
The Role of Androgens in Breast Cancer and a Lectin 
ELISA for cerbB-2/HER-2 

MD THESIS 

SR Aspinall 

School of Surgery and Reproductive Sciences 
Department of Clinical Biochemistry 

University of Newcastle upon Tyne 

2003 

UNIVERSITYOF 
NEWCASTLE UPON TYNE 

NEWCASTLE UNIVERSITY LIBRARY' 
---------------------------- 

201 29838 7 
---------------------------- 
týA ! ýTo Tv-ve-61 5 NA7 qI 



Acknowledgments 

I would like to acknowledge the help of the following people with this project: Susan 
Stamp, Adam Davison and Dr Brian Shenton, who supervised the flow cytometry, in 
particular Susan Stamp for help with the analysis of tumour samples, titration of 
antibodies and cell culture, and Brian Shenton for advice and guidance throughout the 
project; Professor Tom Lennard for help with abstracts, presentations, grant applications, 
preparation of this thesis and making this project possible; Dr Ian Brotherick for firiding 
funding for the androgen project; Dr Jose Shrimankar and technicians in the Department 
of Pathology for performing and interpreting immunohistochemistry; Dr Susan Cook for 
performing Western Blotting analysis; Dr David Cook and Professor Colin Self for help 
with the cerbB-2 lectin ELISA; ward 41 nursing staff for help with collection of serum 
samples; secretarial staff in the breast screening unit for forwarding pathology reports; 
Newcastle Hospitals Special Trustees for providing a grant for salary and running costs; 
and finally my wife Elspeth for patiently listening any problems, and aside from the 
technical aspects, providing advice and encouragement, for which I was very grateful. 



Contents 

Chapter 1 Introduction 

1.1 Steroid hormones ..................................... I 
1.2 Androgen receptor structure and functional domams .................................... .3 1.3 Androgen receptor is a ligand-dependent transcription factor .......................... .6 1.4 Androgen receptor expression in breast cancer ........................................... 11 
1.5 Serum androgen levels in breast cancer .................................................... 14 
1.6 Growth actions of androgens on breast cancer cell lines ................................. 19 
1.7 Insulin-like growth factor systems in breast cancer ....................................... 25 
1.8 Epidermal growth factoe system in breast cancer ......................................... 27 
1.9 Cross-talk between steroid hormone and growth factor signal transduction 
pathways in cancer ................................................................................. 28 
1.10 Tumour markers in breast cancer .......................................................... 32 
1.11 Retroviruses, proto-oncogenes and oncogenes .......................................... 34 
1.12 BER-2 proto-oncogene and protein in breast cancer .................................... 35 
1.13 Serum cerbB-2 ............................................................................... 39 
1.14 Glycoproteins ................................................................................. 42 
1.15 Altered glycosylation in cancer ............................................................ 46 
1.16 Altered glycosylation of serum glycoproteins in cancer ............................... . 49 
1.17 Lectins, ........................................................................................ .. 51 
1.18 Lectin binding in histochemical. sections of breast cancer .............................. 55 

Chapter 2 Central Hypothesis 

2.1 Central Hypothesis .............................................................................. 59 

Chapter 3 Materials and Methods: The role of androgens In breast cancer 

3.1 Principles of flow cytometry ................................................................. 63 
3.2 Use of fluorescent probes in flow cytometry .............................................. 

64 
3.3 Optics ........................................................................................... 65 
3.4 Interpretation of the signal: the dot-plot and histogram .................................. 

66 
3.5 Measurement of antigen expression by flow cytometry .................................. 68 
3.6 Growth medium ................................................................................ 69 
3.7 Cell lines 

........................................................................................ 70 
3.8 Clinical material ................................................................................ 71 
3.9 Titration of antibodies ......................................................................... 72 
3.10 Preparation and staining of tumour samples and cell lines .............................. 74 
3.11 Data analysis & quantification of fluorescence .......................................... 76 
3.12 Staining and analysis of DNA ............................................................... 80 
3.13 Cell proliferation studies ..................................................................... 

82 
3.14 Western blotting and sodium dodecyl sulphate polyacrylamide get electrophoresis 
(SDSPAGE) ......................................................................................... 84 



3.15 Immunohistochemistry of LNCap cells with androgen receptor 
antibody (AR441) ................................................................................. 

87 
3.16 Immunohistochemistry of paraffin sections of breast tumours with androgen 
receptor antibody (AR441) ....................................................................... 

89 
3.17 Measurement of serum androstenedione, DHEAS and testosterone .................. 90 

Chapter 4 Materials and Methods: A lectin ELISA for cerbB-2/HER-2 

4.1 Lectin ELISAs ................................................................................ 
91 

4.2 Biotinylation of synthetic p 185 peptide ................................................... 
93 

4.3 Capture of biotinylated synthetic p 185 by OM- 11-954 antibody ...................... 94 
4.4 Competition between unconjugated syntheic p 185 and biotinylated synthetic 
p185 for binding to OM-1 1-954 antibody ..................................................... 

95 
4.5 Preparation of Zabrecky Lysate ............................................................ 

96 
4.6 Binding of OM-1 1-954 to Zabrecky Lysate of SKBR3 cells ........................... 

97 
4.7 Binding of wheat germ agglutinin to complex carbohydrates .......................... 

98 
4.8 The HER-2/cerbB2 lectin ELISA .......................................................... 

98 

Chapter 5 Results and discussion: Serum androgens in breast cancer 

Results 

5.1 Relationship between serum androstenedione, DBEAS and testosterone levels in 
women with breast cancer and controls ....................................................... 

101 
5.2 Relationship between serum androstenedione, DBEAS and testosterone levels and 
age in women with breast cancer and controls .............................................. 

103 
5.3 Serum androstenedione, DHEAS and testosterone levels in women with breast cancer 
and controls ...................................................................................... 106 
5.4 Relationship between serum androstenedione, DBEAS and testosterone levels and 
body mass index 

................................................................................. 109 
5.5 Relationship between serum androgens and stress ..................................... 

III 

Discussion 

5.6 Sources of androgens in women .......................................................... 
112 

5.7 Relationship between serum androstenedione, DHEAS and testosterone, levels in 
women with breast cancer and controls ...................................................... 

114 
5.8 Relationship between serum androstenedione, DHEAS and testosterone levels and 
age in women with breast cancer and controls ............................................... 

115 
5.9 Serum androstenedione, DHEAS and testosterone levels in women with breast cancer 
and controls ....................................................................................... 

116 
5.10 Relationship between serum androstenedione, DHEAS and testosterone levels and 
body mass index .................................................................................. 

118 
5.11 Relationship between serum androgens and stress .................................... 121 



5.12 Serum androgens and smoking ........................................................... 121 
5.13 Diurnal variation in serum androgens ................................................... 122 
5.14 Summary ..................................................................................... 

123 

Chapter 6 Results and Discussion: Androgen receptor expression In breast 
cancer 

Results 

6.1 Titration of androgen and epidermal growth factor receptor antibodies .............. 125 
6.2 Western. blotting of LNCaP lysate with androgen receptor antibody (AR441) ...... 127 
6.3 Immunohistochemistry of LNCaP cells with androgen 
receptor antibody (AR441) ...................................................................... 

128 
6.4 Immunohistochernistry of paraffm sections of breast turnours with androgen 
receptor antibody (AR441) ....................................................................... 

