affected by pertussis toxin
suggesting that chem otaxis and haptotaxis utilise different secondary messenger
systems. Tyrosine phosphorylation o f ppl25*''^ (Burridge et al 1992) is currently
thought to be the unifying intracellular pathway regulating cell m ovem ent via the
cytoskeleton.

l.VI.iii Development
Em bryogénie cells in developing tissue during organogenesis dem onstrate high
integrin expression but the surface receptor levels decrease once the differentiation
process is com plete (Chen et al 1986a). The best evidence that the integrins are
necessary for normal developm ent is provided by studies interrupting em bryogenesis
by interfering w ith integrin modulation. Some exam ples are the disruption o f
m yoblast m igration in the developing chick cell em bryo (Jeffredo et al 1988) and the
arrest o f neural crest developm ent (B ronner-Fraser 1986) by monoclonal antibodies
capable o f blocking integrin function resulting in non-viable life form s. The integrins
are also im portant in the maintenance o f cellular differentiation in-vitro (Sorokin et

al 1990) and in-vivo (Roman et al 1991). Integrin receptor ligation activates gene
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induction whose protein products regulate growth (Dhawan and Farm er 1990). The
intracellular mechanisms involved in m ediating grow th, differentiation and m igration
are thus likely to be distinct from each other.

l.V l.iv Inflammation
Activated leukocytes are required to leave the circulation and localise at sites o f
acute inflam m ation. Chem otactic leukocyte m ovem ent in response to tissue and
soluble factors is facilitated by the integrins. Expression o f the «5)81 integrin on the
leading edge o f m igrating cells has been found to be part o f an endocytic-exocytic
cycle that transm its traction exerted on the cell surface to the cytoskeleton (Bretscher
1989). Integrin receptor activation following ligand binding thus allows coordinated
cell m ovem ent o f leukocytes along a chemical gradient.

M ovem ent o f leukocytes across the vasculature is achieved by interaction between
the )81 and (32 integrins in conjunction with other cell adhesion receptors expressed
on leukocytes and the endothelium (Table 1.2 and 1.3). M ost VLA integrins are
expressed to some degree on resting lym phocytes. Follow ing T cell activation, there
is an increase in expression o f «1)81, «2)81, «3/31 and «5)81, but a decrease in
expression o f «6/31 (H em ler 1990). It is thought that the integrins expressed at
higher values in their resting state («4)81 and «6/31) are involved in lym phocyte
m ovem ent across the endothelium , whereas those that increase in expression after
activation are im portant after sequestration at inflamed sites (H em ler 1990).

M argination is the process by which leukocytes m ove close to the post-capillary
vessel w all, flatten and extend pseudopodia into the Junction betw een endothelial
cells. The initiation o f m argination is mediated by the selectins ELAM and
PAD G EM (Bevilacqua et al 1989) that provide unstable lym phocyte-endothelial cell
adhesion. Follow ing this, the integrins «4)81, «5/31, «6)81 and «L)82 (Shimizu et al
1990b) provide stronger binding to endothelium which enables cell m igration across
the vessel wall (Law rence and Springer 1991). High binding affinity mediated by
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integrins is thus the stop signal for leukocyte m ovement. In the absence o f this stop
signal, lym phocytes cease to roll on the vessel wall and return to a normal flow
pattern in the circulation. Expression o f ligands recognised by integrins on
endothelial cells (V CAM -1, ICAM-1 and ICAM -2) is stim ulated by inflammatory
m ediators such as interleukin- 1, gam m a interferon and tum our necrosis factor-a
(Shimizu et al 1990b; D ustin and Springer 1988). Once across the basem ent
m em brane o f endothelium , integrin receptors in leukocytes provide a mechanism for
cell m ovem ent by interaction with specific ligands in the substratum (Elices et al
1990). Leukocyte m igration to inflam m atory stim uli may be experim entally arrested
by the inhibitory tripeptide RGD and monoclonal antibodies (Ferguson et al 1991).

N eutrophil m ovem ent in the early phase o f acute inflam m ation is mediated by
aM/32, M E L -14 and ELAM (Springer 1990) to be the first wave o f leukocytes to
arrive at the scene. ELAM expression in endothelial cells reaches a peak 4 hours
after stim ulation by inflam m atory m ediators. Adhesion o f monocytes to the
substratum further enhance the immune response by inducing genes encoding for
inflam m atory m ediators (Sporn et al 1990).

Leukocytes leave the circulation at lymph nodes under non-inflam m atory conditions
by a process term ed hom ing. Homing occurs at high endothelial venules consisting
o f one or tw o layers o f tall colum nar epithelial cells ju st distal to the nodal capillary
circulation. H om ing is controlled by interaction between adhesion m olecules on the
leukocytes and their ligands on the vessel wall. The a4/Sl and otA^l integrins are
thought to control leukocyte m igration at P eyer’s patches (H olzm ann and W eissman
1989) w hile the selectins, the Hermes group and the vascular addressins (Springer
1990) modulate m igration at peripheral lymph nodes. Leukocytes m ovem ent across
the endothelium is thus a finely regulated process which occurs at specific sites
under circum stances controlled by cell-cell and cell-m atrix interaction.

Cell adhesion is o f critical im portance in the cellular arm o f the im mune response.
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In cytotoxic T-lym phocyte m ediated killing, foreign antigen recognition by the T cell
receptor (CD3) and their coreceptors (CD4 and CD8) is transient and w eak, allowing
deadhesion o f cells from their target epitope. Binding o f CD3 results in activation
o f the aLjS2, a4(3\, aSjSl and «6)81 integrins (H em ler 1990) by inside-out
signalling. A ntigen specific recognition is thus provided by CD3 but the regulation
o f strong adhesion betw een leukocytes and the target cells is mediated by the
integrins (Hynes 1992). «L)82 is necessary for T-helper and B-lym phocyte responses,
cell lysis by NK cells, antigen dependent cell mediated cytotoxicity (K ishim oto et al
1989) and T-lym phocyte proliferation (Shimizu 1990b). «Mj82 and ax/32 in addition
contribute to effective phagocytosis by recognition o f im mune com plexes coated with
C3bi (Patarroyo and M akbaga 1989).

The tim e lag between antigenic stim ulation and the appearance o f cell adhesion
receptors on the surface o f lymphocytes in acute inflamm ation vary according to
w hether the protein is pre-form ed. aM/32 and ax/32 (found in leukocyte granules)
and PADGEM (found in W iebel-Palade bodies o f endothelial cells) are exteriorised
to the cell m em brane and expressed within minutes o f activation (Bonfanti et al
1989). This rapid expression is in contrast to ICAM (Diam ond et al 1991) and
ELAM (Bevilacqua et al 1989), which require protein synthesis de no\o for
expression on endothelial cells, thus appearing some hours after stim ulation. The
activation state o f cell adhesion receptors in the m ajority o f inflam m atory responses
need only be transient to achieve an immediate outcome. Integrin expression in
mem ory T cells dem onstrate persistent upregulation o f a4|81, «5/31 and «6)81
following antigen exposure, up to four times that expressed in naive cells, associated
with m ore efficient ligand binding (Shimizu et al 1990b). N orm al cell adhesion
molecule function in inflamm ation is thus essential for an effective host response.
The key events in which they play a regulatory role is sum m arised in Figure 1.4.
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Figure 1.4 The cell adhesion molecules in acute inflammation
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l.V I.v Coagulation
Platelets bind to exposed m atrix proteins consequent upon tissue dam age resulting
in the form ation o f a haem ostatic plug. A ctivation o f the allbjSS integrin by
fibrinogen, throm bin, collagen and A D P enable platelets to aggregate by recognition
o f their ligands, including von W illebrand factor and throm bospondin, with increased
binding affinity (O ’Toole eta l 1991b, Phillips eta l 1988). The allbj83, a2j81, aSjSl
and a 6 ^ \ integrins collectively recognise fibronectin, collagen and lam inin on matrix
proteins to provide a mechanism for platelet spreading on the subendothelium and
the assem bly o f polym eric structures (Phillips et al 1988, Sonnenberg et al 1987).
Integrin regulatory m echanisms thus ensure that platelets only adhere to matrix laid
dow n as part o f an established coagulation process as a prerequisite to wound healing
(Kurpakus et al 1991), and is sum m arised in Figure 1.5.

l.Vn Pathological role of the integrins
l.Vn.i General considerations
As the integrins play a critical role in the normal regulation o f exchange o f
inform ation between cells and the m atrix, the consequences o f inappropriate receptor
function has w idespread effects. The integrins are either the principle or accessory
adhesion m olecules in a variety o f disease processes.

l.Vn.ii Congenital deficiency
Leukocyte adhesion deficiency is caused by a congenital absence o f the com m on |82
subunit (A nderson and Springer 1987) resulting in failure o f leukocyte m argination
and m igration to inflam m atory stim uli. Pus does not form despite an increase in the
num ber o f granulocytes and patients develop recurring fatal infections in childhood.

G lanzm ann’s throm basthenia is another congenital integrin deficiency that arises
from a point m utation that replaces aspartate for tyrosine on the j83 subunit in
platelets. The resulting coagulation disorder arises due to failure o f ligand
recognition (Loftus et al 1990) giving rise to platelet m alfunction.
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l.Vn.iii Inflammatory conditions
Given the pivotal im portance o f the integrins in the modulation o f leukocyte function
l.V l.iv , it is not difficult to see how loss o f integrin regulation can lead to
significant pathological problem s. Inappropriate integrin function has been reported
in rheum atoid arthritis (El Gabalaway and W ilkins 1993), cytokine mediated skin
disease ((Sim on et al 1992) and reperfusion injury following ischaem ia (Jaeschke et

al 1993). In some disease states, autoantibodies to integrin receptors have been
dem onstrated. A florid exam ple o f this is bullous pem phigoid w here autoantibodies
directed against the a6j84 constituent o f the hem idesm osom e (Jones et al 1991)
results in reduced cell adhesion causing profound skin blistering. A detailed account
o f these diseases lie outside the confines o f this thesis.

l.VII.iv Cancer
Altered integrin expression in cancer cells com pared to their cells o f origin has been
described in breast (Koukoulis et al 1991; Zutter et al 1990; Pignatelli et al 1991),
colon (Choy et al 1990; Pignatelli et al 1990a; Koretz et al 1991), pancreas (Hall

et al 1991), prostate (Bonkhoff 1993), malignant m elanom a (A lbelda et al 1990),
basal and squamous cell carcinom as o f the skin (Peltonen et al 1989). The integrins
play a fundam ental role in the normal regulation o f cell proliferation and
differentiation (Sorokin et al 1990). Loss o f control over cell grow th in malignancy
may in part be explained by altered cell-m atrix signalling resulting in poor tum our
differentiation (Pignatelli et al 1991). The functional relationship betw een integrin
expression and tum our differentiation in-vitro has been shown by Pignatelli et al
(1992a) using a monoclonal antibody to the jSl subunit to inhibit tubule form ation
in the colon carcinom a cell line SW 1222. Loss o f integrin expression has also been
described in the adenom a-carcinom a sequence in human colorectal cancer (Stallmach

et al 1992).

The mechanism by which loss o f integrin expression occurs in carcinogenesis is
unclear. Rodent fibroblasts transform ed by Rous sarcom a virus encoding the ras
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oncogene results in loss o f a5j81 expression associated with reduced cell adhesion
to fibronectin (Plantefaber and Hynes 1989). The relationship between reduced
integrin expression following c-erbB2 cDNA transfection was described in l.V .iv .
It might be argued that loss o f integrin expression in cancer is sim ply related to
failure o f cellular differentiation. This is an unlikely explanation as integrin
expression is preserved, and in some cases upregulated, in pancreatic carcinom a
(Leavesley et al 1992) and aggressive malignant m elanom a (A lbelda et al 1990).

The principle function o f the cell adhesion molecules in cancer probably lies beyond
the events surrounding m alignant transform ation, but instead play a fundam ental role
in the regulation o f tum our invasion and metastasis. The influence o f the integrins
over tum our progression is incorporated in the ensuing discussion on m etastasis in
general (l.V III) and m ore specifically in relation to breast cancer in l.IX .

l.V m Pathogenesis of tumour metastasis

l.Vm.i Introduction
Tum our cells have long been known to circulate, but only a small proportion o f
these develop into successful metastasis at secondary sites. The developm ent o f
metastasis depends on the outcome o f interaction between cancer cells with each
other, to other cells such as leukocytes and the endothelium , and the extracellular
m atrix. Tum our metastasis is thus a com plex series o f inter-related events that
involve cancer cells as well as the organ location. In order to m etastasize, cancer
cells require to invade through the basem ent m em brane, m igrate across the
interstitial m atrix o f the prim ary organ, gain access to and subsequently leave the
circulation, and finally develop at the secondary site. Basem ent m em brane consists
o f type IV collagen, laminin and entactin, while the principle extracellular matrix
proteins are collagen, elastin, fibronectin and vitronectin. T here are three main
regulators o f this initial process: the cell adhesion molecules, the m etalloproteinase
enzymes and the motility factors. The key events thought to regulate the metastatic
cascade is sum m arised in Figures 1.6 and 1.7.
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Figure 1.6 The multistep process of tumour metastasis
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Figure 1.7

P roposed cell adhesion interactions in cancer m etastasis
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l.V III.ii T he cell adhesion m olecules in can cer m etastasis
Tum our metastasis is dependant upon the sequential attachment and detachment of
cells to each other and to the extracellular matrix. The initial step requires invasive
cells to break away from the prim ary tumour. Intercellular adhesion in epithelial
derived cancers is predominantly regulated by E-cadherin (previously known as
uvomorulin) and the integrins. Downregulation of cell adhesion molecule activity in
tumours may either be the result of direct mutation of the structural and regulatory
genes, or due to the failure of protein translation. Loss of adhesion receptor
expression may result in cells predisposed to detach from the prim ary cancer and
invade the basement membrane. Inhibition of E-cadherin function in invasive cell
lines by monoclonal antibodies or gene deletion is associated with enhanced
tumorigenic potential (Takeichi 1990), while transfection o f the cDNA for Ecadherin into invasive breast cancer cells neutralise the aggressive phenotype
(Frixsen et al 1991). In human tissue, loss of E-cadherin expression in colorectal
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carcinom a has been shown to be associated with invasion through the bowel wall and
nodal m etastatic deposits (D orudi et al 1992).

Invading cancer cells interact with the basem ent m em brane not only at the prim ary
tum our site but also with the substratum that form s a physical barrier around the
vasculature. In addition, these cells need to migrate through the interstitial matrix
in a coordinated way. Cell interaction with the basem ent m em brane, endothelium
and the extracellular m atrix may require upregulation o f adhesion m olecule activity.
The 67 kD a lam inin receptor has been shown to m ediate tum our cell adhesion to the
matrix before invasion occurs in hum an cancer (W ewer et al 1986). In addition,
many m etastatic cell types have been shown to use these receptors to bind
preferentially to type IV collagen (Terranova et al 1982). Interaction through these
receptors provide a m olecular basis for the influence o f specific epitopes on laminin
in the extracellular matrix over cell adhesion, m igration and grow th.

Increased integrin expression in cancer cells may also be associated w ith metastatic
potential. Although the basem ent m em brane and extracellular m atrix may on the one
hand form a tissue barrier to tum our invasion, they also provide an adhesive
substrate on which m alignant cells may migrate. In aggressive m alignant melanoma
cell lines, an increase in the a3|81, a4j81 and av # 3 integrins have been described
(Albelda et al 1990). These integrins collectively recognise ligands on the
extracellular m atrix as well as specific receptors on the endothelium (such as
VCAM ). Transfection o f the olI^X integrin into rhabdom yosarcom a cells enhanced
adhesion to collagen and laminin with greater metastatic capability in nude mice
(Chan et al 1991). The av # 3 integrin has been shown to be im portant in the
spreading and m otility o f malignant cell lines on extracellular substrates such as
vitronectin and fibronectin (Leavesley et al 1992). The tum our characteristics o f
cancer cells may also be induced by cell-m atrix interactions. An exam ple o f this was
dem onstrated in m alignant m elanoma cells grow n on laminin that have a greater
aggressive potential com pared to those grow n on fibronectin (Terranova et al 1984).
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Cell m igration involving the av # 3 receptor requires the presence o f other integrins
such as a 5 ^ \ (C haro et al 1990) and av/35 (Leavesley et al 1992) to interact with
the extracellular matrix as accessory adhesion molecules. The pancreatic carcinom a
cell line FG does not express av/33 and though able to bind vitronectin (presumably
by alternative vitronectin receptors) fails to spread on it. Transfection o f the cDNA
for the /33 subunit into FG cells results in the surface expression o f the av/?3
heterodim er,

enabling cell

spreading

on a vitronectin

m atrix

that can

be

com petitively

inhibited by integrin antagonists (Leavesley et al 1992). Further

evidence o f the requirem ent for integrin function in tum our invasion is provided by
the in-vitro inhibition o f cancer cell migration through am niotic m em brane by the
tripeptide RGD (Gehlsen et al 1988).

The cell m em brane bound carcinoem bryonic antigen (CEA) receptor has been shown
to be an adhesion molecule o f the im munoglobulin superfam ily (Benchimol et al
1989). M ore recently, their function as accessory adhesion m olecules with a
m odulatory activity over integrin function was dem onstrated in colorectal (Pignatelli

et al (1990b) and breast carcinom a (Pignatelli et al 1992).

The converse situation o f dow nregulation o f cell adhesion m olecule function in
tum our progression may be an alternative mechanism by which cancer cells invade
and m etastasize. W hile enhanced cell-m atrix interaction may facilitate cell motility,
high affinity binding may result in arrest o f cell m igration, a well recognised stopsignal m echanism in em bryological development. In cancer, reduced adhesion may
thus result in less sticky cells predisposed to metastasize. M em bers o f the integrin
superfam ily have been shown to be downregulated in m alignant cells com pared to
their benign counterparts in breast (Zutter et al 1990; Pignatelli et al 1991;
K oukoulis et al 1991), colorectal (Pignatelli et al 1990a, Choy et al 1990) and
pancreatic carcinom as (Hall et al 1991).

Loss o f integrin expression may predispose to tum our progression by the loss o f
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regulatory control over grow th and differentiation. In in-vitro studies, transfection
o f Chinese ham ster ovary cells with the cDNA for the «5/31 fibronectin receptor
inhibits the ability o f these cells to grow and to establish tum ours in nude mice
(Giancotti and Ruoslahti 1990). Cancer cells with decreased integrin expression have
also been shown to have greater invasive potential (Schreiner et al 1991). In this
context, it is o f relevance that integrin expression is more likely to be preserved in
locally invasive tum ours such as basal cell carcinom as o f the skin com pared to
squamous cell carcinom as that have a greater metastatic potential (Peltonen et al
1989).

D ownregulation o f cell adhesion molecule function may also affect tum our
progression by influencing extracellular matrix secretion. N orm al cells have the
capability to deposit matrix protein substrate around themselves to w hich they can
then anchor. The am ount o f secreted fibronectin, collagen and laminin is reduced in
malignant com pared to normal cells. Transform ed Chinese ham ster ovary cells that
deposit little fibronectin in their extracellular matrix are aggressively tum origenic in
nude mice (Schreiner et al 1991). Transfection o f the «5j81 integrin gene back into
these cells restores their capacity to secrete a fibronectin m atrix, the reacquirem ent
o f normal grow th control and loss o f tum origenic potential (G iancotti and Ruoslahti
1990). Reduced cell-m atrix contact may thus account for aggressive cancer
phenotype.

Decreased integrin function in m alignant transform ation has been m apped to specific
intracellular signalling pathways. Oncogenic transform ation by the Rous sarcom a
virus (ppôO®"") is associated with the phosphorylation o f a tyrosine residue in the /31
integrin subunit that reduces the binding affinity o f transfected cells to talin and
fibronectin (Tapley e ta l 1989). Sim ilar experiments perform ed in cells transform ed
by mutant form s o f viruses encoding for pp60®"", how ever, do not dem onstrate
altered m orphological properties nor fibronectin binding (H orvath et al 1990).
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Altered integrin expression alone does not account for aggressive malignant
phenotype as the functional state o f the receptor and its distribution on the cancer
cell surface are critical considerations. In normal breast parenchym a, integrin
expression on m yoepithelium is found on the basal surface in contact with the
basem ent m em brane, while integrin expression on luminal cells is localised to the
basal and baso-lateral surfaces (Zutter et al 1990, Pignatelli et al 1992b). In
m alignancy, this polarization appears to be lost, and the integrins are expressed
circum ferentially on tum our cell surfaces or absent altogether (Pignatelli e ta l 1992b,
Natali et al 1992). This feature o f altered distribution is also seen in established cell
lines derived from Rous sarcom a virus transform ed fibroblasts (Giancotti eta l 1986)
and chick lung cells (Chen et al 1986b). The im portance o f polarization o f integrin
receptors is illustrated in the normal developm ent o f skin, w here the cell surface
distribution o f «2/31, «3jSl, «6/34 and «v/35 correlates with epiderm al cell assembly
and function as they m igrate from basal to superficial layers (M archisio e r a / 1991).
The functional state o f the receptor may not necessarily be associated with
expression. In a teratocarcinom a cell line, surface expression o f the «5/81 integrin
receptor has been found to persist despite no dem onstrable functional activity (Dahl
and G rabel 1989). This imposes significant limitations on im m unochem istry as an
investigative tool in tum our biology as histology only provides a static picture o f an
evolving dynam ic process.

The current data relating to cell-cell and cell-m atrix interaction is apparently
contradictory as to w hether receptor expression is increased or decreased in relation
to m etastatic potential. The discrepancy, how ever, reflects the com plexity o f the
multistep process o f tum our progression. W hile some o f these receptors have distinct
roles in m ediating m otility, grow th and differentiation, the dow nstream events
associated with each probably vary with the cell o f origin and tum our type. Ligation
o f individual receptors may result in alternative intracellular signalling pathways by
m echanisms such as alternative spliced forms o f the integrin intracytoplasm ic domain
(Hynes 1992). The specific role played by each o f the cell adhesion molecules may
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account for why some o f these receptors are upregulated w hile others are
dow nregulated in tum our progression. The signalling m echanisms and dow nstream
events required by physiological processes (l.V I) and the pathogenesis o f tum our
metastasis are probably sim ilar. Differences between biological and pathological
pathways are thus likely to be in the regulation o f cell-cell and cell-m atrix
interactions. The adhesion molecules currently thought to regulate key interactions
in tum our progression is listed in Table 1.12 and the events likely to be influenced
by the integrins in the m etastatic cascade shown in Figure 1.8.

Table 1.12 Cell adhesion molecules implicated in the m etastatic process

Receptor

Family

Cell type

Ligand

Distribution

E-cadherin

Cadherin

Tumour cells

E-cadherin

Tumour cells

a2]81

Integrin

Tumour cells

Laminin, collagen

Matrix

a30\

Integrin

Tumour cells

Laminin, collagen, fibronectin

Matrix

«4/31

Integrin

Tumour cells

Fibronectin, VCAM

Matrix
endothelium

aV jS3

Integrin

Tumour cells

Vitronectin, fibrinogen

Matrix

«V /8 5

Integrin

Tumour cells

Vitronectin, fibronectin

Matrix

aL/82

Integrin

Tumour cells

ICAM-1

Leukocytes

Tumour cells

Laminin

Matrix

«L/32

Leukocytes

Laminin receptor 67kDa
ICAM-1

Immunoglobulin Tumour cells,
leukocytes

VCAM

Immunoglobulin Endothelium

«4/31

Tumour cells

CD44

Hermes’ antigen Tumour cells

hyaluronate

Endothelium
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Figure 1.8 Proposed role of the integrins in tumour metastasis
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l.V m .ü i Proteolytic enzymes
M etastatic cells have the ability to degrade the basem ent m em brane and the
interstitial m atrix. Proteolytic enzym es may be produced by the cancer cell or the
strom a, and successful tum our take is a balance betw een enzym e secretion and their
natural occurring inhibitors. Tum our aggressiveness has been associated with a
variety

of

proteolytic

enzym es

that

are

broadly

categorised

into

the

m etalloproteinases, serine proteinases, aspartyl proteinases and cysteine proteinases.
Recent attention has focused on the metalloproteinases which are a family o f
enzym es that share structural and functional properties (Liotta and Stetler-Stevenson
1990). The m etalloproteinases have a zinc ion binding site and are secreted as
proenzym es that are activated upon cleavage o f the propeptide sequence. They are
divided into three general subclasses: the interstitial collagenases, the type IV
collagenases and the strom elysins (Table 1.13). Increased m etalloproteinase activity
is associated with metastatic capability o f cells in-vitro (Tryggvason et al 1987).

Table 1.13 M etalloproteinase enzymes that contribute to tum our cell invasion

Enzyme

Substrate

Interstitial collagenases

Collagen I, H,HI, DC

Type rV collagenases (gelatinases)

Collagen IV, V, VII, DC, X
Fibronectin
Gelatin
Elastin

Stromelysins

Collagen IV
Proteoglycans

Endogenous antagonists o f metalloproteinase enzym e activity are term ed the tissue
inhibitors o f metalloproteinases or TIM P. At least tw o subtypes o f T IM P are known.
They attach to latent collagenases to prevent activation, and inhibit active forms o f
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all m etalloproteinase enzymes. D isruption o f the gene encoding for TIM P-1 increases
the invasive behaviour o f cells as dem onstrated in prim itive m esenchymal cells, an
effect which can be reversed by adding exogenous TIM P-1 (A lexander et al 1992).

U rokinase-type plasm inogen activator (uPA) is a serine protease synthesized and
secreted by solid tum ours as an inactive proenzym e which is activated by plasm in
to degrade fibrin, fibronectin, proteoglycans and lam inin. Patients w ith high uPA
and its inhibitor plasm inogen activator inhibitor type-1 (PAI-1) are independent and
strong prognostic indicators in breast cancer, and identifies node negative patients
at risk o f tum our progression (Janicke et al 1993).

Cathepsin D is an aspartyl protease synthesised as a proenzym e that requires to be
cleaved to give 48 kD a and 34 kD a active enzym es. W hile the role o f cathepsin D
in tum our progression has been attributed to its proteolytic ability, there is little
evidence in-vitro that enzym atic activity occurs outside its natural acidic o f 3.5 let
alone physiological pH (M orriset et al 1986).

The proteolytic enzym es free invading cancer cells from its normal constraints to
allow m igration through the matrix. The proteases and the cell adhesion molecules
thus have a com m on pathway in early cancer invasion. This association is reflected
by the regulation o f metalloproteinase enzym e activity by at least tw o cell adhesion
receptors. The 67 KDa family o f receptors influences the secretion o f the proteolytic
enzym es that break dow n collagen (Liotta and Stetler-Stevenson 1990), and
stim ulation o f the av/33 integrin receptor results in signalling pathw ays that secrete
type IV collagenase enzym es (Seftor et al 1992).

l.V m .iv Motility factors
A variety o f agents derived from the strom a and cancer cells have been shown to
induce a motility response in tum our cells, including

A utocrine M otility Factor

(A M P), H epatocyte G rowth Factor/Scatter Factor (H G F/SF) and the cytokines
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(Aznavoorian et al 1990). The mechanisms by which the m otility factors, or
motogens, cause a cell to m igrate are not well understood. M orphologically, tum our
cells display am oeboid m ovem ent. In chem otaxis, receptors at the leading edge o f
the cell form pseudopodia, with alteration in cell shape and m otility by interphasing
cytoskeletal elem ents, in particular actin (Cunningham 1992). A lthough the m otility
factors are not direct ligands o f the cell adhesion molecules, binding o f motogens
such as epiderm al grow th factor (EG F), platelet derived grow th factor (PD G F) and
transform ing grow th factor-jS (TGF-/3) may influence cellular m orphology and
motility through inside-out signalling. This is a fundamental property o f the cell
adhesion molecules and is well described in the case o f the integrin superfam ily.

l.Vni.v Angiogenesis
New vessel form ation in prim ary cancers or secondary m etastasis is required in
order to sustain the developing tum our mass (Folkm an et al 1989). A ngiogenesis is
controlled by factors secreted by the cancer cell as well as the strom a, and include
fibroblast grow th factor, transform ing growth factor

platelet derived endothelial

grow th factor and endothelial cell-stim ulating angiogenesis factor (Liotta eta l 1991).
Angiogenesis is also under the control o f the extracellular m atrix and their respective
cell adhesion receptors. Evidence for this comes from active peptide sequences that
inhibit angiogenesis that are known to be ligands for specific cell adhesion molecule
families. These include Tyr-Ile-G ly-Ser-A rg (YIGSR) recognised by the 67 kD a
laminin receptor, and A rg-Gly-Asp (RGD) (Yamada etal 1990) used by the integrins
to identify epitopes in the extracellular matrix. Endothelial cells, w hen cultured on
matrix proteins in-vitro, align to form tubular structures (Folkm an et al 1989). This
has been shown to be under the control o f an RGD dependent integrin receptor on
the endothelium mediating adhesion to the A chain o f lam inin, in conjunction with
the YIGSR dependent 67 kD a laminin receptor that recognises the B1 segment
(G rant et al 1989).

W hile the role o f the cell adhesion molecules in angiogenesis may at present only
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be speculative, the developm ent o f neovasculature in cancerous tissue closely
resem bles that o f em bryological tissue, in which the integrins play a significant role.
The degree o f angiogenesis around prim ary breast cancer has been described as
being o f value for predicting the presence o f metastatic disease in breast cancer
(W eidner et al 1991). The presence o f these additional capillaries, com bined with
recognised defects in the basem ent m em brane o f the neovasularised endothelium ,
predispose to the haem atogenous spread o f cancer (Liotta et al 1974).

l.V m .v i Vascular invasion
Cancer cells use the lym phovascular route as a m ajor mechanism to achieve regional
and distant m etastasis. Intravasation is dependent on the ability o f tum our cells to
invade the subendothelial basem ent m em brane and the endothelium , structures that
m ust also be negotiated at the sites o f secondary metastasis. Leaky vessels during
angiogenesis in the evolution o f prim ary and secondary tum ours has already been
considered. To penetrate m ature blood vessels, the metastasizing tum our cells
require the potential to degrade the extracellular matrix in addition to possessing the
ability to interact with the basem ent membrane and the endothelium through specific
cell adhesion receptors. The molecular basis o f these cell-cell and cell-m atrix
interactions are the adhesion receptors o f the im munoglobulin, integrin and selectin
fam ilies. Receptor requirem ents for normal leukocyte m ovem ent across endothelium
has been extensively studied and reviewed by H em ler (1990) and include ELAM ,
PA D G E M , ICA M , VCAM and the integrins o f the /51 and jS2 subfam ilies. M any o f
these cell adhesion molecules that modulate leukocyte m ovem ent across the
endothelium are also overexpressed in cancer cells with m etastatic potential (Banks

et al 1993; Bao et al 1993). It is not difficult to see how tum our cells may utilise
these receptors to invade vasculature. An increase in «4/31 expression (whose ligand
is V CA M ) in m alignant m elanom a cells (Albelda et al 1990) and ICAM-1 in
hepatocellular carcinom a (Torii et al 1993) may exert their aggressive phenotype by
this mechanism .
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A nother cell adhesion m olecule that has an im portant role in tum our metastasis is
CD 44 (H erm es’ antigen). CD 44 functions as a hom ing receptor that enables
lym phocytes to leave the circulation at post-capillary venules in lym ph nodes by
recognition o f an epitope on the proteoglycan hyaluronate. M utant form s o f CD44
have been

identified,

and

transfection

studies

with

the cD N A

show

that

overexpression o f CD 44 in non-invasive cells results in m alignant cells with
aggressive m etastatic potential (East and H art 1993).

l.V m .v îî Host immimosuryeUlance-timiour cell interactions
M etastasizing cells w hilst in the circulation transiently lose contact with the
extracellular m atrix. These cells need to escape the im munological surveillance o f
the host’s cytotoxic T-lym phocytes and natural killer cells in order to survive.
Cytotoxic lym phocytes recognise tum our specific antigens or neoantigens on cancer
cells only in conjunction with the m ajor histocom patibility com plex class I (M HC
I). T-cell receptor binding affinity to its target antigen is stabilised by interaction
betw een aL ^2 integrin and ICAM-1 (l.V l.iv ). As studies on the m odulation o f

aL ^2 in relation to im m unosurveillance in cancer metastasis have not yet been done,
the role o f the integrins in this im portant process rem ains theoretical. The balance
between circulating cancer cells and the host im m une-response m echanism may be
o f vital im portance in determ ining the outcome o f m etastatic disease.

l.V in.viii Invasion into secondary sites
M etastasizing tum our cells that have gained access to sites o f secondary metastasis
m ust m igrate through the extracellular matrix and derive its own blood supply (H art
and Saini 1992). The mechanism for cell m igration is probably sim ilar to that for
local invasion at the prim ary site, and is likely to require upregulation o f cell
adhesion m olecule function that is tum our specific. The av|83 integrin, for instance,
is upregulated in malignant m elanom a (Albelda et al 1990) but not breast cancer
(Koukoulis et al 1991). The lam inin receptor a6|84 is enhanced in high grade
cervical intraepithélial neoplasia and squamous cancer o f the cervix (Carico et al
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1993) w hile in mucinous breast cancer, there is an increase in « 5 , a v and
(Koukoulis et al 1991). In a study utilising metastatic and non-m etastatic cell lines,
a4|81 was found to be positively associated with metastasis (Bao et al 1993).
Evidence for the overall im portance o f the integrins in the m etastatic process is
provided by a mouse model in which a simultaneous injection o f RGD and malignant
m elanom a cells reduced the ability o f tum ours to colonise and form secondary
nodules in the lung (Hum phries et al 1986b).

There is a converse argum ent for the dow nregulation o f adhesion receptor activity
in metastasizing cancer cells at secondary sites as less adhesive cells are m ore likely
to move unhindered through the matrix. If this occurs in the in-vivo situation,
integrin expression would be expected to be decreased on m etastatic tissue com pared
to the prim ary cancer. Evidence to support this hypothesis is seen in metastatic
breast cancer cells that dem onstrate progressive dow n-regulation o f integrin activity
in distant com pared to loco-regional deposits (Natali et al 1992).

l.V m .ix Genetic influences
Three classes o f oncogenes have been described in the current understanding o f
tum our progression. Prom oting and suppressor oncogenes exert their effects at the
initiation phase o f malignant transform ation, while m odulator genes control the
effects o f subsequent tum our behaviour. The genes o f the m odulator class are thus
am ongst those likely to influence tum our invasion and metastasis. The genetic
influences that result in uncontrolled cell proliferation associated with tum origenesis
do not directly predispose to the developm ent o f metastasis. In this thesis, the
process o f metastasis is considered principally from the point o f view o f interaction
between tum our cells and the extracellular matrix. The outcom e o f such interaction
could be affected by a m ultitude o f abberations o f genetic expression o f the
m odulator class. Changes in the cell adhesive properties by altered expression o f the
surface receptors could be but one m anifestation o f this phenom enon.
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Specific genes controlling metastatic phenotype were originally proposed by Fidler
and K ripke in 1977. By screening cD N A libraries to identify mRNA variants from
cancer cell subpopulations arising from com m on lineage, the metastogene nm23 has
been described as a suppressor gene that determ ines m etastatic phenotype (Steeg et

al 1988). The protein product o f the nm23 gene is a nucleoside diphosphate (NDP)
kinase (Liotta et al 1991). The N D P kinases exert their effects by signalling through
the G protein pathways and regulate m icrotubule assembly (H art and Saini 1992),
an observation that m ay provide a link between these oncogenes to the cellular
mechanism s o f adhesion and m igration.

A berrant expression o f the ras and myc oncogenes can result in cancer progression.
The separate transduction pathways leading to tum origenicity and tum our progression
has been shown by using alternative genes to suppress ras induced metastatic
potential with no effect on colony transform ation (Pozzatti et al 1986). An
interesting protein product associated with the oncogenes o f tum our m etastasis is the
m etalloproteinase enzym e collagenase IV secreted by ras and fo s transfected cells
(Greenhalgh and Yuspa 1988).

l.V m .x Conclusions
Despite the clinical im portance o f the presence o f tum our metastasis either at the
tim e o f initial presentation, loco-regional or distant recurrence after prim ary therapy,
much o f the emphasis on clinical research has hitherto been focused on the events
surrounding m alignant transform ation. H owever, it is tum our invasion and metastasis
that limits cure o f cancer by surgical treatm ent alone. Future w ork on the
com ponents o f the m etastatic cascade may hold the key in the unravelling o f this
com plex process and may provide the basis o f new treatm ents against cancer.

l.IX The cell adhesion molecules in breast cancer invasion and metastasis
l.IX .i General considerations
An overview o f the factors involved in the process o f tum our invasion and metastasis
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in general is provided in l.V III. In this section, the current concepts underlying the
role o f the cell adhesion molecules in breast cancer progression is considered.

l.K .ii Decreased integrin expression
D ow nregulation o f integrin expression in breast cancer com pared to benign epithelial
cells has been described in human cryostat sections. The specific subunits that have
been show n to be reduced include the olI (Pignatelli et al 1991, Pignatelli et al
1992b, K oukoulis et al 1991), «3 (Pignatelli et al 1991), « 6 (D ’Ardenne et al 1991),
j(31 (Pignatelli et al 1991) and

(Natali et al 1992, Pignatelli et al 1992b). W ith the

exception o f the a v subunit (l.IX .iii), there appears to be sim ilar trends in
dow nregulation o f integrin receptors in both ductal and lobular carcinom as
(Koukoulis et al 1991, Pignatelli et al 1992a).

Several w orkers have considered the relationship between loss o f integrin expression
and poor tum our differentiation in breast cancer. Pignatelli et al (1992a) found a
significant relationship between loss o f a2jSl and a;6/?4 with high tum our grade.
D ’Ardenne et al (1991) reported loss o f the « 6 subunit to be sim ilarly inversely
related to grade, but did not assess the com plem entary jS subunits. As the « 6 subunit
form s integrin heterodim ers with both |81 and |84, the inform ation that can be derived
from her study is lim ited.

Natali et al (1992) described a reduction o f integrin expression in m etastatic breast
cancer cells in axillary lymph nodes com pared to the prim ary tum our, with further
loss o f expression in distant metastatic cells. No relationship between prim ary breast
cancer integrin expression and nodal status at the tim e o f presentation or the effect
on ultim ate outcom e has previously been described.

l.IX.iii Increased integrin expression
An increase in expression o f the a v subunit has been described in invasive ductal
com pared to invasive lobular breast cancer, w ithout a corresponding increase in
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expression o f the j81 or /33 subunit (Koukoulis et al 1991). The com plem entary jg
subunit o f the upregulated a v heterodim er could thus be o f the |85, j86 or j88
subfam ilies, monoclonal antibodies for which are still not widely available. Pignatelli

et al (1992b) how ever found preservation o f the avj83 integrin (with a possible
subjective increase in expression) in 50% o f invasive lobular carcinom as studied
com pared to 10% o f invasive ductal carcinom as. In the same study, Pignatelli et al
(1992b) found, using monoclonal antibodies to the isolated subunit, that a v
expression was preserved in both ductal and lobular cancers. In about half o f both
the ductal and lobular cancers studied, there was negative expression when the
sections

w ere

stained

for

av#3,

confirm ing

K oukoulis’ findings

that the

com plim entary /3 chain could be one o f the m ore recently described subunits.

