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ABSTRACT

Oestrogen receptor (ER) mutations have been identified for both ERa and ERp in
previous studies. The effects of the deletion variants due to splice mutations on
clinical parameters, prognosis and treatment were examined in 61 breast
carcinoma patients and 13 control samples from elective reduction mammoplasty
procedures, respectively. RNA extracted from fine needle aspirates (FNAs) of
breast tissue was reverse transcribed and using nested PCR and sequence
analysis the presence of these variants elucidated. Using X? and Fisher's exact
tests their significance with respect to clinical parameters such as tumour size,
nodal involvement, stage, presence or absence of metastases, menstrual status
and hormone responsiveness was examined. Kaplan-Meier survival analysis was

also determined.

The T-47D breast cancer cell line was cloned with two clones being selected for
further analysis, namely TCA3 (hormone sensitive) and TCC1 (hormone resistant).
These clones were treated for ten passages with oestrogen metabolites, 17-B-
oestradiol and oestriol; oestrogen precursors, androstenedione and cholesterol; an
anti-oestrogen, 4-hydroxy-tamoxifen; and the aromatase inhibitor
aminoglutethimide, respectively. RNA was extracted from the cells initially and
after the tenth passage and the ERa and ER[ exon profiles were examined using
RT-PCR and sequence analysis. After the tenth passage hormone response tests
were performed every 24 hours (up to 96 hours) with cell number being

determined using the MTT assay.



The results indicate that ERa and ER[ variants do not have any affect with respect
to menstrual status and nodal involvement (N). Expression of ERa2 and ERo4 are
required by the mouse monoclonal antibody (DAKO ® Clone 1D5) in the
immunocytochemical assay used for the recognition of the protein in order to
assess ER status and therefore show significance. ERaA2 and, contrary to
previous investigations, the variant ERaA3 were not found to play a role in
tumourigenesis. ERaA5 was observed to be more prevalent in ERa-positive
patients and was usually co-expressed with the complete ERa5 indicating
heterodimerization. ERaA5 showed no significance with respect to progression of

disease or response to hormone treatment.

An increase in the ratio of ERaA4: wild-type ERa4 indicated an increase in
metastatic potential of diseased tissue. ERa4 and ERaA4 heterodimers were
present in both T-47D clones and after 10 passages the TCA3 clone grown in
10°M aminoglutethimide indicated a complete loss of ERa4 without altering
hormone responsiveness. These results suggest that ERaA4 may play a role in

progression of disease but not in the acquisition of tamoxifen resistance.

ERaA6 was observed in 15% of patients but not in the T-47D clones or the control
samples. An increase in the expression of ERaA6 among patient samples
significantly increased their metastatic potential (p=0.018). ERaA6 was also
observed as significant with respect to stage of disease (p=0.023) indicating the

possible relevance of ERaA6 in progression of the disease.



ERaA7 was the most frequently observed variant and did not show any
significance with regard to any of the clinical parameters examined. The presence
of ERaA7 did not show significance with regard to hormone response in vivo but in
vitro the presence of this variant, expressed as a heterodimer with the wild-type
ERa7, conferred greater sensitivity to tamoxifen in the tamoxifen resistant clone

TCCA1.

Multiple exon deletions of ERa were also observed. The two more significant
multiple deletion variants were those involving ERaA4, namely, ERaA2-ERaA6
and ERaA4-ERaA6. The multiple variant ERaA4-ERaA6 may be involved in

tumour progression.

ERPB variants were not examined in as much detail as ERa variants due to
insufficient material available for analysis. The two domains, the DNA binding
domain and the ligand binding domain, of ERB were analyzed in a few of the
patients and in the T-47D clones. They were not found to be significant with
respect to the clinical parameters investigated and the ERB profiles of the TCA3
and TCC1 clones remained unchanged after 10 passages under varying growth

conditions.