129 
6.5 Androgen receptor expression of breast tumours ........................................ 132 
6.6 Androgen receptor is co-expressed with oestrogen receptor alpha in breast cancer. 134 
6.7 Androgen receptor expression increases with age ....................................... 134 
6.8 Androgen receptor expression versus tumour grade, lymph node status and 
Nottingham Prognostic Index .................................................................... 137 
6.9 Expression of androgen receptor and epidermal growth factor receptor are positively 
correlated in breast cancer ....................................................................... 138 

Discussion 

6.10 A flow cytometric method for the determination of androgen receptor expression in 
breast cancer ........................................................................................ 139 
6.11 The association between tumour androgen receptor status, lymph node status, grade 
and Nottingham Prognostic Index ............................................................... 142 
6.12 Breast tumour androgen receptor expression and serum androgen levels ........... 143 
6.13 Androgen receptor and epidermal growth factor receptor expression in 
breast cancer ...................................................................................... 147 
6.14 Summary 

...................................................................................... 148 

Chapter 7 Results and Discussion: The growth affects of Sa- 
dihydrotestosterone and 5-androstene-30,170-diol on MCF7, T47D and 
MDAMB231 breast cancer cell lines 

Results 

7.1 Analysis of steroid hormone receptor expression of breast cancer cell lines ......... 150 
7.2 Analysis of DNA cell cycle during forty-eight hour incubation of MCF7, T47D, and 
MDA231 with 5ec-dihydrotestosterone +/- faslodex ......................................... 151 
7.3 Cell proliferation of MCF7 and T47D cell lines during 9-day incubation with 5a- 
dihydrotestosterone 

............................................................................... 
160 



7.4 Analysis of DNA cell cycle during forty-eight hour incubation of MCF7 and 
MDA231 cell lines with 5-androstene-3p, 17p-diol +/- faslodex ........................... 161 
7.5 Cell proliferation of MCF7 and T47D cell lines after 6 day incubation with 
physiological levels of 5-androstene-3p, 17p-diol and 17p-oestradiol .................. 165 

Discussion 

7.6 Actions of 5a-dihydrotestosterone on proliferation of breast cancer cell lines.... 168 
7.7 The actions of 5-androstene-30,170-diol on the proliferation of breast cancer cell 
lines ................................................................................................ 

173 
7.8 Implications for the role of androgens in breast cancer 173 

Chapter 8 Results and Discussion: A lectin ELISA for the cerbB-2/HER-2 

Results 

8.1 Biotinylation of a synthetic p185 peptide (OP-1 1-3549) ................................ 178 
8.2 Capture of biotinylated synthetic pI 85 peptide OP-1 1-3549 by monoclonal antibody 
to cerbB2 (OM-1 1-954) .......................................................................... 

179 
8.3 Binding of lectin (wheat germ agglutinin) to glycoprotein ............................. 181 
8.4 Binding of monoclonal antibody OM- 11-954 to extra-cellular domain of cerbB2 in a 
lysate of SKBR3 cells ............................................................................ 

182 
8.5 A lectin ELISA for cerbB2 .................................................................. 

183 
8.6 Inter-assay variation .......................................................................... 186 

Discussion 

8.7 A lectin ELISA for cerbB2 .................................................................. 193 

Chapter 9: Conclusions 
9.1 Central Hypothesis ........................................................................... 

197 
9.2 The role of androgens in breast cancer .................................................... 200 
9.3 A lectin ELISA for cerbB-2/BER-2 ....................................................... 204 

References 



List of Ficiures 

1.1: Structure of Cholesterol 
1.2: Steroid Metabolism 
1.3: Androgen receptor functional domains 
1 A: Ligand dependent activation of the androgen receptor 
1.5: Coactivator Complex 
1.6: Androgen Metabolism in peripheral tissues 
1.7: Ligand independent activation of the androgen receptor 
1.8: N-linked and 0-linked glycoproteins 
1.9: Processing ofN-linked glycoproteins 
3.1: Diffraction, absorption, refraction and reflection of incident laser light by particles passing through a 
fluidic system 
3.2: Optics of flow cytometer 
3.3: Histogram and dot plot of CD3 and CD8 expression on a population of lymphocytes 
3.4: Channels/linear/log amplification 
3.5: Dot plot of fluorescence-1 against fluorescence-2 to distinguish cytokeratin positive (i. e. epithelial) 
from non-epithelial cells 
3.6: Fluorescence-2 histogram of cytokeratin positive cells 
3.7: Fluorescence-2 histogram of Spherotec RCP50 beads 
3.8: Regression curve of DAKO fluorospheres using Tallycal software 
3.9: Dot plot of fluorescence-2 area against fluorescence-2 width. DNA from cell lines is gated to exclude 
doublet, triplet etc. populations. 
3.10: Fluorecence-2 histogram of gated events from the above dot plot Multicycle software is used to 
determine the percentage of cells in each stage of the cell cycle from this histogram. 
3.11: Dot plot of forward scatter (FSC) against side scatter (SSC) of cell lines and fluorospheres 
4.1: Lectin ELISA 
5.1: Serum testosterone versus DIMAS and androstenedione 
5.2: Relationship between serum androstenedione, DBEAS and age in women with breast cancer and 
controls 
5.3: Relationship between serum testosterone levels and age in women with breast cancer and controls 
5A: DHEAS and androstenedione cases versus controls 
5.5: Serum testosterone cases and controls 
5.6: Relationship between serurn androstenedione, DHEAS and testosterone levels and body mass index 
5.7: Relationship between serum DBEAS and cortisol levels 
6.1: Androgen and epidermal growth fiLctor receptor antibody titration curve 
6.2: Western blot of LNCaP lysate with the AR441 androgen receptor antibody 
6.3: Immunohistochemistry of LNCaP cells using AR441 androgen receptor antibody 
6A: Paraffin section of breast tumour demonstrating strong staining for androgen receptor expression 
6.5: Paraffin section of breast tumour demonstrating moderate staining for androgen receptor expression 
6.6: Paraffin section of breast tumour demonstrating weak staining for androgen receptor expression 
6.7: Androgen receptor expression determined by flow cytometry versus androgen receptor "quickscor6" 
and intensity by immunohistochemistry. 
6.8: Androgen receptor expression in sixty-three primary operable breast cancers 
6.9: Androgen receptor versus oestrogen receptor alpha expression in breast cancer 
6.10: Androgen receptor expression versus age in breast cancer 
6.11: Tumour androgen receptor expression versus serum DBEAS, androstenedione and testosterone 
6.12: Androgen receptor status versus tumour grade, lymph node status and Nottingham Prognostic Index 
in breast cancer 
6.13: Androgen receptor versus epidermal growth factor receptor expression 
7.1: Androgen and oestrogen receptor alpha expression of MCF7, T47D and IVDAMB231 cell lines 
7.2: %MCF7 cells in GO/1, S and G2/M on incubation with I 0'9M to 10'6M 5cL-dihydrotestosterone 
7.3: O/oT47D cells in GO/1, S and G2/M on incubation with I 0M to I 0'6M 5ot-dihydrotestosterone 