Koukoulis et al (1991) reported an increased expression o f the a 2 , a 3 and a5
integrin subunits in mucinous carcinom a o f the breast. H ow ever, as only 4 mucinous
carcinom as w ere included in their study, their results have to be interpreted with
reservation until m ore data becom es available.

l.IX.iv Integrin expression of in-situ breast cancer
In hum an breast cancer, expression o f the a l , a 2 , a 3 , a 6 , a v , jSl and jS4 integrin
subunits have been found to be preserved around carcinom a in-situ nests (Koukoulis

e ta l 1991, D ’A rdenne eta l 1991). This is likely to represent the interaction between
intact myoepithelium with the basem ent m em brane. Sim ilar patterns o f integrin
expression have been recorded in in-situ tum our cells com pared to invasive breast
cancers (Koukoulis et al 1991, D ’Ardenne et al 1991).

l.IX .v Cadherins
W hile altered integrin expression in breast cancer is likely to influence cell-m atrix
interaction, changes in cadherin expression exerts its effects by modifying
intercellular interaction. The cadherins are hom ophilic cell-cell adhesion molecules
that act as both receptor and ligand (Takeichi 1990). Several cadherin subfamilies
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have been described according to cell type, but the relevant group in breast cancer
is epithelial or E-cadherin. Studies o f human breast cancer sections show a reduction
o f E-cadherin expression on tum our com pared to normal cells (Shiozaki et al 1991).
The functional im portance o f E-cadherin in breast cancer cells has also been
dem onstrated. Transfection o f mouse cD N A for E-cadherin into the poorly
differentiated M D A -M B -436 breast cancer cell line reduced the invasive potential o f
these aggressive cells that could be restored by the addition o f anti E-cadherin
antibodies (Frixen et al 1991).

l.IX.vi 67 kDa Laminin receptor
The 67 kD a lam inin receptor is increased in human breast cancer com pared to
benign epithelium (H oran Hand et al 1985, Castronovo et al 1990) and is also
present on m etastatic breast cancer cells (Rao et al 1983). The lam inin receptor in
addition prom otes cell attachm ent to collagen type IV in the basem ent membrane
(Terranova et al 1983), as well as inducing type IV collagenase activity (Terranova

et al 1982). The 67 kD a lam inin receptor in breast cancer may thus be involved in
the initial interaction o f tum our cells with the vascular basem ent m em brane, which
in turn facilitates adhesion, invasion and subsequent developm ent o f metastasis. The
67 kD a laminin receptor binds the cross-like structure o f lam inin at the intersection
o f the three short arm s (T erranova et al 1983). Inhibition o f this receptor using the
pentapeptide Tyr-Ile-G ly-Ser-A rg (YIGSR) inhibits cell adhesion to laminin,
m igration and the developm ent o f experimental metastasis (G raf et al 1987).

l.IX.vii Oestrogens, progestins and cell adhesion
The binding o f breast cancer cells to the basem ent m em brane glycoprotein laminin
is regulated by steroid horm ones. 17j8-oestradiol stim ulates cells o f the M C F-7 breast
cancer line to attach to and m igrate towards lam inin (Albini et al 1986). Oestrogen
and progesterone play a significant role in the regulation o f expression and the
binding affinity o f the 67 kD a lam inin receptor (Castronovo et al 1989). Treatm ent
o f the steroid receptor positive T47D cell line with oestradiol and progestins has
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been shown to upregulate expression o f the 67 kD a laminin receptor with associated
increased binding affinity to laminin. No relationship has yet been shown between
oestrogen and progesterone receptor status and integrin or cadherin function.

l.X Potential therapeutic benefits of integrin research
l.X .i Non-cancer applications
Advances over the last five years allowing transgenic expression or ablation o f genes

in-vitro and in-vivo have provided useful models for the role o f the cell adhesion
molecules in hum an disease. The greatest contribution so far has been in the
understanding o f intracellular and cell-m atrix interactions in the pathogenesis o f
inflam m atory and throm botic processes (Hynes 1994). The use o f inhibitory and
mimetic agents to modulate the interaction o f specific cell adhesion molecules in
inflamm ation and coagulation defects are being developed, though drugs for clinical
trials are unlikely to be available in the near future. Although much has been learnt
from the genetic defects in G lanzm ann’s throm basthenia (Loftus et al 1990) and
leukocyte adhesion deficiency (Anderson and Springer 1987), gene therapy as a cure
for both these conditions is still rem ote.

l.X .ii The cell adhesion molecules as future anti-tumour agents
The developm ent o f tum our invasion and metastasis distinguishes m alignant from
benign lesions and limits cure o f cancer by surgery alone. As the cell adhesion
molecules play critical roles at various stages o f this m ultistep process, knowledge
o f the

underlying

mechanisms

is param ount to

the understanding

o f the

pathophysiology o f aggressive malignant phenotype. If a method o f preventing
tum our progression can be developed, an aggressive tum our conventionally regarded
as being o f poor prognosis could becom e potentially curable. Such a developm ent
is likely to take the form o f adjuvant therapy, not only to patients considered to have
had a curative resection but also to those with advanced and dissem inated disease to
delay progression. Knowledge o f the protein products o f oncogenes and other cell
m arkers unique to cancer cells may enable chem otherapy to be directed at more
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specific targets rather than the w idespread effects o f inducing DNA dam age.

Specific cell m arkers may also facilitate therapeutic targeting by means o f
monoclonal antibodies labelled to radioactive or im munological agents. The RGD
peptide sequence has been shown to inhibit tum our invasion and metastasis in in-

vitro (Gehlsen et al 1988) and in-vivo animal studies (H um phries et al 1986b), but
in its current form is unsuitable as a therapeutic agent due to its short h alf life. Other
potential targets for cancer therapy could include the use o f cytotoxic substances
labelled with integrin monoclonal antibodies to selectively seek m alignant cells.
U nfortunately, the integrins are also present on normal cells and interfering with cell
adhesion could have disastrous effects on physiological processes. Such advances are
thus a long way o ff until more selective and discrim inating cell m arkers are
identified. Im m unotherapy enhancing the hosts response against tum our cells via the
integrin receptors is another future prospect. W ith regard to the other cell adhesion
molecule fam ilies, clinical trials involving im m unotherapy directed against the CD44
receptor in the prevention o f locoregional recurrence and m etastasis in colorectal
cancer are underw ay but the results are not yet available.

The im portance o f the cell adhesion receptors in the biology o f health and disease
has aroused much interest am ongst m olecular and cellular scientists in the last ten
years. The potential clinical application has only recently been recognised and new
ground is rapidly being broken as the com plex mechanisms o f intracellular and cellm atrix interactions are unravelled. The cell adhesion molecules may yet hold the key
to future major advances in the m anagem ent o f patients with cancer.
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Chapter 2
Aims of the study

2.1 Background
2.1.Î What do markers of tumour biology measure?
W hile m arkers o f tum our biology are o f considerable prognostic value, the actual
relationship to cancer grow th in-vivo has not been established. Tum our metastasis
is a com plex m ultistep process (H art and Saini 1992) in which the cell adhesion
molecules may provide a unifying hypothesis as to how cancer cells adhere, invade,
m igrate, gain access to the lym phovascular circulation, and subsequently seed at the
secondary site. T he integrins were selected for study as they are the largest
superfam ily o f the adhesion molecules, with a versatile range o f function governing
interaction betw een cells and to the extracellular matrix. As the steps surrounding
the initial process o f tum our invasion are com plex, experim ental methods to evaluate
the metastatic cascade require to focus on individual events. This thesis concentrates
on the relationship betw een cell-m atrix adhesion in benign and m alignant breast
disease with particular em phasis on cell attachm ent to the basem ent m em brane and
interstitial m atrix proteins in the developm ent o f breast cancer m etastasis.

2.1.Ü Clinical evaluation of women with breast cancer
The clinical evaluation o f patients with breast cancer focuses on the prim ary tum our
and the extent o f m etastatic spread. This is established by a full history and physical
exam ination,

supplem ented

by

imaging

investigations

(m am m ography

or

ultrasonography) and fine needle aspiration cytology (Gui et al 1995).

In

com bination, the "triple test" o f clinical assessm ent, imaging and cytology has a very
high diagnostic accuracy (H erm ansen et al 1987). Investigations to detect distant
metastasis can include a chest X -ray, bone scan, liver ultrasound exam ination and
serum liver enzym e biochem istry. Controversy surrounds the m anagem ent o f the
axilla for diagnosis as well as surgical treatm ent.
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Lym ph node status and tum our size are independent but additive prognostic
indicators in breast cancer (H aybittle et al 1982). Tum our grade is also o f
independent prognostic value (Elston and Ellis 1991) with tubule form ation, cellular
pleom orphism and m itotic rate as com m only used histological criteria (Elston 1987).
Nodal status, tum our size and tum our grade are com bined to form the Nottingham
Prognostic Index (H aybittle et al 1982), which may also be used as a method o f
patient selection for adjuvant therapy (M organ et al 1993).

2.1.ÎÜ The dilemma of the axilla in human breast cancer
The dilem m a as to w hether the axilla should be sam pled, cleared surgically or not
treated at all rem ains a m atter o f great debate (Sacks et al 1992, Fentim an and
M ansel 1991). It is w idely accepted that the only way to accurately stage the axilla
is by pathological assessm ent o f the axillary nodes. The Early Breast Cancer
T rialists’ C ollaborative G roup (1992) meta-analysis o f 133 random ized trials
involving 75 000 w om en confirm s the survival benefit o f polychem otherapy as
adjuvant treatm ent for node positive pre-m enopausal as well as perim enopausal
w om en. This is o f clinical relevance for node positive w om en in the 50-69 year old
age group, w ho m ight in the past have only been placed on adjuvant tam oxifen after
prim ary surgical treatm ent but may now also benefit from additional chem otherapy.
F urther prospective trials are necessary to confirm these findings but know ledge o f
their nodal status has becom e im portant clinical inform ation in order to select older
w om en for adjuvant chem otherapy.

In term s o f treatm ent, only node positive women benefit from axillary clearance
surgery to prevent the risk o f regional disease (Carpenter et al 1992). This may lead
to overtreatm ent o f the axilla in approxim ately 60% o f w om en if a uniform policy
o f axillary clearance surgery is imposed on all women with breast cancer.
Random ized clinical trials testing the value o f surgical dissection against radiotherapy
o f the axilla has show n no survival benefit from either m odality o f treatm ent (Fisher

et al 1985). The com bination o f axillary dissection and radiotherapy predisposes to
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lym phoedem a (Kissin et al 1986). A xillary clearance surgery provides more
com plete inform ation on nodal status and prognosis, and may reduce the need for
extensive radiotherapy to the axilla (Sacks et al 1992).

2.1.ÎV Potential benefits of predicting nodal status without surgery to the axilla
If a method o f reliably predicting patients with axillary nodal metastasis from
prim ary breast cancer can be established, then patients at low risk o f having nodal
disease may be offered a low axillary sample or even spared axillary surgery
altogether, reserving axillary clearance surgery for patients at high risk o f having
positive nodes. The mechanisms that govern metastatic capability is likely to lie in
the biological characteristics o f the prim ary cancer cell. The adhesion molecules are
potential candidates to fulfil at least part o f this role as le^s adhesive cancer cells are
m ore likely to metastasize. Loss o f integrin expression may provide a means o f
predicting nodal status thus allowing patient selection for axillary surgery and
adjuvant therapy protocols.

2.1.V Current knowledge of the integrins in human breast cancer
The present understanding o f the role o f the integrins in breast cancer is limited to
studies o f expression in hum an tissue sections and functional assays using propagated
cell lines. The im munochem istry o f hum an breast cancer integrin expression based
on the results o f recent publications is discussed in C hapter l.IX .ii and l.IX .iii but
the conclusions that can be draw n from these studies are limited by several factors.
The samples studied were sm all, the range o f subunits investigated varied and none
considered the av|35 integrin despite its recognised presence in carcinom a cells
(Cheresh et al 1989). In addition, not all groups used special stains for the basem ent
m em brane to distinguish in-situ from invasive disease. These lim itations and
variation o f study design are sum m arised in Table 2.1. W hile lim itations on the
accessibility to the new er |86-j88 integrin subunits still apply, a monoclonal antibody
to

is now available.

83

Table 2.1 Studies evaluating integrin expression in breast cancer

n

Subunits studied

Basal layer stains

D ’Ardenne et al 1991

26

a l- a ô

Laminin, Collagen

Pignatelli et al 1991

43

al,a2,j81

None

Pignatelli etal 1992b

37

a2,0£6,av,/31,/33,j84

None

Koukoulis et al 1991

54

al-a6,av,j81,j83,i84

Myosin

T here has hitherto been no published study reporting a relationship betw een integrin
expression in breast cancer and nodal status at the tim e o f clinical presentation.
W hile in-vitro assessm ent o f integrin function in breast cancer cell lines have been
described, there is no data to relate integrin expression to integrin function using
patient derived breast cancer cells from women with known histological param eters
and nodal status. There has also been no com prehensive study o f integrin regulated
cell adhesion and invasion in breast cancer cell lines. The cellular aspects o f integrin
m odulation are im portant if we are to accept integrin expression as a means o f
assessing nodal status and tum our progression in women with breast cancer.

2.n. Experimental design
2.n.i Hypothesis
The hypothesis is that loss o f integrin expression and function in the regulation o f
prim ary breast cancer cell adhesion to the extracellular matrix is significantly related
to tum our progression and the presence o f axillary nodal m etastasis.

2.H.Ü Experimental strategy
The experim ental strategy in this thesis can be divided into the following parts.
1.

To determ ine integrin expression using im m unohistochem istry on frozen
sections o f benign human m am m ary tissue, in-situ, invasive and metastatic
breast cancer (Chapter 3). A panel o f eleven integrin subunits based on
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reported expression in glandular epithelium (Albelda and Buck 1990) was
initially studied to determ ine specificity in breast parenchym a, from which
selected subunits w ere considered for further study.
2.

To evaluate the relationship between integrin expression in prim ary breast
cancer and known histopathological tum our characteristics including nodal
status. A clinical score incorporating the integrin and non-integrin tum our
variables was developed and applied to a retrospective series o f patients with
sym ptom atic breast cancer (Chapter 4).

3.

To determ ine if integrin expression may be reliably m easured in breast
cancer cells obtained by fine needle aspiration using im m unocytochem istry
(Chapter 5).

4.

To evaluate differences in integrin mediated cell-m atrix adhesion in patient
derived prim ary breast cancer cells with nodal status in in-vitro studies, and
to relate integrin function to expression. Im m unom agnetic separation as a
means o f obtaining purified human breast cancer cells for functional studies
was developed for this purpose (Chapter 6).

5.

The relationship between tum our adhesion and invasion was evaluated in-

vitro using the M C F-7, T47D , M DA -M B-231, ZR-75-1 and H s578T human
breast cancer cell lines(Chapter 7).

The laboratory w ork for this thesis is presented in Chapters 3 to 7. Each chapter is
divided into Introduction, M ethods, Results and D iscussion sections. W here
descriptions o f m aterials and methods overlap, cross reference to preceding chapters
w here these w ere first described are given. A general discussion is provided in
C hapter 8.
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Chapter 3
Integrin expression in benign and malignant human breast tissue

3.1 Introduction
3.1.Î Background
Integrin expression in benign and m alignant hum an breast tissue has previously been
reported in studies with small patient numbers describing selected integrin subunits
(D ’A rdenne et al 1991; Zutter et al 1990). Koukoulis et al (1991) and Pignatelli et

al (1991) stained a com prehensive panel o f monoclonal antibodies raised against the
jSl, /83 and |(34 integrin subfamilies in human breast cancer but only considered a
limited num ber o f benign sections. W hile altered integrin expression in breast cancer
com pared to benign cells is reported, the results from some o f the above studies are
conflicting. No relationship has previously been dem onstrated between integrin
expression and nodal status in breast cancer. Natali et al in 1992 exam ined « 6 ^ 4
expression in metastatic breast cancer tissue but there has hitherto been no study o f
the spectrum o f the integrins in axillary nodal metastasis. The jSl, j83, j84 and j85
integrins have an established role in epithelial cell interactions (A lbelda and Buck
1990). Expression o f the a l , a 2 , a 3 , a 4 , a 5 , a 6 , a v , jSl, j83, j84 and j85 subunits
was therefore considered in benign and malignant breast specim ens.

3.1.Ü Aims
The aims o f this chapter w ere to define which o f the 11 integrin subunits were
expressed in benign and m alignant human breast tissue. M onoclonal antibodies w ere
selected for further study based upon ease o f use, reliability o f staining and altered
expression in breast cancer. The selected antibodies w ere also used to assess integrin
expression in in-situ disease, metastatic cells in lym ph nodes and to evaluate the
relationship between integrin expression in prim ary breast cancer cells and nodal
status.

86

3.n Materials
3.n.i General reagents for immunohistochemistry
Acetone (British D rug H ouses, Poole, Dorset)
Biotin conjugated antibodies: rabbit anti-m ouse (Dako Ltd, High W ycom be, Bucks)
and rabbit anti-rat (V ector Laboratories Ltd, Peterborough, Cam bs)
Bovine serum album in (Sigm a Chemical Com pany, Poole, Dorset)
3 ,3 ’ diam inobenzidine tetrahydrochloride (Sigm aC hem ical C om pany, Poole, Dorset)
D istrene 80, dibutylphthalate xylene (DPX) (British D rug H ouses, Poole, Dorset)
Eosin (Sigm a Chemical Com pany, Poole, Dorset)
H arris’ haem atoxylin (Sigm a Chemical Com pany, Poole, Dorset)
H ydrogen peroxide 30% w /v (British D rug Houses, Poole, Dorset)
Isopentane (British D rug Houses, Poole, Dorset)
M ay-Griinewald and Giem sa stain (British Drug Houses, Poole, Dorset)
M ethanol 99.8% (British D rug Houses, Poole, Dorset)
Phosphate

buffered

saline:

disodium

hydrogen

orthophosphate

and

sodium

dihydrogen orthophosphate (British Drug Houses, Poole, Dorset)
Pronase (Sigma Chemical Com pany, Poole, Dorset)
Streptavidin-peroxidase conjugated com plex (Dako Ltd, High W ycom be, Bucks)
TESPA (3-am inopropyl triethoxy-silane) (Sigma Chemical C om pany, Poole, Dorset)
Xylene (British D rug Houses, Poole, Dorset)
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3.n.ii Anti-integrin monoclonal antibodies for immunohistochemistry
S u b u n it

C lone

S o u rce

al

TS2/7

D r M H em ler, D ana-Farber Institute Boston, USA

a2

P1E6

Becton Dickinson Ltd, O xford

a3

P1B5

Chem icon Inc, London

a4

L25.3

Becton Dickinson Ltd, Oxford

a5

P1D 6

Chem icon Inc, London

a6

CLB-701

Chem icon Inc, London

av

LM 142

Chem icon Inc, London

DF5

Chem icon Inc, London

^3

7F12

Becton Dickinson Ltd, Oxford

24

AA3

Becton Dickinson Ltd, Oxford

25

P1F6

Becton Dickinson Ltd, Oxford

S.n.iii N o n -in teg rin m o n o clo n al an tib o d ies fo r im m u n o h isto ch em istry
The negative control antibody against aspergillus niger glucose oxidase (clone DAKG O l) was from Dako Ltd, High W ycom be, Bucks. M onoclonal antibodies to laminin
and type IV collagen were obtained from Bionuclear Sciences Ltd, R eading, Berks,
and the hum an anti-cytokeratin CAM 5.2 was from Becton-Dickinson, Oxford.

S .n .iv

A p p a ra tu s

Cryostat (Bright Instrum ents, Huntingdon, Cambs)
Fum e cupboard (Captair, Havant, Hants)
Glass slides and cover slips (W estern Laboratory Services, A ldershot)
Horizontal shaker (G rant Instrum ents, Royston, Herts)
Light m icroscope (Ernst Leitz, GM BH, W etzlar, Germany)
Pipettes from (ICN Biomedicals, Tham e, O xfordshire)
M icrotom e (Reichart-Jung, Germany)
W ater bath (G rant Instrum ents, Royston, Herts)
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3.n.y Solutions for immunochemistry
Phosphate buffer
Phosphate buffer was prepared by the addition o f 15.5g o f disodium hydrogen
orthophosphate and 2.03g o f sodium dihydrogen orthophosphate per litre o f distilled
water.
Phosphate buffer with sodium azide
Bovine serum album in was dissolved in phosphate buffer solution (Ig/lOO m l) and
stored at 4°C.
D iam inobenzidene tetrahvdrochloride solution
D iam inobenzidene tetrahydrochloride was dissolved in distilled w ater (Ig/lOOml) and
stored as 1000 ^1 aliquots at -10°C.

3.HI Methods: immunohistochemistry
3.HI.i Tissue collection for frozen storage
Integrin expression in benign and malignant breast tissue was measured using
im m unohistochem istry. All breast and axillary specim ens w ere collected fresh the
operating theatre and samples taken within 15 minutes o f surgical excision. In breast
lumps greater than 1.5 cm in maximum diam eter, segments o f the tum our were
taken to include a representative sample o f tissue from the core to the periphery. In
tum ours less than 1.5 cm in size, samples w ere taken to include the w hole equatorial
diam eter in order to incorporate the core and grow ing edge. Samples w ere collected
in this way so that heterogeneity across the grow ing tum our could be assessed.
N orm al breast tissue was taken from surgical specimens at sites well aw ay from the
prim ary tum our. All samples w ere snap frozen in liquid nitrogen cooled isopentane,
and stored for up to six months at -70”C.

3.in.ii Preparation of cryostat sections for immunohistochemistry
5 (xm cryostat sections o f benign and malignant breast tissue w ere cut and mounted
on 3-amino propyl triethoxy-silane (TESPA) coated slides (coating procedure Appendix III). The slides w ere allowed to air dry overnight to reduce detachm ent
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o f the sections during processing. The sections w ere fixed in acetone at -10°C for
10 m inutes and air dried for a further 10 minutes. All slides w ere rehydrated in
phosphate buffer prior to staining.

B .n i.iii Immunohistochemistry to measure integrin expression
Im m unohistochem istry was perform ed using the avidin-biotin-peroxidase com plex
m ethod (H su et al\9% \). Details o f the monoclonal antibodies used to study integrin
expression are provided in Table 3.1. All eleven integrin monoclonal antibodies w ere
titrated to determ ine optim um dilution in phosphate buffer for staining quality.

Table 3.1

M onoclonal antibodies used to measure integrin expression

Epitope

Animal

Clone

Dilution

Reference

al

mouse

TS2/7

1:200

Hemler et al 1984

otl

mouse

P1E6

1:400

Carter et al 1990

a3

mouse

P1B5

1:200

Carter et al 1990

a4

mouse

L25.3

1:100

Clay berger et al 1987

a5

mouse

P1D6

1:100

Wayner et al 1988

a6

rat

CLB-701

1:100

Sonnenberg et al 1987

av

mouse

LM142

1:200

Cheresh 1987

mouse

DF5

1:400

Ylânne and Virtanen 1989

^3

mouse

RUU-7F12

1:200

Metzelaar et al 1991

^4

mouse

AA3

1:100

Jones et al 1991

05

mouse

P1F6

1:50

Weinecker et al 1994

Tissue sections w ere incubated with each prim ary monoclonal antibody for 1 hour.
Endogenous peroxidase activity was blocked by placing the slides in 50 ml o f 99.8%
methanol in a Coplin ja r with 750 ^1 o f 30% w /v hydrogen peroxide. Relevant rabbit
anti-m ouse or rabbit anti-rat biotin conjugated secondary antibodies w ere used at
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1:400 and 1:200 dilution respectively for 30 minutes. Streptavidin-peroxidase
conjugated com plex was added as a tertiary layer and the colour reaction developed
using 3 ,3 ’ diam inobenzidine tetrahydrochloride and hydrogen peroxide. All sections
were stained with H arris’ haem atoxylin, dehydrated in a graded alcohol series and
m ounted in D PX .

G rading was perform ed by two independant assessors with consensus agreem ent
w herever necessary and staining scored as: - (negative), 1+ (w eak), 2 + (m oderate),
3 + (strong) and 4 + (very strong). All equivocal sections w ere considered to have
stained negative. A djacent sections w ere stained w ith antibodies against lam inin and
type IV collagen to distinguish in-situ from invasive disease by the presence o f
basem ent m em brane. Integrin expression in in-situ and invasive breast cancer w ere
scored separately. Norm al skin or benign breast tissue was used as a positive internal
control w hile integrin expression on stromal elements and blood vessels within each
tissue section served as positive internal controls. A mouse m onoclonal antibody
raised against Aspergillus niger glucose oxidase, an enzym e neither present nor
inducible in m an, was used as a negative control.

S.ni.iv Review of the histology
Paraffin em bedded sections o f the prim ary breast cancer and lymph node metastasis
stained w ith haem atoxylin and eosin w ere reviewed in conjunction w ith a specialist
breast pathologist (D r CA W ells) to confirm tum our variables such as grade,
histological type, vascular invasion, multifocal disease and lymph node status.

3.in .v Tissue preparation of paraffin embedded sections
M icrotom e sections o f 3^m were dewaxed in xylene and rehydrated through graded
alcohol to w ater. Endogenous peroxidase activity was blocked by placing the glass
slides in Coplin jars containing 50 ml o f methanol and 750 p\ o f hydrogen peroxide
for ten m inutes. The slides were taken through three washes o f five minutes each
in phosphate buffer on a horizontal shaker. All sections w ere digested for 15 minutes
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in 50 mg pronase added to 50 ml o f phosphate buffer in a Coplin ja r warmed to

3TC. The sections w ere washed in tap w ater and prepared for im m unochem istry.

S.m .vi Staining of negative lymph nodes with CAM 5.2
Paraffin em bedded tissue sections o f all lymph nodes from patients said to be node
negative after routine histological assessm ent were stained with the hum an anticytokeratin CAM 5.2 to exclude false negative cases o f occult m etastasis. CAM 5 .2
was incubated for 1 hour, while the rabbit anti-m ouse biotinylated second layer and
peroxidase conjugated third layer w ere incubated for 30 m inutes respectively.

S.m .vii Integrin expression in metastatic breast cancer in axillary nodes
Frozen sections o f lymph nodes from axillary clearance specim ens o f women
presum ed to contain metastatic breast cancer cells w ere snap frozen in liquid
nitrogen cooled isopentane. W henever possible, half a node was taken for storage
at -70°C. Cryostat sections 5 fim thick w ere cut and consecutive sections stained with
haem atoxylin and eosin to establish the presence o f metastatic tum our. If this was
confirm ed, consecutive lymph node sections were used to m easure integrin
expression as described for prim ary breast cancer in B.III.iii.

Lymph nodes from 18 patients w ere taken at pathological dissection o f the fresh
specim en but only 10 contained metastatic tum our. This low yield o f m acroscopic
detection o f nodal metastasis supported the adage that histopathological assessm ent
is the only reliable method o f staging the axilla (Fentim an and M ansel 1991). In
view o f the low yield o f positive nodes based on clinical assessm ent, integrin
expression using the m onoclonal antibodies listed in Table 3.1 was tested on paraffin
em bedded breast tissue o f w om en known to express the integrins. Paraffin em bedded
sections were processed as described in 3.111.V. Only P1B5 (anti-a3) and LM 142
(anti-av) w ere reliably detected in paraffin embedded sections, and w ere therefore
used to m easure integrin expression in archival axillary nodes that contained
metastatic breast cancer.
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3.ni.viii Analysis of results: integrin expression in human breast tissue
Integrin expression on breast tissue was scored as - to 4 + as defined in Section
3 .III.iii. These results were used descriptively as the categorisation o f staining
intensity into subgroups resulted in data sets too small for rigorous statistical
analysis. F or statistical evaluation o f integrin expression in relation to tum our
variables, integrin staining was scored as either positive or negative. Intraobserver
and interobserver variation was com pared using C ohen’s

k

test. The proportion o f

positive integrin staining in benign luminal cells was com pared to that in breast
cancer cells using the

test with Y ates’ correction. Prelim inary assessm ent o f the

relationship between integrin expression in prim ary breast cancer cells and nodal
status was assessed using the

test with Y ates’ correction.

3.rV Results: integrin expression in benign human breast tissue
3.rV.i Patient sample and tumour characteristics
Benign tum ours w ere obtained from patients with sym ptom atic breast lumps. In
accordance with The Breast Unit policy at St B artholom ew ’s H ospital, women aged
over 30 years with benign discrete lumps diagnosed after triple assessm ent (clinical
evaluation, m am m ography / ultrasonography and fine needle aspiration cytology)
w ere counselled tow ards excision. W om en under the age o f 30 years o f age were
offered conservative treatm ent by regular review until the lum p resolved. Benign
breast lumps in w om en under the age o f 30 years w ere excised if the lum p increased
in size or persisted for a period o f time and was subsequently rem oved at the request
o f the patient. In addition, normal breast tissue was obtained from biopsies o f
apparently uninvolved tissue from 11 w om en undergoing surgery for breast cancer.
Each biopsy was taken from sites well away from the prim ary tum our, and the
absence o f malignancy confirm ed by staining frozen sections with haem atoxylin and
eosin. The term "benign breast tissue" is used in this thesis to include samples o f
norm al breast parenchym a obtained in this way. The patient sam ple and histology
o f the 18 patients with benign breast samples is sum m arised in Table 3.2.
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Table 3.2 Patient sample and tumour characteristics o f patients with benign samples

Mean age (range) years:

49.7 (29-67)

Fibroadenoma (%):

n = 3 (16.7)

Fibrocystic disease (%):

n = 4 (22.2)

Normal breast (%):

n = 11 (61.1)

3.rV.ii Integrin expression in benign luminal and myoepithelial cells
N orm al breast tissue consisted o f a dual epithelial cell type: an inner luminal layer,
and an outer myoepithelial layer.

The myoepithelial layer is preserved in

fibroadenom as and fibrocystic disease.

Integrin expression

in benign breast

parenchym al tissue is summarised in Table 3.3, and exam ples o f myoepithelial,
luminal and diffuse cell membrane staining is shown in Figures 3 .1 , 3.2 and 3.3.

Table 3.3

Integrin expression in benign breast parenchym a (n = 18). The median

staining intensity and the percentage o f positive cases (+ (% )) for each integrin
subunit is shown.

Integrin subunits
al

o2

o3

a4

0(5

cr6

av

/31

-

-

14-

14-

14-

/33

/34

/35

Integrin expression
Lum inal ceUs
M edian -

14-

14-

+ (%)

100

58.8

8.3

15.4

55.5

58.8

94.4

23.5

12.5

333

33.3

M yoepithelial cells
M edian 34-

34-

34-

14-

14-

3-f

24-

34-

4-

24-

24-

4- (%)

100

100

53.8

61.5

94.4

88.2

100

70.6

93.8

613

100
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Figure 3.1

a l integrin exp ression in benign breast m yoepithelium (x 250)

«
%
%

#

Figure 3.2 ^1 integrin expression in myoepithelial and luminal cells (x250)

%
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Figure 3 .3

01 integrin expression in fibrocystic disease (x 250)

/
'

m

H

3.IV.ÜÎ Integrin expression in normal supporting stroma of benign breasts
Integrin expression was found to be present on stromal cells, smooth muscle and
endothelium (Table 3.4). Integrin expression in the supporting stroma was a useful
positive internal tissue control for each batch of immunochemical staining.

96

Table 3 .4 Integrin expression in the supporting strom a o f benign breast tissue. The
m edian staining intensity and the percentage o f positive cases ( + (% )) for each
integrin subunit is shown.

Integrin subunits
al

05

o2

o3

M edian 1+

-

14-

4- (%)

0

47.1

11.1

15.4

11.1

64.7

100

35.3

0

333

M edian 24-

-

24-

-

-

-

-

2-l-

-

-

24-

+ (%)

20.0

57.1

16.7

16.7

20.0

20.0

71.4

16.7

16.7

57.1

M edian 24-

14-

24-

24-

14-

24-

-

14-

4- (%) 100

44.4

64.7

55.6

88.2

100

37.5

53.3

a4

aS

o6

av

/31

^3

/3 4

Integrin staining
Strom al cells

77.8

1 4 - 1 4 - -

Smooth muscle

44.4

Endothelium

15.4

23.1

7.1

3.V Results: invasive breast cancer
3.V.I Patient and tumour characteristics of pilot study on integrin expression
Breast cancer sam ples w ere collected from w om en with Stage I and II disease treated
prim arily by surgery at St B artholom ew ’s H ospital. D iscrete breast lumps were
diagnosed after assessm ent by clinical exam ination, im aging (by m am m ography or
ultrasonography) and fine needle aspiration cytology. D istant m etastasis in each
patient w ere excluded by chest X -ray, serum liver biochem istry and liver ultrasound,
t e c h n e t i u m radionuclide bone scans w ere perform ed when clinically indicated. All
w om en had either segmental or simple mastectom y with axillary clearance to define
nodal status. The patient sam ple and tum our characteristics are shown in Table 3.5.
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Table 3.5 Patient and tumour characteristics of pilot study on integrin expression

Number of patients:

n = 61

Mean age (range) years:

56.1 (29 - 82)

Mean tumour size (range) cm:

2.4 (0.7 - 5.2)

Histology type (%):

ductal n = 50 (82)
lobular n = 11 (18)

Grade

I (%):

n = 14 (23)

n (%):

n = 25 (41)

m (%):

n = 22 (36)

Lymph node positive (%):

n = 26 (43)

Mean number o f nodes involved (range):

4.5 (1 - 25)

Mean number of nodes obtained (range):

14.3 (7 - 30)

Vascular invasion present (%):

n = 19(31)

3.V.Ü P a tte rn s o f in te g rin expression in p rim a ry b re a s t c a n c e r
The a l , « 2 , a 3 , « 4 , « 5 , « 6 , a v , jSl, j83, ^4 and j85 integrin subunits stained breast
cancer cells with negative, weak or moderate intensity. In invasive breast cancer, the
following patterns o f integrin staining were identified. Integrin expression could be
diffuse on tum our cell membranes (Figure 3.4) o f weak to m oderate staining
intensity. Secondly, integrin staining could be confined to the periphery o f tum our
cell nests (Figure 3.5), usually o f m oderate intensity. The third pattern o f expression
was focal or heterogenous (Figure 3.6) and was usually weak in intensity. Focal
staining was relatively uncom m on and seen in less than 20 % o f sections studied.
M ore than one o f these patterns o f positive staining could co-exist in a given tissue
section. The percentage o f cases that stained positive for each integrin subunit is
shown in Table 3.6. The fourth pattern o f staining was the com plete absence o f
integrin expression in prim ary breast cancer cells altogether (Figure 3.7).
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Figure 3 .4 D iffu se integrin exp ression around breast cancer cell m em branes (x400)

Figure 3.5

Positive integrin expression around breast cancer nests (x4Ü0)
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Figure 3 .6

Focal or heterogenous integrin expression in breast cancer (x400)

f
Figure 3.7 Negative integrin expression in breast cancer (x400)
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3.V.iii Integrin expression in breast cancer compared to benign epithelium
Breast cancer develops from the luminal cells lining ducts and lobules. Integrin
expression on m alignant cells was therefore com pared to integrin expression in
benign luminal epithelium . The integrin subunits known to be expressed in luminal
cells w ere the « 2 , « 3 , « 6 , a v and /31 integrins (3.IV .Ü). There was a significant
reduction o f integrin expression in malignant cells com pared to benign breast
parenchym a using the

test with Y ates’ correction in the case o f the « 2 and /51

integrin subunits (Table 3.6). Although some integrins displayed a slightly greater
proportion o f positive cases in breast cancer tissue com pared to benign epithelium
(Table 3.6), none o f the subunits studied dem onstrated a significant increase to
suggest an upregulation o f integrin expression in breast cancer com pared to benign
luminal cells.

Table 3.6

Proportion o f positive staining integrin sections in luminal cells o f 18

benign breast specimens and 61 invasive prim ary cancers. The

and p-values

com paring positive staining in benign and malignant disease is given.

Percentage of cases with positive integrin expression
o2

CÔ

<x4

aS

ct6

OfV

21

23

24

25

Benign 33.3

100

58.8

8.3

15.4

55.5

58.8

94.4

23.5

12.5

333

C ancer 49.1

52.5

45.9

21.3

16.4

57.4

51.1

72.3

25.5

31.9

Z7.9

al

/

1.41

13.52

0.53

0.33

0.11

0.004

0.36

4.82

0.03

2.28

0.18

P

0.23

<.001

0.22

0.56

0.95

0.99

0.55

0.03

0.61

0.13

034
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3.V.ÎV O b se rv e r v a ria tio n in th e m e asu re m en t o f in te g rin ex pression

All benign and m alignant breast tissue sections w ere double read with a Consultant
Breast Pathologist. Interobserver and intraobserver variation analysed using the
C ohen’s

k

test was found to be low (Table 3.7).

Table 3.7 Intraobserver and interobserver variation in reading integrin expression
(C W = D r CA W ells, Consultant Pathologist; G G = M r GPH G ui, Research Fellow)

V ariation

K appa statistic

Intraobserver variation:

CW k = 0.85, Z = 4.29, p < 0.001

GG K = 0.76, Z = 3.82, p < 0.001.
Interobserver variation:

k

= 0.68, Z = 3.42, p < 0.001.

3.Y.V In te g rin expression in p rim a ry b re a s t c a n c e r a n d n o d a l sta tu s: selection
o f su b u n its fo r f u r th e r assessm ent
Altered integrin expression in 61 cases o f Stage I and II prim ary breast cancer was
com pared to nodal status using the

test with Y ates’ correction. Loss o f expression

o f the a l , 0:2 , « 3 , « 6 , a v , /31 and /85 integrin subunits in prim ary breast cancer
cells was found to be significantly related to the presence o f axillary m etastasis. This
data is expressed as contingency tables for each integrin subunit in Table 3.8.
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Table 3.8 Integrin expression and nodal status in primary breast cancer

Lymph node +

Lymph node -

al -

19

12

al +

7

23

7.50

a 2

-

20

9

a2

+

6

26

a 3 -

13.70

22

11

a3

+

4

24

a4

-

22

26

a4

+

4

9

a5

-

24

27

a5

+

2

8

a6 -

20

value

14.92

p-value

0.003

<0.001

<0.001

0.43

0.51

0.52

0.22

10

a6

+

6

25

av

-

23

9

av

+

3

26

/31 -

18

1

/31 +

8

34

/33 -

24

25

/33 +

2

10

/34 -

24

29

/34 +

2

6

/35 -

23

21

05 +

3

12.08

<0.001

21.10

<0.001

27.63

14
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<0.001

2.90

0.09

0.49

0.28

4.68

0.03

The a l , a 2 , a 3 , a 6 , a v , j81 and j(35 integrin subunits were therefore selected for
further assessm ent. T he jS3 subunit was also considered as it has been shown to
regulate tum our progression in m elanom a (Albelda et al 1990) and sarcom a (D edhar

et ai 1990) cell lines. T he influence o f these selected subunits in breast cancer were
evaluated w ith regards to: expression in in-situ breast cancer (3 .VI); patterns o f
expression in invasive breast cancer (Chapter 4 .IV); expression in m etastatic breast
cancer cells in axillary nodes (3 .VII); the relationship between integrin expression
in prim ary breast cancer and nodal status (Chapter 4.V ); the developm ent o f a
clinical score to use the integrins as predictors o f node status (C hapter 4 .V II); the
functional properties o f prim ary breast cancer cell-m atrix adhesion (Chapter 6);
adhesion and invasion o f propagated breast cancer cell lines (C hapter 7).

3.VI Results: in-situ breast cancer
3.VI.i Patient sample and tumour characteristics
Integrin expression in specim ens o f ductal carcinom a in-situ with no invasive
com ponent was measured in 7 patients. In addition 28 patients with carcinom a in-situ
w ithin or associated with the invasive prim ary breast cancer w ere studied. The
integrity o f the basem ent m em brane around in-situ carcinom a islands was assessed
using monoclonal antibodies to laminin and type IV collagen. The patient sample and
tum our characteristics in 35 patients with in-situ disease is shown in Table 3.9. The
preponderance o f ductal carcinom a in-situ in this series was due to the recognised
problem o f detecting asym ptom atic lobular carcinom a in-situ due to radiolucency,
m ultifocal disease and the absence o f a discrete lump. Only 7 cases o f discrete DCIS
w ere studied due to difficulties in obtaining tissue as the w hole surgical specimen
was usually required for diagnostic purposes.
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Table 3.9 Sample characteristics of patients with in-situ breast cancer

Number of patients:

In-situ cancer only

n = 7

Part of invasive cancer

n = 28

Mean age (range):

58.7 (38 - 78) years

Mean tumour size (range):

2.6 (1 - 9) cm

DCIS:

n = 30

LCIS:

n = 5

Associated comedo component:

n = 5

Grade of associated invasive tumour;

Grade I (%):

n = 8 (28)

Grade II (%):

n = 10 (36)

Grade III (%);

n = 10 (36)

Table 3.10 Integrin staining in 35 patients with in-situ breast cancer

Peripheral stain

Patients 4-

Tumour ceU stain

Patients 4-

(Median intensity)

(%)

(Median intensity)

(%)

al

2+

76.0

-

32.1

o2

24-

85.2

14-

56.5

o3

24-

96.3

14-

57.1

o6

2-h

78.6

1-k

53.6

av

24-

88.5

14-

56.0

jSl

24-

96.4

14-

71.4

/S3

24-

66.7

-

18.5

^4

24-

60.0

-

4.0

/35

14-

50.0

-

5.0
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3.VI.Ü Integrin expression in in-situ breast cancer cells
The a l , « 2 , a 3 , a 6 , a v , /31, j33 and j85 integrin subunits selected for further study
w ere m easured using im m unochem istry. The a 6 # 4 integrin is a com ponent o f the
hem idesm osom e and was felt to be relevant in the assessm ent o f in-situ disease as
preservation o f the basem ent m em brane is a feature o f non-invasive disease.

Integrin expression o f each o f these selected subunits was always present around
breast cancer in-situ tum our cell nests (Figure 3.8). The staining characteristics o f

in-situ breast cancer in the 35 patients studied is shown in Table 3.10. The a 2 , a 3 ,
a 6 , a v and j81 subunits which were found in invasive cancer cells w ere also present
on carcinom a in-situ cells (Table 3.10 and Figure 3.9).

S.VI.iii Integrin expression in in-situ compared to invasive breast cancer
The question as to w hether integrin expression in in-situ was different to invasive
cancer cells was addressed by com paring these variables in the cryostat sections o f
the same patient. The 28 women with in-situ cancer associated w ith invasive disease
w ere studied. D ifferences in expression between in-situ and invasive cancer were
scored as either "no change in expression", "decrease in expression" or "increase
in expression". "No change in expression" between in-situ and invasive cancer cells
could either be "no expression" or "positive expression". Table 3.11 shows the
percentage o f women with altered integrin characteristics in in-situ com pared to
invasive tum our cells.
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Figure 3 .8

Integrin exp ression around

in-situ breast cancer cell nests (x 400)

î,
«

•.