Vi



ACKNOWLEDGEMENTS

| would like to say a very special thankyou to Dr Clem Penny for his constant
encouragement and understanding particularly during the writing up of this thesis
as well as his assistance with the cell photographs. Many thanks also to Prof Paul
Ruff and Prof Patrick MacPhail for their input and together with the doctors in the
Medical Oncology Unit at the Charlotte Maxeke Academic Hospital as well as Prof
Botha and the doctors of the University of the Witwatersrand Department of
Surgery for collecting the tissue samples from breast cancer patients. My gratitude
extends to Prof Laurence Chait and the late Dr Kadwa for their assistance with the

collection of breast mammoplasty samples.

| am grateful to the H. E. Griffin Cancer Trust and the Medical Faculty Research

Endowment Fund for their financial support.

| am also indebted to Silke Arndt of the Division of Human Genetics at the South
African National Health Laboratory Service for doing the automated sequencing for
me; to Dr Raquel Duarte, Lynne McNamara and all the staff of the Medical
Oncology laboratory for their support and assistance during my time in the
laboratory; to Prof Peter Gray, Dr Volkert Clausen and the late Jimmie Cowan for
their friendship and encouragement; to Joy Zock for her faith in me and to my

brother, Dr Cliff Meyer, for advising me on the statistical analysis.

| would also like to thank all of my friends and family for their consistent support

and encouragement especially my parents, Wendy and Helmut Meyer, for always

Vii



believing in me and my brother, Peter, for his concern and sense of humour. Very
special thanks to Debbie Young and Bridget Lupton for hearing me out when times
got tough and to all my Plett friends that have stood by me during the floods,
power outages and other challenges that have plagued me during my writing. Last,
but not least, to my very special family — my husband, Johnny, and my daughter,
Shannon, thankyou for loving me unconditionally and for your incredible patience

and understanding during this journey. | love you both very much.

viii



CONFERENCE PRESENTATION

IUBMB/SASBMB Special Meeting on The Biochemical and Molecular Basis of
Disease, 19-23 November 2001, Cape Town, South Africa.
Title: “Oestrogen Receptor a Mutations and Their Influence on Clinical Breast

Cancer.” K.D. Amoils, P. MacPhail, P. Ruff and R. Duarte.



TABLE OF CONTENTS

Title Page

Declaration

Dedication

Abstract
Acknowledgements
Conference presentation
Contents

List of Tables

List of Figures

List of Abbreviations

CHAPTER ONE

GENERAL INTRODUCTION

1.1 Reasons for this Study

1.2 Aim

CHAPTER TWO

LITERATURE REVIEW

2.1 Hormones and Breast Cancer

2.1.1 Historical Perspective

2.1.2 The Role of Hormones in Breast Cancer

XiX

XXii

XXiX



2.1.2.1 Mechanism of action of ER
2.1.2.1.1 Nuclear-initiated steroid signalling (NISS)
2.1.2.1.2 Membrane-initiated steroid signalling (MISS)
2.1.3 Prognostic Indicators in Clinical Breast Cancer
2.1.3.1 Oestrogen Receptor Status
2.1.3.2 Progesterone Receptor Status
2.1.3.3 Epidermal Growth Factor Receptor (EGFR)
2.1.3.4 HER-2/neu oncogene
2.1.3.5 Ploidy and S-phase Fraction
2.1.4 Choice of Treatment
2.1.4.1 Oestrogen Receptor Antagonists
2.1.4.2 Aromatase Inhibitors
2.1.4.3 Progestagens

2.2 Oestrogen Receptor a

2.2.1 Molecular structure of the ERo Gene

2.2.2 Oestrogen Receptor a Variants
2.2.2.1 ERa exon 2 deletion (ERaA2)
2.2.2.2 ERa exon 3 deletion (ERaA3)
2.2.2.3 ERa exon 4 deletion (ERaA4)
2.2.2.4 ERa exon 5 deletion (ERaAS)
2.2.2.5 ERa exon 6 deletion (ERaA6)
2.2.2.6 ERa exon 7 deletion (ERaA7)
2.2.2.7 Multiple ERa exon deletions
2.2.2.8 ERa insertions and exon duplications