7.4: O/oMDA23I cell lines on incubation with 10-9M to 10'6M 5a-dihydrotestosterone and 5-androstene- 
3P, 17p-diol 
7.5: 8/oMCF cells in GO/I on incubation with 10'9M to 10'6M5a-dihydrotestosterone and 10'6Mfaslodex 
7.6: O/oMCF cells in S phase on incubation with I O'9M to 196M 5ot-dihydrotestosterone and 10 6M faslodex 
7.7: O/oT47D cells in GO/I and S phase on incubation with I O'7M to I 0'6M 5(x-dihydrotestosterone and 10' 
6M faslodex 
7.8: Proliferation of MCF7 and T47D breast cancer cell lines during 9-day incubation with physiological 
levels of 5(x-dihydrotestosterone and 17p-oestradiot 
7.9: 'YoMCF7 cells in GOA, S phase and G2/M during 48hour incubation with 10-6 to 10-9M 5-androstene- 
3P, 17p-diot 
7.10: 'YoMCF7 cells in GO/I during 48hour incubation with 5-androstene-3p, 17p-diol and faslodex 
7.11: %MCF7 cells in GO/I during 48hour incubation with 5-androstene-3p, l 7p-diol and faslodex 
7.12: Proliferation of MCF7 and T47D cell lines after 8 days and 6 days incubation with physiological 
levels of 17p-oestradiol and 5-androstene-3p, 17p-diol 
7.13: The Metabolism of Androgens 
7.14: Phases of the cell cycle 
8.1: Gel filtration of synthetic pl. 85 peptide (OP-1 1-3549) and NHS-LC biotin through sephadex beads 
8.2: Capture of biotin synthetic pl. 85 by cerbB2 monoclonal antibody OM-1 1-954 
8.3: Competition between unconjugated synthetic pI 85 and biotinylated synthetic pl. 85 for binding to OM- 
11-954 antibody 
8A: Binding of biotinylated wheat germ agglutinin to fetuin 
8.5: Binding of cerbB2 protein from SKBR3 lysate and medium by cerbB2 antibody OM-I 1-954 
8.6: Lectin ELJSA for cerbB2 using SKBR3 lysate 
8.7: Lectin ELISA for cerbB2 using SKBR3 lysate +/- 15% human serum 
8.8: Lectin ELISA for cerbB2 using different concentrations of wheat germ agglutinin +/- 15% human 
serum 
8.9: Comparison of cerbB2 lectin ELISA performed on three separate occasions on SKBR3 lysates 
8.10: Oncogene Science Research Products cerbB2 ELJSA of collected lysates 
8.11: CerbB2 lectin ELISA of collected lysates 
8.12: Oncogene Science cerbB2 ELISA of lysates extracted by Zabrecky and Pierce methods 
8.13: CerbB2 lectin ELJSA +/- capture antibody 
8.14: CerbB-2 lectin ELISA on a serum sample to investigate the affect of repeated freeze-thaw cycles 



List of Tables 

1.1: Lectin carbohydrate specificity 
3.1: Specifications of serum androgen kits 
5.1: Sample demographics DUEAS and androstenedione 
5.2: Sample demographics serum testosterone 
5.3: Results of linear regression analysis of serum testosterone against DUEAS and androstenedione for 
women with breast cancer and controls 
5.4: results of linear regression analysis of serum DIREAS against androstenedione for women with breast 
cancer and controls 
5.5: Relationship between serum testosterone, DUEAS and androstenedione levels and age in women with 
breast cancer and controls 
5.6: Androstenedione cases and controls 
5.7: serum DUEAS cases and controls 
5.8: serum testosterone cases and controls 
5.9: Relationship between serum androstenedione, DBEAS and testosterone levels and body mass index 



Chapter I Introduction 

Introduction 

1.1 Steroid Hormones 

Endocrinology is the science, which describes how cells communicate via the sending of 

chemical messengers termed hormones. There are three classes of hormones based on 

their chemical structure: peptide or protein hormones, steroid hormones and amino acid- 

related hormones. 

There are six families of steroid hormones. They are oestrogens, androgens, progestins, - 

mineralocorticoids, glucocorticoids and vitamin D. Bile acids are structurally related to 

cholesterol and therefore constitute a seventh member of the steroid family. All of these 

steroids are derived from cholesterol. 

Figure M: Structure of Cholesterol 

Cholestane the fully saturated ring structure of cholesterol gives rise to the parent ring 

structures of mammalian steroid hormones oestrane, androstane, pregnane and cholane. 
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The principal tissues of synthesis of the five classical steroid hormones (oestrogens, 

androgens, progestins, glucocorticoids and mineralocorticoids) are the adrenal cortex, 

ovaries and the testis. The metabolic pathway for the conversion of cholesterol into 

steroid hormones is outlined below. 
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Figure 1.2: Steroid Metabolism 

The critical step in the formation of steroids is the conversion of cholesterol to 

pregnenolone, which is under control of adrenocorticotrophin hormone (ACTM in the 

adrenal and luteinising hormone in the gonads. Pregnenolone can either be converted to 

progesterone and via this intermediate to glucocorticoids, androgens or oestrogens. 

Alternatively 17-hydroxyprogesterone is formed from pregnenolone. This constitutes an 

alternative pathway formation of androgens or oestrogens (Norman et al. 1997). 
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The estrogens are 18-carbon steroids produced in the ovaries and fetal-placental unit. 

Oestrone and oestradiol are also produced from androstenedione, and testosterone 

respectively in adipose tissue, muscle and breast turnours by the cytochrome p450 

aromatase enzymes. 

The adrenal cortex is divided into three zones that produce the different classes of the 

adrenal steroids. These are the zona glomerulosa (mineralocorticoids), zonafasciculata 

(glucocorticoids) and zona reticularis (androgens). 

The androgens are all steroids with 19 carbons. The major naturally occurring steroids 

with androgenic activity are Rx -dihydrotestosterone (5cc-DHT), testosterone, 5- 

androstene-30,170-diol (Adiol), androstenedione, dehydroepiandrosterone sulphate 

(DIHEAS) and dehydroepiandrosterone (DHEA) . 

1.2 Androgen receptor structure and functional domains 

The androgen receptor is a member of the nuclear receptor superfamily of transcription 

factors. These proteins act as transcription factors in many different species and can be 

classified according to the type of ligand they bind: steroids (glucocorticoids, progestins, 

mineralocorticoids, androgens and oestrogens), steroid derivatives (vitamin D3) or non- 

steroids (thyroid hormones, retinoids, prostoglandins) (Tenbaum et aL 1997). 

3 
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Nuclear receptors are related in structure and organization of their functional domains. 

They contain a highly conserved DNA binding region, a variable amino (N-) terminal and 

conserved carboxy (C-) terminal, suggesting that nuclear receptors are derived from a 

common ancestral form (Parker 1993). 

Andrggen receptor functional domains 

NB CD E/F 

NH2 COOH 

DNA binding 
E-- -_--) 

Ligand binding 

Dimerisation Dimedsation 

AH AF5 AF2 

Nudear localisation 

HSP 90 
I-- 

Figure 1.3: Androgen receptor functional domains 

The highly conserved DNA binding domain is rich in cysteme residues and contains the 

zinc-finger motif required for binding to hormone response elements in target genes 

(Evans et al. 1988). This region also contains sequences responsible for dimerisation. 
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The C-terminus contains the hormone binding domain and amino acid residues 

responsible for interaction with the 90kD heat shock protein Hsp90 (Pratt et al. 1988) and 

a region involved in hormone dependent nuclear translocation of the androgen receptor 

(Picard et al. 1987). 

In their inactive state, steroid hormone receptors are bound to chaperon proteins such as 

Hsp90, which maintain them in a conformation where ligand binding can occur. 

Following ligand binding dissociation from Hsp90 and dimerisation occurs allowing the 

ligand-bound receptor to bind to promoter and enhancer sequences in target genes. 

Ligand 

Cell membrane 

Ligand binding 
and dissociation 

Hsp90 trom hsp90 

Dimeriscrfion 

DNA 
T ipti binding ranscr on 

Target gene 

Figure 1.4: Ligand dependent activation of the androgen receptor 

The involvement of additional trans-activation domains located on the C-terminus and N- 

terminus are required for full transcriptional activity of the steroid receptor. The trans- 
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activation function 2 (AF2) located on the C-terminus is activated on binding of ligand 

(Kumar el aL 1987). Point mutations in the AF2 domain have no effect on the binding of 

ligand, dimerisation or DNA-binding but abolish transcriptional activation. 

Another trans-activation function AM is located on the N-terminus and is essential for 

transactivation activity in the full-length receptor (Jenster et aL 199 1). More recently a 

third trans-activation function AF5, which is involved in the transactivation capacity of 

the constitutively active C-terininus truncated androgen receptor has been identified on 

the N-tenninus (Jenster et al. 1995). 

Recent evidence suggests an interaction between the ligand binding domain of the C- 

terminus and the AF functions of the N-terminus. By this mechanism the trans-activation 

function AF I is inhibited by the ligand-binding domain in the absence of ligand and the 

trans-activation function AF5 is inhibited by the ligand-binding domain in the presence of 

ligand (Brinkman 1999). 