Figure 3.9 Integrin expression in in-situ breast cancer cells (x400)

A
^ I

- *

•
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Table 3.11

Com parison o f integrin expression in in-situ and invasive tum our cells

w ithin the same cancer o f 28 wom en. Figures given are percentages o f the total
num ber o f w om en studied bearing the altered integrin characteristic listed.

Integrin subunits
/35

al

o2

o3

o6

av

Pl

No expression

70.5

45.0

63.1

57.1

47.3

28.6

71.4

58.8

Positive expression

17.6

15.0

0

9.5

15.8

14.3

4.8

11.8

Decrease in expression

11.9

40.0

36.9

28.7

26.4

52.4

52.3

29.4

Increase in expression

0

0

4.7

10.5

4.7

14.3

0

Altered integrin expression (%)
No change in expression

0

3.yn Results: integrin expression in metastatic breast cancer
S.Vn.i Patterns of integrin expression in metastatic breast cancer
Integrin expression was measured in metastatic breast cancer cells in the lymph
nodes o f 28 wom en. 10 cases w ere assessed on frozen lymph node sections, and 18
were m easured on paraffin sections. The a l , a 2 , a 3 , a 6 , a v , /31, /33 and |85 antiintegrin m onoclonal antibodies were used on the frozen section sections, but only a 3
and a v w ere found to w ork on paraffin sections. Integrin staining in metastatic
breast cancer cells were found to be weak in intensity, with distribution around the
entire cell surface (Figure 3.10). Staining around cell nests w ere not seen in
metastatic breast cancer.

108

Figure 3 .1 0

Integrin expression in metastatic breast cancer cells (x250)

Table 3.12 (a) and (b) shows integrin expression o f metastatic breast cancer cells in
the 10 cryostat and 18 paraffin embedded sections respectively. Integrin expression
in metastatic cells was generally found to mirror that o f the primary cancer. In nine
out of the ten cryostat sections, integrin expression on metastatic breast cancer cells
was found to be either absent on both primary and metastatic cells, or reduced in
relation to the primary tumour. In one patient (AG), expression of the «3, a 6 , av
and

subunit was increased. In the paraffin sections studied, 14 out o f 18 cases

demonstrated that integrin expression of the a3 and av subunits in metastatic cells
mirrored that of the primary. There was downregulation of expression in the
metastatic compared to primary cells in 2 patients (ET and AD), while there was
upregulation o f expression in metastatic cells in 2 patients (JM and MU).
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Table 3.12 (a) and (b) Integrin expression in prim ary and m etastatic breast cancer.
Results are expressed as staining intensity in the prim ary tum our/ staining intensity
in m etastatic nodes in (a) frozen section and (b) paraffin em bedded tissue.

Name

Node status

al

o2

o3

o6

av

^1

/33

/35

CS

5/20

-/-

-/-

-/-

-/-

-/-

-/-

-/-

-/-

GC

2/15

-/-

-/-

-/-

-/-

-/-

-/-

-/-

-/-

JW

3/19

-/-

-/-

-/-

-/.

-/-

-/-

-/-

-/-

MM

11/13

-/-

-/-

-/-

1+ /-

1 + /•

1 + /-

1 + /-

JH

5/12

-/-

-/-

-/-

2+ /1 + -/-

-/-

-/-

-/-

GS

4/11

1 + /-

1+ /-

1+ /-

3 + /-

1+ / “

MF

3/19

1+/1 + 2 + /1 +

1+/1 + 1+1-

1+ / “

2 + /-

1 + /-

1+ /-

JM

8/19

-/-

1+1-

1+ /-

1 + /-

1+/1 +

AB

4/11

-/-

1 + /-

-/-

-/-

-/-

AG

3/3

-/-

-/-

-/1 +

-/I +

-/1 +

2 + /1 +

1+/1 + -/-/1 +

-/1 +

-/1 +

(b) Paraffîn section
DP

2/13

ET

1/20

EA

2/14

LM

2/11

ET

4/15

TF

10/23

MO

5/15

AD

3/3

MP

1/8

JM

2/10

MS

25/26

AS

4/18

MU

4/16

HF

1/30

HH

2/19

SS

1/15

ES

4/16

AR

19/19

1 + /-

2+1-

1 + /-

-!\ +

-/1 +
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S.Vn.ii Integrin expression in primary and metastatic breast cancer
The relationship between integrin expression in prim ary breast cancer and nodal
metastasis w ithin the same patient is considered in Table 3.13. The sam ple o f tissue
specim ens studied for a3 and a v includes integrin expression in paraffin embedded
lym ph node sections. The majority o f m etastatic cells dem onstrated integrin staining
that m irrored the prim ary tum our or a decrease in integrin expression com pared to
the prim ary.

Table 3.13 Com parison o f altered integrin expression between the prim ary tum our
and metastatic breast cancer o f the same patient. Results are expressed as
percentages o f the num ber o f cases for each subunit bearing the altered integrin
characteristic.

Integrin subunits
al

o2

o3

ct6

av

^1

03

05

10

10

28

10

28

10

10

10

No expression

80

60

75

30

71

50

70

90

Positive expression

10

20

4

30

5

10

0

0

Decrease in expression

10

20

13

30

15

30

30

10

Increase in expression

0

0

8

10

9

10

0

0

N um ber of cases studied
Altered integrin expression (%)
No change in expression
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3.v i n Discussion

S.Vni.i Introduction
In this C hapter, integrin expression in benign and m alignant hum an breast tissue was
considered. M onoclonal antibodies w ere selected for further assessm ent o f the
integrins in breast cancer. These selected antibodies w ere used to evaluate integrin
expression in in-situ breast cancer and metastatic cells in axillary lym ph nodes. The
relationship between these selected integrins to tum our variables and cell-m atrix
interaction in breast cancer w ere considered in Chapters 4, 6 and 7.

S.Vm .ii Integrin expression in benign breast parenchyma
There was differential integrin expression between the myoepithelial and luminal
cells in benign breast tissue. In benign breast parenchym a, all the integrin subunits
considered w ere expressed in m yoepithelium , but only the « 2 , « 3 , « 6 , a v and jSl
subunits were consistently found in luminal cells (Table 3.3). M yoepithelial integrin
expression was stronger than luminal staining intensity and reflects cell-m atrix
interaction. Integrin expression in luminal cells, when present, w ere polarised basally
and laterally. This distribution o f integrin staining reflects cell-cell interaction
between luminal cells to each other and to the underlying m yoepithelium . The
luminal cells in fibroadenom as and fibrocystic change m aintained this polarity if the
dual cell layer was preserved. W here cell proliferation resulted in an increase in
luminal cells, this polarity was lost, representing intercellular interaction between
neighbouring cells (Figure 3.3).

These data suggest that benign breast cells utilise distinct integrin receptors for
intercellular and cell-m atrix interaction. Each o f the a 2 , a 3 and a 6 subunits found
to be expressed in luminal cells associate uniquely with the jSl subunit. Although a v
is a prom iscuous receptor that associates with each o f jSl, jS3 and |85 subunits, the
low expression o f j83 and j85 suggests that a v associates exclusively w ith ]81 to form
the avjSl integrin in breast luminal cells. The /81 integrins are thus the most
im portant regulators o f benign breast cell-cell and cell-m atrix function.
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The /34 subunit has been reported by Pignatelli et al (1992b) to be present on luminal
cells, a finding that we are unable to confirm . The only m em ber o f this subfamily
is «6/34 w hose principle function is in association with the hem idesm osom e (Jones

et al 1991). It is thus unlikely to be found on epithelial cells that are not in contact
with the m atrix and this is in keeping with our findings that j84 expression is
confined to the myoepithelium. W e also found |83 to be expressed on m yoepithelium ,
unlike Koukoulis et al (1991) who failed to dem onstrate j83 staining on breast
parenchym a. The «4 subunit has not previously been described in breast tissue. W e
have shown that « 4 is expressed in normal and benign breast m yoepithelium but is
absent in tum our cells.

B.Vm.iii Integrin expression in the supporting stroma
W hile integrin expression in the supporting strom a was useful as a positive internal
tissue control, stromal staining could occasionally make interpretation o f stained
breast cells difficult. This practical problem was encountered in the reading o f breast
cancer rather than benign tissue sections for two main reasons. F irstly, integrin
expression in breast cancer cells was w eaker in intensity com pared to benign breast
parenchym a. Secondly, distortion o f normal architecture with regard to cell
infiltration and integrity o f the basem ent m em brane required the use o f special stains
to distinguish true integrin staining in cancer cells from rem nants o f normal or
benign tissue.

The strong expression o f most o f the integrin subunits on the supporting strom a
precluded the use o f com puter assisted image analysis for rapid slide interpretation
o f integrin staining. M ore im portantly, biochemical methods o f m easuring integrin
expression that require homogenisation o f tissue as a prerequisite step such as
W estern blotting are subject to error unless the breast cells w ere first isolated from
the supporting stroma. This observation calls into question the data from previous
w ork that have used such biochemical methods to evaluate integrin expression from
tissue homogenates.
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S.Vni.iv Integrin expression in human breast cancer
D escriptions and illustrations o f positive patterns o f integrin expression w ere given
in 3.V . D iffuse integrin expression on tum our cell m embranes was associated with
loss o f polarisation to the baso-lateral surfaces previously seen in benign disease.
This pattern o f staining represents intercellular interaction. Peripheral integrin
staining intensity around tum our cell nests was likely to represent cell-m atrix
interaction. As loss o f myoepithelium in breast cancer was likely to represent
destruction o f the basem ent m em brane in invasive cancer, integrin expression around
breast cancer cell nests was taken to be positive only if special stains for laminin and
collagen w ere negative on adjacent sections. Focal or heterogenous integrin staining
was associated with loss o f polarisation and was likely to represent clonal
proliferation o f cells. The m ost interesting category o f patients was the group whose
breast cancer cells failed to express any o f the integrins.

Previous studies on breast tissue report conflicting results on the distribution and
expression o f certain integrin subunits. Expression o f the cx5 subunit in normal and
m alignant breast parenchym a is disputed, with some studies showing a reduction in
breast cancer cells com pared to normal (Zutter et al 1990), w hilst others suggest this
subunit to be absent on normal breast but present in ductal and mucinous carcinom a
(Koukoulis et al 1991). O ur results support the evidence that «5 in benign breast
tissue is present only in benign myoepithelium but not in lum inal cells. No
significant expression o f the «5 subunit was found in breast cancer cells.

The a l and jSl integrins w ere found to be significantly reduced in breast cancer cells
com pared to benign luminal epithelium . W hile Zutter et al 1990 and Pignatelli et al
1991 described a reduction o f the a l, a3 and jSl integrins in m alignant com pared
to benign breast cells, the num ber o f benign samples studied by each group were
extrem ely small (four and three cases respectively). Data from these studies
reporting a reduction in expression could therefore only be descriptive with no
statistical support. W e have shown a reduction in expression o f the a l and j81
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subunits in m alignant com pared to benign cells using non-param etric analysis. The
o lI

subunit associates exclusively with /31 to form the

a l^ l

integrin. O ur data

dem onstrates that the a2|81 integrin is dow nregulated in breast cancer com pared to
benign epithelial cells. This same integrin has been shown in breast cancer cell lines
to be im portant in the organisation o f three dim ensional glandular structure, and may
have an im portant regulatory role in the evolution o f m alignant phenotype (D ’Souza

et al 1993). The a l ^ l integrin may thus have a potential role in distinguishing
benign from m alignant cells. Integrin expression in breast cancer cells was not
com pared to m yoepithelium as tum our progression is likely to originate from luminal
cell lineage. The lack o f myoepithelial differentiation in the m ajority o f breast
tum ours has been described by Gould and Battifora (1980).

3.Vin.v Integrin expression in in-situ disease
The peripheral pattern o f integrin expression around in-situ cancer cells is likely to
represent the preservation o f the basal layer o f m yoepithelium and the basement
m embrane. The integrity o f the basem ent m em brane in in-situ disease but not
invasive disease was proven by special stains to laminin and type IV collagen.
Peripheral staining around nests o f invasive cancer representing cell-m atrix
interaction is therefore likely to be o f different functional significance than in in-situ
disease because o f the absence o f the basem ent m em brane.

There was rarely an increase in integrin expression in invasive cancer com pared to

in-situ cells (Table 3.11). Integrin expression was frequently the sam e between
invasive and in-situ disease, whether it be absent expression, or unaltered staining
intensity. A decrease in expression was shown in a substantial proportion o f women
between in-situ and invasive disease. This suggests that integrin expression is lost
early in the transition from in-situ to invasive cancer. The ratio o f positive to
negative staining o f tum our cells in in-situ and invasive disease was sim ilar,
suggesting that integrin expression is lost early in the transition from in-situ to
invasive breast cancer. Loss o f integrin expression in the adenom a-carcinom a
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sequence in colorectal tum ours also appears to be an early event (Koretz et al 1990).
W hile a reduction in the mRNA levels encoding for the a 2 , «5 and

integrins

have been described using in-situ hybridisation in a small series o f invasive breast
cancer (Zutter et al 1993), in-situ carcinom a was not considered. W hether a sim ilar
failure o f translation occurs at the mRNA level in in-situ disease is thus not known.
The functional effect o f altered integrin expression in in-situ cancer has never been
investigated and future w ork may provide insight into m alignant transform ation.

S.Vni.vi Integrin expression in metastatic breast cancer cells
Integrin expression in metastatic breast cancer cells in axillary lym ph nodes was
found to generally m irror that o f the prim ary tum our. In the m ajority o f cases, this
was absence o f expression in both the prim ary and m etastatic cells. In up to about
30% o f cases (Table 3.13), there was a further reduction o f expression in metastatic
cells com pared to the prim ary cancer. The distribution o f the receptors around the
surface o f m etastatic cells that retain integrin expression was sim ilar to that seen in
the prim ary tum our, and may be a mechanism by which cells interact with available
matrix ligands. The stage in the metastatic cascade in which functional integrin
activity is lost is uncertain.

W e were unable to study integrin expression in distant metastasis due to a limited
availability o f cryostat sections o f secondary deposits from prim ary breast cancer.
Natali et al in 1992 reported a reduction in integrin expression in distant com pared
to regional axillary lymph node metastasis. If loss o f integrin expression occurs early
in the m etastatic process, then the role o f the integrins in cancer progression is
predeterm ined prior to spread. Future w ork should thus be directed at cellular and
soluble factors that regulate integrin expression and function.

3.Vin.vii Modification of immunochemical methods for optimal staining
The integrin receptors are known to be sensitive to tem perature, pH , electrolyte
balance and proteolysis (Hynes 1992). In this study, great care was taken during
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tissue processing and immunochemical procedures to ensure that optim al staining
quality was achieved. The prim ary monoclonal antibody layer was incubated prior
to blocking endogenous peroxidase activity for maximal receptor-1 igand binding. The
pH o f the phosphate buffer used for dilution o f the m onoclonal antibodies and in the
multiple washes throughout the staining procedure was maintained at pH 7.4.
Incubating sections with normal swine serum and w eaker dilutions o f the prim ary
layer with overnight incubation did not im prove staining quality. The interpretation
o f patterns o f integrin staining was facilitated by the use o f special stains against
laminin and type IV collagen to distinguish invasive from in-situ disease.

All slides w ere double read by two independent assessors. Rigorous attention to
staining

techniques

would

have

contributed

to

the

low

intraobserver

and

interobserver variation o f this w ork. A consensus agreem ent was always reached
w henever there was interobserver variation.

3.Vni.viii Conclusions
M embers o f the /81, /?3, j64 and j85 integrin subfamilies are all expressed in
myoepithelium , but only a2|81, a3j81, a 6 ^l and avjSl integrins are selectively
expressed in luminal cells o f benign breast parenchym a. Loss o f «2/31 integrin
expression is significant in the transition from benign to m alignant cells in breast
cancer, which could thus be an early event in the transform ation process. Integrin
expression in m etastatic breast cancer is usually absent when the prim ary tum our is
negative, but when present, is reduced com pared to that o f the prim ary cancer cells.
Loss o f expression o f the « 1 , « 2 , « 3 , « 6 , a v , /81 and /35 integrin subunits in
prim ary breast cancer cells are associated with the presence o f axillary metastasis.
This relationship is considered further in Chapter 4.
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Chapter 4
Integrin expression in primary breast cancer, the relationship
to tumour variables and axillary nodal status

4.1 Introduction
4.1.Î Background
The integrins exert a regulatory effect on normal cell grow th, developm ent and
adhesion (A lbelda and Buck 1990). Downregulation o f integrin function could
predispose to uncontrolled cell proliferation, loss o f differentiation and tum our
progression. In Chapter 3, altered expression o f the a l , a 2 , a 3 , a 6 , a v , jSl and /35
integrin subunits w ere found to be significantly related to nodal status at the time o f
presentation. The relationship between these selected integrin subunits and tum our
variables in breast cancer is now evaluated in an extended series o f patients.

4.1.Ü Aims
The aims o f this chapter w ere to assess the relationship between integrin expression
and breast cancer size, grade, vascular invasion, multifocal disease, histological
type, age o f presentation, steroid receptor status, p i 85 expression and axillary nodal
status. In addition, these variables were evaluated as predictors o f the presence o f
axillary m etastasis in breast cancer. The most potent o f these variables w ere used to
develop a clinical score that might be o f future value as a method to select patients
for axillary surgery and adjuvant therapy.

4.n Patients, materials and methods
4.n.i Materials
The m aterials used w ere previously listed in Chapter 3 .II. Additional monoclonal
antibodies used in this Chapter were the p i 85 protein product o f the c-erbB2
oncogene clone C B ll (N ovocastra Ltd, N ewcastle), the oestrogen and progesterone
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receptor Im m une Cytochem ical Assay kits ERICA and PgR-ICA from Abbott
Laboratories, Chicago, Illinois. Expression o f the a l , a 2 , a 3 , « 6 , a v , /51, /33 and
/35 integrin subunits were measured using the avidin-biotin peroxidase complex
m ethod (C hapter 3 .III.iii), and the histology o f the prim ary breast cancer and
axillary lym ph nodes reviewed from paraffin em bedded specim ens.

4.n.U Immunochemistry to measure c-erbB-2 expression
M icrotom e sections 3 fim thick w ere cut from paraffin em bedded blocks o f prim ary
breast cancers and processed as described in C hapter 3.III.V. Endogenous peroxidase
was blocked by im m ersion o f sections in 50 ml 99.8% methanol and 750 fi\ H jO j.
The C B l 1 m onoclonal antibody was incubated at a dilution o f 1:200, w hile the biotin
conjugated second layer and the peroxidase conjugated third layer w ere both used
at dilutions o f 1:400. The prim ary antibody was incubated overnight, but the
secondary and tertiary layers w ere each incubated for 30 m inutes. Each layer was
separated by three washes o f five minutes each in phosphate buffer.

4.n.iii Immunochemistry to measure steroid receptor status
O estrogen and progesterone receptor (ER and PR) status was measured using
established

im m unohistochem ical methods on breast cancer cryostat sections

(M cClelland et al 1986). ER was detected using the monoclonal antibody ID5
supplied in the ERICA kit. The procedure em ploys an indirect im m unoperoxidase
staining technique using the chrom ogen diam inobenzidine hydrochloride to develop
the colour reaction. PR was measured using the PgR-ICA kit that utilises

a

peroxidase-antiperoxidase im munohistochemical staining m ethod.

ER and PR is localized in the nucleus o f positive staining cells. ER and PR status
was determ ined by tw o independent assessors using guidelines issued by the W orking
Party o f the Steroid Receptor G roup, and scored as positive if a minim um o f 25%
o f cells stained with at least weak intensity.
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4.n.iv Data analysis: the integrins and pathological variables in breast cancer
Integrin expression in breast cancer tissue measured on im m unohistochem istry was
scored as either positive or negative by two assessors with consensus agreem ent
w henever necessary. The relationship between integrin expression, tum our variables
and lym ph node status was analysed using the x^-test w ith Y ates’ correction, p i 85
and integrin expression was com pared using F isher’s exact test. To determ ine the
m ost im portant integrin subunits in the prediction o f axillary nodal metastasis,
logistic regression with a stepwise forw ard approach was perform ed. Using this
m ethod, variables were selected and retained in a stepw ise fashion, based on the
ability to differentiate between node positive and negative groups. The Statistical &
Presentational System Softw are for W indows (SPSS for W indow s, Chicago, Illinois)
was used for data analysis. Based upon logistic regression, a clinical scoring system
was designed to evaluate the integrin and non-integrin variables as predictors o f
nodal status in breast cancer.

4.in Results: integrin expression and breast cancer tumour variables
4 .m .i Patient sample and tumour characteristics
A ltered expression o f the a l , « 2 , « 3 , « 6 , a v , jSl, /53 and /35 integrin subunits were
selected for further study in 101 women with sym ptom atic Stage I or II breast
cancer. All patients were treated prim arily by surgery at St B artholom ew ’s Hospital
and fulfil the criterion described in Chapter 3.V .i. T he sam ple characteristics are
shown in Table 4 .1 . In three patients with large tum ours and clinical axillary
métastasés, positive lymph nodes w ere biopsied to confirm the diagnosis. These
accounted for axillary specimens that contained less than five lym ph nodes. Tissue
sections o f paraffin embedded lymph nodes obtained at axillary dissection from the
55 node negative women were stained with CAM 5.2 to exclude occult metastasis.
There w ere no false negative cases to report after both histopathological assessm ent
and im munochem ical staining with CAM 5.2.
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Table 4.1 Sample characteristics of 101 women with breast cancer

Mean age (range) years:

60.0 (26 - 85)

Mean tumour size (range) cm:

2.5 (0.5-9.0)

Grade (%):

I:

n = 18 (17.8)

n:

n = 41 (40.6)

m:

n = 42 (41.6)

Predominant pathology (%)

Ductal:

n = 88 (87.1)

Lobular:

n = 13 (12.9)

Lymph node positive (%):

n = 46 (45.5)

Mean number of involved nodes (range):

4.2 (1 - 25)

Mean number nodes obtained (range):

13.8 ( 3 - 3 2 )

Presence of vascular invasion (%):

n = 32 (31.7)

Presence of multifocal disease (%):

n = 20 (19.8)

4.in.ii Missing data
There was com plete data on pathological variables assessed on paraffin embedded
tissue sections from each o f the 101 patients studied. W ith respect to integrin
expression, there was com plete data for the « 3 , « 6 and jSl subunits. T here was one
missing case for the a v and /S3 subunits, two missing cases for the a.2 subunit, three
missing cases for the a l subunit, and six missing cases for the |85 subunit. This
missing data could not be replaced as frozen tissue samples stored from these
patients had been depleted in on-going experim ents in our laboratory.
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4.rV Results: integrin expression and pathological variables in breast cancer
4.rV.i Patterns of integrin expression in primary breast cancer
The three patterns o f positive integrin staining previously described in Chapter 3.V.Ü
was maintained in the extended series o f patients with prim ary breast cancer. The
distribution o f staining patterns is summarised in Table 4 .2 . Integrin staining was
scored as either positive or negative as further subcategorisation to include staining
intensity resulted in data groups with small sample sets.

Table 4.2.

Staining patterns o f integrin expression in prim ary breast cancer. The

total num ber o f 101 patients that stained positive is shown in the last column.
A = d iffu se stain; B = peripheral stain; C = fo c a l stain.

Subunit

Staining patterns

% positive

A

B

C

al

12

17

3

o2

19

8

o3

20

o6

A+C

B+C

A+B+C

n(%)

6

0

2

1

41 (40.6)

6

11

0

1

0

45 (44.6)

8

5

6

0

0

1

40 (39.6)

20

8

8

11

1

0

0

48 (47.5)

av

21

8

4

14

0

0

0

47 (46.5)

01

20

8

2

27

1

0

2

60 (59.4)

10

9

0

4

1

0

0

24 (23.8)

6

7

4

4

0

0

0

21 (20.8)

0S

A+B
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4.rV.ii Integrin expression and tumour size
Tum our size was m easured by taking the maximum dim ension o f the freshly bisected
breast cancer specim en prior to fixation in form alin. In conform ation with Union
Internationale C ontre le Cancer and the A m erican Joint Com m ission on Cancer
Staging (In: Beahrs et al 1988), 2 cm was taken as a cut-off to dichotom ize the data
to distinguish T1 from larger tum ours. Integrin expression was com pared between
T1 cancers and larger tum ours using the

test with Y ates’ correction (Table 4.3).

No relationship was found between any o f the integrin subunits and tum our size.

4.rV.iii Integrin expression and tumour grade
Paraffin em bedded tissue sections o f the 101 prim ary breast cases studied were
reviewed in conjunction with a specialist breast pathologist. Tum ours were graded
as either I, II or III by E lston’s m odification o f the Bloom and Richardson criterion
(Elston 1987). Tum our grade was com pared to integrin expression measured on
cryostat sections o f the prim ary breast cancers o f corresponding w om en in the same
study group. The data is presented in Table 4.4 and analysed using the

test with

Y ates’ correction. No significant relationship was found between expression o f any
o f the integrin subunits and tum our grade at 2 degrees o f freedom .

4,rV.iv Integrin expression and histological type
The haem atoxylin and eosin sections o f the 101 w om en with prim ary breast cancer
w ere reviewed and the histopathological classification o f each tum our recorded. For
statistical analysis, breast cancers were classified into the two broad groups o f
predom inantly ductal or lobular types. For com pleteness, the classification o f the 101
cancers into special and mixed pathology types is listed in Table 4 .5 . C ategorisation
o f the patient sam ple into special subtypes resulted in small subsets unsuitable for
statistical analysis. V ariation o f the integrins with histological type was com pared
using the

test with Y ates’ correction (Table 4.6).
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Table 4.3 The relationship between integrin expression and tumour size

Subunit

Tumour size

x^-test

>2cm

^ 2cm

al -

32

25

57

al +

23

18

41

Column total

55

43

98

a2 -

32

22

54

a2 +

23

22

45

Column total

55

44

99

a3 -

37

24

61

a3 +

20

20

40

Column total

57

44

101

of6

31

18

49

a6 +

26

26

52

Column total

57

44

100

av -

30

17

47

av +

26

27

53

Column total

56

44

100

/31-

28

13

41

01 +

29

31

60

Column total

57

44

101

/33-

43

32

75

03 +

12

12

24

Column total

55

44

99

05-

35

29

64

05 +

19

12

31

Column total

54

41

95

-

Row total
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value

p-value

<0.001

1.00

0.37

0.54

0.72

0.29

1.31

0.25

1.65

0.20

3.18

0.07

0.15

0.69

0.15

0.51

Table 4.4 The relationship between integrin expression and tumour grade

Subunit

Tumour grade

%2-test

I

n

ra

Row total

al -

7

21

13

41

al +

11

19

27

57

Column total

18

40

40

98

o2 -

10

18

17

45

o2 +

8

22

24

54

Column total

18

40

41

99

o3 -

8

20

12

40

o3 +

10

21

30

61

Column total

18

41

42

101

oc6 -

9

22

21

52

o6 +

9

19

21

49

Column total

18

41

42

101

av -

11

18

24

53

av +

7

22

18

47

Column total

18

40

42

100

-

12

23

25

60

+

6

18

17

41

Column total

18

41

42

101

^3-

8

7

9

24

03 +

10

33

32

75

Column total

18

40

41

99

05-

9

14

8

31

05 +

9

24

31

64

Column total

18

38

39

95

125

x2-value

p-value

3.37

0.18

1.01

0.61

3.76

0.15

0.13

0.94

1.79

0.41

0.58

0.75

5.11

0.08

5.38

0.07

Table 4.5 Classification o f the breast cancer sample into special ductal, lobular and
mixed types

Tumour type

n (%)

Ductal:

not otherwise specified

62

Ductal special types:

medullary

4

tubular

3

cribriform

1

mucoid

1

ductal and mucoid

1

ductal and comedo

2

ductal and cribriform

1

ductal comedo and mucoid

1

tubular and cribriform

1

tubular and papillary

1

ductal and tubular

2

ductal and lobular

12

Mixed ductal types:

Mixed ductal and lobular types:

lobular, mbular and cribriform

1

lobular and tubular

1

Lobular only:

7
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Table 4.6 The relationship between the integrins and histological type

Subunit

Predominant tumour histological type
Ductal

Lobular

Row total

al -

47

10

57

al +

38

3

41

Column total

85

13

98

a2 -

44

10

54

al +

42

3

45

Column total

86

13

99

a3 -

52

9

61

a3 +

36

4

40

Column total

88

13

101

a6 -

41

8

49

a6 +

47

5

52

Column total

88

13

101

av -

37

10

47

av +

50

3

53

Column total

87

13

101

^1 -

33

8

41

jSl +

55

5

60

Column total

88

13

101

^3-

63

12

75

/33 +

23

1

24

Column total

86

13

99

05-

55

9

64

05 +

27

4

31

Column total

82

13

95
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x^est
%2-value

p-value

1.37

0.24

2.07

0.15

0.16

0.69

0.50

0.48

4.08

0.04

1.81

0.18

1.32

0.25

<0.001

1.00

4.rV.y Integrin expression and vascular invasion
Integrin expression measured using im m unohistochem istry was com pared to the
presence o f vascular invasion in paraffin em bedded tissue sections stained with
haem atoxylin and eosin. V ascular invasion was defined as the presence o f cancer
cells in the lym phatic or venous spaces within or adjacent to the prim ary tum our and
was scored as either being present (positive) or absent (negative). All tissue sections
w ere review ed in conjunction with a specialist breast pathologist. None o f the
integrin subunits studied showed a relationship to vascular invasion using the

test

w ith Y ates’ correction (Table 4.7).

4.IV.V! Integrin expression and multifocal disease
Altered integrin expression in the presence o f multifocal disease was considered
using the

test w ith Y ates’ correction. For the purposes o f this thesis, multifocal

disease was defined as histological or radiological evidence o f m ore than one site o f
breast cancer in the ipsilateral breast. Multifocal disease was scored as being either
present (positive) or absent (negative). Loss o f the a v and /31 integrin subunits were
found to be significantly related to the presence o f multifocal disease (Table 4.8).

4.IV.VÜ Integrin expression and age of first presentation
The relationship between integrin expression in 101 cases o f prim ary breast cancer
and the age o f the patient at first presentation was studied. The age o f 50 years was
used to dichotom ize the data to represent the pre and perim enopausal w om en in one
group and the post-m enopausal patients in the other. Data was analyzed using the
test with Y ates’ correction (Table 4.9). No relationship was found between integrin
expression and the age o f first presentation in breast cancer.
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Table 4.7 The relationship between the integrins and vascular invasion

Subunit

Vascular invasion

X^-test

Positive

Negative

al -

18

39

57

al +

13

28

41

Column total

31

67

98

a2 -

17

37

54

30

45

olL

+

15

•

Row total

Column total

32

67

99

o3 -

18

43

61

a3 +

14

26

40

Column total

32

69

101

a6 -

16

33

49

a6 +

16

36

52

Column total

32

69

101

av -

19

28

47

av +

13

40

53

Column total

32

68

100

m-

15

26

41

/31 +

17

43

60

Column total

32

69

101

03-

20

55

75

03 +

11

13

24

Column total

31

68

99

05-

17

47

64

05 +

12

19

31

Column total

29

66

95

129

X^-value

p-value

<0.001

1.00

<0.001

1.00

0.13

0.72

<0.001

1.00

2.21

0.14

0.04

0.51

2.28

0.13

0.94

0.33

Table 4.8 Integrin expression and the presence of multifocal disease

Subunit

Multifocal disease

x^-test

Positive

Negative

Ofl -

12

45

57

al +

8

33

41

Column total

20

78

98

o2-

10

44

54

o2 +

10

35

45

Column total

20

79

99

o3 -

13

48

61

o3 +

7

33

40

Column total

20

81

101

o6 -

11

38

49

o6 +

9

43

49

Column total

20

81

101

av -

14

33

47

av +

6

47

53

Column total

20

80

100

0 1-

14

27

41

01 +

6

54

60

Column total

20

81

100

0 3-

13

62

75

03 +

7

17

24

20

79

99

05-

9

22

31

05 +

11

53

64

Column total

20

75

95

Column total

Row total
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x^-value

p-value

<0.001

1.00

0.04

0.84

0.05

0.83

0.16

0.69

4.22

0.04

7.49

0.006

0.93

0.34

1.12

0.29

Table 4.9 Integrin expression and age of first presentation in breast cancer

Subunit

X^-test

Age
>50 years

<50 years

Row total

al -

35

22

57

al +

23

18

41

Column total

58

40

98

oc2 -

33

21

54

o2 +

25

20

45

Column total

58

41

99

o3 -

35

26

61

a3 +

25

15

40

Column total

60

41

101

a6 -

31

21

52

a6 +

29

20

49

Column total

60

41

101

av -

31

22

53

av +

28

19

47

Column total

59

41

100

0 1-

27

14

41

01 +

33

27

60

Column total

60

41

101

|33-

47

28

75

03 +

11

13

24

Column total

58

41

99

0 5-

40

24

64

05 +

15

16

31

Column total

55

40

95

131

x^-value

p-value

0.11

0.75

0.13

0.72

0.09

0.76

<0.001

1.00

<0.001

1.00

0.78

0.38

1.49

0.22

1.18

0.28

4.rV.viii Integrin expression and steroid receptor status
Steroid receptor status in breast cancer should include consideration o f both the
oestrogen and progesterone receptors (ER and PR). The presence o f both ER and PR
im plies functional activity o f the receptors and is most likely to be predictive o f a
good response to systemic therapy and prognosis (W itliff 1984). Tissue sections from
54 w om en with sym ptom atic breast cancer w ere studied, draw n from the same
sam ple o f patients for which integrin expression had also been m easured. This
allow ed a direct com parison between expression o f these two sets o f cell surface
m arkers using the

test with Y ates’ correction. The mean age o f the patients

studied was 58 (range 26 - 84) years. 27 out o f the 54 patients w ere both ER and PR
positive. In the rem aining 27 ER negative cancers, 26 were PR negative, but 1 case
was PR positive. The mean tum our size was 2.4 (range 0 .7 - 5.2) cm . There were
14 grade I, 22 grade II and 18 grade III cancers. The tum our histology o f 46 out o f
the 54 w om en studied were predom inantly ductal and 23 (42.6% ) patients were
lymph node positive. Integrin receptor expression was found to be unrelated to ER
and PR status (Table 4.10).

Table 4 .10 Integrin and steroid receptor status in prim ary breast cancer (n = 5 4 )

Integrin subunit
al

o2

o3

cx6

orv

26

30

27

$3

/34

/35

11

5

8

Integrin + and ER +
n

26

27

X^-value

0.67

<0.001 <0.001 <0.001 <0.001 <0.001 1.83

<0.001 0.34

p-value

0.41

1.00

1.00

1.00

1.00

1.00
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36

1.00

0.18

0.56

4.rV.ix Integrin receptor and pl85 (c-erbB2) expression
A total o f 25 patients with invasive prim ary breast cancer were studied for both
integrin receptor and p i 85 (c-erbB2) expression. The mean age was 55 (26-78)
years. The mean tum our size was 2 .7 (range 1.0-5.0) cm; 2 w ere grade I, 11 were
grade II and 12 w ere grade III. 15 out o f the 24 patients studied w ere lymph node
positive. Integrin receptor expression and c-erbB-2 status was com pared using
F isher’s exact test because o f the small sample size. No relationship was found
between c-erbB-2 expression and any o f the integrin subunits (Table 4.11).

Table 4.11

The relationship between integrin expression and p l8 5 (c-erbB2) in

breast cancer. The p-values given relate to analysis using F isher’s Exact test.

Integrin subunit
al

o2

o3

0.73

0.40

av

03

04

05

0.54

1.0

0.59

Integrin + and pl85 +
p-value

0.67

0.21

0.40

0.67

4.V Results: integrin expression and nodal status in human breast cancer
4.V.i The relationship between integrin expression and nodal status
Expression o f the a l , « 2 , « 3 , a 6 , a v , ^ 1 , /33 and ^5 integrin subunits in prim ary
breast cancer w ere com pared to nodal status from axillary dissection specim ens using
the x^-lGst with Y ates’ correction (Table 4.12). All the subunits found to be
significantly reduced in prim ary breast cancer in association with axillary metastasis
in the initial 61 cases maintained a highly significant relationship with positive nodal
status in the extended series o f 101 women. The j83 subunit that was found not to
be associated with axillary m etastasis in the prelim inary study was also unrelated to
nodal status in this larger study.
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Table 4 .12 The relationship between integrin expression in prim ary breast cancer
and nodal status

Lymph node status

x^-test

LN -

LN +

Row total

O fl -

20

37

57

al +

32

9

41

Column total

52

46

98

o2-

16

38

54

o2 +

37

8

45

Column total

53

46

99

o3 -

22

39

61

o3 +

33

7

40

Column total

55

46

101

of6 -

17

35

52

o6 +

38

11

49

Column total

55

46

101

av -

15

38

53

av +

40

7

47

Column total

55

45

100

/31 -

8

33

41

^1 +

47

13

60

Column total

55

46

101

j33-

36

39

75

/33 +

17

7

24

Column total

53

46

99

65-

26

38

64

i35 +

21

10

31

Column total

47

48

95

Subunit
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X* value

p-value

15.99

<0.001

25.22

<0.001

19.17

<0.001

18.70

<0.001

30.22

<0.001

31.65

<0.001

2.95

0.08

5.11

0.02

4.V.Ü The integrins as independent predictors of nodal status
The individual integrin subunits in prim ary breast cancer w ere each evaluated as
independent predictors o f nodal status. Validity is a measure o f the capacity o f a test
to give a true result. An ideal test is one that reliably detects the presence or absence
o f a condition and has several com ponents, namely the sensitivity, specificity,
positive predictive value, negative predictive value and overall accuracy. The
sensitivity is a measure o f how well a test picks up the condition and is given by the
num ber o f patients with a true positive test that is found to have the condition. In
this application, sensitivity was measured by the num ber o f patients with negative
integrin expression in prim ary breast cancer cells that w ere node positive after
pathological assessm ent o f the axillary dissection. The specificity o f a test is a
m easure o f how well it rejects those w ithout disease and is given by the num ber o f
true negative tests that were accurately found not to have the condition. In this study,
specificity was measured by the num ber o f patients found to be integrin positive that
were node negative. The positive predictive value o f a test is the num ber o f true
positive cases o f all the positive tests, and the negative predictive value is the
num ber o f true negative cases o f all the negative tests. In this study, the positive
predictive value was the num ber o f cases that were integrin negative and node
positive out o f the total num ber o f integrin negative prim ary breast cancers. The
negative predictive value was the num ber o f cases that w ere integrin positive and
also node negative out o f the total number o f integrin positive patients. The overall
accuracy is the sum o f the true positive and true negatives out o f the total cases
studied. In this study, the overall accuracy was the sum o f the integrin negative
prim ary breast cancers that w ere node positive and the integrin positive prim ary
cancers that w ere node negative divided by the total num ber o f cases studied. This
is sum m arised in Table 4.13.
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Table 4.13 Components of the validity of a test

Integrin expression

Lymph node status
Node negative

Node positive

Total

Integrin subunit negative

a (false positive)

b (true positive)

a+ b

Integrin subunit positive

c (true negative)

d (false negative)

c+d

Total

a+c

b+d

a+b+c+d

Sensitivity = b/(b + d )

Specificity = c/(a+c)

Positive predictive value = b/(a+b)

Negative predictive value = c/(c+d)

Overall accuracy = (b + c )/(a + b + c + d )

The test characteristics o f each o f the integrin subunits as independent predictors o f
nodal status in patients with prim ary breast cancer were derived (Table 4.14).

Table 4.14 Test characteristics o f the integrins as indicators o f nodal status

Test characteristic (%)

Integrin subunit
al

o2

o3

0f6

av

01

#

05

Sensitivity

80.4

82.6

84.8

76.1

84.4

71.7

87.0

192

Specificity

61.5

69.8

60.0

69.1

72.7

85.4

34.0

44.7

Positive predictive value

64.9

70.4

63.9

67.3

71.7

40.5

53.3

59.4

Negative predictive value

78.0

82.2

82.5

77.6

85.1

78.3

75.0

67.7

Overall accuracy

70.4

75.8

71.3

72.3

78.0

79.2

58.6

62.1

4.VI Results: the relationship between non-integrin variables and nodal status
4.VI.i Independent analysis of tumour variables as indicators of nodal status
N on-integrin tum our variables that might have a role in determ ining nodal status
were analysed independently using the

test with Y ates’ correction. These variables
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w ere vascular invasion, m ultifocal disease, tum our size, grade, histological type and
the patien t’s age at first presentation. The data showing the relationship between
these non-integrin variables and nodal status is expressed as contingency tables with
no m issing data in Table 4 .1 5 . The presence o f vascular invasion, m ultifocal disease,
and tum our size greater than 2 cm were found to be related to positive nodal status.