2.2.2.9 Truncated ERa transcripts

Xi

10

11

12

14

15

16

17

18

19

23

23

29

35

38

38

42

42

43

43

45

46

46

47

47

48



2.3 Oestrogen Receptor

2.3.1 Molecular Structure of the ER Gene

2.3.2 ERB in Clinical Breast Cancer
2.3.3 ERp Variants
2.3.3.1 ERB2 or ERBcx
2.3.3.2 ERp exon 2 deletion (ERBAZ2)
2.3.3.3 ERp exon 3 deletion (ERBA3)
2.3.3.4 ERp exon 4 deletion (ERBA4)
2.3.3.5 ERp exon 5 deletion (ERBAS)
2.3.3.6 ERp exon 6 deletion (ERBAG)

2.3.3.7 ERpB exon 7 deletion (ERBA7)

48

49

53

95

55

56

56

S7

S7

58

58

2.4 Tissue Culture as a model of Tumour Progression and Oestrogen

Action

2.4.1 Mechanisms of Tumour Progression

2.4.2 Tissue Culture as a Technique: a Brief History

2.4.3 Human Breast Tumour Cell Lines

2.4.3.1 MCF-7 Human Breast Cancer Cell Line

2.4.3.2 T-47D Human Breast Cancer Cell Line

CHAPTER THREE

MATERIALS AND METHODS

3.1 Sources of Tissue and Cell Lines

3.2 Ribonucleic acid extraction

3.2.1 Human Breast Tissue

Xii

60
60
61
62
62

64

67

67

68

68



3.2.2 Tissue Culture Cells

3.3 Reverse Transcription

3.4 Polymerase Chain Reaction

3.4.1 PCR of HPRT "housekeeping" gene
3.4.1.1 HPRT primers
3.4.1.2 HPRT PCR amplification conditions
3.4.1.3 Visualization of HPRT PCR product

3.4.2 Nested and Touchdown PCR
3.4.2.1 First Round Nested PCR of the ERa gene
3.4.2.1.1 ERa DNA Binding Domain PCR
3.4.2.1.2 ERa Ligand Binding Domain PCR
3.4.2.2 Second Round Nested PCR of the ERa gene
3.4.2.2.1 PCR of ERa exon 2
3.4.2.2.2 PCR of ERa exon 3
3.4.2.2.3 PCR of ERa exon 4
3.4.2.2.4 PCR of ERa exon 5
3.4.2.2.5 PCR of ERa exon 6
3.4.2.2.6 PCR of ERa. exon 7
3.4 2.3 First Round Nested PCR of ERp gene
3.4.2.4 Second Round Nested PCR of ERJ} gene
3.4.2.4.1 PCR of ERB DNA binding domain
3.4.2.4.2 PCR of ERp Ligand binding domain

3.5 Agarose gel electrophoresis

3.6 PCR product purification - Phenol-freeze method

Xiii

69

69

70

71

72

72

73

73

75

76

78

79

81

82

83

85

86

87

89

90

90

92

95

95



3.7 Ethidium Bromide Dot Quantitation of cDNA 96

3.8 Sequencing of PCR products 97
3.9 Cloning of T-47D cell line 99
3.10 Hormone response test 100
3.10.1 MTT assay 101
3.11 Staining of slides 102
CHAPTER FOUR 103
RESULTS
4.1 Analysis of clinical data 103
4.1.1 Patient population 103
4.1.2 Nested PCR and sequence analysis of ERa exon variants in 107

clinical samples

4.1.2.1 Nested PCR and sequence analysis of ERa exon 2 107
4.1.2.2 Nested PCR and sequence analysis of ERa exon 3 108
4.1.2.3 Nested PCR and sequence analysis of ERa exon 4 112
4.1.2.4 Nested PCR and sequence analysis of ERa exon 5 124
4.1.2.5 Nested PCR and sequence analysis of ERa exon 6 125
4.1.2.6 Nested PCR and sequence analysis of ERa exon 7 131
4.1.3 Nested PCR and sequence analysis of ERJ in clinical samples 134
4.1.3 1 Nested PCR and sequence analysis of ERB DBD 134
4.1.3.2 Nested PCR and sequence analysis of ERB LBD 138
4.1.4 Response to Hormone Treatment and Survival Analysis 141
4.2 The Cloning of T47-D cells 141