1.3 Androgen receptor is a ligand-dependent transcription factor 

The trans-activation domains of the androgen receptor interact with components of the 

basal transcription complex to initiate transcription. The basal transcription complex is 

composed of RNA polymerase 11 and various transcriptional factors such as TFIIB and 

TFIID, which assemble at the gene promoter and are essential for transcription to occur 

(Latchman 1997). It has become apparent, more recently, that another layer of proteins 

6 
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called co-activators and co-repressors regulate transcriptional activity of honnone 

receptors by interacting with the basal transcriptional complex and the trans-activation 

function AF2 on the C-terminus of the hormone receptor. 

The observations that steroid receptors could interfere with each other's function (Meyer 

et aL 1989) and possess a conserved region required for ligand-dependent transcriptional 

activity provided initial evidence of the existence of coactivator proteins that mediate 

AF2 function. 

A large number of co-activator proteins have now been identified. Two families of co- 

activators are paramount in terms of ability to potentiate transcriptional activity of the 

nuclear receptor: the p 160 family of co-activators including steroid receptor co-activator 

I/ nuclear receptor co-activator I (SRCI/N-CoAl), p300/CBP co-integrator associate 

protein/ amplified in breast cancer I (p/CIF/AIB I) and transcriptional intermediary factor 

2/ glucocorticoid receptor interacting protein I (TIF2/GRIPI) and the CREB binding 

protein/p300 (CBP/p300) fwnily (Glass et aL 1997). 

Studies demonstrated that overexpression of SRCl/N-CoAI stimulated the transcriptional 

activities of steroid hormone receptors in response to their ligands (Onate et aL 1995). 

Subsequently, further proteins termed TIF2/GRIPI and p/CIF/AIB I, highly homologous 

to SRCI/N-CoAl were identified with a similar ability to potentiate the transcriptional 

activity of steroid hormone receptors (Voegel et aL 1996) (Anzick et aL 1997). 

7 
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Overexpression of CBPJp300 also potentiates ligand-dependent transcriptional responses 

of nuclear receptors (Kamei et aL 1996). The CBP/p300 family of co-activators has been 

shown to act as essential co-activators for a large number of transcription factors 

including steroid receptors. It has been postulated that CBP/p300 may therefore act as an 

integrator of multiple signal transduction pathways, and competition for CBP/p300 may 

serve as a mechanism for antagonistic interactions between signaling pathways (Glass et 

aL 1997). 

Shang et al have proposed the formation of an androgen receptor transcription complex in 

which agonist-bound androgen receptors, bound to promoter and enhancer DNA 

sequences, are linked by a coactivator complex containing p 160 proteins, CBP/p300 and 

p300/CBP associated factor (pCAF) to the basal transcription machinery (Shang et aL 

2002). PCAF is a coactivator known to possess separate sites for interaction with nuclear 

receptors, p160 proteins and CBPJp300 (Blanco et aL 1998). By this mechanism enhancer 

and promoter sequences are brought in close proximity, and communication occurs 

between enhancer and promoter via the coactivator complex. 

8 
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Androaen rece or transcdotion con-plex 

Enhancer 

DNA 

AR 

PI 60 

CBP/p 300 

P160 TFIIB 

Promoter 
AR ý A, agonist bound androgen receptor :p 160 
CBPjp 300 coactivator complex : RNA potyn-erase 
TAID TFIIB basal transcription machinery 

Figure 1.5: Coactivator Complex 

A large number of nuclear hormone receptor coactivators that do not form part of this 

pl60/p3OO/CBP/pCAF complex have now been identified including BRCAI (Park el al. 

2000), ARA70 (Yeh et al. 1996) and TIP60 (Brady et al. 1999). The roles of these 

proteins are unknown. It has been postulated that they may be specifically required for 

different target genes; they may be restricted to certain tissues or they may be selectively 

involved in some but not all, nuclear receptors. 

In addition to proteins, which interact with nuclear receptors to enhance transcription, 

proteins, terined corepressors, have been discovered which repress transcription. Nuclear 

receptor corepressor (NcoR) and silencing mediator of retinold and thyroid hormone 

receptor (SMRT) were originally identified to interact With retinoic acid and thyroid 
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hormone receptors in the inactive state (Chen et aL 1995). Subsequently it has been found 

that they are recruited by antagonist bound oestrogen receptors (Lavinsky et al. 1998). 

Chromatin structure presents a physical obstacle for gene transcription, presumably by 

limiting the access of transcription factors and RNA polymerase Il to the target DNA 

(Struht 1998). Nuclear receptors modulate transcription via alterations in the state of 

chromatin structure at the promoter of target genes (Lemon et aL 1999). Histone 

acetylation results in decreased affinity between histone subunits and DNA and correlates 

with transcriptional activity. It has been found that coactivator proteins have histone 

acetylase (HAT) activity and corepressors have histone deacetylase (HDAQ activity. The 

balance between histone acetylation and deacetylation determines the outcome of ligand 

binding to nuclear receptor. Ligands act as switches to recruit HATs with the dismissal of 

HDACs (Xu et aL 1999). 

A mechanism of ligand-dependent transcriptional activation can therefore be proposed. In 

the absence of ligand, steroid hormone receptors exist as inactive complexes with 

chaperone proteins such as Hsp90. Following hormone binding the complex dissociates, 

dimerisation occurs and the hormone receptor acts as a transcription factor by binding to 

DNA in the vicinity of target genes. Transcription is mediated by interaction of the trans- 

activation functions with the basal transcription complex. This process is modulated co- 

activator and co-repressor proteins, which act by adding or removing acetyl groups to 

chromatin, thereby altering the accessibility of target DNA to transcriptional factors and 

RNA polymerase. 

10 
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1.4 Androgen receptor expression in breast cancer 

Although measurement of oestrogen receptor is well established as prognostic and 

predictive factors in the management of breast cancer (Hawkins et aL 1980) the role of 

androgen receptors is less well defined. 

Early studies measuring androgen receptor expression in breast cancer used ligand- 

binding assays. Androgen receptor expression was reported as being 35% (Miller et aL 

1985), 84% (Lea el aL 1989) and 9 1.1 % (Soreide et al. 1992). However, ligand-binding 

assays had technical limitations and did not provide any information about cellular 

distribution of the receptor. 

More recently, following development of a monoclonal antibody to AR, 

immunohistochemical studies have been described and androgen receptors were reported 

to be present in 76% (Kuenen-Boumeester et al. 1996) (Kuenen-Boumeester et aL 1992) 

and 79% (Isola 1993). Indeed androgen receptor is reported as the most frequently 

expressed steroid receptor in breast cancer (Lea et al. 1989). 

Kuenen-Boulmeester et al reported that 53% of breast cancers expressed AR, ER and PR 

(Kuenen-Boumeester et aL 1992). Several other groups have also found a significant 

association between AR and ER, PR expression in breast cancer (Lea et al. 1989) (Isola 

1993) (Soreide et aL 1992). Only one study did not find any correlation between 

androgen receptor and oestrogen receptor expression, though they did report a correlation 
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between androgen receptor and progesterone receptor levels in breast cancer (Langer et 

al. 1990). 

Whereas several studies have investigated the level of androgen receptor expression in 

breast cancer, none have hitherto looked at the variability of androgen receptor 

expression within individual turnours. However, androgen receptor, expressed as the sole 

hormone receptor, has been reported to occur 9% of breast cancers (Kuenen-Boumeester 

et aL 1992) and is better preserved during the process of metastasis than either oestrogen 

or progesterone receptor expression. Lea et al found that androgen receptors were present 

in 76% of metastatic breast cancer compared to 86% of primary breast tumours, and that 

25% of metastatic breast cancers have the AR+ER-PR- phenotype (Lea et aL 1989). In a 

multi-step model for the progression of breast cancer from a hormone-sensitive 

ER+PR+AR+ phenotype to a hormone-insensitive ER-PR-AR- phenotype, androgen 

receptor appears to be the last receptor to be lost. 