Table 4.15 T um our variables in prim ary breast cancer and nodal status

Tumour variables

Nodal status

x^-test

Node ■• Node +

Row total

Vascular invasion -

47

22

69

Vascular invasion +

8

24

32

55

46

101

Multifocal disease -

50

31

81

Multifocal disease +

5

15

20

55

46

101

Tumour size < 2cm

33

11

44

Tumour size > 2cm

22

35

57

55

46

101

I

12

6

18

n

23

18

41

m

20

22

42

55

46

101

49

39

88

Lobular

6

7

13

Column total

55

46

101

Age ^ 55 years

22

19

41

Age > 55 years

33

27

60

55

46

101

Column total

Column total

Column total
Tumour grade

Column total
Histology: Ductal

Column total
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x^-value

p-value

14.69

<0.001

7.31

0.007

11.84

<0.001

1.92

0.38

0.12

0.73

<0.001

1.00

4.VI.Ü Validity of tumour variables as indicators of nodal status
The validity o f using the non-integrin tum our variables as predictors o f nodal status
in w om en w ith prim ary breast cancer was studied. Only the variables that w ere
related to the presence o f axillary metastasis independently using the

test were

analysed. These w ere the presence or absence o f vascular invasion, the presence or
absence o f multifocal disease and tum our diam eter greater or less than 2cm. The
sensitivity, specificity, positive predictive value, negative predictive value and
overall accuracy o f each o f these variables are shown in Table 4.16.

Table 4 .16

Test characteristics o f independent tum our variables as predictors o f

nodal status in breast cancer

Test characteristic

Tumour variable
Vascular invasion

Multifocal disease

Tumour size

Sensitivity

52.2

32.6

76.1

Specificity

85.5

90.9

60.0

Positive predictive value

75.0

75,0

61.4

Negative predictive value

68.1

61.7

75.0

Overall accuracy

70.3

64.4

67.3

4.Vn Results: determinants of axillary metastasis in breast cancer
4.vn.i Identification of independent predictors of nodal status in breast cancer
To determ ine the relative im portance o f the integrin and non-integrin variable as
predictors o f nodal status, logistic regression with stepwise discrim inant analysis was
used in The Statistical & Presentational System Software for W indows (Chicago,
Illinois). Data relating to the 8 integrin subunits and the 8 tum our variables listed in
Table 4.17 were entered unweighted for all 101 patients. D ata was entered as
dichotomous variables according to criteria previously described. The results
showing the variables ranked by the Rao coefficient in decreasing order o f
im portance with nodal status as the dependent end-point is shown in Table 4.17.
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W hen a stepw ise forw ard approach was applied to logistic regression, variables that
individually m ight have been im portant predictors o f nodal status on independent
non-param etric tests m ight not necessarily reach significance. This provided an
indication o f the most im portant variables that m ight be o f value as indicators o f
axillary metastasis in prim ary breast cancer. Additional variables generated by this
model w ere term inated when p-values w ere no longer significant at the 5 % level or
overall accuracy o f the test in predicting nodal status no longer im proved. The data
relating significant integrin and non-integrin variables from Table 4 .1 7 is shown
alongw ith the cum ulative overall accuracy o f using each o f these variables in
predicting nodal status in Table 4.18.

Table 4 .1 7

Integrin and non-integrin variables ranked according to the Rao

coefficient as predictors o f nodal status in breast cancer

Variable

Rao score

Signifîcance value

|81 integrin

33.98

<0.001

av integrin

33.61

<0.001

0.2 integrin

29.08

<0.001

o3 integrin

21.00

<0.001

a6 integrin

20.47

<0.001

a l integrin

20.33

<0.001

Vascular invasion

16.39

0.001

/35 integrin

11.56

0.003

Tumour size

10.90

0.001

Multifocal disease

8.72

0.003

/33 integrin

7.59

0.02

Associated in-situ component

3.48

0.18

Grade

3.2

0.36

Oestrogen receptor stams

0.42

0.41

Tumour type

0.41

0.52

Age

0.10

0.75
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Table 4.18 Significant indicators of nodal status selected using logistic regression

Variable

Rao score

p-value

Overall accuracy

/31 integrin

33.98

<0.001

79.21

Vascular invasion

14.38

<0.001

78.22

Tumour size

7.00

0.008

83.17

a2 integrin

10.85

0.004

85.15

Multifocal disease

4.59

0.032

87.13

av integrin

8.00

0.018

89.11

4.VII.Ü A potential clinical score to predict nodal status
V ariables identified by logistic regression as the most potent indicators o f nodal
status w ere selected to develop a clinical score to predict axillary m etastasis in breast
cancer. The

oil and o:v integrin subunits together with vascular invasion, tum our

size and m ultifocal disease were applied unweighted such that each contributed an
equal allotm ent to the score. A variable that predicted positive nodal status was given
a value o f 1, w hile the same variable used to predict negative nodal status scored 0,
to give a m inim um sum o f 0 and maximum sum o f 6 for each patient (Table 4.19).

Table 4 .1 9 A clinical score to predict nodal status in breast cancer

Variable

Score predicts:
Node positivity Node negativity

jSl integrin subunit

Absent: 1

Present: 0

«2 integrin subunit

Absent: 1

Present: 0

av integrin subunit

Absent: 1

Present: 0

Vascular invasion

Present: 1

Absent: 0

Tumour size

> 2cm: I

^ 2cm: 0

Multifocal disease

Present: 1

Absent: 0

Maximum score

6

0
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A score closer to 0 predicted node negative status, while a score closer to 6
predicted node positive status. This scoring system was used to test the nodal status
in each o f the 101 patients with prim ary breast cancer studied. The results are shown
in Table 4.20.

Table 4 .2 0 Results o f the scoring system to predict nodal status in breast cancer

Score (sum)

True axillary nodal status (number of women)
Lymph node positive

Lymph node negative

6

3

0

5

17

0

4

14

0

3

7

9

2

2

17

1

2

17

0

1

12

46

55

4.Vni Discussion
4.Vin.i Introduction
In this C hapter, the relationship between integrin expression and recognised
pathological variables in breast cancer were considered. The im portance o f tum our
size, grade, histological type, vascular invasion, multifocal disease, the age o f first
presentation, steroid receptor and p i 85 status as determ inants o f overall survival and
loco-regional recurrence in breast cancer have been described elsew here (Ellis et al
1992; Elston and Ellis 1991; W itliff 1984; W alker et al 1989; Lee et al 1986). The
association betw een loss o f integrin expression in prim ary breast cancer and the
presence o f axillary metastasis was analysed. The integrins and the tum our variables
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w ere evaluated using nodal status at the tim e o f clinical presentation as the end
point. Based upon factors identified to be indicative o f the presence o f axillary
m etastasis, a clinical score to predict nodal status was developed. Data on the role
o f the integrins as a prognostic indicator o f locoregional recurrence and overall
survival can only becom e available after adequate follow-up o f this cohort o f patients
with breast cancer.

4.Vin.ii Integrin expression and breast cancer histology
The patterns o f integrin expression in prim ary breast cancer and the possible
significance o f each staining category was described in C hapter 3 .V III.v. The
distribution o f staining was consistent with intercellular and cell-m atrix interactions
predicted by integrin receptor function (Hynes 1992). M ore than one pattern o f
expression for a given subunit could be present on the same tissue section (Table
4.2). Staining patterns were found to be unrelated to histological tum our type.

The a v integrin subunit was preserved in ductal but not lobular carcinom as o f the
breast (Table 4.6). Zutter et al (1990) and Koukoulis et al (1991) also reported
preservation o f the a v subunit in ductal cancer independent o f /31 and jSS subunit
expression.

D ata from this study confirm ed this finding and,

in addition,

dem onstrated that preservation o f the a v chain was not associated with jS5. Further
inform ation on the identity o f the associated
monoclonal antibodies to the

chain will not be possible until

or |88 subunits becom e available. Preservation o f

the a v subunit in invasive lobular carcinom as reported by Pignatelli et al (1992b)
was not confirm ed in this study.

4.Vni.iii Integrin expression and tumour size
The integrins have a regulatory role in normal tissue grow th (Hynes 1992), and
organisation o f cells into glandular structures (Pignatelli et al 1992a). The absence
o f a significant relationship between the integrins and tum our size in this series o f
patients with breast cancer was surprising (Table 4 .3 ). A possible explanation is that
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altered integrin expression in breast cancer occurs early in transform ation, following
which physiological mechanisms o f grow th control are lost. The lack o f variation o f
integrin expression between central and peripheral regions o f tum our sections
supports

this

hypothesis.

In

addition,

integrin

expression

measured

by

im m unochem istry gave a snapshot o f a dynam ic process, hence tum our grow th rates
and relationships to the cell cycle could not be fully assessed. C ancer grow th and
metastasis m ight thus be independent up to a critical tum our mass. W e w ere unable
to evaluate this relationship further in this study due to the small m ean tum our size.

4.Vni.iv Integrin expression and tumour grade
A relationship between reduction o f the «2 (Pignatelli et al 1991), ot6 (D ’Ardenne

et al 1991) and av/33 (Zutter et al 1990) integrins with poor tum our differentiation
has previously been described. W e were unable to confirm these findings in this
study. A w eak association was found between loss o f expression o f /33 and j85 with
poor tum our grade but this did not reach statistical significance (Table 4 .4 ). The
avj83 integrin is im portant in regulating cell m igration on matrix proteins and may
require expression o f a S ^ l and av|85 as accessory molecules (W ayner et al 1991;
C haro et al 1990). Intact integrin receptors are required for normal developm ent and
differentiation (Chen et al 1986b; Roman et al 1991) and are influenced by epitopes
in the extracellular matrix (Sorokin et al 1990). Loss o f integrin expression could
predispose to disordered cell-m atrix contact and might account for the link to poor
tum our differentiation. The relationship between integrin expression and function is
not sim ple as the converse situation o f overexpression o f avj83 has been described
in association with aggressive malignant m elanom a cells (A lbelda et al 1990). As
tum our grade in breast cancer is assessed on a com bination o f tubule form ation,
nuclear pleom orphism and mitotic counts (Elston 1987), the relationship between
integrin expression and overall grade may lack sensitivity and specificity.

4.Vni.v Vascular invasion, cell adhesion and tumour metastasis
Integrin receptors provide breast cancer cells the facility to interact with the
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endothelium and m ay be a mechanism by which tum ours gain access to the
circulation for distant metastasis. Altered integrin expression, how ever, was not
related to vascular invasion in breast cancer (Table 4 .7 ). This finding was supported
by the identification o f vascular invasion as an independent predictor o f nodal status
by logistic regression. Specific ligands for the integrins in endothelium include two
im portant m em bers o f the immunoglobulin superfam ily VCAM and ICAM (Albelda
and Buck 1990). N one o f the integrin subunits expressed in breast parenchym a
recognised either o f these ligands. D ownregulation o f the integrins in breast cancer
is therefore unlikely to be associated with vascular invasion, which on em pirical
grounds would require an upregulation o f receptor activity. C ancer cells that
overexpress a 4 # l (that recognises VCAM as a ligand) may utilise this mechanism
to gain access to the lym phovascular circulation. a4 /?l was not significantly
expressed in either benign or malignant breast cells in this study, confirm ing data
previously reported by Koukoulis et al (1991). The mechanism by which the
integrins influence vascular invasion as proposed in Figures 1.7 and 1.8 is thus
tum our specific. A lthough vascular invasion has been described as a determ inant of
poor prognosis in breast cancer (Lee et al 1986) this step o f the m etastatic cascade
in mammary tum ours appears to be independent o f integrin regulation.

4.yin.vi Multifocal disease and integrin expression
Loss o f expression o f the a v and /31 integrin subunits in prim ary breast cancer
predisposed to the presence o f multifocal disease (Table 4 .8 ). D ow nregulation o f
both these subunits in association suggests that they were lost in conjunction as the
avjSl integrin heterodim er. Non-availability o f monoclonal antibodies to the /36 and
j88 subunits made it im possible to test a v associations with these new er integrins in
the evolution o f multifocal disease.

The cellular basis for these changes at first glance appear difficult to explain.
Integrin function is necessary for normal developm ent and differentiation in the
em bryo (Jeffredo et al 1988; Roman et al 1991). Loss o f regulatory integrin
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receptors in breast cancer may predispose to disordered grow th and proliferation and
hence to multifocal disease. Altered av/81 integrin expression, that may have a
critical role in the m odulation o f normal cell function, could thus predispose to
tum origenesis at multiple sites.

4.Vin.vii In te g rin expression a n d cell su rface m a rk e rs
No dem onstrable relationship between integrin and steroid receptor expression could
be established (Table 4 .1 0 ), supporting the data o f Pignatelli et al (1992b) w ho also
described no relationship to ER and PR status using tum our cytosol preparations. In
a sm aller study, Zutter et al (1990) described a relationship betw een the

and

«5/31 integrins and ER, but no inform ation on the PR status was provided. Data
com paring integrin expression to steroid receptor status in this study is currently the
largest series and evidence for a link between both sets o f receptors remain
unproven.

The c-erbB2 oncogene encodes for a 185 kD a glycoprotein that has a high degree
o f hom ology with the epidermal growth factor receptor, and may be o f significance
as a prognostic indicator in breast cancer (W alker et al 1989). D ’Souza et al (1993)
transfected c-erbB2 cDNA into a benign luminal m am m ary cell line which resulted
in dow nregulation o f a2(3l function, reduced grow th potential and failure o f the cells »
to form three dimensional structures in collagen gels. In this series o f 25 patients,
no relationship could be dem onstrated between p i 85 and integrin receptor expression
m easured by im m unochem istry. The small sample sizes used to com pare integrin
expression to ER, PR and c-erbB2 is recognised, and is continuing as part o f an on
going study in our laboratory.

4 .V m .v m

T h e in teg rin s in b re a st c a n c e r a n d n o d al sta tu s

Loss o f expression o f each o f the « 1 , « 2 , « 3 , « 6 , a v , /31 and /35 integrin subunits
as independent variables in prim ary breast cancer was shown to be significantly
related to the presence o f axillary nodal metastasis using the %^-test with Y ates’
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correction (Table 4 .1 2 ). Logistic regression with stepwise discrim inant analysis
confirm ed the |81, a v and a 2 subunits as the most potent indicators o f axillary
spread (Table 4.18 ). The p \ subunit, the com m on chain to all the VLA integrins,
was also shown on m ultivariate analysis to have a higher Rao coefficient and overall
accuracy in determ ining nodal status than pathological variables such as tum our size,
grade, vascular invasion and multifocal disease.

It is essential that studies

investigating axillary metastasis such as ours utilise patients who have had axillary
dissection, as sam pling o f the axilla might provide incomplete inform ation with
regards to true nodal status (Kissin et al 1982).

Each o f the a l , a 2 , a 3 , a 6 and a v subunits associate with /31 to form heterodim ers,
and a v in addition associates with /35. These integrins collectively recognise laminin,
type IV collagen, fibronectin and vitronectin as their ligands. The interaction o f
tum our cells with these specific com ponents o f the extracellular matrix have been
found to be o f great significance in animal and in-vitro experim ents (Coopm an et al
1991). The )83 integrins have been shown to be im portant regulators o f tum our
progression in m elanom a (Albelda et al 1990) and sarcom a (D edhar and Saul nier
1990) cell lines, bu t its role in epithelial cancers is not described. W e have shown
that altered expression o f the j83 subunit was unrelated to the presence o f axillary
m etastasis, and is therefore unlikely to be a determ inant o f tum our progression in
hum an breast cancer.

4.Vin.ix Non-integrin variables as predictors of nodal status in breast cancer
Tum our size, the presence o f vascular invasion and m ultifocal disease w ere found
to predispose to positive nodal status using non-param etric analysis and logistic
regression (4.V II.i). Although loss o f the av/31 integrin was associated with the
presence o f multifocal disease (Table 4 .8 ), the integrins, tum our size and vascular
invasion w ere show n to be independent o f each other (Tables 4.3 and 4.7) and thus
are potent predictors o f nodal status in their own right. Tum our grade was
surprisingly unrelated to the presence o f nodal status, though the value o f tum our
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differentiation as a prognostic indicator in breast cancer is well established (Elston
and Ellis 1991). Although observer variation may influence the grading o f breast
cancers, all the tum ours in this study w ere read by a single specialist breast
pathologist (D r Clive W ells).

4. V m .x Clinical application of integrin expression as a predictor of node status
In breast cancer the surgical m anagement o f the axilla is a subject o f great debate
(Fentim an and Mansel 1991). Pathological assessm ent o f lymph nodes obtained by
form al dissection rem ains the only reliable method o f staging the axilla. A
proportion o f w om en therefore undergo axillary surgery solely for prognostic
purposes with no therapeutic benefit. The clinical score to predict nodal status was
developed as a potential means o f selecting patients for treatm ent protocols. Patients
at high risk o f axillary disease could be offered aggressive adjuvant therapy, while
w om en unlikely to have nodal metastasis may be spared surgery altogether with no
loss o f prognostic inform ation.

Individually, application o f each integrin subunit as an independent predictor o f
nodal status was o f restricted clinical value because o f limitations in one or more test
characteristics (Table 4.14). The

subunit had the lowest specificity o f 34% , a

finding consistent with the weak relationship to nodal status (Table 4.12). The best
overall test characteristics were obtained using the j81 subunit. This was to be
expected as the ^1 subunit defines the subfam ily that includes the a l , « 2 , « 3 , « 6
and a v integrins. The specificity o f using the jSl subunit alone as a predictor o f
nodal status was 85.4% . This still falls short o f the ideal test as a low specificity
could result in a disproportionate number o f false positive cases. V ascular invasion,
tum our size and multifocal disease were all independent predictors o f nodal status,
but w ere sim ilarly limited when considered individually (Table 4.16).

D iscrim inant function analysis using variables selected by regression techniques that
best differentiate for defined end-points have been reviewed by M cN eil and Hanley
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in 1981. U sing logistic regression analysis with a stepwise forw ard approach, the jSl,
a v and cx2 integrin subunits in conjunction with vascular invasion, tum our size and
multifocal disease w ere selected as the most potent indicators o f nodal status (Table
4.17). W hen these 3 integrin and 3 pathological variables w ere considered together,
the overall accuracy o f positive and negative tests predicted by m ultivariate analysis
was very high (89.1% ). The scoring index based on these variables when applied
retrospectively to 101 patients with prim ary breast cancer in this series dem onstrated
good discrim ination betw een node positive and node negative patients. A score o f
4,5 or 6 was found to predict the presence o f métastasés in all 34 patients, with no
false positive cases (Table 4.20). A score o f 0,1 or 2 predicted negative nodal status
with an overall accuracy o f 90.2% (46 out o f 51 patients). T here w ere 5 false
negative cases, in which a score o f 0,1 or 2 w rongly categorised a node positive
patient as node negative. This would have resulted in patients being undertreated by
axillary surgery or adjuvant therapy. The only score group with an equal distribution
between node positive and node negative patients was the equivocal score o f 3.
These results suggest that patients may be selected for treatm ent protocols based
upon a clinical score using easily measured variables in prim ary breast cancer. The
constraints o f retrospective analysis o f data is recognised and a prospective study to
evaluate this clinical score is currently planned.

4.Vni.xi Conclusions
Altered expression o f the a l , a 2 , a 3 , a 6 , a v , j81 and j85 integrins in prim ary breast
cancer are significantly related to the presence o f axillary metastasis. This supports
the hypothesis that integrin negative cells are less adhesive and m ore likely to
metastasize. Loss o f integrin expression as a predictor o f nodal status was o f
particular value w hen used in conjunction with pathological variables in a clinical
score. Retrospective application o f the clinical score to a breast cancer series
displayed high overall accuracy and discrim inant ability between node positive and
negative patients. The integrins may be o f future value as an indicator o f nodal status
for the clinical m anagem ent o f patients with breast cancer.

148

Chapter 5
Integrin expression in fine needle aspirates of breast cancer cells

5.1 Introduction
5.1.! Background
A significant relationship between loss o f integrin expression in prim ary breast
cancer and positive nodal status has been dem onstrated (C hapter 4). Evaluation o f
integrin expression in tissue sections, how ever, necessitates biopsy o f the prim ary
tum our. The clinical value o f a cell surface m arker would be significantly greater
if expression could be measured on specimens obtained w ithout surgery. Fine needle
aspiration cytology is now a routine mode o f diagnosis in breast cancer. The
m anagem ent o f the axilla in breast cancer remains controversial and histological
staging rem ains the only reliable method (Kissin et al 1982) o f providing the
prognostic inform ation necessary to allow selective treatm ent with chem otherapy. If
integrin expression can be reliably measured on cytology sm ears, a method o f
selecting patients pre-operatively for one-stage axillary surgery and subsequent
adjuvant treatm ent may be evolved.

5.1.Ü Aims
The aim o f this study was to develop a protocol for the reliable m easurem ent o f
integrin expression in fine needle aspirates o f breast cancer cells. Integrin expression
measured in the cytology smears was com pared to integrin staining in frozen sections
o f tumours in the sam e group o f patients.

5 .n Methods: immunocytochemistry
5.n .i Materials and methods
The materials used w ere identical to that described in the m easurem ent o f integrin
expression in cryostat sections listed in C hapter 3 .II. The integrins selected for study
w ere the a l , a 2 , a 3 , a 6 , a v , jgl, j83 and j85 subunits as discussed in Chapter 3.V .v.

149

S.n.ii Specimen collection and storage
Breast cancer cells w ere sampled for im m unocytochem istry using a 23-gauge needle
either at the tim e o f clinical assessm ent with the tum our in-vivo, or from the surgical
specim en w ithin 15 minutes o f rem oval. Smears w ere spread evenly on to glass
slides, snap-frozen in liquid nitrogen and stored at -70°C. Slides that were not
required for routine diagnostic purposes were used to m easure integrin expression.
Four to six slides per patient were available for m easurem ent o f integrin expression.
Slides w ere processed for immunocytochemical staining w ithin 6 w eeks o f collection.

5.n.iii Staining for integrin expression using immunocytochemistry
F rozen cell sm ears on slides for integrin measurem ent w ere transferred directly into
acetone cooled to -10°C for a 10 minute fixation period. This m anoeuvre was
essential as thaw ing o f the cells significantly affected the reproducibility and
reliability o f the monoclonal antibodies used to determ ine integrin receptor
expression. Slides w ere partitioned into two halves using a diam ond head m arker to
scratch the undersurface and a Dako pen on the cellular surface to prevent spillage
and cross-contam ination o f the monoclonal antibodies. Using one slide for the
assessm ent o f tw o subunits maximised the number o f integrins that could be assessed
on each patient. Details o f the monoclonal antibodies against the a l , « 2 , a 3 , « 6 ,
a v , jSl, j83 and /35 subunits were listed in Table 3.1. O ptim um dilutions were
established in a titration assay run in triplicate. Each prim ary layer was diluted in
phosphate buffer / sodium azide to a concentration o f 1:200, except P1F6 that was
diluted to 1:50, and incubated at room tem perature for 1 hour.

Endogenous peroxidase was blocked for 1 hour between incubation with the prim ary
and secondary layers. T he extended duration was used to block non-specific activity
on erythrocytes present in the cytology aspirates. Biotinylated secondary antibodies
and peroxidase conjugated tertiary layers w ere each incubated for 30 minutes. Each
step o f the procedure was separated by three 5 minute washes in phosphate buffer.
The colour reaction was developed using diam inobenzidene tetrahydrochloride and
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counterstained with H arris’ haem atoxylin as described for the frozen tissue sections
in C hapter 3 .III.iii. A m alignant diagnosis was confirm ed on every patient by MayGriinewald G iem sa and Papanicolaou staining o f aspirated cell sm ears. M onoclonal
antibodies raised against the human anticytokeratin CAM 5.2 and aspergillus niger
glucose oxidase w ere used as positive and negative controls respectively.

S.n.iv The May-Griinewald Giemsa staining method
Glass slides with breast cancer cytology smears w ere fixed in 99.8% methanol for
10 m inutes. The slides were than incubated with the M ay-Griinewald and Giemsa
solutions for 6 and 5 minutes respectively. Finally, the stained cells w ere washed
twice in pH 6.8 buffer for 5 and 4 minutes each before drying on a hot-plate.

5.n .v Data interpretation and analysis
Cytology slides w ere considered to express integrins if greater than 25% o f cells
counted stained positive. Staining intensity was recorded for descriptive purposes but
was not used for statistical analysis as this would have resulted in multiple groups
of small data sets. All slides were read by two assessors with consensus agreem ent
w herever necessary. Intraobserver and interobserver variation was assessed on 25
slides using C ohen’s

k

statistic. Integrin expression on frozen tissue sections was

com pared with the cytology smears o f corresponding patients using C ohen’s

k

test.

5.DI Results: integrin expression in breast cancer cytology

5.ni.i Patient sample and tumour characteristics
There w ere a total o f 58 patients in which integrin expression on both cytology slides
and frozen tissue sections w ere available for com parison. All patients with breast
cancer w ere treated prim arily by surgery with formal axillary dissection, and fit the
criteria previously described in Chapter 3 .V .i. The patient sam ple and tum our
characteristics o f w om en analysed in this arm o f the study is listed in Table 5.1.

Although a total o f 58 patients were studied, the actual num ber o f w om en on which
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data was collected for each integrin subunit varied according to the num ber o f slides
available for analysis and the monoclonal antibodies that could be obtained at the
tim e o f study. Six slides (divided into two sectors each) were required per patient:
four for assessm ent o f each o f the integrin subunits ( a l , « 2 , « 3 , « 6 , a v , /31, j83 and
j85), one slide for the negative and positive antibody control, and one slide for
staining with the M ay-Griinewald G iem sa technique to establish the m alignant
cellularity o f the aspirate. Difficulties w ere encountered with some slides bearing
insufficient cells in the aspirated specim ens. Unlike tissue sections, inadequate cell
sm ears could not be replaced, as the breast cancer samples had either been fixed in
form alin for histology, snap frozen for im m unohistochem istry (Chapters 3 and 4),
or used for functional studies (Chapter 6). A further limiting factor was the
com m ercial availability o f the anti-j85 monoclonal antibody P1F6, w hich could only
be obtained after w ork into this thesis had begun. The actual num ber o f cases studied
for each integrin subunit is shown in Table 5.2.

Table 5.1

Sample characteristics o f women studied using breast cancer aspirates

Number of patients:

n = 58

Mean age (range) years:

57 (26 - 84)

Mean tumour diameter (range) cm:

2.5 (0.7 - 5.5)

Tumour grade

I (%):

n = 12 (21)

n (%):

n = 26 (45)

m (%):

n = 20 (34)

Lymph node positive (%):

n = 25 (43)

Mean number of nodes obtained (range):

14 (5 - 32)

Mean number of involved nodes (range):

4 (1 - 25)
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Table 5.2

Actual num ber o f breast cancer cases assessed for integrin expression

using both cytology smears and frozen section

Integrin subunit

Number of cases studied

al

43

al

53

a3

53

«6

52

av

48

l81

51

jS3

42

/35

26

S.m .ii Intraobserver and interobserver variation
The two observers were Dr Clive W ells (CW ), C onsultant Pathologist and Mr
Gerald Oui (GO), Research Fellow. Intraobserver and interobserver variation was
analysed on 25 slides using C ohen’s

k

test and was found to be low (CW : « = 0 .8 0 ,

p < 0.001; GG: « = 0 .5 6 , p=0.(X )2; interobserver « = 0 .7 9 , p = 0 .0 0 7 ).

S.m .iii Integrin expression on cytology smears
Patterns o f integrin expression in human breast cancer cryostat sections w ere
described in Chapter 3.V.Ü. Cytology smears stained positive w ith varying
intensities, usually weak to moderate and rarely strong (Table 5 .3 ). An exam ple o f
a patient with positive integrin expression in the breast cancer cell aspirate is shown
in Figure 5.1, while a typical negative stain (with positive internal control) is shown
in Figure 5.2. Although integrin expression was m em branous, the staining overlying
the cell surface resulted in the apparent homogenous appearance over the cytoplasm.
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Table 5 .3

Integrin expression and staining intensity in breast cancer cell aspirates

subunit

Staining intensity

Total cases

0

1+

2+

3+

(n)

al

25

16

2

0

43

o2

24

21

8

0

53

o3

23

23

7

0

50

o6

24

23

5

0

52

av

22

20

6

0

48

16

26

8

1

51

^3

29

12

1

0

42

|35

18

8

0

0

26

Figure 5.1

Positive integrin expression in breast cancer cell aspirates (x400)
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Figure 5.2

Negative integrin staining in breast cancer cell aspirates with positive

internal control on supporting stroma (x250)

s

•

in.

I*

5 .IIl.iv C o m p ariso n of in teg rin expression in cytolog}' a n d histology specim ens
A close association was found between integrin measurement by immunochemistry
on cryostat sections o f breast cancer tissue and the cell smears obtained by fine
needle aspiration. This relationship was analysed using C ohen’s k test. The data
relating to this is presented along with the

k

and p values in Table 5.4. High values

in the top left and bottom right cross-diagonal for each subunit favours a high
concordance between integrin expression in tissue sections and cell smears.

Integrin expression in cytology smears generally mirrored that o f tumour cell
staining (diffuse or heterogenous) rather than the peripheral enhancement of tumour
nests in frozen section. This is probably because the cells obtained by fine needle
aspiration had lost their spatial relationship with the extracellular matrix.
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Table 5.4 Comparison of integrin status on histology and cytology using the

Subunit

k

statistic

Cytology staining

K

Positive

Negative

Row total

z

K

p-value

4.52

0.71

<0.001

5.71

0.74

<0.001

3.92

0.51

<0.001

4.78

0.66

<0.001

5.85

0.79

<0.001

2.01

0.56

0.04

2.64

0.42

0.01

3.74

0.71

<0.001

Histology staining
a l positive

16

4

20

a l negative

2

21

23

Column total

18

25

43

a2 positive

23

1

24

a2 negative

6

23

29

Column total

29

24

53

a3 positive

20

3

23

a3 negative

7

20

27

Column total

27

23

50

a6 positive

22

3

25

a6 negative

6

21

27

Column total

28

24

52

av positive

22

1

23

av negative

4

21

25

Column total

26

22

48

/31 positive

29

4

33

/31 negative

6

12

18

35

16

51

j33 positive

7

4

11

j83 negative

6

25

31

Column total

13

29

42

j35 positive

6

1

7

negative

2

17

19

8

18

26

Column total

Column total
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test

5.rV D iscussion
5.rV.i In tro d u c tio n
In this C hapter, im m unocytochem istry using the avidin-biotin-peroxidase complex
technique was adapted to m easure integrin expression in breast cancer cells obtained
by fine needle aspiration. Im m unohistochem istry using frozen sections has hitherto
been the only method described to assess human breast cancer integrin expression.

S.rV.ii A dvantag es o f im m u n o cy to ch em istry in in te g rin assessm ent
Integrin expression in fine needle aspirates o f breast cancer cells was found to be
related to staining in frozen tissue. Im m unocytochem istry provided a method o f
integrin m easurem ent that was easier to interpret than im m unohistochem istry o f
cryostat sections. This was because integrin expression in the supporting strom a o f
tissue sections was sometimes stronger than that in the breast cancer cells
themselves. Strong staining in the stromal elements precluded the use o f image
analysis as a rapid method o f m easuring integrin expression in breast cancer frozen
sections. This was less o f a problem in fine needle aspirates o f breast cancer cells
and image analysis may be a future method o f rapid reading o f integrin expression
using im m unocytochem istry. The requirem ent o f multiple slides for assessm ent of
integrin expression has been resolved by our identification o f the jSl, a2 and a v
subunits as the principle determ inants o f tum our progression in breast cancer.

The role o f the integrins as a potential means o f selecting patients for treatm ent
protocols was discussed in Chapter 4 .V III.x. W ith greater utilisation o f neoadjuvant
chem otherapy in the treatm ent o f breast cancer, categorising patients into prognostic
groups w ithout operating on the prim ary breast cancer and the axilla has obvious
benefits. Tum our size may be accurately measured using ultrasonography, and
cytological grading o f cells obtained by fine needle aspiration has been described by
Robinson et al (1994). M easurem ent o f integrin expression in fine needle aspirates
o f breast cancer cells may provide inform ation on lymph node status w ithout surgical
dissection. In com bination, the three com ponents o f the Nottingham Prognostic Index
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o f tum our size, grade and node status (Haybittle et al 1982) could thus be
determ ined for each patient in the outpatient setting. This w ould enable patient
selection for adjuvant and neoadjuvant chem otherapy with the prim ary tum our still

in-vivo and the planning o f axillary surgery as a one stage procedure.

S.rV.iii D isadvan tag es o f im m u n o cy to ch em istry in in te g rin assessm ent
A potential problem o f m easuring integrin expression in breast cytology aspirates is
that it was not usually possible to distinguish invasive from in-situ cancer cells in the
sm ear. N on-invasive cells sampled from an in-situ com ponent w ithin an invasive
cancer could thus lead to inaccurate results. In C hapter S .V I.iii, integrin expression
in ductal carcinom a in-situ cells was found to be sim ilar to that in invasive breast
cancer. Differences in integrin expression between in-situ and invasive breast cancer
cells was therefore unlikely to confuse assessm ent by false interpretation o f staining.
Integrin expression in malignant and benign luminal cells could also theoretically
result in false positive readings, though it should usually be possible to distinguish
benign from malignant cells on m orphological features.

Application o f integrin measurem ent using im m unocytochem istry to clinical scoring
systems to predict nodal status has the significant draw back o f losing vascular
invasion and multifocality as independent indicators as these are variables that can
only be obtained after surgical biopsy. The clinical value o f integrin expression as
a method o f predicting nodal status using needle aspirates o f breast cancer cells
therefore requires further assessm ent in a prospective series.

S.rV.iv C onclusions
Integrin expression may be reliably measured using im m unocytochem istry in breast
cancer cells obtained by fine needle aspiration. Potential clinical benefits stand to be
gained by assessing integrin expression with the tum our in-vivo. As integrin
expression is preserved after fine needle aspiration, breast cancer cells obtained in
this way may also be o f value for future laboratory studies o f integrin function.
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Chapter 6
Integrin mediated adhesion of primary breast cancer cells

6.1 Introduction
6.1.! Background
Integrin function in short term prim ary cultured breast cancer cells derived from
individual patients has never been described. Original w ork for this thesis has led
to the developm ent o f an efficient method o f isolating cancer cells by enzym atic
disaggregation and im m unom agnetic separation in our laboratory. Prim ary breast
cancer cells isolated in this way w ere used in preference to propagated, established
cell lines in an in-vitro adhesion assay. This enabled the assessm ent o f integrin
mediated cell-m atrix adhesion as a specific com ponent o f the m etastatic cascade in
tum ours derived from patients with known pathological profiles. The results from
these experim ents might provide direct evidence o f a pathological role for the
integrins in breast cancer tum our biology.

6.1.Ü Aims
The aims o f the w ork in this C hapter were to describe im m unom agnetic separation
as a method to obtain pure suspensions o f tum our cells, to com pare m atrix adhesion
o f prim ary breast cancer cells derived from lymph node positive and negative women
and to assess integrin function using inhibitory peptides and monoclonal antibodies.

6.n Materials
6.n.i Cell separation, in-vitro adhesion and enumeration
Basic culture medium
Basic culture medium was obtained from Sigma Chemical Com pany, Poole, Dorset.
D ulbecco’s M odified M inim um Essential M edium (D M EM )
M inim um Essential M edium (M EM )
Roswell Park M emorial Institute (RPM I) 1640
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Supplem ents for tissue culture medium
Bovine insulin (Sigma Chemical Com pany, Poole, Dorset)
Fetal bovine serum (Sigma Chemical Com pany, Poole, Dorset)
Non-essential am ino acids (ICN Biom edicals, Tham e, O xfordshire)
L-glutam ine (ICN Biom edicals, Tham e, O xfordshire)
Penicillin (ICN Biom edicals, Tham e, O xfordshire)
Polym yxin B (ICN Biom edicals, Tham e, Oxfordshire)
Sodium pyruvate (ICN Biom edicals, Tham e, Oxfordshire)
Streptom ycin (ICN Biom edicals, Tham e, Oxfordshire)
Im m unom agnetic separation
Collagenase type lA (Sigma Chemical Com pany, Poole, Dorset)
D ynabeads” M -450 precoated with rat anti-m ouse IgG 2a, M agnetic Particle
C oncentrator (M PC”) and polyclonal antibodies to CDS, CD 19 and
CD 34 (Dynal UK Ltd, W irral, M erseyside)
Peptides
G ly-A rg-G ly-A sp-Ser (RGD) (Sigma Chemical C om pany, Poole, Dorset)
G ly-A rg-G ly-G lu-Ser (RGB) (Sigma Chemical Com pany, Poole, Dorset)
M onoclonal antibodies
In te g rin su b u n it

C lone

S ource

a n ti-a 2 integrin

P1E6

Becton-Dickinson, Oxford

an ti-a3 integrin

P1B5

Becton-Dickinson, Oxford

a n ti-a 6 integrin

CLB-701

Chem icon International Inc, London

anti-jSl integrin

m ab l3

Becton-Dickinson, O xford

anti-j83 integrin

RU U-7F12

Becton-Dickinson, Oxford

anti-|85 integrin

P1F6

Becton-Dickinson, Oxford

M onoclonal antibodies to cell surface markers
A nti-hum an cytokeratin C A M 5.2 (Becton-Dickenson, O xford)
CD 45 com mon leukocyte m arker (Dako Ltd, High W ycom be, Bucks)
Epithelial M em brane Antigen (E29) (Dako Ltd, High W ycom be, Bucks)
Fibroblast m arkers (Dako Ltd, High W ycom be, Bucks)
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M atrix proteins
Fibronectin (Collaborative Biomedical Products, Oxford)
V itronectin (Collaborative Biomedical Products, O xford)
Lam inin (C ollaborative Biomedical Products, Oxford)
Type IV collagen (Sigma Chemical Com pany, Poole, Dorset)
Chem icals and reagents for cell culture and enum eration
D im ethylsulfoxide (DM SO) (Sigma Chemical Com pany, Poole, Dorset)
3-4,5-dim ethylthiazol-2-yl-2,5-diphenyltetrazolium brom ide (M IT ) (Sigma
Chemical Com pany, Poole, Dorset)
Trypan Blue (Sigma Chemical Com pany, Poole, Dorset)
Trypsin-ED TA mixture o f 0.05% w /v trypsin and a 0.02% w /v EDTA sait
solution (ICN Biomedicals, Tham e, O xfordshire)
Equipm ent for cell culture and enum eration
BSB48™ lam inar flow cabinet (ICN Biomedicals / Flow , Tham e, Oxfordshire)
Centaur 2™bench top centrifuge, M SE Ltd, High W ycom be, Bucks.
Clinical autoclave series 2100™ (Prestige M edical, Egham , Surrey)
LEEC GA2N™ Automatic CO^ Incubator (LEEC Ltd, Nottingham )
M icrotitre plate reader model 450™ (Bio-Rad Laboratories, Hemel Hempstead)
Haem ocytom eter (Sigma Chemical Com pany, Poole, Dorset)
AxioHOME™ System (Carl Zeiss, Jena, Germany)
Plastic and glass ware
Tissue culture flasks and pipettes (ICN Biom edicals, Tham e, Oxfordshire)
Universal 30 ml sterile containers (Sterilin, H ounslow, M iddlesex)
96 well plates (ICN Biom edicals, Tham e, O xfordshire)
Glass slides for light m icroscopy (W estern Laboratory Services, Aldershot)
Light microscopV and photographv
Laborlux K™light microscope (W ild H eerbrugg Ltd, H eerbrugg, Switzerland)
Wild M P S 12™ cam era (W ild H eerbrugg Ltd, H eerbrugg, Switzerland)
Kodak Ektachrome™64T slide film (Sigma Chemical C om pany, Poole, Dorset)
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6.n.ii Solutions used for cell culture and separation
Enzym e digestion m edium
Each stock solution o f 500 ml DM EM contained 4.5 g/1 glucose, 5% fetal bovine
serum , bovine insulin 5 /xg/ml, penicillin 100 U /m l, streptom ycin 100 /xg/ml,
fungizone 5 /xg/ml and polym yxin B 50 U /m l. 25 ml aliquots w ere stored at 4°C.
Phosphate buffered saline (PBS)
PBS was m ade to contain 10 mmol/1 sodium phosphate and 150 mmol/1 sodium
chloride (British D rug Houses, D orset, Poole) at pH 7.5.
Transport m edium
Each stock solution consisted o f 500 ml DM EM containing 4.5 g/1 glucose, 10%
fetal bovine serum , 4 mmol/1 L-glutam ine, 2 mmol/1 sodium pyruvate, non-essential
am ino acids 10 ml/1, penicillin 100 U /m l, streptom ycin 100 /xg/ml, fungizone 5
/xg/ml and polym yxin B 50 U /m l. 25 ml aliquots stored at 4°C.
W ashing (coating! buffer for im munomagnetic separation
W ashing and coating buffers used w ere identical and consisted o f 150 mmol/1
sodium chloride in 10 mmol/1 sodium phosphate at pH 7 .4 with 0.1 % bovine serum
albumin.

6 .in Methods: immunomagnetic separation of breast cancer cells
6 .n i.i Introduction
The m ethods used to isolate and purify breast cancer cells using im m unom agnetic
separation w ere developed from that described by Joplin et al (1989) for biliary
epithelium and C larke et al (1993) for normal breast epithelium . The objective was
to achieve optim um live cell counts for use in short term studies.