Xiv



4.3 Induction of ER mutation by environmental manipulation 144

4.3.1 TCA3 clone responses 145
4.3.2 TCCA1 clone responses 152
CHAPTER FIVE 159

DISCUSSION AND CONCLUSION

5.1 Oestrogen Receptor a and B variants in clinical breast cancer 159
5.2 ERa variants and ER status assessment 168
5.3 The effects of environmental factors on oestrogen responsiveness, 170

ERa and ERB expression in T-47D clones

5.4 CONCLUSIONS AND FUTURE DIRECTIONS 173
REFERENCES 178
APPENDICES 243
Appendix I: Human Ethics Clearance Certificate 243
Appendix II: Buffers and Solutions 244
Appendix Ill: Serum preparation and Stains for in vitro experiments 245

A. Preparation of Stripped foetal calf serum using Dextran Coated 245

Charcoal (DCC).

B. Preparation of May and Grunwald’s Stain. 246

XV



C. Preparation of Giemsa Stain.

Appendix IV: Sequencing spectrographs of ERa exons
A. ERa exon 2
A1. ERa2 (427bp band) spectrograph (forward primer)
A2. ERa2 (236bp band) spectrograph (complementary primer)
B. ERa exon 3
B1. ERa3 (322bp band) spectrograph (reverse primer)
C. ERa exon 4
C1a. ER04 (555bp band) spectrograph (forward primer)
C1b. ER04 (555bp band) spectrograph (complementary primer)
C2a. ER04 (219bp band) spectrograph (forward primer)
D. ERa exon 5
D1a. ERa5 (544bp band) spectrograph (forward primer)
D1b. ERa5 (544bp band) spectrograph (complementary primer)
D2a. ERa5 (405bp band) spectrograph (forward primer)
D2b. ERa5 (405bp band) spectrograph (complementary primer)
D3. ERa5 (80bp band) spectrograph (complementary primer)
E. ERa exon 6
E1a. ERa6 (388bp band) spectrograph (forward primer)
E1b. ERa6 (388bp band) spectrograph (complementary primer)
F. ERa exon 7
F1a. ERa7 (345bp band) spectrograph (forward primer)
F2a. ERa7 (310bp band) spectrograph (forward primer)

F3a. ERa7 (161bp band) spectrograph (forward primer)

XVi

246

247

247

249

250

251

252

253

254

256

257

259

261

262

264

266

268

269



Appendix V: Sequencing spectrographs of ER exons
A. ERB DBD
A1a. ERBDBD (214bp band) spectrograph (forward primer)
A1b. ERBDBD (214bp band) spectrograph (complementary primer)
B. ERB LBD
B1a. ERBLBD (222bp band) spectrograph (forward primer)

B1b. ERBLBD (222bp band) spectrograph (complementary primer)

Appendix VI: Positions of primers and PCR products within the ERa gene
A. ERa exon 2
A1. Sequence and position of the 427bp band from nested PCR of ERa
exon 2
A2. Sequence and position of the 236bp band from nested PCR of ERa
exon 2
B. ERa exon 3
B1. Sequence and position of the 322bp band from nested PCR of ERa
exon 3
C. ERa exon 4
C1. Sequence and position of the 555bp band from nested PCR of ERa
exon 4
C2. Sequence and position of the 219bp band from nested PCR of ERa
exon 4
D. ERaexon 5
D1. Sequence and position of the 544bp band from nested PCR of ERa