In a study of 1026 patients with primary and recurrent breast cancer Lea et al found that 

androgen receptor concentration increased with age of the patient (Lea et al. 1989). 

Oestrogen receptor expression in breast cancer similarly increases with age of the patient. 

This is presumably an adaptation by up-regulation of the receptor apparatus to declining 

supply of circulating sex steroids found in postmenopausal women. 

Several lines of evidence suggest that androgen receptor expression is a marker of good 

prognosis in breast cancer. In a large study of 1371 women with primary and recurrent 
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breast cancer, Bryan et al reported that patients with androgen receptor negative tumours 

had a significantly poorer response to hornional therapy and a significant trend towards 

shorter overall survival, than those with androgen receptor-positive tumors (Bryan et al. 

1984). Furthermore, androgen receptor expression was an independent prognostic factor 

for response to hormonal therapy and survival. Other groups have reported a positive 

correlation between androgen receptor expression, overall survival (Langer et aL 1990) 

and disease-free survival (Kuenen-Boumeester et aL 1996). 

Studies investigating the relationship between androgen receptor and turnour grade have 

shown that androgen receptor expression is inversely correlated to histological grade 

(Kuenen-Boumeester et aL 1996) (Isola 1993) and S-phase fraction (Isola 1993). 

In keeping with the observation that androgen receptor expression correlated with 

markers of good prognosis, it would have been expected that androgen receptor 

expression coffelated inversely with lymph node metastases in breast cancer. However, 

the data on androgen receptor expression and lymph node status has been conflicting. 

Kuenen-Boumeester et al failed to show any significant association between 

immunohistochemically detected androgen receptor status and lymph node status 

(Kuenen-Boumeester et al. 1996). Indeed one group found a positive correlation between 

androgen receptor expression and the presence of axillary metastasis with multivariate 

analysis showing that androgen receptor content was an independent predictor of the 

likelihood of axillary metastases (Soreide et aL 1992). 
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There has only been one published report investigating a relationship between the levels 

of androgen receptor expression in breast cancer and circulating androgen levels. Langer 

et al in a study of 61 women with operable breast cancer found no significant correlation 

between serum testosterone, dehydroepiandrosterone sulphate (DHEAS) and tumour 

androgen receptor expression. However, they did find a significant positive association 

between serum androstenedione levels and androgen receptor expression (Langer el aL 

1990). 

1.5 Serum androgens levels In breast cancer 

Several epidemiological studies have reported elevated adrenal androgen levels in the 

serum of postmenopausal women who subsequently developed breast cancer compared to 

controls (Cauley 1999) (Dorgan 1997) (Gordan 1990) (Zeleniuch-Jacqotte 1997). In a 

study comparing 97 postmenopausal women and 244 controls Cauley et al found 

significantly elevated serum androstenedione, DHEAS, and testosterone levels in women 

who subsequently developed breast cancer. However, in a statistical model that included 

bioavailable testosterone and oestradiol only bioavailable oestradiol was significantly 

related to breast cancer risk. This suggested that DHEAS and androstenedione contribute 

to the risk of breast cancer by acting as precursors to oestrogens (Cauley 1999). 

Dorgan et al reported significantly elevated levels of DHEA, DBEAS and androstenediol 

in 71 postmenopausal women who subsequently developed breast cancer (Dorgan 1997). 

Gordon et al in a study of 30 postmenopausal women who developed breast cancer and 
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59 controls reported a significant association between DHEA and breast cancer risk and a 

non-significant association between DBEAS levels and breast cancer risk (Gordan 1990). 

Zeleniuch-Jacquotte et al likewise reported that DBEAS were non-significantly elevated 

in 85 postmenopausal women who developed breast cancer compared to 163 controls 

(Zeleniuch-Jacqotte 1997). However, Barrett-Connor et al found no difference in 

DBEAS levels between women who developed breast cancer and controls (Barrett- 

Connor 1990). 

Fewer studies have measured serum androgens in women with confirmed breast cancer. 

Secreto et al found that the risk of breast cancer was positively associated with serum 

levels of testosterone, DHEAS, androstenedione, and dihydrotestosterone in 75 women 

with breast cancer compared to 15 0 controls (Secreto 199 1). Likewise, Zumoff et al 

reported supra-normal levels of DBEA and DBEA in postmenopausal women with 

primary operable breast cancer (Zumoff 1981). In this study, DHEA and DBEAS levels 

were found to be age invariant in women with breast cancer in contrast to a marked 

decline in levels of these androgens with age in controls. 

Studies of adrenal androgen levels in premenopausal women who develop breast cancer 

have been less numerous. Several have reported subnormal levels of adrenal androgens in 

women with breast cancer compared to controls (HeIzIsouer 1992) (Bulbrook 1986) 

(Zumoff 1981). 

15 



Chapter I Introduction 

Helzlsouer et al measured serum DHEA and DHEAS in 15 premenopausal women who 

subsequently developed breast cancer. They reported that serum DHEA levels were lower 

in women who developed breast cancer, though there was no difference in DBEAS levels 

between cases and controls (Helzlsouer 1992). Zumoff et al reported subnormal levels of 

both DHEA and DHEAS in premenopausal women with breast cancer (Zumoff 1981). In 

a study of premenopausal women on the island of Guernsey, Bulbrook measured urinary 

metabolites of DBEAS (etiocholanolone and androsterone) in I 10 women who developed 

breast cancer. Women who developed the disease in premenopausal years had 

significantly lower levels of these metabolites than age-matched controls (Bulbrook 

1986). 

In a review of the association between abnormal androgen production and breast cancer, 

Secreto and Zumoff summarize the evidence implicating excessive androgen production 

of ovarian origin in the aetiology of breast cancer (Secreto 1994). Polycystic ovarian 

syndrome, a condition characterised by anovulatory hyperplasia of the endometrium and 

elevated testosterone secretion is a risk factor for breast cancer (Coulam 1983). In 

addition elevated testosterone levels are found in women with abdominal obesity; such 

women are also at increased risk for breast cancer (Schapira et aL 1990). 

Several investigators have found circulating levels of testosterone to be elevated in 

women with breast cancer (Malarkey 1977) (Zeleniuch-Jacqotte 1997) (Secreto 1991) 

(Sauter 2002) (Hill 1985) (Thomas 1997) (McFayden 1976) (Cauley 1999). 
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Five studies have found elevated circulating testosterone levels in postmenopausal 

women with breast cancer (Zeleniuch-Jacqotte 1997) (Cauley 1999) (Hill 1985) (Secreto 

199 1) (Thomas 1997). Only two measured serum testosterone in premenopausal women 

with breast cancer and found levels to be elevated compared to controls (Malarkey 1977) 

(Sauter 2002). 

Whether circulating testosterone levels are independently associated with breast cancer 

risk is not established. Two studies have reported that the association of circulating 

testosterone levels to breast cancer risk is not independent of bioavailable oestrogen 

(Thomas 1997) (Zeleniuch-Jacqotte 1997). Whereas, only one has found that testosterone 

levels are an independent risk factor for breast cancer (Cauley 1999). 

Several mechanisms have been proposed by which androgens may increase the risk of 

breast cancer, either directly or indirectly. We discuss in the next section mechanisms by 

which androgens may stimulate the proliferation of breast cancer cell lines via the 

oestrogen receptor, and these are well documented in the literature (Rochefort et aL 

1984). On the other hand, androgens have been shown to inhibit oestrogen-induced 

proliferation of breast cancer cell lines by an androgen receptor-mediated mechanism 

(Poulin 1988) (Maclndoe 1981) (Rochefort et aL 1984). 