6 .n i.ii Enzymatic disaggregation of breast cancer tissue
Breast cancer tissue was collected fresh from the operating theatre and placed in 20
ml o f sterile transport medium at 4°C to prevent desiccation and contam ination. The
sample was weighed and cut into small fragments using opposing scalpels in a
dedicated cell culture room . A known am ount o f breast cancer tissue was placed into
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digest m edium (10 ml/2(X) mg) in a 30 ml Universal container. The strom a was
digested using 150 U /m l o f collagenase (Sigma type lA ) and disaggregation
perform ed at 37°C on a vertical rotator overnight. Residual fragm ents w ere allowed
to settle and the cell suspension draw n o ff w ithout delay using a pipette to avoid
sedim entation. T he digested cell suspension was centrifuged at 900 rpm for 10
minutes and the pellet resuspended in 1 ml serum free DM EM .

Residual cancer tissue fragm ents were redigested in fresh collagenase. The m ajority
disaggregated w ithin 4 hours but any rem aining lumps w ere taken through a further
digestion cycle. T rypan blue exclusion was used to determ ine cell viability on
com pletion o f the disaggregation procedure. An accurate cell count was required to
determ ine the D ynabead concentration for optimum im m unom agnetic separation.

Cell viability assessed by trypan blue exclusion
0.5 ml o f 0.4% trypan blue was transferred to an E ppendorf tube. 0.3 ml o f PBS
and 0.2 ml o f the cell suspension were added and allowed to stand for 10 minutes.
A haem ocytom eter was used to evaluate cell viability from the following formula:

total viable cells (unstained)
x 100 %

cell viability (% ) =
total cells (stained and unstained)

6.in.iv Coating of Dynabeads
Dynabeads are polystyrene coated iron beads 4.5 /xm in diam eter coated with rat
anti-m ouse antibody o f the lgG 2a subtype. The stock solution o f Dynabeads
(prepared in PBS w ith 0.1 % human serum album in and 0.02% sodium azide) was
vortexed and 50 /xl transferred to an Eppendorf tube. The beads w ere separated for
1 minute using the M agnetic Particle Concentrator (M PC ) and the supernatant
rem oved using a pipette. The E ppendorf was then rem oved from the M PC and the
beads washed three times in 500 ^1 o f washing buffer. This was essential to rem ove
sodium azide that could affect cell viability in ensuing in-vitro studies.
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o ptim u m antibody coating was achieved at 1 fig EM A per mg o f Dynabeads. The
stock solution o f Dynabeads contained 30 mg o f beads per ml and the stock solution
o f EM A com prised 175 /xg/ml. 100 /xl o f Dynabeads w ere thus incubated with 17.2

(i\ o f EM A for 30 minutes at 4°C followed by three washes. Aliquots o f 50 /xl o f
EM A coated Dynabeads could be stored for up to 4 weeks at 4°C and used as
required with no loss o f binding affinity to breast cells. In this study, all fresh tissue
specimens w ere used w ithin 2 hours o f surgical rem oval.

6.IQ.V Immunomagnetic separation of breast cancer cells
The principles underlying im m unom agnetic separation is illustrated in Figure 6.1.
The E29 clone o f EM A is a mouse monoclonal antibody o f the lgG 2a subtype
(Taylor-Papadim itrou et al 1981) and has previously been characterised in breast
cancer (Pinkus et al 1985). EM A is recognised by the rat anti-m ouse lgG 2a on the
precoated beads to form the bead-anti-lgG 2a-EM A com plex. This com plex forms the
basis by which bound cancer cells are separated by m agnetic attraction, unlike
unbound cells that rem ain in suspension and were rem oved. Contam ination was
minimised by rigorous aseptic technique and perform ing each step o f the procedure
with sterilised equipm ent in a laminar flow cabinet.

Optim um Dynabead binding has been shown to occur at a ratio o f 4 beads per target
cell (M anyonda et al 1992). The breast cancer suspension was enum erated using a
haem ocytom eter and divided into 500 /xl aliquots in serum free D M EM containing
1 X 10^ cells. Each aliquot therefore required the addition o f 4 x 10^ beads to achieve
maximal cell extraction. As the stock solution o f EMA coated Dynabeads contained
4 X 10* beads per ml, 10 /xl was added to the cell suspension in each Eppendorf.
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Figure 6 .1 The principles o f im m unom agnetic separation. Dynabeads precoated with
a rat anti-m ouse IgG 2a (a) w ere incubated with EM A to which it attaches (b).
Incubation o f the disaggregated cell suspension results in the binding o f EM A to
breast cancer cells, but not cells o f non-epithelial origin (c). A pplication o f the
M agnetic Particle Concentrator attracts the bead bound breast cancer cells (d).
U nbound cells w ere rem oved, and the Dynabeads detached using a com bination o f
im m unological and mechanical methods (e) to leave isolated breast cancer cells.
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The Dynabeads w ere incubated at 4°C to prevent any non-specific cell binding. EM A
bound D ynabeads recognised and attached to the breast cancer cells in suspension
to form a bead-E M A -cancer cell com plex. The Eppendorf tube was then placed into
the M PC for 1 m inute. The bead-EM A -cancer cell com plex was attracted to the side
o f the E ppendorf against the m agnet (Figure 6.2) leaving unbound cells o f nonepithelial origin (fibroblasts, endothelial cells, and endothelium ) in suspension which
w ere rem oved using a pipette. The Dynabead bound breast cancer cells w ere washed
three times and the cell count repeated.

Figure 6.2 The m agnetic particle concentrator: D ynabead bound cells are attracted
to the side E ppendorf against the m agnet leaving unbound cells in suspension.

E ppendorf tube

m agnet

attracted D ynabeads

I
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The supernatant after one cycle o f im m unom agnetic separation contained cells o f
non-epithelial origin as well as a proportion o f unsuccessfully bound breast cancer
cells. The supernatant was centrifuged at 900 rpm for 10 minutes and resuspended
in 500 fjLl PBS / BSA. Enum eration o f unbound breast cancer cells was perform ed
using a haem ocytom eter and the im munomagnetic separation procedure repeated if
necessary. Between one to three cycles per patient w ere necessary to achieve an
overall binding efficiency o f greater than 90% . Cell viability was assessed by trypan
blue exclusion at the end o f the procedure.

6.in.vi Detachment of Dynabeads from breast cancer cells
Dynabeads bound to breast cancer cells w ere found to interfere with specific cellmatrix adhesion but not with attachm ent to plastic, presum ably due to steric
inhibition induced by the presence o f the beads. A com bination o f mechanical and
im munological methods were used to detach the Dynabeads from the breast cancer
cells. D etach-a-bead” (Dynal UK Ltd, W irral, M erseyside) is a m ixture o f polyclonal
antibodies raised against CDS, CD 19 and CD34 that had been designed to detach
Dynabeads bound to cells o f lymphoid origin (Rasmussen et al 1992). The
mechanism o f action is thought to be reduced binding affinity o f the prim ary
targeting antibody consequent upon recognition by the com ponents o f Detach-a-bead.
In this study, the polyclonal antibodies against CDS, CD 19 and CD 34 were added
separately in higher concentrations to facilitate Dynabead detachm ent.

The Dynabead bound breast cancer cells were resuspended in serum free DM EM at
1 X 10^ beads/100 n\. 40 /xl aliquots o f the suspension (containing 4x10^ cells) were
added to an Eppendorf tube. 4 /nl (0.4 U) o f each polyclonal antibody to CDS, CD 19
and CD 34 were added and incubated at 20°C for 45 minutes on a horizontal agitator.
The suspension was then gently draw n up and down a narrow tip pipette for 2
minutes, and the E ppendorf placed into the M PC for 1 minute. The now unbound
beads w ere attracted and the supernatant containing the detached cells carefully
rem oved using a pipette. The cell suspension was then washed three times and the
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supernatant transferred

into a separate Eppendorf.

The purified

cells were

centrifuged at 900 rpm for 10 minutes and resuspended in 1 ml o f DM EM for a final
cell count and viability study. The detachm ent procedure was repeated if substantial
num bers o f breast cancer cells remained bound to the beads. One to three cycles
w ere necessary to achieve a 90% cell yield. The cells were allowed to stand for 1
hour in a 5 % CO 2 atm osphere at 37°C for recovery o f function p rio r to use.

6 IV Methods: in-vitro adhesion assay of primary breast cancer cells

6.rV.i The coating procedure
The methods used to evaluate in-vitro adhesion were based on the m ethods o f El ices

et al 1990. Flat-bottom ed 96 well plates were coated with graded am ounts o f
purified human matrix proteins in triplicate. Lyophilised lam inin, fibronectin and
vitronectin w ere rehydrated with Tris buffered saline, while type IV collagen was
diluted in 0.05N HCl to give final concentrations o f 0 .1 , 1.0, 10.0 and 100.0 /xg/ml
in volum es o f 50 /xl for each protein. The proteins w ere incubated in 96 well plates
at room tem perature overnight in a lam inar flow cabinet and allow ed to evaporate.
Any wells in which an uneven coating was observed was discarded.

Control wells for the evaluation o f cell-m atrix adhesion w ere incubated with bovine
serum album in at 0 .1 , 1.0, 10.0 and 100.0 /xg/ml. Uncoated tissue culture plastic
wells w ere used to assess non-receptor ligand binding. To m inim ise non-specific cell
adhesion, all matrix protein coated test wells w ere rehydrated with 100 /xg/ml o f
bovine serum album in for 2 hours at room tem perature prior to use.

6.rV.ii Incubation of patient derived breast cancer cells
Patient derived cells isolated by im munomagnetic separation w ere resuspended in
serum free DM EM to give a final concentration o f 500 live cells per 50 /xl. The total
num ber o f cells plated per well was based upon a correction factor determ ined by
cell viability studies at the end o f the bead detachm ent procedure. As an exam ple,
if viability was 80% , then (500 x ICX)) -r 80 = 625 cells w ere plated per well. As
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MTT is only taken up by live cells, the counts obtained reflect this correction factor.

G raded am ounts o f either the tripeptide inhibitor RGD or integrin monoclonal
antibodies w ere added at concentrations o f 25 to 150 ^g /m l. The integrin subunits
studied varied w ith each matrix protein considered and the availability o f functional
monoclonal antibodies at the time this work was perform ed. The unavailability o f
functional antibodies against the a v and a l

subunits prevented the com plete

evaluation o f cell-m atrix adhesion. Expression o f integrin receptors to fibronectin in
hum an prim ary breast cancer that were reduced in patients with positive axillary
nodes w ere the a 3 , a v , jSl and |85 subunits (Chapter 4.V ). In com bination these
subunits form ed the a3 /? l, avjSl and avj85 heterodim ers. As ^5 is the only subunit
known to associate with a v , inhibition o f the /35 subunit by P1F6 provided
inform ation on the av|85 integrin. In the case o f the |81 integrins, inhibition by
m abl3 against the com m on jg subunit provided inform ation on the w hole subfamily.
Specific inform ation on a 3 ^ \ was provided by P1B5 directed against the a 3 subunit.
Inform ation on avjSl interaction with fibronectin could only be draw n indirectly by
evaluating the difference between m ab l3 and P1B5. In the case o f vitronectin, the
integrin receptors reduced in prim ary breast cancer in relation to axillary metastasis
were avjS l, avjS3 and avj85 (Chapter 4.V ). As a v binds exclusively to the jSl, j83
and i85 subunits in epithelial cells as vitronectin receptors, inhibition o f the com mon
jS subunits alone would provide inform ation on the aVjSl, avj63 and avj85 integrins
respectively. The absence o f a functional antibody to the a l subunit meant that
interactions o f the a ljS l integrin to laminin and collagen could not be assessed.

The integrin subunits evaluated for each matrix protein is given in Table 6 .1 , while
details relating to each antibody is provided in Table 6.2. All experim ents were
conducted in triplicate. Cells w ere incubated at 3TC in a hum idified 5% COj
atm osphere in an incubator dedicated for cell culture. A fter incubation, each well
was washed three times in phosphate buffered saline at 37°C. Each wash consisted
o f draw ing the PBS washing buffer ten times through an eight channel multipipette.
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Table 6.1 Integrin subunits assessed for adhesion to each matrix protein

Matrix protein

Integrin

Fibronectin

«3, |81, /35

Vitronectin

/31,/33,/35

Laminin

a l, a3, a6, /31

Collagen

a l, a.3, jSl,

Table 6.2 M onoclonal antibodies used in the in-vitro cell adhesion assay

Integrin

Clone

Animal

References

al

P1E6

Mouse

Carter et al 1990

a.3

P1B5

Mouse

Wayner and Carter 1987

a6

CLB-701

Rat

No previous data

/31

m abl3

Rat

Pignatelli et al 1992b

133

RUU-7F12

Mouse

Metzelaar et al 1991

/35

P1F6

Mouse

Weinecker et al 1994

6.rV.iii Cell enumeration using the MTT assay
Cell adhesion was quantified by 3-[4,5] dim ethylthiazol-2-yl-2,5 diphenyl tétrazolium
brom ide thiazolyl blue (M TT) uptake. M TT is a yellow w ater soluble tétrazolium
salt made up with a phenol red free medium (Carmichael et ai 1987). M TT is taken
up by live cells and converted to a purple coloured form azan dye by dehydrogenase
enzymes (Slater et al 1963).

The washed wells were incubated with 50 ii\ o f M TT (0.2 m g/m l) for three hours,
then carefully rem oved using a fine tip pipette. The form azan dye was solubilised
by adding 50 fx\ o f DM SO to each well for 5 minutes with gentle agitation.
Spectrophotom etric absorbance at 540nm was measured using a m icrotitre plate
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reader. Standard curves in triplicate wells plated with 0, 125, 250 and 500 cells for
each patient w ere obtained by linear regression.

6.rV.iv Analysis of data for in-vitro cell adhesion
The data relating to cell enum eration, viability and adhesion w ere expressed as the
mean cell num ber with their standard errors. D ata on the adhesive properties o f
short term prim ary cultures o f breast cancer cells with nodal status w ere expressed
as medians and interquartile ranges using box and w hisker plots. Each box
represented the 25th and 75th centiles, while the bars showed the 10th and 90th
centiles. Outliers beyond this range w ere represented by circles. The adhesive
profiles o f prim ary breast cancer cells between node positive and node negative
women were com pared using the M ann-W hitney U test. W here there was paired
data, such as the effect o f inhibitors o f integrin function com pared to control wells,
the paired W ilcoxon test was used. Integrin function was assessed as a predictor o f
nodal status using the

test with Y ates’ correction. Good adhesion was defined as

cell attachm ent o f greater than 50% to each matrix protein in triplicate studies, while
attachm ent o f less than 50% was considered as poor cell adhesion. Integrin
expression and function were com pared using the

test with Y ates’ correction.

6.V Validation of methodology
6.V.i Immunomagnetic separation of breast cancer cells
Phase contrast m icroscopy o f cell smears w ere taken at various points in the
im m unom agnetic separation procedure and are shown in Figure 6.3 to 6 . 8 . The
efficiency o f im m unom agnetic separation to isolate prim ary breast cancer cells from
the 41 patients studied is shown in Table 6.3. The mean w eight o f the breast cancer
samples used for enzym e disaggregation was 517 (range 130-1342) mg. All adjacent
breast cancer frozen sections stained positive to EM A.
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Figure 6.3 Ceil smear of enzyme disaggregated human breast cancer tissue (x250)

.1 V

#
Figure 6.4 Binding of breast cancer cells to EMA-linked Dynabeads (x250)
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Figure 6.5 Cluster of breast cancer cells after bead detachment (x250)

C
-

‘t

Figure 6.6

^

Isolated breast cancer cells after light trypsinisation demonstrating

exclusion of trypan blue (x250)
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Figure 6.7 Giemsa stain of isolated cells to show malignant morphology (x400)

fHi:'

Figure 6.8

Immunochemistry to show preservation of the jSl subunit after

immunomagnetic separation (x400)
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Table 6.3 Cell yields from immunomagnetic separation

Absolute cell counts

Mean (SEM)

Post-digestion

1.85 (0.89)

X

10"

Post-separation

1.76 (0.85)

X

10"

Post-detachment

1.58 (0.74)

X

10"

Ratios

Mean (SEM)

Post-separation ; post-digestion

0.89 (0.13)

Post-detachment : post-digestion

0.73 (0.03)

Post-detachment : post-separation

0.83 (0.07)

% viability

Mean (SEM)

Post-digestion

85.1 (2.0)

Post-separation

84.0 (2.1)

Post-detachment

80.2 (1.9)

Number of cycles required to achieve optimum cell yields
Number of cycles
Immunomagnetic separation:

Bead detachment:

Prelim inary

studies

showed

that cell

yields

Number of cases

1

14

2

17

3

8

1

12

2

15

3

13

w ere

enhanced

by

com bining

immunological techniques o f bead detachm ent using C D 8 , CD 19 and CD34 with
mechanical methods o f incubating cells for one hour on a horizontal shaker followed
by vigorous pipetting through a narrow bore tip. Cell yields after immunological and
mechanical detachm ent methods used alone or in com bination is shown in Table 6.4.
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Table 6.4

Com parison o f Dynabead detachm ent by immunological and/or

mechanical methods

Pre-detachment

Post-detachment

Mean cell number (SEM) x 10”
Bead bound cells
1.7 (0.03)

Mechanical
1.15 (0.008)

Immunological
1.06 (0.01)

Mechanical + immunological
1.43 (0.03)

6.V.Ü Cell enumeration by MTT uptake and AxioHOME
The efficiency o f the M TT assay in the range and experim ental conditions o f this in-

vitro assay was confirm ed using the high resolution com puter display image software
A xioH O M E (H ighly Optimised M icroscope Environm ent) developed by Zeiss (von
Hagen et al 1991) and a light microscope. Breast cancer cells from 6 patients were
incubated in laminin coated 96 well plates for the M TT assay in parallel with 8-spot
laminin coated glass slides. The cells on the slide were stained with M ay-Griinewald
Giemsa and counted using the A xioH OM E system. The softw are continuously
m onitors the m icroscope stage coordinates to allow any point to be uniquely defined,
located and relocated. Cells were counted at xlOO m agnification by electronic
tagging (by left-clicking the mouse) to prevent duplicate counting. Absolute cell
counts thus obtained were com pared to that determ ined by the M TT assay. Each
experim ent was conducted in triplicate and the results shown in Table 6.5.

Table 6.5 Com parison o f cell enum eration by the M TT assay with A xioH OM E

Time (hours)

MTT assay

AXIOHOME

1

235.1 (35.8)

201.7 (24.9)

2

366.4 (34.7)

350.6 (20.2)

4

438.2 (22.3)

498.3 (19.3)

6

477.3 (12.2)

513.5 (9.5)
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At low er values, the cell counts obtained by both methods were sim ilar, but at
higher values, counts measured by A XIO H OM E tended to be higher than that o f the
M TT assay. This is likely to be because the Giem sa stain does not discrim inate
between live and dead cells. The M TT assay was a m ore efficient method o f
quantification and was therefore used for cell enum eration in further studies.

E sta b lish in g th e p u rity o f th e m a lig n a n t cell su spension
Several methods based on m orphology and special stains w ere used to ensure the
purity o f m alignant cells obtained by immunomagnetic separation. Tissue from one
adjacent face o f the specim en used for enzym atic disaggregation was snap frozen and
cryostat sections stained with haem atoxylin and eosin to assess the m alignant
cellularity. Specimens with recognisable areas o f benign cells were discarded. In
addition, w et smears o f the isolated cells were methanol fixed and stained with MayGriinewald Giem sa. All slides were assessed in conjunction with a specialist breast
pathologist to ascertain the malignant cellularity.

There is currently no single m arker that would prove the hom ogeneity o f a malignant
cell suspension. In this study, the epithelial nature o f the isolated cells was verified
by positive staining with the anti-hum an cytokeratin m arker CAM 5 .2 and EM A. In
addition, negative staining to the com mon leukocyte antigen CD45 and fibroblast
m arkers w ere used to exclude contam ination by lymphocytes and stromal elements.
Cryostat sections o f adjacent breast cancer tissue were also stained with EM A.

6 .V .iv C ell su rv iv al o f isolated p rim a ry b re a st c an c er cells
Cell survival times in serum free medium were assessed in prim ary breast cancers
from 6 integrin positive and 6 integrin negative tum ours. The cells w ere incubated
for up to 24 hours in triplicate on 100 /xg/ml o f each o f the four m atrix proteins,
BSA and uncoated plastic. At the end o f each incubation period, excess medium was
rem oved and the cells were recovered using 0.05% trypsin and 0.02% EDTA. Cell
survival was assessed using trypan blue exclusion and data shown in Figure 6.9.
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Figure 6.9 Mean survival of patient derived primary breast cancer cells on
(a) fibronectin. (b) vitronectin, (c) laminin, (d) collagen IV, (e) plastic, (Q BSA
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6 .V I R esults: in-vitro ad h esio n o f p rim a ry b re a st c a n c e r cells
6 .V I.i P a tie n t sam p le a n d tu m o u r c h ara cteristics
The patient sam ple and tum our characteristics o f the 41 women with prim ary breast
cancer evaluated for integrin function in-vitro is shown in Table 6 . 6 .

Table 6.6 Profile o f prim ary breast cancers used to evaluate integrin function

Node negative

Node positive

n = 20

n = 21

Mean patient age (range) years:

56.8 (33 - 84)

57.2 (37 - 85)

Mean tumour size (range) cm:

2.4 (1.0 - 4.0)

3.5 (1.0 - 9.0)

Histology type (%):

ductal

n = 20 (100)

n = 21 (100)

Grade (%):

I

n = 4 (20)

n = 1 (5)

U

n = 7 (35)

n = 8 (38)

in

n = 9 (45)

n = 12 (57)

Vascular invasion present (%):

n = 1 (5)

n =

Mean number involved nodes (range):

0

5.2 (1 - 25)

Mean number nodes obtained (range):

13.3 (5 - 26)

12.4 (3 - 26)

14 (67)

6 .V I.ii O p tim u m co n d itio n s fo r assays o f in-vitro ad h esio n
O ptim um conditions were determined using isolated breast cancer cells from six
node negative, integrin positive patients in serum free medium to minim ise the
influence o f extraneous factors. Maximal cell adhesion was achieved at 4 hours
(Figure 6.10) at matrix concentrations o f 100 /^g/ml (Figure 6.11), Under these
conditions, maximal inhibition o f cell-m atrix adhesion occurred at 150 /ig/m l o f
RGD (Figure 6.12) and 75 /ig/m l of each monoclonal antibody (Figure 6.13). These
param eters w ere thus defined as optimum conditions in further experim ents.
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Figure 6.10 Variation of primary breast cancer cell-matrix adhesion with time to
(a) fibronectin, (b) vitronectin, (c) laminin, (d) collagen IV, (e) plastic, (f) BSA
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Figure 6.11 Variation o f primary breast cancer cell adhesion with matrix concentration
to (a) fibronectin, (b) vitronectin, (c) laminin, (d) collagen IV, (e) BSA
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Figure 6.12 Inhibition of breast cancer cell-matrix adhesion by varying RGD
concentrations to (a) fibronectin, (b) vitronectin, (c) laminin, (d) collagen IV
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Figure 6.13 Inhibition o f breast cancer cell-matrix adhesion by varying amounts
of integrin antibodies: (a) fibronectin, (b) vitronectin, (c) laminin, (d) collagen IV
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6.VI.iii Differences in primary breast cancer cell adhesion with nodal status
Variation in the adhesive profiles o f prim ary breast cancer cells with nodal status is
shown in Figure 6.14. At 100 iig!m\ o f each matrix protein, cell-m atrix adhesion o f
prim ary breast cancer cells from node positive women was significantly less than
that from node negative women to each o f fibronectin, vitronectin, lam inin and type
IV collagen at p < 0.001 using the M ann-W hitney U test.

To show that poor adhesion o f prim ary breast cancer cells from lym ph node positive
patients was not due to inadequate incubation, cells from six node positive women
w ere incubated for up to eight hours at 100 /^g/ml o f each m atrix protein (Figure
6.15). The effect o f increasing the matrix protein concentrations to 1000 ^g/m l on
prim ary breast cancer cell adhesion o f node positive patients is shown in (Figure
6.16).

6.VI.iv Variation in integrin inhibition of primary breast cancer cell-matrix
adhesion with nodal status
Differences in the inhibitory effects o f RGD and integrin m onoclonal antibodies on
prim ary breast cancer cell adhesion to fibronectin, vitronectin, lam inin and type IV
collagen with nodal status w ere investigated at concentrations o f 100 ^g/m l o f each
matrix protein. RGD and RGE were used at concentrations o f 150 /xg/ml and each
anti-integrin m onoclonal antibody was incubated at 75 /ng/ml. T he results o f
inhibition o f cell matrix adhesion by RGD are shown in Figures 6.17 - 6.20, while
the data for the integrin antibodies are shown in Figures 6.21 to 6.24 for each o f the
m atrix proteins respectively.

Six node positive patients with integrin negative prim ary breast cancers w ere studied
to dem onstrate that higher concentrations o f integrin m onoclonal antibodies o f up to
150 /xg/ml did not affect cell-m atrix adhesion to 100 /xg/ml o f each o f the proteins.
This data is presented in Figure 6.25.

184

Figure 6.14 Variation in breast cancer cell-matrix adhesion with nodal status
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Figure 6.15 The effect o f prolonged incubation on primary breast cancer cell
adhesion o f node positive women
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Figure 6.16 The effect o f increasing matrix protein concentrations on primary
breast cancer cell adhesion of node positive women
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Figure 6.17 Differential inhibition o f primary breast cancer ceU-fibronectin
adhesion by RGD with nodal status (RGE=control; p: paired Wilcoxon test)
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Figure 6.18 Differential inhibition o f primary breast cancer cell-vitronectin
adhesion by RG D with nodal status (RG E=control; p: paired W ilcoxon test)
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Figure 6.19 DiflFerential inhibition o f primary breast cancer cell-laminin
adhesion by RGD with nodal status (RGE=control; p: paired Wilcoxon test)
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Figure 6.20 Differential inhibition o f prim ary breast cancer cell-collagen IV
adhesion by RG D w ith nodal status (RG E=control; p: paired W ilcoxon test)
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Figure 6.21 Differences in inhibition o f primary breast cancer cell-fibronectin
adhesion with nodal status by integrin antibodies (p: paired Wilcoxon test)
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Figure 6.22 Differences in inhibition o f primary beast cancer cell-vitronectin
adhesion with nodal status by integrin antibodies (p: paired Wilcoxon test)
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Figure 6.23 Differeuces in inhibition o f primary breast cancer ceU-laminin
adhesion with nodal status by integrin antibodies (p: paired Wilcoxon test)
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Figure 6.24 Differences in inhibition o f primary breast cancer cell-collagen IV
adhesion with nodal status by integrin antibodies (p: paired Wilcoxon test)
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Figure 6.25 The effect o f high dose integrin antibodies on primary breast cancer
cell-matrix adhesion o f node positive patients: (a) fibronectin; (b) vitronectin;
(c) laminin; (d) collagen IV
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6.VI.V The relationship between integrin function and nodal status
Good and poor adhesion o f patient derived prim ary breast cancer cells to 100 /xg/ml
o f each m atrix protein was com pared to nodal status. The subunits assessed for each
matrix ligand is listed in Table 6.7 and the results expressed as com posite data for
each matrix protein. The integrin monoclonal antibodies w ere used at concentrations
o f 75 /xg/ml. The relationship between cell-m atrix adhesion o f prim ary breast cancer
cells and nodal status is presented in Table 6 . 8 . The relationship betw een integrin
expression and nodal status for the same patient set is also shown in Table 6.8 for
com parison.

Table 6.7 Subunits used to assess integrin function as indicators o f nodal status

Matrix protein

Integrin subunits

Fibronectin

a3, av, /31, /35

Vitronectin

av, /31, /35

Laminin

a2, a3, a6, /31

Collagen type IV

a2, a3, jSl
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Table 6.8 Comparison of integrin expression and function in primary breast cancer
cells with nodal status

Integrin expression

Integrin adhesive function
Good

Poor

p

Positive Negative

P

Fibronectin
Node negative

17

Node positive

1

20

Node negative

19

2

Node positive

1

18

Node negative

18

2

Node positive

5

14

Node negative

15

3

Node positive

2

19

28.92

<0.001

18

1

2

19

20

1

28.97

<0.001

28.92

<0.001

19.42

<0.001

9.970

0.002

Vitronectin

28.97

<0.001 2

17

Laminin

16.33

19

1

5

14

17

1

<0.001 10

11

<0.001

Collagen

21.47
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6.VI.vi Comparison of integrin mediated cell-matrix adhesion and expression
The expression o f relevant integrin subunits in prim ary breast cancer cells for a
given m atrix protein were com pared to integrin function for that ligand using the
test with Y ates’ correction (Table 6.9).

Table 6.9 Com parison o f integrin adhesive function with expression

Function

Integrin expression
Integrin +

Integrin

Fibronectin
Good adhesion

17

0

Poor adhesion

3

20

Good adhesion

20

0

Poor adhesion

2

18

Good adhesion

22

0

Poor adhesion

2

15

Good adhesion

17

1

Poor adhesion

6

5

29.57

< 0.001

32.73

< 0.001

31.54

< 0.001

14.77

< 0.001

Vitronectin

Laminin

Type rv coUagen

6.Vn Discussion
6.Vn.i Introduction
M echanisms o f integrin function in prim ary breast cancer cells derived from
individual patients with known tum our characteristics have never been investigated.
Loss o f integrin expression in human breast cancer was shown to predispose to
axillary metastasis in Chapter 4. In this chapter, im m unom agnetic separation was
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described as a method to isolate short term prim ary cultures for functional studies.
Differences in cell-m atrix adhesion o f prim ary breast cancer cells with nodal status
and the relationship between integrin expression and function was analysed.

6.VII.Ü Immunomagnetic separation for cell biology studies
Im m unom agnetic separation was shown to be a reliable method o f isolating prim ary
breast cancer cells from individual patients for short term in-vitro studies. This
model overcom es some o f the difficulties associated with extrapolating data from cell
line or animal w ork to the human situation. The use o f propagated breast cancer cell
lines in tum our biology is currently limited by the non-availability o f separate clones
obtained from the prim ary cancer and metastasis in the same patient. An important
lim itation to the general use o f short term prim ary cultures in functional assays was
cell survival. Figure 6.9 shows that prim ary breast cancer cells survived for up to
12 hours supported on a matrix protein in the absence o f serum . This precluded their
use in in-vitro cell invasion studies which required longer incubation periods.

Good breast cancer cell yields were obtained using im m unom agnetic separation
(Table 6.3) that was independent o f specimen weight due to variation in tum our
cellularity. Although all the breast cancers studied expressed EM A , the heterogeneity
o f staining and the proportion o f positive cells were unpredictable. This may have
accounted for differences observed in the efficiency o f EM A as the targeting
antibody in the separation procedure. Cell yields were also dependent upon the
num ber o f bead attachm ent and detachm ent cycles required (6 .V .i). The antibodies
originally described for detaching Dynabeads from leukocytes (Rasmussen 1992)
w ere also found to detach breast cancer cells from EM A, probably due to cross
reactivity o f animal polyclonal antibodies. W hile no single technique to reliably
identify the purity o f a cancer cell population is currently available, the methods
used in 6 .V .iii w ere as rigorous as could be achieved to confirm the m alignant
cellularity o f the isolated suspension given the laboratory facilities and markers
available at the time o f this study.
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Breast cancer cells supported on matrix proteins survived three times as long as cells
incubated on plastic (Figure 6.9). This suggests that ligation o f cell surface receptors
with specific epitopes on the matrix resulted in the stim ulation o f signalling pathways
for dow nstream events that m aintained cellular function. In parallel experim ents, the
addition o f serum supported the maintenance o f these prim ary breast cancer cells for
several days. Cell proliferation could only be induced using medium supplem ented
with transferrin, bovine pituitary extract and insulin. Im m unom agnetic separation
may thus be a potential method o f isolating purified breast cancer cells for the
creation o f propagated lines. The difficulties associated with the initiation o f
uncontam inated hum an breast carcinom a cell culture in-vitro (W hitescarver 1974)
and the establishm ent o f reliable xenografts (Bailey et al 1980) are well recognised
problem s.

6. VII.ill Characteristics of primary breast cancer cell isolates
Attachm ent o f prim ary breast cancer cells to each o f the m atrix protein ligands was
significantly higher than adhesion to control wells (Figures 6 .10 and 6.11). There
was no difference in cell survival time between the prim ary breast cancer cells o f
node positive and node negative women (Figure 6.9). The optim um incubation time
o f 4 hours was thus com patible with the cell viability required for the in-vitro
adhesion assay. Cell proliferation was not considered to be a variable as the short
incubation precluded significant cell growth.

Tissue culture plastic surfaces in well plates w ere designed to encourage cell
attachm ent for grow th and proliferation. This response could be readily blocked by
incubation with BSA which was therefore used to coat control wells and to rehydrate
matrix coated wells to prevent non-specific adhesion. Despite incubation with BSA,
there was a 5 - 10% background cell attachm ent.

6.Vn.iv Differences in primary breast cancer cell adhésion witb nodal status
Prim ary breast cancer cells from node negative women were significantly more
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adherent to all four matrix proteins com pared to node positive patients (Figure 6.14).
Despite optim um incubation conditions, correction for cell viability, and variation
in matrix concentrations, prim ary breast cancer adhesion from node negative patients
could not be increased to greater than 80% o f the total plated cells. W hile this may
be a lim itation o f using short term prim ary cultures, the consistent finding may
represent an inherent characteristic o f patient derived cells.

Prim ary breast cancer cells from node negative women dem onstrated a dose
dependent adhesion response to matrix protein concentration (Figure 6.11) but this
alone did not prove an integrin mediated phenom enon. Integrin interaction was
dem onstrated initially using the inhibitory tripeptide RGD with the inactive sequence
RGB as a control. The specific influence o f each integrin receptor was then assessed
using monoclonal antibodies directed against individual subunits. Both RGD and
appropriate integrin antibodies for a given matrix ligand reduced adhesion o f prim ary
breast cancer cells from node negative patients (Figures 6.12 and 6.13). At the
optimum inhibitory concentrations o f RGD (150 /-ig/ml) and m onoclonal antibodies
(75 /xg/ml), prim ary breast cancer cell-m atrix adhesion o f node negative women was
significantly reduced com pared to control wells using the paired W ilcoxon test
(Figures 6.17 - 6.24). Cell-m atrix adhesion o f prim ary breast cancers from node
positive w om en was not affected by inhibitory peptides or antibodies as these cells
had lost integrin expression. This data supports the hypothesis that prim ary breast
cancer cells that had lost integrin function were predisposed to metastasize. The
differences in integrin mediated prim ary breast cancer cell-m atrix adhesion with
nodal status were shown to be unrelated extrem e incubation times (Figures 6.10 and
6,15), m atrix protein (Figures 6.11 and 6.16) and inhibitor concentrations (Figures
6.12, 6.13 and 6.25).

RGD m ediated inhibition o f cell adhesion is a reflection o f integrin receptor function
in heterodim ers known to recognise this m otif on the extracellular m atrix. In node
negative w om en, breast cancer cell adhesion to fibronectin, vitronectin and laminin
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was significantly inhibited by RGD. The apparent inactivity o f RGD in collagen IV
is probably due to the relative unim portance o f this m otif as a recognition sequence
in cell adhesion to this ligand. H owever, RGD has been shown to have an im portant
role in the modulation o f cytoplasm ic calcium levels in pancreatic acini by collagen
type IV (Somogyi et al 1994). W e were unable to dem onstrate any RGD mediated
effect on cell adhesion to type IV collagen in this study.

Inhibition o f prim ary breast cancer cell-m atrix adhesion by monoclonal antibodies
in node negative w om en was generally predictable from know ledge o f integrin
receptor-1 igand interactions. Thus cell adhesion to fibronectin was inhibited by «3
and jSl; vitronectin by #1 and |85; laminin by « 2 , « 3 , «6 and |81; and type IV
collagen by « 2 , «3 and |81 (Figure 6.21 to 6.24). There w ere two interesting
exceptions: P1F6 (anti-j85) did not inhibit cell adhesion to fibronectin and 7F12 (antij83) failed to inhibit attachm ent to vitronectin. From this we can conclude that in
human prim ary breast cancer, av/35 is a vitronectin but not a fibronectin receptor
although it has been shown to be recognise both proteins in other cell types (Albeda
and Buck 1990). The av # 3 integrin did not influence cell-m atrix adhesion in human
breast cancer cells and this supports the finding in C hapter 4 .V that altered
expression o f j83 was not a determ inant o f nodal status.

6.Vn.v The relationship between integrin expression and function
There was a significant relationship between prim ary breast cancer integrin
expression and cell-m atrix adhesion with axillary nodal status (Table 6 . 8).
Im m unohistochem istry to measure integrin expression utilises a well established
technique that can be readily processed in a non-specialist laboratory. The
monoclonal antibodies that are currently available, how ever, require the use o f
cryostat tissue sections that may not provide as good m orphological detail as paraffin
em bedded m aterial. In contrast, the functional assay is time consum ing and labour
intensive, requiring im mediate specim en collection and dedication o f the following
day to the in-vitro experim ents.
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Im m unochem istry has been criticised as a method to investigate tum our progression
as it provides only a snapshot o f a dynam ic process. In addition, receptor expression
dem onstrated on special stains are not necessarily in an activated form . W e have
shown a strong relationship between integrin expression and adhesive function using
the

test with Y ates’ correction (Table 6.9). Absence o f integrin expression in

breast cancer cells was never associated with good cell-m atrix adhesion. Positive
integrin expression how ever was associated with poor adhesion to fibronectin in 3
out o f 20 (15% ) prim ary cancers. Corresponding proportions for the other matrix
proteins w ere 9% for vitronectin, 8.3 % for laminin and 26.1 % for type IV collagen.
The high false positive rate observed in the case o f cell adhesion to collagen may
have arisen because o f the complex relationship between the integrins and their
ligands. As of2/31 and «3/31 are both laminin and collagen receptors, positive integrin
expression measured using im munochem istry could have indicated a functional
relationship with either protein.

A nother reason for the observed discrepancy between integrin expression and
function in these data may be due to the non-availability o f monoclonal antibodies
against the «1 and a \ subunits. «IjSl is a laminin as well as a collagen receptor,
while av forms heterodim ers with /31, /53, P5, /36 and /58 as either fibronectin or
vitronectin receptors. Functional monoclonal antibodies against the /S6 and /38
integrins are not yet com m ercially available and their role in breast cancer
progression rem ains unknown.

As integrin expression and function w ere o f sim ilar value as predictors o f nodal
status (Table 6.8 and 6 .9 ), evaluation o f the integrins by im m unochem istry (as
described in Chapters 3 to 5) is a more practical method for further developm ent o f
the clinical score (Chapter 4.V II.ii) to predict nodal status in breast cancer. The
heterodim ers listed in Table 6 .10 are proposed as the principle integrin determ inants
o f tum our progression in human breast cancer.
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Table 6.10 Integrin determinants of nodal status in human breast cancer

M atrix protein

Integrin heterodim ers

Fibronectin

(x3j81, ?aV|81

Vitronectin

av/81, av/35

Laminin

a20l, «3/31, «6/81, ?«1/81

Type rv collagen

«2/81, «3/81, ?«1/81

6.Vn.vi Conclusions
Im m unom agnetic separation is a reliable method o f isolating hum an tum our cells for
short term in-vitro functional studies. W e have shown that prim ary breast cancer
cells from node negative women are significantly m ore adherent to fibronectin,
vitronectin, laminin and type IV collagen com pared to cells from node positive
women. The role o f the integrins in the regulation o f prim ary breast cancer cellmatrix adhesion was dem onstrated by appropriate inhibition o f attachm ent by RGD
and

integrin

monoclonal

antibodies.

Integrin

expression

measured

by

im m unochem istry correlate well with integrin function. These data support the
hypothesis that prim ary breast cancer cells from node positive w om en, that have lost
integrin expression, are less adhesive to the extracellular m atrix and might
predispose to metastasis.
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Chapter 7
Integrin regulation of tumour adhesion and invasion in
breast cancer cell lines

7.1 Introduction
7.1.1 Background
In Chapter 6 , prim ary breast cancer cells obtained from individual patients with
known tum our characteristics using im m unom agnetic separation w ere applied in a
novel approach to assess cell-m atrix adhesion. Conventional methods to evaluate
tum our progression entail the use o f propagated cell lines. M C F-7, T47D , M DAM B-231, ZR-75-1 and H s578T are probably am ongst the most widely used breast
cancer cell lines cited in in-vitro studies. The relationship between integrin mediated
tum our cell adhesion and invasion in a series o f breast cancer cell lines has never
been reported. The experiments in this Chapter were designed to evaluate the
integrins as adhesion receptors in breast cancer cell invasion through matrix proteins.
Identical matrix proteins and integrin monoclonal antibodies to that used in the
evaluation o f patient derived prim ary breast cancer cells w ere studied to enable the
adhesive properties o f M CF-7, T47D , M DA-M B-231, ZR-75-1 and H s578T to be
com pared. As these cell lines are readily available, the five clones studied also
served as a means o f validating the methodology o f the in-vitro adhesion assay
described in Chapter 6 .