exon 5

XVii

270

270

271

272

273

274

274

275

276

277

278

279



D2. Sequence and position of the 405bp band from nested PCR of ERa 280

exon 5

D3. Sequence and position of the 80bp band from nested PCR of ERa 281

exon 5

E. ERa exon 6

E1. Sequence and position of the 388bp band from nested PCR of ERa 282

exon 6

F. ERaexon?7

F1. Sequence and position of the 345bp band from nested PCR of ERa 283

exon 7

F2. Sequence and position of the 310bp band from nested PCR of ERa 284

exon7

F3. Sequence and position of the 161bp band from nested PCR of ERa 285

exon 7

APPENDIX VII: Positions of primers and PCR products within the ERP3 gene 286

A. ERB DBD
A1. Sequence and position of the 214bp band from nested PCR of 286
ERBDBD
B. ERB LBD
B1. Sequence and position of the 222bp band from nested PCR of 287
ERBLBD

XViii



LIST OF TABLES

Table no. Heading Page

1. PCR parameters for first round ERa RT-PCR 80
analysis.

2. PCR parameters for second round nested ERa 84

DNA binding domain RT-PCR analysis.

3. PCR parameters for second round nested ERa 88

Ligand binding domain RT-PCR analysis.

4. PCR parameters for first and second round ERf3 91

RT-PCR analysis.

5. Characteristics of Patients, Tumours and Treatment. 104

6. Statistical analyses of ERa2 and significant ER exon 111

associations.

7. Statistical analysis of ERaA2 and ERaAG. 111

8. Associations between ERa exons and tumour size (T). 115

XiX



LIST OF TABLES (CONTINUED)

10.

11.

12.

13.

14.

15.

16.

Table no. Heading
9. Associations between ERa exons and Nodal involvement

(N).

Associations between ERa exons and presence or absence

of Metastases (M).

Associations between ERa exons and Stage of disease.

Associations between ERa exons and menstrual status.

Associations between ERa exons and ER status.

Statistical analysis of ERa4 and ERaAG6.

Statistical analyses of ERaA5plus compared with ERaA5

and ERa6.

Associations between ERBDBD and ERBLBD and Tumour

size (T).

XX

116

117

118

119

120

124

128

137



LIST OF TABLES (CONTINUED)

Table no. Heading
17. Table of hormone responses and ERa and ER[3 exon profiles

of T-47D parent clones TCA3 and TCC1.

18. Table of hormone responses and ERa exon profiles of T-47D

clone TCA3 under various growth conditions.

19.  Table of hormone responses and ERa exon profiles of T-47D

clone TCC1 under various growth conditions.

XXi

146

151

158



LIST OF FIGURES

Figure No. Heading

10.

Oestrogen Receptor Action.

Diagram lllustrating the Cell Cycle.

DNA flow cytometer histograms of mammary tissue.

Chemical structures of oestradiol, tamoxifen, fulvestrant

raloxifene and toremifene.

SERMSs action on ER in breast cancer.

Fulvestrant action on ER in breast cancer.

Aromatase enzyme reaction.

Third-generation aromatase inhibitors: mechanism of

action.

Chemical structure of different aromatase inhibitors.

Chemical structures of progesterone, MPA and DHT.

XXii

13

21

22

24

27

28

30

33

34

37



LIST OF FIGURES (CONTINUED)

Figure No. Heading Page
11. The Oestrogen Receptor a gene. 41
12. Schematic diagram of ERa exon deletions. 44
13. The Oestrogen Receptor B Gene. 51
14. Comparison of the structures between ERa and ERp. 52
15. Schematic diagram of 10 human ER exon deletion 59
variants.
16. Visualization of HPRT PCR products on an agarose gel. 74
17. Positions of ERa nested PCR primers. 77
18. Positions of ER3 nested PCR primers. 94
19. Ethidium Bromide dot quantitation of cleaned PCR 98
products.
20. Distribution of Age of sample breast carcinoma patients. 105

XXiii



LIST OF FIGURES (CONTINUED)

Figure No. Heading
21. Histogram of distribution of clinical stage of disease in

22.