Androgens may indirectly affect the growth of breast cancer by two mechanisms. They 

may be converted to oestrogens by the aromatization of testosterone and androstenedione 

(Longcope 1978). In addition, both oestradiol and testosterone are both bound in the 
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circulation to sex hormone-binding globulin (SHBG), however testosterone binds sex 

hormone-binding globulin with greater affinity than oestradiol (Brooks 1984). Elevated 

testosterone levels therefore indirectly increase bioavailable oestrogens by displacing 

oestradiol from sex hormone-binding globulin (Siiteri et aL 1982). 

Recently, in a review of the role of adrenal androgens in breast cancer, Adams proposed 

that women who develop breast cancer in premenopausal years tend to have subnormal 

serum levels of adrenal androgens. Women who develop the disease in postmenopausal 

years have supranormal levels of these hormones. This he argues is due to androgens, 

acting via the androgen receptor, opposing oestrogen-stimulated growth in 

premenopausal years and stimulating growth via the oestrogen receptor in 

postmenopausal women (Adams 1998). 

In contrast to adrenal androgens testosterone has been reported to be elevated in both pre 

and postmenopausal women with breast cancer (Secreto 1994). The reason for this is 

unknown. The major metabolite of testosterone, 5a-dihydrotestosterone, appears to 

inhibit the growth of breast cancer cell lines (Poulin 1988), though some groups have 

found that it can stimulate or inhibit the proliferation of breast cancer cell lines (Birrell 

1995). 

Testosterone may affect the proliferation of breast cancer by one of the mechanisms 

described above. In addition, Secreto and Zumoff have proposed that testosterone may 

stimulate the secretion of peptide growth factors such as epidermal growth factor which 
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act in a autocrine or paracrine loop to stimulate proliferation of breast cancer (Secreto 

1994). 

1.6 Growth actions of androgens on breast cancer cell lines 

Biffell et al showed that androgens can both stimulate and inhibit growth of breast cancer 

cell lines (Birrell 1995). This effect appeared to be independent of the level androgen 

receptor expression by the breast cancer cell line. However, androgen receptor expression 

was necessary for the growth regulatory effects of androgens to be observed, as the 

growth of the two androgen receptor negative cell lines BT-20 and MDA-MB-231 was 

unaffected by androgens. 

On investigating the effect of the naturally occurring androgen 5ec-dihydrotestosterone 

(5a-DHT) and the synthetic, non-metabolized androgen mibolerone on six breast cancer 

cell lines, Biffell et al found that T47-D and ZR-75-1 were growth inhibited by 

androgens, while the growth of MCF-7 and MDA-MB-453 was stimulated by the 

presence of androgens. Co-incubation of 5cc-DHT with the anti-androgen 

hydroxyflutamide resulted in reversal of inhibitory and stimulatory effects of 5a-DHT on 

T47-D, MCF-7 and MDA-MB-453 cell proliferation suggesting an androgen receptor 

mediated mechanism. 

Birrell et al reported that stimulatory or inhibitory effects on growth were only observed 

after 6 days incubation with 5cc-DHT, an observation that has been confirmed by other 

groups (Poulin et aL 1988). This is considerably longer than the time required by 170- 
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oestradiol to exert its effects on cell proliferation, again suggesting different pathways for 

the action of androgens and estrogens on cell proliferation. 

Two breast cancer cell lines MDA-MB453 (Hall et al. 1994) and NEFM-223 

(Hackenberg et aL 1991) are unique in that they express high levels of androgen receptors 

in the absence of estrogen and progesterone receptors. However, although they have 

similar steroid receptor profiles they differ markedly in their response to androgens, 

MDA-MB453 being growth stimulated and MEFM-223 growth inhibited. 

Why 5cc-dihydrotestosterone can stimulate or inhibit the growth of cell lines with similar 

receptor profiles is unclear. Metabolism to oestrogenic substrates, which interact with the 

oestrogen receptor, is one possibility. This may explain the stimulatory action of 5cc- 

dihydrotestosterone on MCF-7 cell line. MCF-7 cells possess glucuronyltransferase 

activity enabling 5(x-DHT to be metabolized to compounds such as androstanediol (Roy 

1992). Furthermore, androstanediol has been shown to stimulate the proliferation of 

MCF7 cells via interaction with the oestrogen receptor (Hackenberg 1993). 

However, both MFM-223 and MDA-MB-453 cell lines do not express oestrogen 

receptors, and the growth effects of 5a-dihydrotestosterone can be inhibited by 

antiandrogens, suggesting an androgen receptor mediated mechanism. Clearly, there is a 

need for a more detailed understanding of the mechanisms of androgenic growth control 

in human breast cancer. 
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In a 12-day incubation of physiological doses of 5cc-DHT with the ZR-75-1 breast cancer 

cell line, Poulin et al found that 5cc-DHT inhibited cell prolifemtion and that the 

mitogenic effect of 170-oestradiol on ZR-75-1 cells was completely inhibited by 

increasing concentrations of androgens (Poulin 1988). This anti-proliferative action was 

reversed by addition of the antiandrogen hydroxyflutamide suggesting that the effect was 

mediated by the androgen receptor and not by competition for binding with the oestrogen 

receptor. 

In a study of the MCF7 breast cancer cell line, MacIndoe demonstrated that 5a-DHT 

inhibited oestrogenic induction and ongoing stimulation of progesterone receptor 

synthesis. Again this inhibitory activity of 5a-DHT was blocked by the addition of 

several anti-androgens, supporting the concept that the anti-oestrogenic effect of 

androgens is mediated by an androgen receptor mechanism (Maclndoe 1981). 

In 1976 Lippman showed that 5a-DHT stimulated the growth of MCF7 breast cancer cell 

line. However, the concentration of 5cc-DHT required to saturate the androgen receptor in 

vitro, was 1000 times lower than that which maximally stimulated MCF7 proliferation 

(Lippman 1976). If the mechanism of androgen action on the MCF7 cell line was due to 

androgens binding to the androgen receptor, then maximal stimulation would have 

occurred at 5a-DHT concentration sufficient to saturate the androgen receptor i. e. 

1/1000'h of that observed. 
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There are two explanations of this anomaly. Firstly, 5ct-dihydrotestosterone was 

metabolized to androstanediol by MCF7 cells, which stimulates proliferation via the 

oestrogen receptor, as discussed above, or 5a-dihydrotestosterone interacted directly with 

the oestrogen receptor. 

While Zava et al also showed that 5a-DHT stimulated the growth of MCF7 cells at 

pharmacological doses (1076M) they found no effect on cell growth at physiological doses 

(I 0-"M), despite 5a-DHT translocating the androgen receptor to the cell nucleus at this 

lower concentration. In contrast to Lippman's group, Zava et al found that 10-, 6M 5a- 

DHT competed with oestradiol for binding to the oestrogen receptor, translocated 

oestrogen receptor to the cell nucleus and stimulated progesterone synthesis. 

These findings suggested that the growth effects of 10'6M 5a-DHT on MCF7 cells were 

mediated by direct interaction of 5 cc-DHT with the oestrogen receptor. The effects of 10- 

6M 5a-DHT on cell growth, receptor depletion and progesterone synthesis was almost 

comparable to 10-8M 170-oestradiol and the affinity of 5cc-DHT for the oestrogen 

receptor was estimated as approximately I 000-fold less than oestradiol (Zava 1978; Zava 

1978). The above discussion has been restricted to 5ct-dihydrotestosterone, an androgen 

with a high affinity for the androgen receptor. However, as discussed elsewhere, there are 

a large number of metabolically related androgens with a variety of androgenic and 

oestrogenic activities (Rocliefort et aL 1984). The metabolism of androgens and 

interactions with the androgen and oestrogen receptors are illustrated below. 
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Dehydroepiandrosterone Sulphate 

Dehydroepiandrosterone lo 4-Androstenedione 

Oestrone 

5-Androstene-30,170-diol Testosterone 

Oestradiol 

Oestrogen Androgen 
Receptor 5a-Dihydrotestosteronf- Receptor 

30-Androstanediol 3ec-Androstanediol 

Figure 1.6: Androgen Metabolism in peripheral tissues 

Rochefort and Garcia (Rochefort et aL 1984) divide androgens into three groups: 

Oestradiol 

Oestrogen Androgen 
Receptor 5a-Dihydrotestosteronf- Receptor 

30-Androstanediol 3ec-Androstanediol 

Figure 1.6: Androgen Metabolism in peripheral tissues 

1) Androgens, such as 5(x-dihydrotestosterone and testosterone, with a high affinity for 

the androgen receptor 

2) Androgens, such androstenedione and testosterone which are converted to oestrogens 

by aromatization 

3) Androgens of adrenal origin such as dihydroepiandrosterone sulphate (DHEAS), 

androstenediol and androstanediol which have some affmity for the oestrogen 

receptor 
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While 5a-dihydrotestosterone stimulates proliferation and induces progesterone receptor 

expression at pharmacological concentrations (Zava 1978), adrenal androgens produce 

similar effects at physiological concentrations. 