7.I.Ü Properties of the breast cancer cell lines
The M C F-7, T47D , M DA-M B-231, ZR-75-1 and Hs578T hum an breast cancer cell
lines have been extensively used and characterised (O 'H are 1991). The site o f origin
from which each o f these cell lines were derived can be broadly categorised into
prim ary or metastatic. The salient features o f the cell lines used in this study are
summarised in Tables 7.1 and 7.2. Differences in the steroid receptor and c-erbB-2
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status between the cell lines was not considered to be an im portant variable as we
had dem onstrated no relationship between integrin expression and either o f these
receptors in hum an breast cancer (Chapter 4 .IV .v iii and ix respectively).

Table 7.1 Origins and grow th rates o f com m only used breast cancer cell lines

Line

Source

Doubling time (hours)

MCF-7

Pleural effusion

36

T47D

Pleural effusion

32

MDA-MB-231

Pleural effusion

16

ZR-75-1

Ascitic effusion

80

Hs578T

Primary

72

Table 7.2 Cell surface markers o f com monly used breast cancer cell lines

Line

ER

PR

c-erbB2

EGFR

MCF-7

-1-

-h

4-

4-

T47D

-1-

+

?

?

MDA-MB-231

-

-

?

?

ZR-75-1

-H

4-

4-

4-

Hs578T

-

-

?

?

7.n Materials
7.n.i Cell culture work
The

materials

required

for cell culture propagation,

resuscitation,

storage,

enum eration and in-vitro adhesion are listed in Chapter 6 .II.i. Additional m aterials
for cell line culture and in-vitro invasion studies are listed here.
The M C F-7, T47D , M DA -M B-231, ZR-75-1, H s578T hum an breast cancer
and 3T3 fibroblast cell lines were obtained from the European Collection o f
Animal Cell Cultures (ECACC) in Porton Down, Salisbury, W iltshire.
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Matrigel™ (C ollaborative Biomedical Products, O xford)
Cell culture inserts with uncoated 8 micron porous filters with com panion 12
well plates (Stratech Scientific Ltd, Luton, Bedfordshire)

T.n.ii Solutions for cell culture
Culture medium for routine cell propagation and growth
Basic cell culture medium required to support M C F-7, T 47D , M D A -M B-231, ZR75-1 and H s578T and the supplements w ere defined by the EC A C C . All basic
culture medium was routinely supplem ented with 10% fetal bovine serum (PBS),
glucose 4.5 g/1, sodium pyruvate 100 mg/1, L-glutam ine 4 mmol/1, non-essential
am ino acids 10 ml/1, penicillin 100 U /m l, streptom ycin 100 /ig/m l. Polym yxin B 50
U /m l. The specific requirem ents o f each cell line for propagation differed only in
the basic culture medium and any additional special supplem ents used (Table 7.3).
All culture medium was warmed to 37°C in a water bath before use.

Table 7.3 Basic culture medium and special supplements required for breast cancer
cell propagation. Routine supplements added to the medium is given in the text.

Cell line

Basic culture medium

MCF-7

MEM

T47D

DMEM

MDA-MB-231

RPMI 1640

ZR75-1

RPMI 1640

Hs578T

DMEM

Additional special supplements

10 /tg/ml bovine insulin.

Culture medium for resuscitation o f cell lines from storage
The culture medium and supplements w ere previously defined with the exception that
20% instead o f 10% PBS was used.
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7.ni Cell culture methods
T.m .i Routine propagation of cell lines
Cells w ere grow n in either 25 cm^ or 150 cm^ flasks in appropriate basic culture
medium , routine and special supplements (7.II.Ü). All cells were propagated at 37°C
in a 5 % CO 2 enriched atm osphere in a clean hum idified incubator, except M CF-7
which did not require supplem entary COj.

7 .n i.ii Harvesting cells for routine subculture
Subconfluent cell cultures w ere harvested using 0.05% w /v trypsin in a 0.02%
EOTA solution. The breast cancer cells w ere washed in appropriate culture medium
(T.II.ii) and recovered by centrifugation at 900 rpm . Cells w ere resuspended in
appropriate culture medium to give a ratio after splitting o f each passage o f
approxim ately 1:4 or 2 - 4 x 10^ cells/cm ^

7.ni.iii Harvesting cells for use in in-vitro assays
Each o f the five cell lines were grow n to subconfluence, harvested (T.III.ii), and
resuspended in culture medium appropriate to each cell line type (7.11.ii) but without
PBS. Cells were counted using a haem ocytom eter and cell viability assessed by
trypan blue exclusion (Chapter 6 .III.iii). The relevant num ber o f cells were added
to the in-vitro adhesion or invasion assays as required.

7.IH.iv Freezing cells for storage
Cells w ere harvested as for routine subculture, washed in appropriate culture
medium and recovered by centrifugation at 900 rpm for 5 minutes. Freezing medium
was prepared using the appropriate culture medium (7.1I.Ü) with 20% FBS and 10%
dim ethyl sulphoxide. The cell pellet was resuspended in freezing medium to give a
final concentration o f 4 x 10^ cells/m l and 1 ml o f this suspension added into 1.5 ml
freezing am poules. Cells w ere frozen at -10°C for 4 hours before storage at -70°C
in liquid nitrogen.
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T.ni.y R esu scitatio n o f cells fro m fro zen sto rag e
Each am poule containing 4 x 10^ cells/m l was warmed at room tem perature for 1
minute before transfer to a w ater bath at 37°C for 2 minutes. 0.5 ml o f appropriate
culture medium was added to each am poule and the contents transferred into a sterile
universal container. The cell suspension was washed in appropriate culture medium
and recovered by centrifugation at 900 rpm . Cells were resuspended in 5 ml o f
appropriate culture medium with 20% FBS, transferred into 25 cm^ cell culture
flasks and incubated at 37°C in a hum idified 5 % C O 2 environm ent. W hen confluence
was achieved, cells were harvested and grow n in 150 cm^ cell culture flasks.

7 IV M eth o d s: in te g rin expression a n d ad h esio n in b re a st c a n c e r cell lines
T .rV .i In te g rin ex pression in b re a s t c an c er cell lines
M C F-7, T47D , M DA -M B-231, ZR-75-1 and Hs578T w ere harvested (7.III.iii) to
give cell counts o f approxim ately 1 x 10^ per ml. 100 /xl o f the cell suspension was
pipetted onto a glass slide and an even sm ear prepared by spreading the droplet with
another glass slide held at 45° to the first. Each sm ear was im m ediately snap frozen
in liquid nitrogen to prevent loss o f m orphological detail. Integrin expression was
measured using im m unochem istry and graded by two assessors (C hapter 3.111.iii).

7 .rV .ii In-vitro assessm ent o f b re a st c an c er cell line ad h esio n to m a trix p ro tein s
Graded am ounts o f fibronectin, vitronectin, laminin and type IV collagen were used
to coat 96 well plates as described in C hapter 6 .IV .i. M C F-7, T 47D , M DA-M B231, ZR-75-1 and H s578T cell lines were harvested and 500 cells added to each
w ell. Control wells w ere coated with bovine serum album in (BSA) to prevent non
specific adhesion to tissue culture plastic.

Specific integrin m ediated adhesion was tested by incubating each breast cancer cell
line with known inhibitors o f integrin function. The active tripeptide RGD was used
to evaluate overall integrin function, with the inactive tripeptide RGE as a control.
The specific influence o f each subunit was evaluated using m onoclonal antibodies.
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The choice o f inhibitors for each set o f experim ents varied with the matrix protein
being studied (Table 6.1). All experim ents were run in triplicate and adherent cells
enum erated using the M TT assay (Chapter 6 .IV .iii) with standard curves for each
cell line at every experim ent obtained using a buffer blank, and wells containing
125, 250 and 500 cells. Standard curve assays were plated onto a fibronectin matrix

(100 /ig/m l) and run in parallel with the test wells to take into account any local
factors affecting cell proliferation and death.

7.V Methods: breast cancer cell Invasion studies
T.V.i The apparatus
The in-vitro invasion assay used was a modification o f the Boyden chemotaxis
cham ber described by Albini et at 1987 (Figure 7.1). Each cell culture insert
consisted o f a plastic well with an 8 m icron porous filter as its base. The insert was
suspended by the rim in a com panion well plate filled with conditioned chem otactic
medium (7.V.Ü). The filter was manufactured as a polyethylene terephthalate (PET)
track-etched m em brane with 8 micron cylindrical pores designed to optim ise cell
invasion. The PET filter provided a durable support for cell enum eration, either by
the counting o f stained cells using light m icroscopy or by M TT uptake.

The filter was coated with purified human matrix proteins. Fibronectin was used to
represent an interstitial matrix protein, while laminin, type IV collagen and M atrigel
w ere studied as basem ent m em brane proteins. M atrigel is a solubilised basem ent
m em brane preparation obtained from the Engelbreth-H olm -Sw arm mouse sarcom a,
the principle constituents o f which are laminin, type IV collagen, heparan sulphate
proteoglycans, entactin and nidogen in addition to natural soluble factors such as
TGF/3, fibroblast growth factor and tissue plasm inogen activator (Kleinm an et al
1982).

209

Figure 7.1 Apparatus to assess chemoinvasion o f breast cancer cell lines in-vitro

cell

C

culture

....

8 micron

companion

insert

filter
well

T.V.il Preparation of conditioned medium
3T3 fibroblasts w ere grow n to confluence in 150cm^ cell culture flasks in DM EM
supplem ented with 10% FBS, glucose 4.5 g/1, sodium pyruvate 100 mg/1, nonessential am ino acids 10 ml/1, penicillin 100 U /m l, streptom ycin 100 /xg/ml and
Polym yxin B 50 U /m l. Once confluent, the medium was discarded and the cells
incubated in serum free D M EM and 50 /xg/ml ascorbic acid for 24 hours. Soluble
factors secreted by the fibroblasts form ed the active com ponents o f the conditioned
chem otactic medium. The conditioned medium was centrifuged at 900 rpm for 5
minutes to rem ove any cells in suspension and used im mediately after preparation.
Aliquots o f 1.7 ml w ere added to each well o f the 12-well com panion plates.

7.V.ili Coating of cell culture inserts
The coating procedure was based upon methods described by Albini et al (1987) and
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Terranova et al (1986). The am ount o f matrix protein required to coat each filter
was calculated for the effective surface area o f 0.83 cm^ available for cell invasion.
F ib ro n e c tin a n d lam in in

1 mg o f each o f lyophilised fibronectin or laminin was diluted in 10 ml o f serum
free, phenol red free DM EM . Aliquots o f 200 ^1 containing 0.02 mg o f either
protein was added into each insert to give a final matrix coating o f 0.024 mgcm ^.
C ollagen tv n e IV
5 mg o f type IV collagen was diluted in 60% ethanol to give a final w eight for
volum e concentration o f 1:4 at 4°C. 0.1 mg o f type IV collagen was added to each
well to give a final coating concentration o f 0.120 mgcm'^ per insert.
M atrig el
The stock solution o f M atrigel was diluted in cold sterile distilled w ater at 4°C.
Aliquots o f 150 ix\ were added to each cell culture insert.

Cell culture inserts containing the matrix protein solutions w ere partially covered and
airdried in a lam inar flow cabinet overnight. Com plete evaporation usually occurred
within 12 hours. Inserts in which patchy coating was observed at x4 m agnification
using an inverted light microscope were discarded. Coated cell culture inserts could
be stored at 4°C for up to 2 weeks with no loss o f m atrix protein activity. All coated
inserts w ere rehydrated in DM EM for 30 minutes prior to use.

7.V.ÎV T h e in-vitro invasion assay

M C F-7, T47D , M DA -M B-231, ZR-75-1 and Hs578T breast cancer cells were
harvested and recovered as described in 7.III.iii. Each cell line was resuspended in
appropriate medium (7.II.ii) with 0.1% BSA but without FBS to give a final
concentration o f 10,000 cells/m l. Aliquots o f 5(X) fi\ (containing 5000 cells) were
added to each insert and placed into the com panion well plates that had been pre
filled with chem otactic m edium.

211

The in-vitro invasion system was incubated at 37°C in a hum idified 5% CO 2
environm ent for 24 hours. The invasive capability o f breast cancer cell lines through
each matrix protein was evaluated by incubation in the absence o f inhibitory
antibodies. The specificity o f the integrins in determ ining cell invasion was evaluated
by the addition o f monoclonal antibodies against the jSl, j83 and ]85 subunits, where
appropriate, for each matrix protein (Table 7.4).

Table 7.4 Integrin subunits assayed in in-vitro studies o f invasion

Matrix protein

Integrin

Fibronectin

/31 and /35

Laminin
Type rv collagen

|81

Matrigel

/3l,/33 and/35

The im portance o f cell-m atrix adhesion in tum our invasion was assessed in
chem oinvasive cell lines by varying the timing o f the addition o f the integrin
antibodies. The antibodies were either pre-added to the cell suspension prior to
plating into the upper cham ber to inhibit cell-m atrix adhesion (these wells were
labelled T q), or added one hour after the cells had been plated thus allowing cellmatrix adhesion to occur (labelled T J . At the end o f the incubation period, excess
medium in the upper cham ber was discarded and the upper surface o f the filter
scrubbed with cotton buds to rem ove the matrix protein coat and non-invasive cells.
The invasive cells, now adherent to the low er surface o f the filter, w ere enum erated
using the M TT assay. In prelim inary validation studies, this was com pared to
absolute cell counts obtained using the com puter assisted A xioH O M E.
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7.V .V E n u m e ra tio n o f invasive ceils using th e M T T assay

The 8 m icron porous filter was carefully cut free from the cell culture insert and
placed invasive surface (previously inferior) upperm ost in 24 well plates filled with
150 (jl\ o f M TT at 2 m g/m l as described in C hapter ô.IV .iii. Each excised insert
measured 10.3 mm in diam eter and thus fit in each well w ithout curling. This was
incubated for three hours and the form azan dye converted by live cells solubilised
using 150 /xl o f DM SO. The resulting solution was transferred into 96 well plates
to be read in a m icrotitre plate reader. Invasive cells that failed to adhere to the
undersurface o f the filter would fall into the well and were enum erated by inspection
using an inverted microscope in addition to incubation with M TT. Standard curves
for each experim ent w ere prepared in triplicate using a buffer blank, and wells with
250, 500, 1000, 2500 and 5000 cells.

T.V .vi E n u m e ra tio n o f invasive cells using A xioH O M E
Invasive cells adherent to the lower surface o f the filter were stained using the
Giem sa technique (Chapter 5.11.iv). Each cell culture insert was sequentially
incubated in baths set up in 12 well plates containing the 99.8% methanol fixative,
the M ay-Griinewald and Giem sa staining solutions and the pH 6.8 buffer. The inserts
were inverted (so that the stained cells were uppermost) and airdried overnight in a
lam inar flow cabinet. The filters were then cut free, mounted on to glass slides using
DPX to fix the coverslips and the invasive cells photographed or enum erated using
the A X IO H O M E system (Chapter 6 .V.Ü).

7.V.VÜ A n alysis o f data

Integrin expression measured using im m unocytochem istry was graded by two
independent assessors with consensus agreem ent w henever required on a scale o f to 4 + as described in C hapter S .lll.iii. For functional studies, all data sets were
expressed as the mean num ber o f cells with the standard error.
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7. VI Validation of methodology
T.VI.i Cell enumeration of breast cancer cell lines
The M TT assay provided an efficient method to enum erate patient derived cells in

in-vitro adhesion studies (Chapter 6 .V.Ü). In the evaluation o f chem oinvasion, cell
line enum eration by the M TT assay was confirm ed to be accurate com pared to
absolute cell counts quantified using A xioHOM E. Data illustrating this for the M CF7 cell line is shown in Table 7.5.

Table 7.5 Com parison o f Hs578T chem oinvasion by M TT assay and A xioH OM E

Cells plated
0

MTT assay

Axiohome
0

0

125

132 (11.6)

134 (15.1)

250

242 (21.2)

256 (17.2)

500

489 (13.2)

505 (5.1)

1000

993 (27.5)

1035 (34.5)

2500

2527 (27.5)

2491 (24.2)

5000

5015 (20.4)

4997 (18.6)

7.VI.11 Validation of control systems used to assess breast cancer cell adhesion
Cultured cell readily adhere to the plastic surfaces o f well plates. Control wells for
this study therefore required a mechanism to abrogate this non-ligand specific
adhesion. Bovine serum album in (BSA) has been described as a method to achieve
these conditions (Elices et al 1990). BSA was found to reduce cell adhesion to tissue
culture plastic even at 0.1 fxg/m\ (Figure 7.2). Control wells in experim ents on cell
adhesion were therefore coated with 100 /xg/ml o f BSA.
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Figure 7.2 Cell adhesion to tissue culture plastic and bovine serum albumin
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T.VI.iii Validation studies on cell survival times
All the breast cancer cell lines studied survived beyond the incubation period
required for the adhesion and invasion assay. Growth became detectable only after
24 hours and was similar for cells plated onto uncoated plastic wells and those
incubated on a defined matrix protein (Figure 7.3).

T.VI.iv The integrity of the matrix protein coat in assays of in-vitro invasion
The non-invasive benign 3T3 fibroblast cell line was used to determ ine that breast
cancer chemoinvasion across the 8 micron porous filter was not due to dissolution
of the matrix coat over the 24 hour incubation period. Five thousand 3T3 cells were
added into cell culture inserts coated with 100 /xg/ml of each matrix protein and
incubated for up to 42 hours under standard conditions. When the matrix protein
dissolved, passage o f 3T3 across the porous filter was enhanced by the conditioned
medium in the lower chamber acting as a chemotactic agent (Figure 7.4).
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Figure 7.3 Cell survival and proliferation on (a) fibronectin, (b) vitronectin,
(c) laminin, (d) type IV collagen and (e) uncoated plastic
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Figure 7.4 Migration o f benign fibroblasts through dissolving matrix protein coats:
(a) fibronectin, (b) laminin, (c) type IV collagen, (d) Matrigel and (e) uncoated
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7.Vn Results: integrin expression and adhesion in breast cancer ceil lines
7.Vn.i Integrin expression in breast cancer cell lines
Integrin expression in the M C F-7, T47D , M DA -M B-231, ZR-75-1 and Hs578T
breast cancer cell lines w ere determ ined using im m unocytochem istry (Table 7.6). An
exam ple o f positive integrin staining in the H s578T cell line is shown in Figure 7.5.

Table 7 .6 Integrin expression in com monly used breast cancer cell lines

MCF-7

T47D

MDA-MB-231

ZR-75-1

Hs578T

al

1+

-

14-

-

14-

a2

-

-

14-

24-

14-

o3

1+

4-

2+

34-

24-

a6

-

-

24-

24-

24-

av

24-

\+

2+

2+

24-

/31

14-

14-

2+

34-

2+

/33

1+

-

1+

-

14-

/34

-

14-

-

-

-

05

1+

-

\+

24-

14-

1+ = weak; 24- = moderate; 34- = strong; - = negative expression
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Figure 7 .5

P ositive staining o f a3j81 in H s578T breast cancer cells (x400)
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7.VII.Ü Adhesion to the extracellular matrix

The effect of increasing incubation periods on breast cancer cell-matrix adhesion is
shown in Figure 7.6. Maximal adhesion was found to occur at 20 minutes, which
was used in further studies as the optimum incubation time for each cell line. The
relationship between breast cancer cell adhesion to matrix protein concentrations is
shown in Figure 7.7. Maximal adhesion occurred at 100 jug/ml o f each protein
which was therefore selected as the optimum concentration for further studies.

7. VII.ill Inhibition of cell-matrix adhesion by RGD and integrin antibodies
The inhibitory effect of increasing concentrations o f RGD on breast cancer cell line
adhesion to 100 jug/ml of each of fibronectin, vitronectin, laminin and type IV
collagen is shown in Figure 7.8. The inactive tripeptide RGE was used as a control
(Figure 7.9). The data showing inhibition o f breast cancer cell adhesion to matrix
proteins by appropriate integrin antibodies is shown in Figures 7.10 to 7.13.
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Figure 7.6 Adhesion o f breast cancer cells with varying incubation times to
(a) fibronectin, (b) vitronectin, (c) laminin, (d) collagen IV and (e) BSA
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Figure 7.7 Breast cancer cell adhesion to varying concentrations o f (a) fibronectin,
(b) vitronectin, (c) laminin, (d) collagen IV and (e) bovine serum albumin
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Figure 7.8 RGD effect on breast cancer cell line adhesion to (a) fibronectin,
(b) vitronectin, (c) laminin and (d) type IV collagen
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Figure 7.9 RGE effect on breast cancer cell line adhesion to (a) fibronectin,
(b) vitronectin, (c) laminin and (d) type IV collagen
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Figure 7.10 Inhibition o f breast cancer cell attachment to fibronectin by
(a) P1B5, (b)mabl3 and (c) P1F6
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Figure 7.11 Inhibition o f breast cancer cell attachment to vitronectin by (a) mabl3,
(b) 7F12 a n d (c )P lF 6

(b)

(a) mab 13

Num ber o f cells

N um ber o f cells
500

7F12

500

5—

250

250

--------------- A
A —

0

(c)

50

0

100

0

100

50

150
7F12 (ng/m l)

—O — M CF-7

- V — ZR-75-1

150
mab 13 (pg/m l)

P1F6

N um ber o f cells

= 0

500

Key:

250

0

50

100

150

P1F6 (ng/ml)

225

—

T4 7 D

O

—^

M DA-M B-231

H s578T

Figure 7.12 Inhibition o f breast cancer cell attachment to laminin by (a) P1E6,
(b) P1B5, (c) CLB-701 and (d) mab 13
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Figure 7.13 Inhibition o f breast cancer ceU attachment to type IV collagen
by (a) P1E6, (b) P1B5 and mab 13
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7.Vin Results: breast cancer cell line in-vitro invasion studies
T.Vni.i Breast cancer chemoinvasion through matrix proteins
Chem oinvasion o f M C F-7, T47D , M DA-M B-231, ZR-75-1 and H s578T through
each o f fibronectin, lam inin, collagen and M atrigel is shown in Figure 7.14.

7.V ni.ii Quantification of non-adherent invasive cells
Breast cancer cell invasion through fibronectin was used to show that chem oinvasive
cells usually adhered to the low er surface o f the filter and only rarely fell into the
com panion well plate. Both the M TT assay and light m icroscopy was used to assess
cells that had detached from the filter after successful invasion. The M TT assay was
dependent on the cells becom ing adherent to the com panion w ell, while light
m icroscopy would detect those cells remaining in suspension (Table 7.7).

Assessment with trypan blue showed that the cells that had fallen into the com panion
well plate failed to exclude the dye and were unviable after invasion through the
filter. In view o f the small numbers concerned, quantification o f these cells was
considered unnecessary in further experim ents.

Table 7.7 Breast cancer cell invasion through fibronectin to dem onstrate minimal
detachm ent from the lower surface o f the filter

Cell line

Lower surface of insert

Companion well plate

MTT assay

MTT assay

Light microscopy

MCF-7

441.4 (54.5)

7 (2 .1 )

T47D

287.6 (76.7)

0

MDA-MB-231

131.9 (28.3)

0

ZR-75-1

80.9 (33.6)

0

Hs578T

2204.3 (100.5)

15 (3.6)
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Figure 7.14 Chemoinvasion o f breast cancer cell lines through (a) fibronectin,
(b) laminin, (c) type IV collagen and (d) Matrigel
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T.Vm.iîi Inhibition of invasion by integrin inhibitors
Inhibition o f chem oinvasion o f M C F-7, T47D , M DA-M B-231, ZR-75-1 and Hs578T
cells in-vitro through the interstitial matrix was evaluated using fibronectin, while
invasion through the basem ent m em brane was assessed using lam inin, type IV
collagen and M atrigel. M ab lS , 7F12 and P1F6 were used w here appropriate (Table
7.4) to investigate the potential interactions between the jSl, jSS and /35 integrins with
their respective ligands. Inhibition o f chem oinvasion integrin monoclonal antibodies
was evaluated using breast cancer cell lines identified in 7 .V III.i in w hich greater
than 20% o f cell invasion occurred under standard assay conditions. These were
Hs578T through fibronectin, and both M DA-MB-231 and H s578T through each o f
lam inin, type IV collagen and M atrigel. The inhibitory responses o f increasing
concentrations o f integrin antibodies on cell invasion through each m atrix are shown
in Figures 7.15 to 7.17. M aximal inhibition o f chem oinvasion was achieved at 100
^g/m l o f each integrin antibody, which was therefore used as the concentration to
assess invasion o f breast cancer cell lines in-vitro (Figure 7.18).

T.Vni.iv The relationship between cell adhesion and chemoinvasion
The influence o f cell adhesion on chem oinvasion was assessed by varying the tim ing
o f the addition o f inhibitory monoclonal antibodies to the in-vitro invasion system.
This was studied using the chem oinvasive Hs578T and M DA-M B-231 cell lines.
Mab 13 and P1F6 were used as integrin inhibitors in the assessm ent o f fibronectin
(Figure 7.19), and mab 13 alone was evaluated for the basem ent m em brane proteins
lam inin, type IV collagen and M atrigel (Figure 7.20).
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Figure 7.15 Dose related inhibition of chemoinvasion o f Hs578T by mab 13
and P1F6 through fibronectin
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Figure 7.16 Dose related inhibition of cheminvasion o f MDA-MB-231
and Hs578T by mab 13 through (a) laminin and (b) type IV collagen
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Figure 7.17 D o se related inhibition o f chem oinvasion o f M D A -M B -231 and
H s5 7 8 T through M atrigel by (a) mab 13, (b ) 7 F 12 and (c ) P1F6
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Figure 7.18 Inhibition o f chemoinvasion by integrin antibodies: (a) fibronectin,
(b) laminin, (c) type IV collagen and (d) Matrigel
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Figure 7-19 The effect o f timing the addition o f (a) mab 13 and (b)P lF 6 on
MDA-MB-231 and Hs578T chemoinvasion through fibronectin
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Figure 7.20 The effect of timing the addition o f mab 13 on chemoinvasion
through (a) laminin, (b) collagen IV and (c) Matrigel
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7.IX Discussion
T.IX.i Integrin expression in breast cancer cell lines compared to human tissue
The M C F-7, T47D , M DA -M B-231, ZR-75-1 and Hs578T breast cancer cell lines
all expressed the j81 subunit, but expression o f com plim entary a subunits varied
(Table 7.6). In benign human breast tissue, the |S1 integrins w ere consistently
expressed on luminal and m yoepithelial cells (Table 3.3) but, in contrast, w ere only
present in 60% o f breast cancer sections (Table 3.6). The

subunit was not present

in any o f the 5 cell lines studied. In human tissue, the j54 subunit was only found in
normal m yoepithelium but not in breast cancer cells. Expression o f the aw^3 and
avi85 integrins in breast cancer cell lines w ere variable. In hum an tissue, these
integrins w ere mainly present in m yoepithelium , but rarely in luminal and breast
cancer cells. The significance o f positive expression o f the ^3 and j85 integrins in
several o f the cell lines studied in relation to in-vivo function is uncertain but might
relate to a non-epithelial phenotype in long term cultured breast cancer cells.

The m ajority o f patient derived prim ary breast cancer cells o f w om en with axillary
metastasis had lost a l , « 2 , « 3 , « 6 , a v , ^1 and /35 integrin expression and function
(Chapter 4 .IV .i). M etastatic breast cancer cells were also shown to dem onstrate low
integrin expression (Chapter 3.VII.Ü). Integrin expression in breast cancer cell lines,
how ever, appeared to be maintained whether derived from a prim ary source such as
Hs578T, or from metastatic effusions such as M C F-7, T47D , M DA-M B-231 and
ZR-75-1 (Table 7.1). Although the staining intensity in M C F-7 and T47D cell lines
was less than that o f M DA -M B-231, ZR-75-1 and H s578T (Table 7 .6 ), there was
no obvious differential integrin expression between cell lines derived from prim ary
and secondary origins, unlike in in-vivo human sections. The possible reasons for
this is considered in conjunction with integrin function in 7.IX .Ü .

7.IX.Ü Integrin expression and adhesive function in breast cancer cell lines
Fibronectin and vitronectin were used

in in-vitro cell adhesion

assays as

representatives o f the interstitial matrix while laminin and type IV collagen were
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used to study cellular interactions with the basem ent m em brane. M aximal adhesion
o f M C F-7, T47D , M DA -M B-231, ZR-75-1 and H s578T cells to each matrix protein
was achieved within 20 minutes o f incubation (Figure 7.6). Optim um incubation
times required by breast cancer cell lines for ligand specific adhesion was shorter
than that o f 4 hours needed by patient derived prim ary cultures (Chapter 6 .VI.Ü).
W hile tem pting to speculate that this difference was an inherent characteristic o f
short term patient derived cells, the reason for this variation may be related to
changes induced in the prim ary cultured cells following im m unom agnetic separation
that required a recovery period to return to normal m etabolic activity. Cell
proliferation and cell death were not considered to be im portant variables in this
study due to the short incubation times.

The incubation period o f 20 minutes required to achieve maximal cell-m atrix
adhesion corresponded to known activation times o f the p p l2 5 /û ^ signalling pathway
(Burridge et al 1992). Non-ligand specific cell adhesion probably utilises similar
secondary messengers for intracellular signalling, but activation is likely to be
triggered by different mechanisms such as altered cell shape consequent upon
binding to plastic (Hynes 1994). This difference in secondary m essenger activation
could account for the longer incubation period o f 60 minutes required by cell lines
to adhere to uncoated plastic wells (Figure 7.6).

M CF-7, T47D , M DA -M B-231, ZR-75-1 and H s578T all dem onstrated specific
ligand binding to the extracellular matrix by increasing cell attachm ent to greater
concentrations o f fibronectin, vitronectin, laminin and type IV collagen (Figure 7.7).
M aximal cell adhesion was achieved at 100 /^g/ml o f each m atrix protein for all the
five breast cancer lines studied (Figure 7.7). Although the adhesion curves o f the
M C F-7, T47D and ZR-75-1 cells plateaued at the lower m atrix concentration o f 10
/xg/ml, there was no difference in the adhesion profile o f the cell lines derived from
prim ary tum ours com pared to the cell lines derived from m etastatic effusions.
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The specificity o f integrin receptors in mediating breast cancer cell-m atrix adhesion
was assessed using the tripeptide RGD and inhibitory m onoclonal antibodies. RGD
inhibited breast cancer cell attachm ent to fibronectin and vitronectin in a dose
response m anner com pared to the inactive control peptide RGB. M axim al inhibition
o f adhesion was achieved at an RGD concentration o f 150 ^g /m l. The RGD m otif
is present in the prim ary structures o f fibronectin and vitronectin and has been
shown to have an im portant role in mediating integrin interaction betw een cells and
the extracellular matrix (Y am ada et al 1990). In contrast, RGD did not inhibit breast
cancer cell attachm ent to type IV collagen. Integrin mediated cell adhesion to type
IV collagen is therefore likely to be independent o f the RGD epitope.

The role o f the RGD sequence in the recognition o f lam inin is controversial
(Hum phries 1990). Figure 7.8 (c) shows that only three o f the five breast cancer cell
lines studied dem onstrated an RGD response. This observation may be due to the
differential expression o f the various integrin receptors for lam inin on breast cancer
cell lines. M CF-7 and T47D , cell lines that failed to dem onstrate an RGD inhibitory
response, both lacked a2/?l and «6/31 but expressed a3|81. In contrast, the M DAM B-231, ZR-75-1 and Hs578T cell lines all expressed a2j81, a3j81 and a 6# l . The
«3/31 integrin com m on to all five cell lines thus probably interacts with laminin via
an alternative recognition epitope to RGD.

The extent o f cell-m atrix adhesion inhibited by RGD (Figure 7.8) was less than that
induced by monoclonal antibodies (Figures 7.10-7.13) for a given substrate. There
are several possible reasons for this observation, the m ost im portant o f which is due
to the short linear structure o f RGD that lacks the ability to exert a three dimensional
effect on receptor-1 igand interaction (Greenspoon et at 1993). RG D sequences that
are not part o f a m acrom olecular matrix protein structure are thus unable to abrogate
com pletely integrin function (Main et al 1992) nor provide m ultiple recognition sites
for integrins (Ruoslahti and Pierschbacher 1987). In contrast, m onoclonal antibodies
being larger structures were able to interact in three dim ensions at m ultiple sites with
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integrin receptors, thus exerting greater inhibition on cell-matrix adhesion.

W hile RGD provided general inform ation on integrin interaction, specific data on
individual integrin subunits w ere obtained using inhibitory m onoclonal antibodies.
The role o f the integrins in the regulation o f breast cancer cell adhesion to
fibronectin was assessed using antibodies against the « 3 , |S1 and ^5 subunits.
M aximal inhibition o f attachm ent to fibronectin was achieved at 75 ^g /m l in cell
lines expressing these integrins. T47D cells that did not express the /35 subunit on
im m unocytochem istry failed to dem onstrate an inhibitory response to P1F6 (Figure
7.10). Inhibition o f T47D cell attachm ent by P1B5 suggests that «3/31 is the main
integrin receptor by which these cells interact with fibronectin.

Inhibition o f cell attachm ent to fibronectin was not always reduced to levels observed
in control wells coated with BSA despite high concentrations o f monoclonal
antibodies (Figure 7.10). Com plete inhibition was observed in the M CF-7 cell line
by antibodies against the «3 and /31 subunits, and in the M DA-M B-231 and ZR-751 cell lines by antibody against the 135 subunits. W e can deduce from these
observations that these integrins are the principle receptors by which these cell lines
attach to fibronectin. Inhibition o f cell-m atrix adhesion by P1B5, mab 13 and P1F6
was incom plete in the majority o f wells due to the expression o f m ultiple integrin
receptors that allowed overlap o f function. Inhibition o f a single integrin receptor
type would thus not com pletely abrogate cell adhesion to a given m atrix protein.

M onoclonal antibodies against the /31, /83 and |85 subunits w ere used to evaluate
integrin m ediated cell adhesion to vitronectin. M aximal inhibition o f attachm ent was
achieved at 75 /xg/ml o f each antibody in all the cell lines with the exception o f
T47D . T47D cells had been shown to express the /31 but not the |53 and /35 integrin
subunits (Table 7.11). Lack o f inhibition o f T47D cell attachm ent to vitronectin by
7F12 and P1F6 was therefore expected but the absence o f inhibition by mab 13 was
surprising. Increasing mab 13 concentrations to 300
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failed to elicit an

inhibitory response. As T47D dem onstrated specific ligand binding to vitronectin
(Figure 7.7 (b)) that was inhibited in a dose response m anner by RGD (Figure 7.8
(b)), hitherto unidentified RGD dependent integrin receptors to vitronectin are likely
to be present on T47D cells. The absence o f an inhibitory response o f ZR-75-1 cell
attachm ent to vitronectin by 7F12 was expected as the /83 receptor was not
dem onstrated by im m unocytochem istry.

Breast cancer cell adhesion to laminin was inhibited in a predictable m anner (Figure
7.12) by one or more o f the « 2 ,

«3,

a6 and jSl integrins detected by

im m unocytochem istry (Table 7.6). A ttachm ent o f the M CF-7 and T47D cell lines
to laminin were unaffected by P1E6 and CLB-701 as both lines did not express the

Oil and « 6 integrins. Inhibition o f attachm ent o f the M DA-M B-231 cell line by P1B5
and mab 13, and the H s578T cell line by P1B5 approached that o f the control wells
coated with BSA (Figure 7.12). Complete abrogation o f the adhesion response
suggests that these are the principle receptors for laminin found on these cell lines.
The o;2, o;3 and

integrins interact with collagen on the extracellular matrix.

Breast cancer cell lines expressing these integrins were inhibited by appropriate
monoclonal antibodies raised against these subunits. The M C F-7 and T47D cell
lines, that did not express the ocl subunit, failed to dem onstrate inhibition o f cell
adhesion to type IV collagen by P1E6 (Figure 7.13). There w ere no wells in which
integrin mediated cell adhesion to laminin or type IV collagen was com pletely
inhibited. This suggests the presence o f alternative adhesion m olecules regulating cell
attachm ent to laminin and collagen, notably o f the 67 kDa group (Terranova et al
1982; Castronovo et al 1990) that w ere not assessed in this study.

T .IX .iii In te g rin m e d iate d b re a s t c a n c e r invasion in-vitro
The in-vitro chem oinvasion assay required breast cancer cells to sequentially adhere
to the m atrix coat, degrade the protein and m igrate across the filter. Invasion was
assessed at the basem ent membrane level using laminin, type IV collagen and
M atrigel, w hile fibronectin was used to represent the interstitial m atrix. The adhesive
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com ponent o f cell invasion was investigated by varying the timing o f the addition of
integrin inhibitors (T.V III.iv). Integrin monoclonal antibodies pre-added to the cell
suspension prior to plating into the upper cham ber prevented cell adhesion while the
addition o f antibodies one hour after the cells were plated did not affect cell
attachm ent. D ata from the cell-m atrix adhesion studies (Figure 7.6) had shown that
attachm ent to each ligand occurred within 20 minutes with maxim um inhibition o f
adhesion by 100 /xg/ml o f appropriate antibodies (Figures 7 .10 to 7.13).

H s578T and M DA-M B-231 w ere the only chem oinvasive breast cancer cell lines o f
the five clones studied. Both M DA-MB-231 and H s578T w ere chem oinvasive
through the reconstituted basem ent membrane protein M atrigel and two o f its
purified constituents laminin and type IV collagen but H s578T alone was
chem oinvasive through the fibronectin matrix. This data suggests that MDA-M B-231
exerts its aggressive phenotype by interaction with the basem ent m em brane alone but
H s578T acts at both the level o f the basement m em brane and the interstitial matrix.

Integrin receptors that recognised the basement m em brane proteins represented by
laminin, type IV and Matrigel belong to the I3\ subfam ily (Table 1.8) and was
evaluated using the mab 13 monoclonal antibody. Chem oinvasion o f the M DA-M B231 and H s578T cell lines through the basem ent m em brane proteins w ere both
inhibited by mab 13 in a dose response manner (Figure 7.16 and 7 .17). As predicted
from know ledge o f integrin receptor-1 igand interactions (Table 1.8), neither 7F12
nor P1F6 affected chem oinvasion through the basem ent m em brane (Figure 7.18 (d))
as the basem ent m em brane proteins do not form ligands for av/33 and avj85.
Integrins that recognise fibronectin as a ligand in epithelial cells belong to the jSl and
/35 subfamilies and were studied using the mab 13 and P1F6 antibodies respectively.
Both mab 13 and P1F6 inhibited invasion o f H s578T cells through fibronectin in a
dose dependent m anner (Figure 7.15). Integrin monoclonal antibodies did not inhibit
chem oinvasion o f the non-aggressive cell lines M C F-7, T47D and ZR-75-1 through
either basem ent m em brane or interstitial matrix proteins (Figure 7.18).
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Chem oinvasion o f both Hs578T and MDA-M B-231 through lam inin, type IV
collagen and M atrigel was significantly abrogated by the inhibition o f cell adhesion
by mab 13 (Figure 7.20). Chem oinvasion o f H s578T through fibronectin was, in
addition, reduced by inhibiting cell attachm ent by both mab 13 and P1F6. The M DAMB-231 cell line, that was poorly invasive through fibronectin, was not affected by
either mab 13 or P1F6. This data supports the hypothesis that inhibition o f cell
adhesion to the extracellular matrix reduces the invasive potential o f breast cancer
cell lines. Cell adhesion is thus an essential com ponent o f chem oinvasion in the
metastatic cascade. Chem oinvasion o f aggressive breast cancer cell lines was
reported by Thom pson et al (1992) to be related to vim entin expression. W hile no
relationship between the integrins and vim entin is currently know n, the data
presented in this chapter shows the im portance o f integrin receptors in the regulation
o f chem oinvasion o f M DA-MB-231 and Hs578T.

M CF-7 was w eakly chem oinvasive through M atrigel, in keeping with the findings
o f other w orkers using sim ilar in-vitro assays o f invasion (Bae et al 1993). Mab 13
inhibited M CF-7 chem oinvasion through Matrigel but had no effect on cell invasion
through lam inin and collagen. The integrins may interact with alternative active
constituents o f M atrigel (Kleinman et al 1982) not present in the purified forms of
laminin and type IV collagen. Activation o f one set o f adhesion m olecules by another
through inside-out signalling (Hynes 1992) and the regulatory role o f the integrins
in the secretion o f proteolytic enzym es that break down the extracellular matrix
(Seftor et al 1992) may provide a final com mon pathway to explain these data.

An early prerequisite o f tum our dissemination is infiltration o f the basem ent
m em brane (Terranova 1982). M atrigel currently provides the closest in-vitro
representation o f the events surrounding tum our cell invasion but does not have the
organised structure o f native basem ent m embrane. Evaluation o f chem oinvasion in-

vitro is unlikely to identify a specific site o f integrin mediated regulation o f the
m etastatic cascade as the integrins could influence several points in this complex
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process. Unlike the adhesion assay that evaluated direct interaction between the
integrin receptor and the m atrix protein ligand, the invasion assay considered
m ultifactorial com ponents o f the metastatic cascade including cell-m atrix adhesion,
proteolysis, cell m igration and motility factors.