23.

24.

25.

26.

27.

28.

sample breast carcinoma patients.

Histograms of distribution of (A) tumour size, (B) nodal

involvement and (C) presence or absence of metastases

in sample breast carcinoma patients.

ERa exon 2 agarose electrophoresis gel.

The gene alignment of ERa2 427bp and 236bp second round

PCR products with the ERa gene.

ERa exon 3 agarose electrophoresis gel.

The gene alignment of ERa3 322bp second round PCR product

with the ERa gene.

ERa exon 4 agarose electrophoresis gel.

The gene alignment of ERa4 555bp and 219bp second round

PCR products with the ERa gene.

XXiv

105

106

109

110

113

114

122

123



LIST OF FIGURES (CONTINUED)

Figure No. Heading
29. ERa exon 5 agarose electrophoresis gel.

30.

31.

32.

33.

34.

35.

36.

37.

The gene alignment of ERa5 544bp, 405bp and 80bp second

round PCR products with the ERa gene.

ERa exon 6 agarose electrophoresis gel.

The gene alignment of ERa6 388bp second round PCR product

with the ERa gene.

ERa exon 7 agarose electrophoresis gel.

The gene alignment of ERa7 345bp, 310bp and 161bp second

round PCR products with the ERa gene.

ERB DNA Binding Domain agarose electrophoresis gel.

The gene alignment of ERB DBD 214bp second round PCR

product with the ERB gene.

ERB Ligand Binding Domain agarose electrophoresis gel.

XXV

126

127

129

130

132

133

135

136

139



LIST OF FIGURES (CONTINUED)

Figure No. Heading Page
38.  The gene alignment of ERB LBD 222bp second round PCR 140

product with the ERB gene.

39. Slides of parent cells of TCA3 and TCC1 T47-D clones 142

(40 X magnification).

40.  Graphs of oestrogen response tests of parent lines of T47-D 143

clones TCA3 and TCCH1.

41. TCAS clone at passage 10 (Control). 147
A. Graph of oestrogen response test of TCA3 (10) control cells.

B. Slide photograph of TCA3 (10) control cells.

42.  A. Graph of oestrogen response test of TCA3 clone at 148
passage 10 (grown in 10°M oestradiol).
B. Graph of oestrogen response test of TCA3 clone at

passage 10 (grown in 10°M oestriol).

43.  TCA3 clone at passage 10 (grown in 10M aminoglutethimide). 149
A. Graph of oestrogen response test of TCA3 clone at
passage 10 (+ aminoglutethimide).

B. Slide photograph of TCA3 (10) cells (+ aminoglutethimide).

XXVi



LIST OF FIGURES (CONTINUED)

Figure No. Heading Page
44. TCA3 clone at passage 10 (grown in 10M androstenedione). 150

A. Graph of oestrogen response test of TCA3 clone at
passage 10 (+ androstenedione).

B. Slide photograph of TCA3 (10) cells (+androstenedione).

45. TCC1 clone at passage 10 (Control). 153
A. Graph of oestrogen response test of TCC1 (10) control cells.

B. Slide photograph of TCC1 (10) control cells.

46. TCC1 clone at passage 10 (grown in 10®M oestradiol). 154
A. Graph of oestrogen response test of TCC1 clone at
passage 10 (grown in 10°M oestradiol).

B. Slide photograph of TCC1 (10) cells (+ oestradiol).

47. TCC1 clone at passage 10 (grown in 10®M oestriol). 155
A. Graph of oestrogen response test of TCC1 clone at
passage 10 (grown in 10°M oestriol).