5-androstene-30,170-diol a metabolite of DBEA has been shown to stimulate the 

proliferation of hormone dependent breast cancer cell lines at physiological 

concentrations via interaction with the oestrogen receptor (Adams et aL 198 1) (Poulin et 

al. 1986) (Hackenberg 1993). 

Similarly, DBEAS has oestrogen-like actions on MCF-7 and T47D breast cancer cell 

lines at physiological concentrations (LeBail et aL 1998) (Poulin et aL 1986) and DHEA 

stimulates MCF-7 breast cancer cell lines by a similar mechanism (Boccuzzi et at 1992) 

(Poulin et aL 1986). 

In a recent study of the oestrogenic activity of androgens LeBail et al found that DHEA, 

DHEAS, androstenediol, androstanediol, androstenedione, 5alpha dihydrotestosterone 

and testosterone were all able to elicit oestrogen-like actions on MCF-7 and T47D breast 

cancer cell. However, only DHEAS demonstrated oestrogenic activity at physiological 

concentrations (LeBail et aL 1998). This is in disagreement with other groups who have 

found that androstenediol not DBEAS has oestrogenic activity at physiological 

concentrations (Poulin et aL 1986). 
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Adrenal androgens have been shown to inhibit the growth of the NIFM-223 breast cancer 

cell line, by an androgen receptor mediated mechanism (Hackenberg: 1993). 5- 

Androstene-3 P, I 7p-diol and DBEA bave likewise been sbown to inbibit oestrogen- 

stimulated growth of MCF7 cells by an androgen receptor mediated mechanism 

(Boccuzzi et aL 1993) (Boccuzzi et aL 1994). 

The action of adrenal androgens depends on the endocrine environment: adrenal 

androgens stimulate the growth of hormone dependent breast cancer in the absence of 

oestrogens,, and inhibit growth in the presence of oestrogens. These actions occur by the 

oestrogen and androgen receptor respectively and may underlie the findings of several 

studies that prediagnostic levels of adrenal androgens are elevated in postmenopausal 

women with breast cancer and reduced in premenopausal women with breast cancer 

(Adams 1998). 

1.7 Insulin-like growth factor system in breast cancer 

Insulin growth factor receptor I (IGFRI) is a member of the tyrosine kinase receptor 

superfamily and shares 70% homology with the insulin receptor (IR) (Ullrich et aL 1986). 

It is ubiquitously expressed in human tissues and has been implicated in mitogenesis, 

cellular transformation, survival and differentiation (Rubin et aL 1995). 

IGFRI expression is elevated in breast cancer compared with non-malignant tumours or 

normal breast epithelium (Peyrat et aL 1992) and the ligands for IGFRI (IGFI and lGFH) 
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are potent mitogens for human breast cancer cell lines (Furlanetto et aL 1984). A 

substantial body of evidence implicates the IGF system as a key growth regulatory 

pathway in human breast cancer, which may be a therapeutic target for novel breast 

cancer therapy (Lee et al. 1998). 

Oestradiol has been shown to upregulate the expression of IGFRl mRNA in MCF7 breast 

cancer cell line (Stewart et aL 1990) as well as downstream molecules in the IGF 

pathway such as insulin receptor substrate- I (IRS- 1) (Lee et aL 1999). These results 

suggest that an important mechanism, by which oestrogens stimulate the proliferation of 

hormone-dependent breast cancer involve sensitization to the proliferative effects of 

IGFs. Oestadiol and IGFs have been shown to act synergistically to stimulate the 

proliferation of breast cancer cell lines (Stewart et al. 1992). 

Activation of IGFRI results in oligomerization, autophosphorylation and activation of 

tyrosine kinase (Ullrich et aL 1986). IGFRI is coupled to downstream signaling 

molecules insulin receptor substrate -1 (IRS-1) and Src homology 2 containing sequence, 

which are phosphorylated by activated tyrosine kinases and interact with multiple signal 

pathways including the MAPkinase pathway (Myers et al. 1994) (Pelicci et aL 1992). 

Thus providing a pathway for the interaction between IGFRI and steroid hormone 

receptors, to be discussed later. 

Several large studies have reported no significant associations between IGFRI expression 

and a variety of prognostic parameters including tumour grade, lymph node status, and 
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disease-free and overall survival (Surmacz et aL 1998). However, it is established that 

IGFRI is co-expressed with oestrogen receptor in human breast cancer (Peyrat et al. 

1988) (Pekonen 1988). Despite ongoing investigations, the exact role of the IGF system 

in the progression of human breast cancer remains obscure. 

1.8 Epidermal growth factor system In breast cancer 

Epidermal growth factor receptor (EGFR) is a cell surface receptor with tyrosine kinase 

activity, which has shown to be the cellular homologue of the v-erbB2 oncogene 

(Downward el aL 1984). Like the IGF system an interaction between the EGF system and 

steroid hormone receptors occurs. EGF activates the oestrogen receptor via the 

MAPKinase pathway resulting in phosphorylation of the ser' in the transactivation 

domain AFI located in the N-terminus (Bunone et aL 1996). 

EGFR is important in the growth regulation of normal breast and can be detected in all 

samples of normal breast (Dittardi et aL 1993). However, it can be identified only in 

approximately one third of human breast carcinomas, where it is associated with high 

tumour grade (Walker et al. 1999), poor response to endocrine therapy (Nicholson et aL 

1989), and is inversely associated with oestrogen receptor (Sainsbury et aL 1985) 

(Pekonen 1988) (Walker et al. 1999). 

EGFR has been implicated in the progression of human breast cancer to hormone 

independence. Oestrogen has been shown to have a biphasic effect on EGFR expression 
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in breast cancer cell lines. In the presence of oestrogen, there is a rapid and transient up- 

regulation of EGFR expression, followed by a down-regulation to basal levels, which is 

dependent on protein synthesis. This suggests that hormone-dependent breast cancer cells 

possess active mechanisms to maintain low levels of EGFR (Yarden et aL 1996). 

WalkerRA et al have proposed that in a proportion of patients lacking oestrogen receptors 

this regulation is lost, leading to an upregulation of EGFR. Overexpression. of EGFR is 

therefore a result, not a cause of hormone independence (Walker et al. 1999). 

Chrysogelos et al proposed a multistep model for the progression of breast cancer from a 

hormone dependent ER+/EGFR- phenotype to a hormone independent ER-/EGFR+ 

phenotype (Chrysogelos et al. 1994). 

1.9 Cross-talk between steroid hormone and growth factor signal 

transduction pathways In cancer 

The evidence from a large number of studies has established that growth factor signal 

transduction and steroid hormone pathways interact. This interaction is termed 

"crosstalkr. Power el al first showed that dopamine, an extracellular ligand was able to 

stimulate transcriptional enhancement of oestrogen receptor (Power el aL 1991). 