H s578T and M DA-M B-231 were found to be breast cancer cell lines with high
invasive potential through extracellular matrix proteins in-vitro. Assays o f tum our
metastasis in animal models have been variously described by som e w orkers to have
a high correlation to the Boyden cham ber chem oinvasive assay (Bae et al 1993),
w hile others report a poor relationship (Noël et al 1991). The H s578T and M DAMB-231 cell lines have been shown in animal m odels to be o f high metastatic
potential. W hile outcom e in term s o f tum our load may be easily m easured in animal
m odels, the disadvantage o f in-vivo studies in relation to the assessm ent o f integrin
function is that interaction at the cell receptor-1 igand level cannot be evaluated in
isolation. The experim ental conditions o f in-vitro system s, in contrast, allow greater
control to assess the individual com ponents o f the m etastatic process.

T.K.iv Breast cancer integrin expression, cell adhesion and invasion
Integrin expression and adhesion (including the effects o f RGD and inhibitory
antibodies) o f M C F-7, T47D , M DA-M B-231, ZR-75-1 and H s578T to the
extracellular matrix did not discrim inate between cells originally cultured from
prim ary tum ours or secondary sites. In contrast, short term prim ary breast cancer
cells derived from individual patients dem onstrated a clear distinction in the adhesive
properties o f cells isolated from node positive and node negative w om en (Chapter
6 .V I.iii and iv). The absence o f integrin staining in m etastatic breast cancer cells in
hum an tissue sections (Chapter 3 .VII) would suggest that cell lines derived from
m etastatic effusions should dem onstrate weak integrin expression and function. This
not observed in the breast cancer cell lines evaluated in this study.

The chem oinvasive H s578T and MDA-M B-231 cell lines both dem onstrated a full
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com plem ent o f the |81, /33 and ^5 integrins. Inhibition o f integrin function altered
the ability o f these cells to adhere (T.V I.iii, T.V II.iv) and invade (T.V III.ii). The
results o f cell-m atrix adhesion and invasion using propagated cell lines was
contradictory to w hat was expected from the experim ents using patient derived
prim ary breast cancer cells that dem onstrated that loss o f integrin expression
(Chapter 4) and function (Chapter 6) predisposed to the developm ent o f axillary
metastasis. The reason for this apparent discrepancy in integrin regulation between
patient derived breast cancer cells and propagated cell lines is not clear, but there
are several plausible explanations. Downregulation o f the integrins in aggressive
human cancers in-vivo suggest that they may have a suppressor role in tum our
progression. Screening propagated m am m ary epithelial cells and com paring mRNA
synthesis o f the « 6 integrin in breast cancer cell lines dem onstrated a reduction in
expression o f the protein product but the presence o f the a6 gene (Sager et al 1993).
If the integrin genom e is present in tum our cells, the absence o f integrin expression
in patient derived cells could be due to extrinsic regulation by soluble factors such
as IL-6 and IL-12 (Rabinowich et al 1993 a and b), the influence o f oncogenes such
as c-erbB2 (D ’Souza et al 1993) or the effect o f direct ligation o f integrin receptors
with specific epitopes on the extracellular matrix (Humphries 1994). Propagated cell
lines are not exposed to these influences over integrin function and may thus bear
little resem blance to the in-vivo situation. This highlights the im portance o f
developing experim ental models o f tum our biology based upon patient derived cells.

7.IX.V Conclusions
Integrin receptors for extracellular matrix ligands were found to be w idely expressed
in com m only used breast cancer cell lines but could not be used to distinguish
betw een those derived from prim ary or metastatic origins. The integrins are
im portant determ inants o f ligand specific cell-m atrix adhesion in breast cancer.
Inhibition o f integrin mediated adhesion reduce the ability o f aggressive breast
cancer cell lines to invade and may thus provide a basis on which future therapeutic
regim ens against cancer may be targeted.
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Chapter 8
General discussion and conclusions

8.1 General discussion
8.1.1 The integrins in the tumour biology of breast cancer metastasis
A ltered integrin expression in prim ary breast cancer is likely to occur early in
m alignant transform ation (Chapter 3. V lll.v i) and predisposes to tum our progression.
W e have shown that loss o f expression and function o f the a ljS l, «2/31, «3/31,

a6j81, «vjSl and the «V|85 integrins are related to the presence o f axillary metastasis.
Loss o f integrin expression in hum an prim ary breast cancer cells is related to
reduced cell-m atrix adhesion to the basem ent m em brane proteins (lam inin and type
IV collagen) as well as to the interstitial matrix proteins (fibronectin and vitronectin).
These observations support our hypothesis that loss o f integrin expression in breast
cancer results in cells m ore able to break away from the prim ary mass and move
unhindered through the extracellular matrix, thus predisposing to metastasis. The
mechanisms by which cells upregulate matrix attachm ent in order to cross
endothelium and gain access to secondary sites probably involve receptors belonging
to other cell adhesion m olecule families.

Interaction between cancer cells and specific epitopes in the extracellular matrix have
im portant influences over tum our progression (Coopm an et a l\9 9 \ \ Ruoslahti 1992).
In cancer metastasis, alteration o f cell-m atrix interaction via integrin receptors could
influence dow nstream processes governing m igration, adhesion, differentiation and
grow th. The diversity o f cellular function controlled by the adhesion molecules may
account for the observed differences in receptor expression to the principle matrix
proteins in human breast cancer. As an exam ple, whereas the 67 kD a laminin
receptor (H oran Hand et al 1985) has been found to be increased, integrin receptors
for the same ligand have been shown to be decreased (Zutter et al 1990, Pignatelli

et al 1991, Koukoulis et al 1991).
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W e have shown that loss o f cell-m atrix adhesion in human prim ary breast cancer is
directly related to loss o f integrin function. Inhibition o f cell attachm ent, even at
high doses o f RGD or monoclonal antibodies was, how ever, never com plete. The
principle integrins found to regulate cell-m atrix adhesion belonged to the jSl, |83 and
/85 subfam ilies, hence com plete inhibition would have been expected by antibodies
to the com m on jS subunits mab 13, RU U-7F12 and P1F6 respectively. These data
suggest that alternative integrin and non-integrin receptors are required in the
m odulation o f cell adhesion to the extracellular matrix proteins.

Loss o f integrin expression was directly related to reduced cell-m atrix adhesion in
prim ary breast cancer (Chapters 3,4 and 6). In propagated breast cancer cell lines,
the im portance o f integrin expression and function was also dem onstrated but the
presence o f integrin receptors appeared to be necessary for cell invasion through
matrix proteins in-vitro. The reasons for this difference between patient derived cells
and propagated cell lines is unclear, but the difficulties o f draw ing conclusions from
cell line studies is well recognised and addressed in the discussion sections o f
Chapters 6 and 7. Less adhesive patient derived prim ary breast cancer cells were
more likely to be associated with positive nodal status. In propagated cell lines, the
non-invasive M C F-7, T47D and ZR-75-1 clones dem onstrated stronger adhesion by
maximal cell attachm ent at 10 /xg/ml o f matrix proteins com pared to the invasive
M DA-M B-231 and Hs578T cell lines that were less adherent and achieved maximal
attachm ent only at 100 /xg/ml. These data suggest a com m on pathway for cell-m atrix
adhesion in the developm ent o f metastasis in both breast cancer cell lines and patient
derived cells, and supports the hypothesis that less adhesive breast cancer cells were
m ore likely to progress and display aggressive phenotype.

8.LU Limitations of in-vitro assays as models of tumour progression
The in-vitro model o f cell adhesion assayed the ability o f breast cancer cells to attach
to the extracellular matrix through specific matrix-1 igand interaction. The use o f
patient derived cells from individuals with known tum our characteristics and axillary
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nodal status described in C hapter 6 is novel and this method may enable some o f the
difficulties associated with extrapolating data from cell line and animal models to the
human situation to be overcom e. The role o f the integrins in cell-m atrix interaction
was confirm ed using the active tripeptide RGD and monoclonal antibodies. The
actual in-vivo function o f the integrin receptors expressed in hum an cells, how ever,
was not taken into account in this study. The integrins are know n to be im portant
in cell grow th, differentiation as well as m igration. The ability o f the cells to adhere
may be an epiphenom enon detectable merely by the presence o f the receptors for
another physiological reason. Integrin expression in breast cancer for alternative cell
function would account for some o f the apparent redundancy o f ligand specificity in
the experim ents described in Chapters 6 and 7, w here m ultiple receptors provided
cell-m atrix adhesion to identical ligands. This would also provide an explanation as
to why com plete abrogation o f cell attachm ent and invasion was observed in only a
few o f the integrins studied.

S.I.iii Potential application of the integrins in breast cancer management
A ltered integrin expression in prim ary breast cancer was shown to be related to
nodal status (Chapter 4 .IV). A clinical score incorporating loss o f expression o f the
jSl, oiv and oc2 subunits in conjunction with the presence o f vascular invasion,
m ultifocal disease and tum our size greater than 2 cm applied retrospectively to a
series o f 101 patients with symptom atic breast cancer predicted nodal status with an
overall accuracy o f 89.1% (Chapter 4 .VI). Integrin expression could be reliably
measured in breast cancer cells obtained by fine needle aspiration. The dilem m a o f
the axilla in breast cancer surgery has been discussed in C hapter 2.1. M easuring
integrin expression in breast cancer cytology could be useful as an indicator o f nodal
status w ithout surgery to the axilla. Patients at low risk o f nodal m etastasis may thus
be spared axillary surgery with no loss o f prognostic inform ation, reserving formal
axillary dissection for those at high risk o f having lymph node metastasis.

The increasing acceptance o f neoadjuvant chem otherapy as prim ary treatm ent o f
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breast cancer, or as a means o f downsizing tum ours in order that conservative breast
surgery can be perform ed has enhanced the requirem ent for a method o f establishing
the nodal status o f patients w ithout surgery. There is now a real need for
locoregional assessm ent o f breast cancer in-vivo while leaving the prim ary tum our
and axilla intact. Tum our size may be accurately measured on ultrasonography, and
tum our grade assessed on cells obtained from the prim ary tum our on fine needle
aspiration cytology (Robinson et al 1994). There is currently no reliable method o f
predicting nodal status w ithout axillary surgery. Integrin expression in frozen tissue
sections o f core biopsies or cytology aspirates o f the prim ary breast cancer may be
a potential m ethod o f predicting nodal status while leaving the axilla intact. As
lymph node status is an essential com ponent o f the Nottingham Index (H aybittle et

al 1982), w ork from this thesis could contribute directly to the m anagem ent o f
patients with breast cancer in the future.

S.I.iv Further work on the integrins in breast cancer metastasis
W e have evaluated integrin expression and function in m odulating cell-m atrix
adhesion and invasion. Future work planned in our laboratory is directed at the
molecular level and the intracellular signalling pathways. D NA probes for the
integrin genom es are now available and these can be used to evaluate if the genes
encoding for the integrins are present in prim ary and metastatic breast cancer cells
using the polym erase chain reaction or Southern blotting. Insertion or deletion o f
DNA encoding for the a l , a 2 , a 3 , a 6 , a v , /31 and ^5 subunits should be perform ed
to evaluate the mechanisms to account for altered function in patient derived prim ary
breast cancer cells isolated by immunomagnetic separation.

If loss o f integrin expression in hum an breast cancer cells is not at the D NA level,
altered expression o f the protein products could be due to failure o f transcription or
translation. Zutter et al (1993) showed reduced mRNA expression o f the a 2 , a 5 and
j81 integrin subunits in prim ary breast cancer cells using in-situ hybridization. As our
results show that the a l , a 3 , a 6 and the jS5 subunits are also im portant in the
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developm ent o f breast cancer metastasis, in-situ hybridisation should be used to
evaluate the protein synthesis o f these integrins in breast cancer cells. Antisense
RNA to these subunits may also be used to assess the effects on cell function.

The integrins modulate dow nstream

cellular events through phosphorylation

signalling pathways involving ppl25^'^ (Burridge et al 1993) and other tyrosine
kinase substrates (K ornberg et al 1991). The effect o f inhibiting these pathways
using alternatively spliced forms o f the integrin subunit may provide insight on how
the integrins regulate transm ission o f inform ation into and out o f the cell. Detailed
inform ation is currently lacking as to how some integrin receptors recognise multiple
ligands using identical peptide sequence. The apparent redundancy o f receptor
specificity o f various integrin subunits may thus be understood.

Im m unom agnetic separation as a means o f isolating breast cancer cells for functional
studies was limited in this study due to cell survival. W ork to develop a suitable
serum free environm ent to maintain these cells for longer periods should be
perform ed in order that breast cancer cells from patients with known tum our
characteristics could be applied to in-vitro assays o f tum our invasion. Short term
cultures o f patient derived cells have potential application as an experim ental tool
across the board o f tum our biology.

The value o f the integrins as predictors o f nodal status is currently being assessed
in a prospective series o f patients with prim ary breast cancer. Further w ork is also
being undertaken to develop the clinical score to predict nodal status in breast
cancer. Prerequisites o f tum our metastasis for which reliable monoclonal antibodies
are now available for use in immunohistochemical assays include other cell adhesion
m olecules such as E-cadherin, CD44 and ICAM ; endothelial m arkers for assessm ent
o f angiogenesis; the proteolytic enzym es and their T IM ? inhibitors; m otility factors
such as hepatocyte growth factor/scatter factor; and genetic factors like nm23.
C onsidering these variables in conjunction with the integrins and tum our pathological
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variables may further increase the overall accuracy o f predicting nodal status. Data
on survival and disease free interval on the cohort o f w om en studied is still awaited.

8.I.V Final conclusions
The adhesion m olecules provide a cellular basis for the m echanism s underlying
tum our progression. Altered intercellular and cell-m atrix interaction are prerequisites
by which cancer cells detach from the prim ary mass, invade through the basem ent
m em brane and interstitial m atrix, gain access to the lym phovascular circulation, and
seed at the site o f secondary m etastasis. These receptors may explain why circulating
cancer cells in some individuals form metastasis while no secondary deposits develop
in others. V ariation in integrin function may also account for differences observed
in patients with large volum e prim ary tum ours with no evidence o f distant spread
w hile others present with extensive secondary metastasis in the absence o f a
detectable prim ary.

In this new and exciting area o f tum our biology, the integrins appear to be im portant
determ inants o f aggressive m alignant phenotype. Loss o f expression is likely to
represent the final com mon pathway o f more com plex changes occurring at a
molecular level within the cell. Nevertheless, the end result is altered cellular
function with a predisposition to tum our metastasis. M anipulation o f integrin
receptor activation may thus be exploited for potential therapeutic gain. The clinical
implications o f the current scientific understanding o f the integrins in cancer rem ains
unclear and translation into a m ajor therapeutic breakthrough is unlikely in the near
future. In the medium term , the integrins may find a place as a predictor o f nodal
status at the tim e o f presentation in patients with breast cancer, or as an indicator o f
those w om en likely to develop future local and distant metastasis. M easuring the
integrins may thus be o f considerable clinical value and may allow the tailoring o f
axillary surgery as well as adjuvant therapy to suit the individual needs o f each
patient. The role o f the integrins as prognostic indicators in breast cancer will be
defined as survival data becom es available.
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Appendix 1 General abbreviations relating to this thesis
This table lists general abbreviations used in this thesis. Abbreviations specific to
cell adhesion m olecule term inology is listed in Table 1.1.
AMF
A xioH O M E

autocrine motility factor
H ighly Optim ised M icrosope Environm ent

BSA

bovine serum album in

D M EM

D ulbecco’s M odification o f Eagle’s M edium with 4 .5

D M SG

dim ethyl sulphoxide

ECA CC

European Collection o f Animal Cell Cultures

ED TA

ethylene diam ine tetraacetic acid

EG F(R)

epiderm al growth factor (receptor)

EM A

antibody to epithelial membrane antigen

ER

(o)estrogen receptor

FBS

fetal bovine serum

H G F /S F

hepatocyte grow th factor/scatter factor

M EM

M inim um Essential Medium

M PC

M agnetic Particle C oncentrator

M TT

3-4,5-dim ethylthiazol-2-yl-2,5-diphenyltetrazolium brom ide

PAI-1

plasm inogen activator inhibitor type-1

PBS

phosphate buffered saline

PD G F

platelet derived grow th factor

PET

polyethylene terephthalate

ppl25^*^

125 kiloDalton focal adhesion kinase

PR

progesterone receptor

RGD

arginine-glycine-aspartate

RGE

arginine-glycine-glutam ate

rpm

revolutions per minute

RPM I

Roswell Park M emorial Institute (culture medium)

SD S-PA G E

g/1 glucose

sodium dodecyl sulphate polyacrylam ide gel electrophoresis

TGFjg

transform ing grow th factor-beta

TIM P

tissue inhibitors o f metalloproteinases

uPA

urokinase-type plasm inogen activator
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Appendix II Conventional abbreviations used in amino acid nomenclature

A m ino acid

A b b rev iatio n
T h re e le tte r

O n e le tte r

Alanine

Ala

A

A rginine

Arg

R

A sparagine

Asn

N

A spartic acid

Asp

D

Cysteine

Cys

C

G lutam ine

Gin

Q

Glutam ic acid

Glu

E

Glycine

Gly

G

Histidine

His

H

Isoleucine

He

I

Leucine

Leu

L

Lysine

Lys

K

M ethionine

M et

M

Phenylalanine

Phe

F

Proline

Pro

P

Serine

Ser

S

Threonine

Thr

T

Tryptophan

Trp

W

Tyrosine

Tyr

Y

Valine

Val

V
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Appendix III TESPA coating of glass slides

Glass slides for light microscopy w ere washed in acetone, followed by incubation
in 2% 3-am ino propyl triethoxy-silane (TESPA) for 5 minutes. The slides were then
washed in distilled w ater for a further 5 minutes and allow ed to air dry overnight.
TESPA coated slides w ere stored in a dry sealed container at room tem perature until
used.

Appendix IV Physical characteristics of Dynabeads M-450

Diam eter

4.5 ^m

Specific gravity

1.5

M agnetic susceptibility

1 X 10'^ cgs units

D ry w eight

1.4 X 10'®/g

C oncentration (stock)

4 X 10* beads/m l (30 m g/m l)
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Appendix V Raw data of patient derived primary breast cancer ceils
The raw data used in the box and w hisker plots to show differences in the adhesive
properties o f prim ary breast cancer cells with nodal status is given here with
reference to the corresponding figures in Chapter 6.

Appendix V .l
Variation in primary breast cancer cell-matrix adhesion with nodal status
(Figure 6.14)

n

Median Mean

SEM

Range

p-value
(Mann-Whitney)

Fibronectin (100 fig/ml)
Node negative

19

412.0

366.3

26.4

16.0 -472.1

Node positive

21

21.1

41.9

15.6

3.5 -3 0 4 .5

Node negative

21

391.6

372.5

27.5

20.3 - 497.5

Node positive

19

21.2

42.1

16.9

4.7 - 279.4

Node negative

20

378.3

344.0

23.3

18.2 - 446.9

Node positive

19

26.2

90.2

25.8

0.0 - 309.5

Node negative

18

384.9

348.2

24.4

23.5 - 442.2

Node positive

21

21.0

56.5

19.9

4 .7 - 308.6

33.1

8.9

7.8 -7 0 .7

32.4

6.9

6.9 - 64.5

<0.001

Vitronectin (100

<0.001

Laminin (100 /fg/ml)

<0.001

Collagen IV (100 ^g/ml)

<0.001

BSA (100 Mg/ml)
Node negative

20

Node positive

21

30.7
30.6

255

0.073

Appendix V.2
Differential inhibition of primary breast cancer cell-matrix adhesion by RGD
with nodal status with RGE as a control
(Figures 6.17 - 6.20)

n

Median Mean

SEM

p-value

Range

(Mann--Whitney)

Fibronectin (100
Node negative

Node positive

RGD

19

136.0

133.1

17.9

26.7 - 181.7

RGE

19

377.2

364.7

23.1

19.3 - 473.3

RGD

21

34.4

39.3

6.6

2.8 - 142.1

RGE

21

30.3

49.7

14.9

2.5 - 263.2

RGD

20

154.6

144.7

10.4

24.6 - 200.6

RGE

20

388.8

365.7

25.5

22.5 - 497.7

RGD

19

32.0

37.9

6.4

5.1 - 125.9

RGE

19

30.9

52.1

16.3

7.0 - 259.6

RGD

20

254.2

242.4

19.1

21.4 - 357.4

RGE

20

370.5

341.1

22.6

20.3 - 425.7

RGD

19

63.8

76.3

22.0

6.2 -306.1

RGE

19

72.0

88.2

25.3

6.2 - 298.4

RGD

18

298.5

284.7

21.6

22.5 - 405.6

RGE

18

381.3

322.5

30.0

20.3 - 433.2

RGD

21

53.2

52.3

17.2

5.1 - 271.3

RGE

21

53.2

55.8

20.1

5.8 - 322.4

<0.001

0.451

Vitronectin (100 /ig/ml)
Node negative

Node positive

<0.001

0.565

Laminin (100 ^g/ml)
Node negative

Node positive

<0.001

0.770

Collagen IV (100 ngtval)
Node negative

Node positive

256

0.064

0.529

Appendix V.3
Differences in inhibition of primary breast cancer ceU-matrix adhesion
integrin antibodies with nodal status (Figures 6.21 - 6.24)
n

Median Mean

SEM

Range

p-value
(paired Wilcoxon)

Fibronectin (100 ngfml)
Node negative

Node positive

Control

15

401.8

355.6

30.8

16.0 - 467.3

-

P1B5

15

89.0

133.3

31.8

20.0 - 424.3

<0.001

m abl3

15

76.0

89.6

16.9

1 8 .2 -3 1 0 .5

<0.001

P1F6

15

358.0

315.3

28.9

2 6 .7 -4 1 9 .5

0.275

Control

16

21.1

46.7

20.3

5.8 - 304.5

P1B5

16

30.5

35.1

18.2

12.8 - 306.3

0.801

m abl3

16

37.9

30.2

6.5

0 .0 - 114.3

0.221

P1F6

16

34.0

45.2

18.8

4,7 - 277.0

0.757

Vitronectin (100 fig/ml)
Node negative

Node positive

Control

16

389.3

336.0

28.4

20.3 - 429.4

-

m abl3

16

67.7

87.7

18.4

23.5 - 325.4

<0.001

7F12

16

238.3

273.2

28.4

21.4 - 410.4

0.075

P1F6

16

258.7

250.9

10.1

192.5 - 296.6

0.002

Control

16

30.3

45.2

20.1

4.7 - 279.4

-

m abl3

16

22.2

22.8

16.1

8.1 - 75.7

0.534

7F12

16

29.8

37.3

14.3

5.7 - 192.3

0.895

P1F6

16

33.0

44.8

18.2

0.0 - 281.2

0.327

Control

18

367.3

330.3

25.9

18.2 - 441.2

-

P1E6

18

118.4

137.4

15.7

17.1 - 258.2

<0.001

P1B5

18

114.1

173.0

28.3

23.5 - 258.2

<0.001

CLB-701

15

149.4

171.5

25.4

22.5 - 369.2

0.001

m abl3

15

103.4

125.8

21.0

20.3 - 360.7

<0.001

Control

16

36.4

90.0

28.8

0.0 - 309.5

-

P1E6

16

32.7

51.4

15.8

3.5 - 253.4

0.318

P1B5

16

43.7

68.8

21.4

9.8 - 288.4

0.611

10.7 - 283.9

0.910

Laminin (100 /tg/ml)
Node negative

Node positive

CLB-701

16

45.4

67.9

21.4

m abl3

16

33.0

42.1

9.7

10.2 - 125.1

0.439

Control

15

378.8

342.3

28.3

23.5 -4 3 1 .9

-

P1E6

15

122.3

140.7

18.7

24.6 - 327.3

<0.001

Collagen IV (100 /tg/ml)
Node negative

Node positive

P1B5

15

121.6

160.5

30.9

19.3 - 435.4

0.002

m abl3

15

101.1

112.8

18.1

18.2 -3 3 5 .9

<0.001

Control

16

32.2

51.5

19.8

4.7 - 266.8

-

40.9

15.2

4.7 - 251.6

0.910

P1E6

16

32.8

P1B5

16

30.0

36.2

15.1

6.2 - 256.9

0.498

m abl3

16

28.5

36.3

15.0

3.6 - 249.8

0.214
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Integrin expression in primary breast cancer
and its relation to axillary nodal status
Gerald P. H. Gui* FRGS* Clive A. Wells, MRCPath, Peter D, Browne, MSc,
Patricia Yeomans, BSc, Suzanne Jordan, MSc, John R. Puddefoot, MSc,
Gavin P. Vinson, DSc, and Robert Carpenter, FRCS, London, U.K.

Background. Integrins are transmembrane receptors that modulate cell adhesion. Each is a
heterodimer of varying a and |3 subunits. In malignancy, loss of integrin expression may result in
less adhesive cells more likely to metastasize. Our aim was to characterize the integrins in human
breast tissue and to examine the relationship between integrin expression and nodal metastasis in
breast cancer.
M ethods. Cryostat sections from 12 benign and 61 malignant (50 ductal and 11 lobular) samples
were stained by the avidin-biotin complex method with monoclonal antibodies to the
^3, 64,
and 65 subfamilies. All slides were read by two independent assessors with consensus agreement.
Integrin expression was compared to variables by using the chi-squared test with Yates' correction
and multivariate analysis based on logistic regression.
Results, A ll integrin subunits studied were significantly reduced on breast cancer compared with
benign cells (chi-squared test) but were not related to tumor differentiation. Loss of a 1 6 h a261,
o361, a661, ctv61, and av65 were related to the presence of axillary metastasis. Independently the
integrins were of limited clinical value as predictors of axillary spread. However, on multivariate
analysis the combination of 61 , o l v , a1, tumor size, and vascular invasion gave a cumulative overall
accuracy in predicting nodal disease of 97%.
Conclusions. Integrin expression is reduced in breast cancer and may explain tumor progression.
Measuring the integrins might thus provide a means of selection for aggressive axillary treatment.
(Surgery 1995; 117:102-8.)
From the Departments of Surgery, Pathology, and Computer Services, St. Bartholomew’s
Hospital, and Department of Biochemistry, Queen Mary & Westfield College, London
University, London, U.K.

integrins are a major family of cell adhesion
molecules that regulate cell-matrix and cell-cell inter
actions. By influencing cell migration, anchorage, and
differentiation, they play an important part in a diverse
range of biologic processes including organogenesis, in
flammation, and coagulation.’ W hen normal regulation
of the integrins is disturbed, they predispose to patho
logic conditions including tumor invasion and metasta
sis.^ The integrins arc transmembrane proteins with a
large extracellular domain containing the receptor
binding site and a smaller intracellular domain that
links the cytoskeleton. The intact molecule is a glyco-
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protein heterodimer composed of an a and 6 subunit,
classified into subfamilies named after the 6 chain.
Fourteen a and eight 6 subunits have been discovered,
and these associate to form 20 integrin heterodimers.
T heir ligands are found on matrix proteins and base
ment and cell membranes.^’*
Tum or metastasis is a complex multistep process that
includes cell adhesion as an important prerequisite. At
various times in tumor dissemination a cell might be re
quired to alter its adhesive properties.^ In breast cancer
most studies show a reduction of integrin expression,
although some conflicting results are noted. The rela
tionship between integrin expression and the presence
of axillary nodal metastasis has never been established.
Reduced cell adhesion and aggressive malignant phe
notype might be related to down-regulation of the inte
grin receptor. We therefore studied expression of the
individual subunits of the jSl, j83, j94, and 6b subfam
ilies, which are the main integrins found on glandular
epithelium. O ur aim was to characterize integrin ex
pression on normal, benign, and malignant human
breast tissue and to see whether discrepancies between
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Fig. 1. Benign breast epithelium shows dual cell type and stromal jSl integrin staining (original magnification
X4Ü0).

existing studies might be resolved by more detailed
analysis. Loss of integrin expression might result in less
adhesive cells that are more likely to metastasize. We
tested this hypothesis by examining the relationship be
tween integrin expression on primary breast cancer cells
and the presence of axillary nodal metastasis.
PATIENTS AND METHODS
The patient sample and tumor characteristics are
shown in Table I. All patients with cancer had stage I
or II disease treated primarily by segmental resection or
mastectomy with axillary clearance. Sections of normal
breast were obtained from patients undergoing opera
tion for a breast lump; the normal biopsy specimen was
taken from sites well away from the primary tumor.
Each tumor was collected fresh from the operating
room, and a segment was snap frozen in liquid nitrogencooled isopentane. Immunohistochemistry was per
formed by the avidin-biotin peroxidase complex stain
ing technique on 5 nm cryostat sections. Sections were
fixed in acetone at -10° C for 10 minutes and air dried,
and multiple washes were performed in phosphatebuffered saline solution. Eleven monoclonal anti
bodies®’’^ (Table II) were used at concentrations pre
determined in a titration assay and incubated for 1 hour.
Endogenous peroxidase activity was blocked by 99.8%
methanol with 30% weight in volume hydrogen perox
ide (BDH Laboratory Supplies, Leicestershire, U.K.).
Relevant biotin conjugated secondary antibodies raised
in rabbit against mouse (Dako Ltd., High Wycombe,
Bucks, U.K.) or rat (Vector Laboratories Ltd., Peter
borough, U.K.) were used at 1:400 dilution for 30 min
utes. Streptavidin-peroxidase conjugated complex
(Dakopatts A/S, Copenhagen, Denmark) was added as
the third layer, and the reaction was developed by using

Table I. Patient sample and tumor characteristics
Malignant (n = 61)
Mean age (range): 56.1 (29-82) yr
Mean tumor size (range): 2.4 (Q.7-5.2) cm
Histologic type (%): ductal, n = 50 (82); lobular, n = 11
(18)
Grade (%): I, n = 14 (23); II, n = 25 (41); 111, n = 22
(36)
Lymph node positive (%): n = 26 (43)
Mean number of nodes involved (range): 4.5 (1-25)
Mean number of nodes obtained at operation (range):
14.3 (7-30)
Vascular invasion present (%): n = 19 (31)
Benign (n = 12)
Mean age (range): 49.4 (29-62) yr
Histologic type (%); normal, n = 6 (50); fibroadenoma,
0 = 3 (25); fibrocystic, n = 3 (25)

3,3' diaminobenzidine tetrahydrochloride (Sigma
Chemical Company, St. Louis, Mo.) and hydrogen
peroxide. All sections were stained with Harris’ hema
toxylin, taken through a graded alcohol series, and
mounted in DPX (BDH Laboratory Supplies).
Grading was performed by two assessors with con
sensus agreement wherever necessary, and membrane
staining was scored as - (negative), + (weak), + +
(moderate), 4-4-4- (strong), and 4-4-4-4- (very strong).
All equivocal sections were considered negative. Where
necessary, sections were also stained with antibodies to
laminin (Bionuclear Sciences, Reading, U.K.) and col
lagen type IV (Bionuclear Sciences) to distinguish in
situ from invasive disease by the presence or absence of
basement membrane. In situ and invasive carcinomas
were scored separately. Normal skin was used as pos
itive external tissue controls, and integrin expression on
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Table H. Monoclonal antibodies directed against integrin subunits used in this study

Epitope

Animal

Clone

Source

Dilution

Reference
no.

al
al

Mouse
Mouse
Mouse
Mouse
Mouse
Rat
Mouse
Mouse
Mouse
Mouse
Mouse

TS2/7
P1E6
P1B5
L25.3
PI 06
CLB-701
LM142
DF5
RUU-PL 7F12
AA3
P1F6

Dr. M. Hemler, USA
Becton Dickinson
Chemicon
Becton Dickinson
Chemicon
Chemicon
Chemicon
Chemicon
Becton Dickinson
Becton Dickinson
Gibco

1:200
1:400
1:200
1:100
1:100
1:100
1:200
1:400
1:200
1:100
1:50

8
9
9
10
11
12
13
14
15
16
17

a3
a4
«5
aô
ÛV
^3
^4
^5

Table III. Integrin expression in benign breast tissue
Median integrin staining intensity

Myoepithelium
Luminal cells
Stroma
Smooth muscle
Endothelium

al

a2

o3

ai

a5

a6

av

+++
+
++

+++
+
—

+++
+
—
++

f
~
“

+

+ ++
+
—
—

++
+
+
—

++

+

—

-

+

++

—
—
-

^3

$4

+++
++
++
++

+

++

-

-

-
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—

++

+

+

-

Table IV. Integrin expression as a predictor of axillary nodal metastasis in breast cancer
Integrin subunits

Sensitivity (%)
Specificity (%)
Positive predictive value (%)
Negative predictive value {%]
Overall accuracy (%)

al

J.2

a3

a6

av

01

^5

73
66
61
77
69

77
74
69
81
75

85
69
67
86
75

77
71
67
81
74

88
74
72
90
80

70
97
95
81
85

100
32
55
100
63

stromal elements and blood vessels within each section
served as positive internal tissue controls. A mouse
monoclonal antibody against Aspergillus niger glucose
oxidase, an enzyme neither present nor inducible in hu
man beings, was used as a negative control (Dako Ltd.).
Integrin expression was compared with variables by
using the chi-squared test with Yates’ correction and
also multivariate analysis based on logistic regression
with a stepwise forward approach and cross-tabulation
(SPSS for Windows; SPSS Inc., Chicago, 111.).
RESULTS
Benign breast tissue, Normal breast parenchyma
consists of a dual epithelial cell type with an outer my
oepithelial layer and an inner luminal or secretory layer.
All the integrin subunits studied were expressed on
myoepithelium (moderate to strong intensity), but ex

pression on luminal cells was confined to the a2, a3, a6,
and av members of the j31 subfamily (weak to moderate
intensity), Integrin expression on myoepithelium was
distributed basally in contact with the substratum, re
flecting cell-matrix interaction (Fig. 1). Integrin ex
pression on luminal cells, where present, was polarized
to the basal and basolateral surfaces of the cell. Similar
staining patterns and intensities were observed in
fibroadenomas and fibrocystic change. A summary of
staining patterns and intensities of benign breast tissue
including its supporting stroma is shown in Table III.
B reast cancer. In invasive malignant disease three
patterns of integrin staining were identified. Integrin
expression could be diffuse on tumor cell membranes
(Fig. 2) with loss of polarization to the basolateral sur
faces previously seen in benign disease. This pattern of
staining represents intercellular interaction and was
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Fig. 2. Diffuse «3 integrin staining on tumor cell membranes (original magnification X400).

Fig. 3. Peripheral «6 integrin enhancement of tumor cell nests (original magnification X400).

weak to moderate in intensity. Second, integrin staining
could be confined to the periphery of tumor cell nests in
moderate intensity (Fig. 3), This peripheral pattern of
staining represents cell-matrix interactions. The third
pattern of expression was focal or heterogenous stain
ing, with loss of polarization, and was likely to repre
sent focal proliferation of cells. This pattern of staining
was uncommon, usually weak in intensity, and seen in
less than 20% of sections studied.
Integrin staining was significantly reduced or absent
on malignant cells compared with benign breast paren
chyma on chi-squared testing with Yates’ correction
(Fig. 4). No relationship was found between integrin
expression and tumor grade, size, histologic type, age at
presentation, or the presence of vascular invasion.
In this series 26 phtients had associated in situ carci
noma (20 ductal and six lobular) in addition to invasive

Table V. Multivariate analysis of variables relating
to nodal status
Variable
7)1

Vascular invasion
Tumor size
av
al
a6

p Value

Cumulative overall
accuracy (%)

<0.0001
0.0004
0.003
0.02
0.03
0.07

85
8^
93
95
97
97

disease on the sections studied. In these patients stain
ing was always peripheral around in situ tumor nests.
In a proportion of these patients integrin expression was
also diffuse on the in situ tumor cells themselves. The
relevance of this diffuse staining on in situ cells is un-
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Fig. 4. Significant reduction of integrin expression was obser\ ed in breast cancer compared with benign cells by use of
chi-squared test with Yates' correction (*, p < 0.05; **,
p < 0.01; ***, p < 0.001). On multivariate analysis the com
bination of integrin heterodimers most likely to be reduced in
breast cancer were the «2|81, tt3jSl, «6(31, av/31, and av|33.

Fig. 5. Patients with axillary nodal metastasis are more
likely to exhibit complete loss of integrin expression in
primary breast cancer. Loss of seven of 11 subunits studied
was significantly related to positive nodal status by use of chisquared test with Yates’ correction (’, p < 0.01 ;**,/?< 0.001 ;
ns, not significant).

certain, but it may represent a progressive loss of inte
grin expression in the change from in situ to invasive
disease. No difference in expression between ductal and
lobular in situ types was observed.
Loss of integrin expression and axillary nodal
metastasis. Studies of loss of « 1, al, «3, «6, av, (81, and
(85 integrin subunits were significantly related to the
presence of axillary nodal metastasis on chi-squared
testing with Yates’ correction (Fig. 5). When the (81
subunit was considered, 70% of patients who had pos
itive lymph nodes had completely lost integrin expres
sion on their breast cancer cells compared with 3% of
patients who had negative lymph nodes. Test charac
teristics of each of these integrin subunits when consid
ered individually are shown in Table IV. To determine
whether integrin expression was independent of other
predictors of axillary nodal metastasis, multivariate
analysis with a stepwise forward approach was per
formed. The (81, av, and a l subunits continued to be
important independent predictors of axillary spread

(Table V). When the nonintegrin variables were incor
porated, vascular invasion and tumor grade were found
to be important predictors of axillary disease. In this
model, when (81, av, and a l were considered together
with vascular invasion and tumor size, the cumulative
overall accuracy of positive and negative tests was 97%.
Integrin expression of metastatic cells in axillary
nodes was measured in 10 patients. Eight women had
negative integrin expression in the primary tumor with
corresponding negative expression in the nodes. In one
patient, weak a2, a3, and /81 expression was noted in
the primary tumor with negative expression in the nodal
metastasis. In the final patient the converse was true
with negative expression in the primary but weak a2
and (81 expression in the nodes. Distant metastatic tis
sue was not included in this study.
DISCUSSION
The integrins provide a molecular basis for the
mechanisms underlying tumor progression. Many tu-
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mor cell lines with decreased integrin receptor levels
are associated with increased malignant phenotype J®
Transfecting the ccSjSl integrin back into fibronectin
receptor-deficient transformed Chinese hamster ovary
cells results in a loss of tumorigenic potentialJ^ Loss of
cell-cell and cell-matrix adhesion is an important pre
requisite step in the metastatic cascade.^ An under
standing of these interactions may allow their exploita
tion as targets for therapeutic agents and as prognostic
markers.
Breast parenchyma possesses a dual epithelial cell
type. W e have found members of the j8l subfamily to be
expressed on both myoepithelial and luminal cells but
the |83, /34, and j85 subfamilies to be confined to myoep
ithelial cells only. Previous studies on breast tissue re
port conflicting results on the distribution and expres
sion of certain integrin subunits. Expression of the «5
subunit on breast parenchyma is disputed, with some
studies showing a reduction on malignant cells com
pared with normal,^ whereas others suggest this subunit
is absent on normal breast but present on ductal and
mucinous carcinoma.^ O ur results support the evidence
that a5 is present on normal and benign breast epithe
lium but is decreased or absent in malignancy. T he /34
subunit has been reported to be present on luminal
cells/ a finding that we are unable to confirm. T he |84
subfamily in epithelial cells is currently thought to be
associated with a6 as part of the hemidesmosome.'^ It
is thus unlikely to be found on epithelial cells that are
not in contact with the matrix; this is in keeping with
our findings that j84 expression is confined to the myo
epithelium. W e also found |33 to be expressed on myo
epithelium, unlike Koukoulis et al.,^ who failed to dem
onstrate |53 staining in breast parenchyma. T he «4
subunit has not previously been described on breast tis
sue. W e have shown that a4 is expressed on normal and
benign breast epithelium but is absent on tumor cells.
Other authors have shown a relationship between
reduction of the
and
integrins with
poor tumor differentiation. W e were unable to confirm
this in our study, although we found a weak association
between reduction of j03 integrin expression and poor
tumor grade that did not reach statistical significance.
The ovj33 integrin is important in cell spreading on
matrix proteins and may work in conjunction with aSjSl
and
It follows that the intact integrin het
erodimer is required to mediate effects on normal cellu
lar interactions. Loss of integrin expression would thus
predispose to disordered cellular function and might ac
count for the relation to poor tumor differentiation. A
simple relationship to membrane receptor expression is
clearly not the case because an overexpression of avj33
has been associated with aggressive malignant melanomas.2^
This study shows that loss of the a l , a2, a3, a6, av,
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j81, and j85 subunits is significantly related to axillary
nodal metastasis. All these a subunits form heterodimers
with jSl, and av, in addition, associates with jS5. These
integrins collectively recognize laminin, type IV colla
gen, fibronectin, and vitronectin as their ligands. The
interaction of tumor cells with these specific components
of basement membrane and matrix proteins has been
found to be of great importance in animal and in vitro
experiments.^ It is essential that studies investigating
axillary metastasis such as ours use patients who have
undergone an axillary clearance operation because
sampling of the axilla might provide incomplete infor
mation with regard to true nodal s ta tu s .W e found in
tegrin expression in axillary metastasis to generally
m irror that of the primary tumor. Although we did not
examine the integrin expression of distant metastatic
cells, Natali et al.^^ reported a reduction of a6j84
expression in extranodal compared with nodal metasta
sis. No relationship between the proportion of involved
axillary nodes and loss of integrin expression in the pri
mary tumor was found. This suggests that once loss of
integrin expression occurs, the metastatic process be
comes independent of integrin control. Vascular inva
sion predisposes to local recurrence and is a precursor
of distant metastasis. We found no relationship between
integrin expression and vascular invasion, which sug
gests that carcinoma cells invade vessels by alternative
mechanisms, possibly by proteolytic enzyme activity.
T he a4j31 integrin that recognizes the vascular cell ad
hesion molecule on endothelial cells' was found to be
absent on breast cancer cells.
In breast cancer the surgical management of the ax
illa is a subject of great debate.^'* As yet, pathologic as
sessment of lymph nodes obtained by formal dissection
is the only reliable method of staging the axilla. There
fore a proportion of women undergo axillary operation
solely as a staging procedure for prognostic purposes
with debatable therapeutic benefit. This study shows
that the integrins may provide a means of predicting
node positivity, thereby sparing axillary operations for
those at low risk without loss of prognostic information.
The test characteristics of the integrin subunits inde
pendently are clearly of limited clinical value because of
the false-positive and -negative investigations (Table
IV). However, when the (01, av, and a l integrin sub
units are considered in conjunction with tumor size and
vascular invasion (Table V), the overall accuracy is very
high. A scoring index based on these variables may al
low the accurate prediction of nodal status and may be
a means of selecting patients for axillary surgery. We
are currently evaluating this, as well as the role of the
integrins as prognostic markers, in a prospective series.
In this new and exciting area of breast cancer tumor
biology, the integrins appear to be important determi
nants of aggressive malignant phenotype. Loss of inte-
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grin expression in breast cancer is likely to represent the
final common pathway of more complex changes occur
ring at an intracellular molecular level. Nevertheless,
the end result is altered cellular function with a greater
propensity to tumor metastasis. Measuring the integrins
may thus be of considerable value as a predictor of ax
illary disease and may allow the tailoring of axillary
surgery to suit the individual needs of each patient.
We thank Dr. Martin Hemler of the Dana-Faber Cancer
Institute in Boston for providing the monoclonal antibody
TS2/7,
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In vitro regulation of human breast cancer cell adhesion and invasion
via integrin receptors to the extracellular matrix
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The extracellular matrix consists of the interstitium and
the basement membrane. Cellular interaction with
fibronectin, laminin and collagen provides a possible
mechanism by which cancer cells adhere, invade and
metastasize. The integrins are a major family of adhesion
molecules that recognize epitopes on the extracellular
matrix as ligands. These include the o2jJl, o3^1, ov^l and
ov^5 integrins, most of which were found to be expressed
on MCF-7, T47D, MDA-MB-231, ZR75-1 and Hs578T
breast cancer cell lines. Each cell line adhered to the
matrix proteins in a dose-dependent manner and was
inhibited by monoclonal antibodies against relevant

integrins. Only Hs578T was significantly invasive through
fibronectin but both Hs578T and MDA-MB-231 invaded
through laminin and type IV collagen in an in vitro assay.
The invasive potential of these cell lines could be
inhibited by integrin antibodies added to cells before
incubation, but the addition of antibodies after cells were
allowed to adhere to the matrix failed to inhibit invasion.
Inhibition of cellular adhesion to the matrix reduced the
invasive potential of breast cancer cell lines. As integrin
antibodies inhibit cell invasion in vitro, the integrins may
be of potential value as antitumour therapeutic agents.