B. Slide photograph of TCC1 (10) cells (+ oestriol).

XXVii



LIST OF FIGURES (CONTINUED)

Figure No. Heading Page
48. TCC1 clone at passage 10 (grown in 10°®M aminoglutethimide). 156

A. Graph of oestrogen response test of TCC1 clone at
passage 10 (grown in 10°M aminoglutethimide).

B. Slide photograph of TCC1 (10) cells (+ aminoglutethimide).

49.  A. Graph of oestrogen response test of TCC1 clone at 157
passage 10 (grown in 10°®M androstenedione).
B. Graph of oestrogen response test of TCC1 clone at

passage 10 (grown in 10°M cholesterol).

XXViii



LIST OF ABBREVIATIONS

2n

4n

aa
AF

Al
AMV
ATCC
bp

°C
cDNA
CO;
CoR
DBD
DEPC
DMSO
DNA
dNTP
EGF
EGFR
ELISA
EMEM
ER

ERa

diploid

tetraploid

amino acids

activation function

aromatase inhibitor

avian myeloblastosis virus
American Tissue Culture Collection
base pairs

degrees centigrade
complementary deoxyribonucleic acid
carbon dioxide

coregulator

DNA binding domain

diethylene pyrocarbonate

dimethyl sulfoxide
deoxyribonucleic acid
deoxynucleotide triphosphate
epidermal growth factor

epidermal growth factor receptor
enzyme-linked immunosorbent assay
Earle’s Minimal Essential Medium
oestrogen receptor

oestrogen receptor alpha

XXiX



LIST OF ABBREVIATIONS (CONTINUED)

ERB
ERE
ERICA
FCS
FNA

FSH

HCI
hGR
HPRT
HRT
hsp
IGFR
l.U.
kb
KCI
kDa
LBD

LH

M-phase
MA

MAPK

oestrogen receptor beta
oestrogen response element
oestrogen receptor immunocytochemical assay
foetal calf serum
fine needle aspirate
follicle-stimulating hormone
hours
hydrogen chloride
human glucocorticoid receptor
hypoxanthine phosphoribosyltransferase
hormone replacement therapy
heat shock protein

insulin-like growth factor receptor
international unit

kilobase

potassium chloride

kiloDalton

ligand binding domain

luteinizing hormone

molar

mitotic phase

megestrol acetate

mitogen activated protein kinase

XXX



LIST OF ABBREVIATIONS (CONTINUED)

MgCl,
min
MISS
ml

mM
MMP
MPA
miRNA
mMRNA

MTT

NA
NaOH
ng
NH,
NISS
oes
PBS
PCR
pmol
PR

PRPP

Magnesium chloride

minute

membrane-initiated steroid signaling
millilitre

millimolar

matrix metalloproteinase
medroxyprogesterone acetate
microRNA

messenger ribonucleic acid
3-4,5 dimethylthiazol-2,5 diphenyl tetrazolium
bromide

nodal involvement
norethisterone acetate

sodium hydroxide

nanograms

amino

nuclear-initiated steroid signaling
oestradiol

phosphate buffered saline
polymerase chain reaction
picomole

progesterone receptor

phosphoribosyl pyrophosphate

XXXi



LIST OF ABBREVIATIONS (CONTINUED)

RNA
RNase

rpm
RPMI-1640
RT-PCR

s

SERM
SFCS

SPF

STAR

TAE
tamox
Taq
TD
TDLU
TGF-a
USF
UTR

uv

wt

ribonucleic acid

ribonuclease

revolutions per minute

Roswell Park Memorial Institute Medium 1640
reverse transcribed polymerase chain reaction
seconds

selective oestrogen receptor modulator
stripped foetal calf serum

S-phase fraction

Study of Tamoxifen and Raloxifene
tumour size

melting temperature

Tris-acetate EDTA

tamoxifen

Thermus aquaticus

touchdown

terminal ductal lobular units
transforming growth factor alpha
upstream stimulatory factor
untranslated region

ultraviolet

volts

wild type

XXXii



	Title
	Declaration
	Dedication
	Abstract
	Acknowledgements
	Conference Presentation
	Table of Contents
	List of Tables
	List of Figures
	List of Abbreviations