Tumour metastasis is a complex multistep process that
involves cell adhesion, proteolytic enzyme degradation of
the extracellular matrix and motility factors that influence
cell migration'. Recent attention has focused on cell-cell
and cell-matrix interactions as important prerequisites of
the metastatic process. The basis of these interactions is a
group of receptors called the cell adhesion molecules, of
which the integrins are a major family^. Each integrin is a
transmembrane receptor made up of varying a and [i
subunits that associate to form heterodimers. Fourteen a
and eight [i subunits have hitherto been identified and
these associate to form 20 known integrins, named after
the common (i subunit that defines each subfamily. The
extracellular matrix consists of the basement membrane
and the interstitial tissue. The integrins recognize as their
ligands several important proteins including fibronectin, in
the interstitial matrix, and laminin and collagen, in the
basement membrane^ '*. Altered expression of the a2jSl,
«3/il, ov/il and ov/f5 integrins has been described in
breast cancer'*”’ and has recently also been shown to be
associated with the presence of axillary metastasis”.
Interaction between tumour cells and the extracellular
matrix may be an important mechanism by which cancers
invade and metastasize. This problem was addressed by
evaluating the adhesive and invasive properties of
commonly used breast cancer cell lines in vitro, and the
relationship between tumour cell adhesion and invasive
potential was studied in the metastatic process.

Becton-Dickinson (Oxford, UK), except LM142 which was
obtained from Chemicon (London, UK). The integrin antibodies
evaluated in functional studies of adhesion were P1E6, P1B5 and
mab 13, for laminin and collagen and P1B5, mab 13 and P1F6
for fibronectin. LM142 was found to be a non-functional
antibody, hence the ov/il integrin could not be studied, mab 13
directed against the common /fl subunit was used to assess the
collective function of the subfamily, mab 13 and P1F6 were used
to assess the function of the /II and j}5 integrins in cell invasion,
but mab 13 alone was used to evaluate invasion through laminin
and collagen as av//5 does not recognize either of these matrix
proteins as ligands.

Materials and methods
Integrin expression was measured on the MCF-7, T47D, MDAMB-231, ZR75-1 and Hs578T breast cancer cell lines using
immunocytochemistry. The functional significance of integrin
expression on these cell lines was then evaluated in in vitro assays
of adhesion and invasion. Established monoclonal antibodies
raised against the a2/ll (PIE6)'*, x3/fl (P1B5)'^ and ocv[i5 (P1F6)'"
integrins, and the individual ov (LM142)’ and /fl (mab 13)"
subunits, were used. Each of these antibodies was obtained from
Paper accepted 29 May 1995
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Immunocytochemistry
Immunocytochemistry was performed using the avidin-biotinperoxidase complex method'- of staining with appropriate
biotinylated secondary antibodies and streptavidin peroxidase
conjugated tertiary layers (Dako, High Wycombe, UK). The
colour reaction was developed using diaminobenzidene
tetrahydrochloride and hydrogen peroxide (Sigma Chemicals,
Poole, UK). All slides were counterstained with Harris'
haematoxylin and mounted in DPX (British Drug Houses, Poole,
UK).
Adhesion assay
The adhesion assay was performed in 96-well plates as previously
described'-^. Briefly, wells were precoated with graded amounts
(OT-lOO/rg/ml) of each of the purified human matrix proteins
fibronectin, laminin and type IV collagen (Collaborative
Biochemical Products, Oxford, UK). Before use, all wells were
rehydrated with 100 pg/ml of bovine serum albumin in sterile
distilled water for 2 h at room temperature to block non-specific
cell adhesion to plastic. Wells coated with bovine serum albumin
alone were used as controls. Cell lines were grown to
subconfluence, harvested using 0 05 per cent (w/v) trypsin and
002 per cent (w/v) ethylene diamine tetra-acetic acid (ICN
Biomedicals, Oxfordshire, UK) and resuspended in serum-free
culture medium. The integrity of the integrin receptors after
tiypsinization was demonstrated using immunocytochemistiy
(fig. I). Five hundred cells were counted using a
haemocytometer (Sigma Chemicals) and added to each well.
Graded amounts (0-150/ig/ml) of the individual integrin
antibodies were added to each cell suspension before plating. An
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Table I Integrin subunit expression on breast cancer cell lines
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Fig. I Demonstration of
integrin on Hs57ST cells after
trypsinization, using immunocytochemistry. (Original
magnification X 4<X))
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g
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C om panion well

Fig. 2 Apparatus for the in arm tumour cell invasion assay. Five
thousand oefbs were plated into the upper chamber, while the
Im-er chamber was filled with fibroblast derived conditioned
medium containing chemotactic factors. The number of cells that
had invatfed througli the matrix-coated 8 micron porous filter
was quantified using the 3-{4.5l dimethylthiazol-2-yl-2,5
diphenyftetra/olium bromide absorbance assay

Type IV collagen

^ ..........

250^
optimum incubation time of 20 min was found to be necessary
for maximal cell attachment. All experiments were conducted in
triplicate. At the end of the incubation period, wells were washed
by vigorous pipetting using phosphate-buffered saline and
adherent cells enumerated by incubating with 3-(4.5)
dinrethylthiazji)l-2-y!-2v5 diphenyltetrazolium bromide, thiazolyl
blue (MTT) (Sigma Chemicalsj. MTT is taken up by live cells
and convened by the mitochondrial dehydrogenase enzymes to a
formazan dye'"*. Absorbance values at 540 nm were measured
using a microtitre plate reader (Bio-Rad, Hemel Hempstead,
UK.) from which cell counts could be derived.
ftnosion assay
The invasion assay used was an adaptation of chemoinvasion
through basement membrane proteins in a Boyden chamber'-'
(Fig. 2). The upper chamber consisted of cell culture inserts
coated with 0-024 mg cm
of each of purified human
fibronectin, laminin and type IV collagen. The cell culture inserts
were placed in companion well plates filled with 17 ml of
conditioned medium derived from 3T3 fibroblasts grown to
confluence in Dulbecco’s Modified Essential Medium (ICN
Biomedicals) in the presence of 50/jg/ml of ascorbic acid.
Subconfluent breast cancer cell lines were trypsinized and
resuspended in cell culture medium containing 5 per cent serum.
Five thousand cells were plated into the upper chamber and
incubated for 24 h at 37®C in a humidified 5 per cent carbon
dioxide clean environment. In test culture inserts containing
integrin antibodies, the inhibitors were added to the cell
suspension before plating into the upper chamber. This was
compared with adding integrin antibodies 1 h after plating the

010

1 00

10-00

100-00

Matrix protein concentrations (pg/ml)

Fig. 3 The adhesion profile of five breast cancer cell lines to
increasing matrix protein concentrations. Maximal cell
attachment of 500 cells was achieved at 100 pg/ml of each matrix
protein. Cell attachment to control wells coated with bovine
serum albumin was consistently less than 5 per cent of the
number plated. 0, MCF-7; □, T47D; A, MDA-MB-231; V,
ZR75-I; 0, Hs578T

cells, during which time cellular adhesion to the matrix proteins
could occur. Cells that had invaded through the matrix and had
become adherent to the undersurface of the filter were
quantified using the MTT assay. The number of cells that had
invaded but failed to adhere to the filter was frequently 0 and
never exceeded 50 cells. Invasion of greater than 20 per cent of
the number of plated cells was considered significant.

Results
Integrin expression on breast cancer cells
All five breast cancer cell lines demonstrated multiple
integrin receptors (Table I).
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Integrin regulation of breast cancer cell adhesion
Specific ligand binding in each breast cancer cell line was
demonstrated by increasing attachment to greater matrix
protein concentration {Fig. 3). Maximum cell adhesion
occurred at 100/ig/ml of each matrix protein. Cell
attachment could be inhibited by the use of monoclonal
antibodies against the appropriate integrins in a doseresponse manner. The inhibitory effect of P1E6, P1B5,
mab 13 and PIF6 on the attachment of breast cancer cell
lines to matrix proteins is shown in Fig. 4. As expected,
P1E6 did not affect MCF-7 and T47D adhesion to
laminin and collagen as x2^I was not expressed on either
of these cell lines. Similarly, P1F6 did not affect T47D cell
adhesion to fibronectin due to the absence of %v^5
expression.

Integrin regulation of breast cancer cell invasion
Of the five breast cancer cell lines studied, Hs578T was
cheraoinvasive in vitro through fibronectin (mean cell
invasion 44 per cent), laminin (49 per cent) and type IV
collagen (43 per cent), but MDA-MB-231 was

chemoinvasive through laminin (27 per cent) and type IV
collagen (26 per cent) only {Fig. 5). MDA-MB-2M and
Hs578T invasion could be reduced by antibodies directed
against the p\ (mab 13) and
(P1F6) integrins {Fig. 5).
The importance of cell adhesion on cancer invasion was
further investigated using the invasive MDA-MB-231 and
Hs578T lines. The inhibitory effect of each integrin
antibody on invasion was significantly greater when added
before either the MDA-MB-231 or Hs578T cells were
allowed to adhere to the matrix (To) compared with the
addition of the antibody after cell adhesion had occurred
(T ,)(% 6 ).
Discussion
The cell adhesion molecule receptors are thought to play
a fundamental role in tumour metastasis*. While cell-cell
interactions in cancer metastasis are determined mainly by
the cadherins'* and CD44'’, the integrins are the main
receptors involved in interactions with the extracellular
matrix^ The integrins normally regulate cell attachment,
migration and differentiation in biological processes such
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P tB 5

m ab 13
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m ab 13

P1F6
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Laminin

0

250
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P1E6

P1B5

m ab 13
No antibody

m ab 13

Type IV collagen
Type IV collagen
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m ab 13

Fig. 4 Inhibitory effects on cell adhesion to 100 //g/ml of matrix
proteins of 150 /ig/ml of anti-integrin monoclonal antibodies. The
mean number of adherent cells with their standard errors is
shown. □, MCF-7; i . T47D; i , MDA-MB-231;
B, ZR75-1; S. Hs578T

No antibody

m ab 13

Fig. 5 Inhibitory effects of mab 13 and P1F6 on the cell invasive
potential of each breast cancer cell line. The bar chart represents
mean cell invasion with standard errors. □, MCF-7; M,
T47D; m, MDA-MB-231; 1, ZR75-1; B, Hs578T
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as oiganogenesLS, growth and inflammation^. In tumour
progression, they have the potential to utilize similar
mechanisms that endow cancer cells with the ability to
metastasize. A variety of cancer cell lines have been
shown to depend on the integrins for adhesion to matrix
proteins, either by using competitive inhibitors against
specific peptide sequences'* or anti-integrin antibodies'^.
To the authors’ knowledge, there has been no
comprehensive in vitro study on breast cancer cell lines to
evaluate the relationship between tumour cell adhesion
and invasive potential using identical inhibitors of integrin
function.
These data suggest that cell surface integrin expression
predicts the adhesive but not the invasive properties of
breast cancer cells. All five cell lines demonstrated strong
integrin-dependent adhesive properties. In the in vitro
invasion assay, MDA-MB-231 and Hs578T were the only
breast cancer cell lines to demonstrate significant invasive
potential compared with MCF-7, T47D and ZR75-1.
Invasion of MDA-MB-231 was restricted to laminin and
collagen which suggests that these breast cancer cell lines
exert their aggressive potential by invasion through
basement membrane. Hs578T, on the other hand, is
invasive through both interstitial matrix and basement
membrane proteins. Invasion of MDA-MB-231 and
Hs578T cell lines could be significantly reduced by antiintegrin antibodies, supporting the important role of the
integrins in tumour metastasis. The inhibitory effect of
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these antibodies on cell invasion was significantly greater
in wells in which adhesion to the matrix proteins was
blocked, compared with wells in which cells were allowed
to adhere to the matrix. Tumour cell adhesion and
invasion are Separate but related phenomena that are
required in the complex process of tumour metastasis.
The in vitro invasion chamber, unlike the adhesion
assay, is probably an appraisal of several facets of the
multistep process of metastasis. In order to invade, cells
are required to adhere to specific ligands on the matrix,
migrate through the protein coat and adhere to the
undersurface of the porous filter. The integrins may
influence, or in turn be influenced by, other factors known
to be important in determining invasive phenotype. The
integrins have been shown to play a role in the regulation
of proteolytic enzyme secretion^, which may be important
in order for cancer cells to invade through the matrix. The
mechanisms by which the integrins control cell motility
involve the associarion between the intracytopfasmic
portion of the receptor and the cytoskeleton^'. TTie, link
between integrin receptors and the cytoskeleton
incorporates complex proteins, including talin, vinculin,
z-actinin and paxilin^‘-^X Ligand binding of the receptor
induces intracellular signalling pathways including the
focal
adhesion
kinase,
P^'^^FAL
and other
phosphorylalioD protehxs as secondary messengers^X
Integrin function has also been shown to be influenced by
oncogenes, such as c-erb-B2^‘, and soluble factors, such as
the interleukins’^
Tiie inhibitory effects on cell adhesion by individual
anti-integrin antibodies in this study were never I(XI per
cent. This is likely to be due to the presence of multiple
integrin receptors on each cell line recognizing identical
ligands. The reasons why multiple integrin receptors for
an individual matrix protein are required to be expressed
on breast cancer cell lines are unknown. This apparent
redundancy in receptor specificity may be necessary in
order for different signals to be transmitted into the cell
after ligand binding. The mechanism by which this may be
achieved in vitro could involve the triggering of specific
signalling pathways. While many intracellular second
messenger systems of surface receptors arc common,
actuation of particular pathways could arise, as a result of
alternative spliced forms of the intracytoplasmic portion
of the integrin receptorX
The importance of the integrins in the development of
tumour metastasis has been shown in animal models^*’, as
well as in in vUro experiments using short-term primary
cultured cells derived from individual patients with known
tumour characteristics^^. The models of in vitro adhesion
and invasion used in this study allowed the assessment of
cell interaction with specific purified ligands on matrix
proteins. This is in contrast to in vitro animal models that
are subject to a variety of other factors capable of
influencing the outcome of cellular invasion and
metastasis. While this may account for the differences
observed in the invasive potential of some cell lines in in
vitro compared with in vivo models^*, MDA-MB-231 and
Hs578T have consistently been found in in vitro assays of
chemoinvasion to be the most aggressive cells lines
through a reconstituted basement membrane matrix^’.
Chemoinvasion of MDA-MB-231 and Hs578T cell lines
may also be related to vimentin expression’’". While no
relationship between vimentin and the integrins is
currently known, this study has shown that integrin
receptors are important in regulating the invasive ability
of breast cancer cell lines.
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Modulation of very late activation-2
laminin receptor function in breast cancer
metastasis
Gerald P. H. Gui, FRCS, John R. Puddefoot, MSc, Gavin P. Vinson, DSc,
Clive A. Wells, MRCPath, and Robert Carpenter, FRCS, London, U.K.

Background. Very late activation-2 (VLA-2) is an integrin receptorfor laminin that consists of an a2and a ^l-subunit. In human breast cancer, down-regulation of VLA-2 expression is related to positive
nodal stcUus. The functional significance of altered integrin expression in individual patients has
never been investigated. To test the hypothesis that less adhesive primary breast cancer cells were
predisposed to metastasize, variation in VLA-2 modulation of cell attachment ta laminin with nodal
status was studied.
Methods. Integrin expression was measured by means of immunohistochemistry on cryostat sections.
Primary breast cancer cells were isolated by enzymatic disaggregation and immunomagnetic separation.
Cell adhesion to laminin was evaluated in an in vitro assay, and the effect of monoclonal antibodies
against the component subunits of VLA-2 was assessed.
Results. Adhesion of primary breast cancer cells from women with positive nodes to laminin was
significantly reduced compared with women with negative nodes (p < 0.001, Wilcoxon signed rank
test). VLA-2 antibodies inhibited primary breast cancer cell attachment of women with negative nodes
but not women m th positive nodes. Strong adhesion to laminin was related to node-negative status
(chi-squared, 16.33; p < 0.001) and to positive integrin expression (chi-squared, 31.54; p < 0.001).
Condusions. VLA-2-mediated adhesion of primary breast cancer cells to laminin differs with nodal
status. Measurement of VLA-2 expression may thus be of clinical value as a prognostic indicator in the
assessment of breast cancer. (SURGERY 1995;118:245-50.)
From the Departments of Surgery and Pathology, Si. Bartholomew’s Hospital, and Department of
Biochemistry, Queen Maty &f Westfield College, University of London, London, U.K

tumor metastasis and the side ef
fects from its treatment remain the predominant causes
of morbidity and death from breast cancer. Initiation of
the metastatic cascade involves the interaction between
cancer cells and host tissue barriers adjacent to the pri
mary tumor.* Various factors have been shown to endow
cancer cells with the ability to metastasize. These
include alteration of cell adhesion, the secretion of
proteolytic enzymes to free a cell from its normal con
straints, and the influence of chemotactic factors that
affect cell motility.^ Intercellular and cell-matrix adhe
sion are important factors governing tumor progres
sion.* These interactions are modulated by a group of
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receptors called the cell adhesion molecules of which
the integrins are the largest and most versatile family.^
The integrins are transmembrane heterodimers made
up of varying a- and ^-subunits that recognize specific
epitopes on matrix proteins.'* Fourteen a- and eight
p-subunits have been identified, and these associate to
form 20 different integrins that are classified into sub
families on the basis of a common ^ u b u n it* The plintegrins are also known as the very late activation
(VLA) group because of the time lag between their ex
pression on lymphocytes and exposure to antigen.®
Members of the six VLA integrins are designated
numerically by the variable a-chain, such that VLA-1 to
VLA-6 correspond to a ip i to ottipi.
The glycoprotein laminin is a major constituent of
basement membrane and consists of three chains
arranged to form an asymmetrical cross-shaped mole
cule.® Cells recognize laminin mainly via the VLA inte
grins (VLA-1, VLA-2, and VLA-6) and the 67 kd group
of laminin receptors,^ Of the integrin receptors, VLA-2
(a2pl ) has been shown to be an important determinant
of aggressive malignant phenotype in human breast
cancer tissue® and in cell lines.® Antibodies directed
SURGERY 245

1196

G . P . H . G U I . J. R . P U D D E F O O T , G. P. V I N S O N , C. A. W E L L S and R. C A R P E N T E R

The results of these in vitro studiesprovide an
understanding of how breast cancer cells may interact
with the extracellular matrix in vivo.Anti-integrin
antibodies affect tumour invasion either directly by
interfering with cell-matrix interactions, or indirectly by
inhibiting mediators of invasion. Cell adhesion alone is
thus not indicative of invasive potential but in itself is an
important factor in the multistep process of tumour
invasion and metastasis. As anti-integrin antibodies can
inhibit cell invasion, the integrins may be of potential
value as future antitumour therapeutic agents.
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against the a2- and 31-subunits of the VLA-2 integrin
molecule were therefore selected for study. The com
plexity of events surrounding the initial process of
tumor metastasis requires the use of experiments that
focus on individual steps to reduce variables that might
otherwise affect cancer invasion. In this study isolated
breast cancer cells from patients with known tumor
characteristics were used, in preference to propagated
cell lines, to recreate the human situation. The in vitro
assay was designed to evaluate only the adhesive com
ponent of the metastatic cascade. The hypothesis of this
study was that VLA-2-regulated adhesion of primary
breast cancer cells in patients with axillary nodal me
tastasis was reduced compared with cells from patients
with negative nodes.
MATERIAL AND METHODS
Tumor collection and processing. Breast cancer
samples were obtained from women with stage I or stage
II disease undergoing operation as primary treatment at
the Royal Hospitals Trust, London. All patients under
went a standard axillary dissection as part of their man
agement protocol to determine nodal status. None had
any evidence of distant metastasis on routine staging in
vestigations with chest radiography, liver biochemistry
profile, and liver ultrasonographic examination. Radio
isotope bone scans were performed when clinically rel
evant. Fresh tumor tissue (1 to 2 gm) was obtained from
each patient at the time of operation and placed in ster
ile transport medium at 4° C. The constituents of the
transport medium were Dulbecco’s modified Eagle’s
medium (DMEM) supplemented with 10% fetal bovine
serum (SigmaChemical Company, Poole, Dorset, U.K.),
4 mmol/L L-glutamine, 2 mmol/L sodium pyruvate,
nonessential amino acids 10 wl/L, penicillin 100 units/
ml, streptomycin 100 pg/ml, fungizone 5 pg/ml, and
polymyxin B 50 units/ml (ICN Biomedicals, Thame,
Oxfordshire, U.K.).
Histologic assessment and immunochemistry. A seg
ment of tumor adjacent to that used for immunomag
netic separation was snap frozen in liquid nitrogen
cooled isopentane. Integrin expression was measured
by using immunohistochemistry with the avidin-biotinperoxidase complex method*® on 5 pm cryostat sec
tions. P1E6'* and mabl3,*^ monoclonal antibodies
against the a2- and 31-^ubunits, respectively, were used
as primary layers (Becton-Dickinson, Oxford, Oxford
shire, U.K.). Tissue sections were sequentially incubated
with biotinylated secondary antibodies and streptavidin
peroxidase conjugated tertiary antibodies (Dako Ltd,
High Wycombe, Buckinghamshire, U.K.). The color re
action was developed by using diaminobenzidine tet
rahydrochloride and hydrogen peroxide and counter
stained by Harris’ hematoxylin (Sigma Chemical Com
pany). Integrin expression on primary breast cancer
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cells was scored as either positive or negative by two in
dependent assessors with consensus agreement when
ever required.
Tumor characteristics and nodal status were obtained
from paraffin-embedded tissue sections processed for
routine histopathology stained with hamatoxylin-eosin
(Sigma Chemical Company). Lymph node sections
from all patients with negative nodes were stained with
the anti-human cytokeratin CAM 5.2 (Becton-Dickin
son) to exclude occult metastasis.
Immunomagnetic separation. Immunomagnetic sep
aration as described by Motoyasu et al.*^ was performed
with the following modifications. The breast cancer
samples were cut into fine pieces by opposing scalpels
and disaggregated by using collagenase (Gibco BRL
Paisley, Renfrew, U.K.) at 5 units/mg tumor tissue. Di
gestion medium consisted of 25 ml DMEM supple
mented with 5% fetal bovine serum, insulin, antibiotics,
and antifungals at concentrations described above. Disaggregation was carried out on a vertical rotator at 37'
C overnight. Cells were recovered by centrifugation at
900 rpm, and any residual tumor fragments were redi
gested in fresh collagenase. Cell counts were performed
on a hemocytometer, and viability was assessed by using
trypan blue exclusion (Sigma Chemical Company) at
each point in the cell separation procedure.
Polystyrene-covered iron beads (Dynabead M-450:
Dynal UKLtd, Wirral, Merseyside, U.K.), precoated with
rat anti-mouse immunoglobulin G2a, were incubated
with antibody to epithelial membrane antigen*'* (EM4‘
clone E29 (Dako Ltd) at 1 pg antibody per 1 mg Djnabeads. The bead EMA complex was incubated with the
digested cell suspension at 4 beads per target cell to en
sure optimum binding at 4" C to prevent any nonspe
cific adhesion. EMA-bound breast cancer cells were
separated by application of the magnet particle con
centrator (Dynal UK Ltd), and unbound cells in the su
pernatant were washed away. The cycle was repeated for
unbound epithelial cells, whenever necessary, to achieve
an extraction ratio of at least 90% after bead incubation.
The beads were detached by incubating the cell sus
pension with Detach-a-bead (Dynal UK Ltd) on a verti
cal agitator for 1 hour at 20" C. Bead detachment was
further facilitated by pipetting the cell suspension gen
tly through a narrow tip for 2 minutes. The breast can
cer cells were recovered in the supernatant after appli
cation of the magnet particle concentrator, which
attracted the now unbound beads. The epithelial cell
clusters were disaggregated into individual cells by use
of 0.2% trypsin (ICN Biomedicals) and allowed to rest
for 1 hour at 37“ C before use in the adhesion assay. A
final extraction ratio of at least 70% of the epithelial
cells quantified after digestion was achieved.
The epithelial nature of the isolated cells was verified
by positive staining with EMA and CAM 5.2 and nega-
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live staining to the common leukocyte antigen CD45
and fibroblast markers (Dako Ltd). There is currently
no single test available to distinguish breast cancer from
benign cells. To ensure that the cells used in subsequent
assav's were malignant, cryostat sections of adjacent sur
faces of the tissue specimen were stained with hematoxylin-eosin and wet smears of the isolated cell clusters
were stained with Giemsa (British Drug Houses, Poole,
Dorset, U.K.) for morphologic assessment in conjunc
tion with a breast pathologist.
Adhesion assay. The adhesion assay previously de
scribed by Dejana et al.^^ was used with the following
modifications. Flat-bottomed 96-well plates (ICN Bio
medicals Ltd) were coated with purified laminin (Col
laborative Biomedical Products, Oxford, Oxfordshire,
U.K.) at concentrations ranging from 0.1 to 1000 pg/ml
overnight and allowed to air dry. All wells were rehy
drated before use with 100 pg/ml bovine serum albu
min in sterile distilled water to block nonspecific adhe
sion to plastic. The patient-derived cells were resus
pended in serum-free DMEM, and 50 pi containing 500
cells was added to each well. Graded amounts of either
PIE6 (anti-a2-integrin subunit) or mabl3 (anii-^l-integrin subunit) were added at concentrations of 50 to 150
pg/ml. Each experiment for individual patients was
conducted in triplicate. Control wells were coated with
bo\ine serum albumin. At the end of the incubation
period, wells were washed and adherent cells were
counted by means of spectrophotometry wi th the 3-[4,5]
dimethylthiazol-2-yl2,5 diphenyltetrazolium bromide,
thiazolyl blue (MTT) assay (Sigma Chemical Compa
ny). MTT is taken up by live cells and converted by mi
tochondrial enzymes to a formazan dye.^^ Absorbance
at 540 nm was measured with a microtiter plate reader
(Bio-Rad Laboratories Inc, Hemel Hampstead, U.K),
giûng cell count values that could be read off a standard
curve.
RESULTS
Optimization of standard experimental conditions.
Immunomagnetic separation was a reliable method by
which patient-derived primary breast cancer cells could
be obtained for short-term studies. Optimum experi
mental conditions were determined in a preliminaiy
study of six patients with integrin positive tumors. To
minimize potential variables in the in vitro adhesion as
say. cells were incubated in a serum-free environment.
The mean survival period of these cells in serum-free
medium, as determined by trypan blue exclusion, was 12
hours after completion of the isolation procedure.
Cell attachment to laminin was related to the length
of the incubation period and the matrix protein concentradon used in each well. Maximal cell adhesion was
attained within 4 hours, and this was selected as the
standard incubadon jieriod for further studies. Specific
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Table. Padent sample and tumor characterisdcs of
39 primary breast cancers analyzed for VLA-2
expression and funcdon

Mean age (range) (yr)
Mean tumor size
(range) (cm)
Histology type (%),
ductal
Grade (%)
I

11
III
Vascular invasion
present (%)
Mean number involved
nodes (range)
Mean number nodes
obtained (range)

Node negative

Node positive

(n = 20)

(71.19)

56.8 (33-84)
2.4 (l.(M.O)

58 (37-85)
3.6(1.0-9.0)

n=20 (100)

« = 19 (100)

w= 4 (20)
m= 7 (35)
n = 9 (45)
n = l (5)

n=] (5)
n = 7 (37)
n=l l (58)
« = 13 (68)

0
13.3 (5-26)

5.2 (1-25)
12.4 (3-26)

ligand binding to laminin was exhibited by increasing
cell adhesion to greater laminin concentrations. Maxi
mal adhesion of approximately 80% of the total num
ber of plated cells was reached at 100 pg/ml laminin,
which was therefore used as the opdmum laminin concentradon in further experiments. Cell adhesion could
not be increased greater than 80% of plated cells
despite increasing laminin concentradons. This was
found to be a constant feature across several matrix
proteins including fibronecdn, vitronecdn, and col
lagen despite opdmal cell viability. Although this maybe
a limitadon of using primary cultured cells, this consis
tent finding may represent an inherent characterisdc of
these cells.
Variatioii in the adhesive properties of primary
breast cancer cells with nodal status. Primary breast
cancer cells from 39 women (20 with posidve lymph
nodes and 19 with negative lymph nodes) were studied.
The padent sample and tumor characteristics are sum
marized in the Table. Adhesion of primary breast can
cer cells derived from women with negative nodes to
laminin was significantly greater compared with cells
derived from women with posidve nodes (Fig, 1). The
difference was significant at each concentration of
laminin studied with the Wilcoxon signed rank test, with
p values of less than 0.001.
Cell adhesion to laminin was inhibited by PI EG and
mab 13 in a dose-response manner (Fig. 2). At 100
pg/ml laminin, maximal inhibition was achieved at 75
pg/ml of each antibody, and this concentration was
used to compare the adhesive properties of primary
breast cancer cells with nodal status (Fig. 3). PI EG and
mabl3 each significantly inhibited cell adhesion to
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may require longer incubation periods. We were, how
ever, able to use the patient-derived cells for short-term
studies of cell adhesion with reproducible data. Suc
cessful propagation of patient-derived cells was achieved
in our laborator), but they were not used in these
experiments. The problems associated with the culture
of human breast carcinoma in vitro^^ and the establish
ment of reliable xenografts^^ are well established.
Experiments on altered cell behavior after metastasis by
using cell lines are currently limited by the nonavail
ability of separate clones obtained from the primary and
metastatic tumor in the same patient.
At various points in the metastatic cascade invading
cells may be required to alter their adhesive properties
to each other and to the supporting matrix. Cell adhe
sion may be required to be down-regulated for cancer
cells to detach from the primarv tumor and to move
unhindered through the stroma. The integrins^ and the
cadherins^'* have been shown to be down-regulated in
tumor progression. Conversely, cell adhesion might re
quire to be up-regulated for metastasizing cells to move
in a coordinated way through the matrix and to invade
endothelium to gain access to the lymph-vascular sys
tem. Some of the adhesion molecules thought to be upregulated in cancer progression are the a4pi- and
av^S-integrins*'^ and the 67 kd family’ of receptors. The
presence of vascular invasion in the primary breast can
cers of women in this study was found to predispose to
positive nodal status (chi-squared, 14.4; />< 0.001). This
suggests an important role for adhesion receptors found
on endothelial cells, including the vascular cell adhe
sion molecule (VCAM) and intercellular adhesion mol
ecule (ICAM) members of the immunoglobulin super
family. Differential expression of alternative integrin
and nonintegrin cell adhesion molecules on primary
breast cancer sections used in this study are currently
being evaluated.
Interaction between cells and the laminin compo
nent of the basement membrane has an important in
fluence over tumor progression.^^ In cancer metastasis
alteration of cellular interaction with laminin could
modulate regulation of processes governing migration,
adhesion, differentiation, and growth. The diversity of
function controlled by this interaction may account for
diSerences in expression of the principal laminin
receptors in human breast cancer; whereas the 67 kd
laminin receptor has been found by others to be
increased,’ we have shown integrin receptors for lami
nin to be decreased. The influence of the cell adhesion
molecules on biologic processes such as embryology,
growth, and inflammation closely resemble the require
ments of metastatic cells, and any differences to the
pathologic situation are likely to be of malregulation.
These data support the hypothesis that loss of VLA-2
function results in less adhesive cells predisposed to
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Inhibitory effect o f VLA-2 antibodies on primary

breast cancer cell adhesion to 100 p g /m l laminin. Primary
cancers from 20 patients with negative nodes and 19 patients
with posidve nodes were studied. Control wells were coated
with bovine serum album in. Results are expressed as m ean cell
num b er with standard error. Q , Node negadve; 0 , ntxle pos
idve.

metastasize. Loss of adhesion appears to be directly re
lated to absent MA-2 expression. Inhibition of cell at
tachment, even at high doses of PIE6 and mab 13, was
never complete. The principal integrins known to be
down-regulated in breast cancer belong to the pi-sub
family^ and would thus have been inhibited by mabl3.
This suggests that other cell adhesion molecule recep
tors may be important in mediating laminin interaction.
In conclusion, we have shown for the first time in hu
man tissue, differences in the iniegrin-mediated adhe
sive properties of primary breast cancer cells between
node-positive and node-negative groups. Integrin ex
pression may thus be of value as a predictor of axillary
metastasis and is the subject of a prospective study in our
department. Because interaction between \TA-2 and
laminin is conformation dependent, modulation of this
receptor may be exploited for clinical use as a potential
antitumor therapeutic agent.
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The relationship between VLA.-2-mediated cell ad
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expression measured on immunohistochemistry was
significantly related to the presence of axillary métasta
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but node negative, and five (12.8%) women with falsenegative status were integrin positive but node positive.
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100 pg/ml laminin and, in addition, had cell attach
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and mabl3. Strong adhesion of primary breast cancer
cells was significantly related to negative lymph node
status by means of the chi-squared test with Yates’ cor
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was also significantly related to positive integrin expres-

sion on the primary breast cancer cells (chi-squared,
31.54;/>< 0.001).
DISCUSSION
The role of integrin function in ex vivo human can
cer has never been investigated. Although altered inte
grin regulation has been described after malignant
transformation, no consistent pattern has been defined,
and the observed changes are likely to be specific to tu
mor type and cell of origin. Cell line studies on melano
mas*^ and sarcomas*® show an up-regulation of integrin
activity in relation to aggressive phenotype. In primary
breast cancer a reduction of integrin expression has
been described in human tissue cryostat sections.®’ *^^*
An association between loss of expression of important
integrin subunits in primary breast cancer cells and the
presence of axillary metastasis has also been reported.®
Investigation into the functional significance of this
finding in individual patients with primary breast cancer
has not hitherto been possible.
By using immunomagnetic separation we have devel
oped an important model by which patient-derived pri
mary breast cancer cells, with known tumor character
istics and nodal status, can be evaluated in vitro. The
model overcomes difficulties associated with extrapo
lating data from cell line or animal work to the human
situation. One limitation is that of cell survival, which
precludes their use in complex cell invasion studies that

250

Surgery
August 1995

Gui et al.

4. Hynes RO. Integrins; versatility, modulation, and signalling in
cell adhesion. Cell 1992;69:11-25.
5. Hemler ME, Huang C, Schwarz L. The VLA protein family: char
acterization of five distinct cell surface heterodimers each with a
common 130,000 molecular weight P subuniL J Biol Chem
1987;262:3300-9.
6. Engel J, Odermatt E, Engel A, et al. Shapes, domain, organiza
tion and flexibility of laminin and Gbronectin: two multifunc
tional proteins of the extracellular matrix. Mol Biol 1981;150:97108.
7. Horan Hand P, Thor A Schlom J, Rao ON, Liotta LA. Expression
of laminin receptor in normal and carcinomatous tissues as de
fined by a monoclonal antibody. Cancer Res 1985; 45:2713-9.
8. Gui OPH, Wells CA, Browne PD, etal. Integrin expression in pri
mary breast cancer and its relation to axillary nodal status. S u r 
gery 1995;117:102-8.
9. D’Souza B, Berdichevsky F, Kyprianou N, Taylor-PapadimitrouJ.
Collagen-induced morphogenesis and expression of the a2-integrin subunit is inhibited in c-erbB2-transfected human mam
mary epithelial cells. Oncogene 1993;8:1797-806.
10. Hsu SM, Raine L, Fanger H. Use of avidin-biotin-peroxidase
complex (ABC) in immunoperoxidase techniques: a comparison
between ABC and unlabelled (PAP) procedures. J Histochem
Cytochem 1981;29:57780.
11. Carter WGC, Wayner EA Bouchard TS, Kaur P. The role of in

22. Whitescarver J. Problems of in-vitro culture of human mammaiy
tumor cells. J Invest Dermatol 1974;63:58-64.
25. Bailey \f |, Gazet J-C, Peckham MJ. Human breast cancer xe
nografts in immunosuppressed mice. BrJ Cancer 1980; 42:524-9.
24. Dorudi S, Sheffield JP, Poulson R, NorthoverJM, Hart ffi. E-cadherin expression in colorectal cancen an immunocytochemical
and in-situ hybridization study. Am J Pathol 1992; 142:981-6.
25. Barsky SH, Rao CN, Williams JE, Liotta LA Laminin molecular
domains which alter metastasis in a murine model. J d in Invest
1988;81:782-90.

DISCUSSION
Dr, Douglas J. Schwartzentruber (Bethesda, Md.). I have a
question regarding your methodology. You first retrieved
these epithelial cells on the basis of an epithelial marker. How
do you know for sure that they are cancer cells as opposed to
normal mammary epithelium?
Dr. Gui. There is currently no single antibody or cell surface
marker that will distinguish a cancer cell from a benign
epithelial cell. We based our assumption on the malignant
cellularity of each cell suspension on the morphologic features
of each of the clusters in the cell smear using phase-contrast
light microscopy in conjunction with a breast pathologist spe
cialist. In addition, smears o f the isolated cells were stained
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with Giemsa and assessed morphologically. Furthermore, ad
aration was assessed histologically for malignant cellularity.

ers to ensure the absence of fibroblasts or leukocytes.
However, I take the point that it is impossible to be
absolutely categorical in distinguishing between benign and
malignant epithelial cells. Nevertheless, I would be confident
on the malignant cellularity of the isolated cells from each pa
tient used in these experiments.
Dr, Stuart G. Marcus (New York, N.Y.). Because your
patients presented with a wide variety of stages, did you detect
any correlation between stage o f disease and level of integrin
expression?
My second question relates to the level of the defect Is there
a gene missing or is there a problem with transcription trans
lation or protein expression?
Dr. Gui, We have data on imraunochemistiy of tissue
sections in a larger series of 101 women with stage I and stage
II breast cancer treated primarily by operation. Integrin
expression was found not to be related to tumor type and
grade. Similarly, no association was found between integrin
expression and tumor size, vascular invasion, or multifocal
disease. All we have been able to show so far is a relationship
to nodal status. In other words, loss of integrin expression in
primary breast cancer cells is related to stage II disease. The
data I havejust presented su r e st that loss of integrin function
results in less adhesive cells more likely to metastasize to the
axilla and that loss of integrin expression is related to loss of
integrin adhesive function.
In our laboratory we have not looked at the genetics behind
this alteration of integrin function.