Subsequently it was shown that epidermal growth factor (EGF) induced oetrogen-like 

effects on mouse reproductive tract, which were attenuated by administration of an 

oestrogen receptor antagonist (Ignar-Trowbridge el aL 1992). 
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These results suggested that EGF induced these effects by an interaction between the 

EGF signaling pathway and the oestrogen receptor. More recently it has been confirmed 

that the oestrogen-like effects of EGF in the mouse uterus require the oestrogen receptor. 

Curtis et al showed that EGF treatment induced DNA synthesis and progesterone 

receptor mRNA in wildtype but not oestrogen receptor knockout (ERKO) mice (Curtis et 

al, 1996). 

EGF was also shown to modulate the transcriptional activity of oestrogen responsive 

elements (EREs) in endometrial and ovarian carcinoma cells. In this study, it was 

demonstrated by the use of truncated steroid hormone receptors, that EGF interacted with 

the N-terminus of the oestrogen receptor (Ignar-Trowbridge et aL 1993). 

Crosstalk between peptide growth factors and oestrogen. receptor is not restricted to EGF. 

Insulin-like growth factor-I OGF-1) has also been shown to mediate oestrogen receptor- 

mediated transcription in the rat uterus (Aronica et aL 1993) and the MCF7 human breast 

cancer cell line (Katzenellenbogen et aL 1990). 

In addition agents, which increase cyclic adenosine monophosphate (cAND), are able to 

stimulate oestrogen receptor-mediated transactivation in the rat uterus (Aronica et aL 

1993) and protein kinase activators act synergistically with oestradiol to increase 

oestrogen-receptor mediated transcription (Cho et aL 1993). 
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Synergy exists between growth factor and oestrogen-mediated proliferation of breast 

cancer cells. Oestradiol was shown to increase the proliferative effects of a number of 

growth factors in MCF7 cells (Stewart et aL 1992). IGF-binding protein-I (IGF-BP-1) an 

inhibitor of IGF- I action, inhibits not only IGF- I mediated activation of oestrogen 

receptor, but also oestradiol mediated action in MCF7 cells (Lee 1997). Similarly, anti- 

oestrogens partially inhibited IGF-I mediated growth of MCF7 cells in addition to 

completely inhibiting oestradiol mediated growth (Wakeling et aL 1988). Several reports 

have provided evidence that oestrogen can affect EGF and IGF action in vitro and in vivo 

(Dickson et aL 1987). 

The growth factor and oestrogen-mediated growth factor pathways are interrelated in 

breast cancer. The mechanism of crosstalk appears to be bi-directional, with each 

signaling pathway positively influencing the other, resulting in reinforcement of both 

signaling pathways. The insulin-like growth factor pathway is required for maximal 

oestrogen-mediated stimulation of growth and vice versa (Yee et al. 2000). 

In prostate cancer, there is evidence supporting a similar interaction of growth factor and 

androgen receptor pathways in the control of prostate cancer growth. IGF-I, EGF and 

keratinocyte growth factor (KGF) have been shown to activate androgen receptor- 

mediated transcription in the absence of androgens in the prostate cancer cell line DU- 

. 145 transfected with androgen receptor (Culig 1994). Again, a mitogen activated protein 

kinase (MAPK) pathway has been identified which phosphorlates ser5l 3 on the N- 

terminus of the androgen receptor activating androgen receptor mediated transcription in 
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response to peptide growth factors (Abreu-Martin et aL 1999). Like the oestrogen 

receptor the androgen receptor can also be activated by agents, which increase 

intracellular cAMP levels, in the absence of androgens. This effect was inhibited by 

protein kinase A inhibitor and anti-androgen, suggesting that activation of androgen 

receptor may occur through a protein kinase A signaling pathway in prostate carcinoma 

(Nazareth et aL 1996) 

Further studies were undertaken to investigate the mechanism of signal transduction 

pathway responsible for ligand-independent activation of the oestrogen receptor. These 

showed that IGF-l elicited only weak transcriptional activation in the presence of a 

deletion mutant that lacked the N-terminus. This suggested that ligand-independent 

activation of oestrogen receptor transcription by peptide growth factors is mediated 

through AFI by a mechanism distinct from oestradiol and protein kinase C (Ignar- 

Trowbridge et al. 1996). It has subsequently been shown that transcriptional activation of 

the oestrogen receptor by EGF and IGF is mediated through the membrane- associated 

receptor tyrosine kinase-Ras-Raf-MAPK cascade, which enhances the activity of 

oestrogen receptor AF I by phosphorylating Ser' 18 residue located in the N-terminus 

(Kato et aL 1995). 
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Figure 1.7: Ligand independent activation of the androgen receptor 

1.10 Tumour Markers in Breast Cancer 

The term "tumour marker" embraces a spectrum of molecules of widely divergent 

characteristics, but sharing an association with malignancy that facilitate their application 

in the clinical detection (diagnosis, screening) and management (monitoring, prognosis) 

of cancer patients (Sturgeon el al. 1999). 

A large number of tumour markers exist for breast cancer, including the glycoprotein 

encoded by the MUCI gene; carcinoembryonic antigen (CEA); tissue polypeptide 

antigen (TPA) and tissue polypeptide specific JPS) antigen, which are soluble markers 

of cytokeratin 18; and oncoproteins such as HER-2. 
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MUCI antigen and CEA, in combination (Cheung et aL 2000), are the most useful sennn 

markers in patients with advanced breast cancer. Serial determinations of these markers 

may detect recurrence following primary treatment, and be useful in monitoring response 

to therapy (Steams et aL 1998). However, the clinical benefit of their use is not 

established and present data regarding MUCI and CEA were insufficient for them to be 

recommended for routine use by the American Society of Clinical Oncology (Bast et al. 

1996). 

Although a tumour marker that distinguishes benign from malignant breast disease would 

be very useful, no tumour marker is sufficiently sensitive to be recommended for the 

diagnosis and screening of breast cancer (Sturgeon et aL 1999). The detection of elevated 

serum BER-2 is unlikely to be useful as a tool for the diagnosis of breast cancer as it is 

only elevated in a subgroup of patients who over-express IHER-2 at the tissue level 

(Breuer et al. 1993). 

Serum HER-2 may be useful for the monitoring of tumour recurrence in patients with 

HER-2 over-expressing primary tumours (Isola et aL 1994) and predicting resistance to 

hormonal therapy (Harris et aL 1999). However, the most promising use of serum HER-2 

would appear to be in monitoring response to herceptin therapy, the recombinant 

humanized monoclonal antibody against HER-2. Though further studies are needed to 

fully evaluate the role of serum HER-2 for this purpose (Cheung et aL 2000). 
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1.11 Retroviruses, proto-oncogenes and oncogenes 

One common feature of all types of cancer, regardless of tissue of origin, is a loss of 

normal growth control mechanisms. This results in unchecked proliferation of neoplastic 

cells, which contributes to tumour formation. Rous first hypothesized the existence of an 

infectious agent, which could cause tumour formation in chickens this led to the 

discovery of the Rous sarcoma virus, a transforming retrovirus (McKenzie 199 1). 

During the life cycle of a retrovirus genetic material from the host is incorporated into its 

genome, in some cases modifying the gene and creating an oncogene. Retroviruses that 

can induce tumours in infected animals carry sequences responsible for their oncogenesis. 

These nucleotide sequences are called oncogenes and are derived from normal cellular 

genes called proto-oncogenes. These precursors to oncogenes, termed proto-oncogenes, 

are intimately involved in the control of cellular proliferation and differentiation and 

encode growth factors, growth factor receptors, signal transducers or nuclear receptors 

(McKenzie 1991). 

Genetic mutations acquired en route from proto-oncogene to oncogene, which release the 

gene product from its normal cellular control mechanisms maybe responsible for the 

transforming activity of oncogenes (Bishop 1987). Avian erythroblastosis virus a 

retrovirus that induces erythroid. leukaemia and sarcomas in infected chickens contains 

the v-erbB oncogene responsible for its transforming activity (Graf et aL 1978). 
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1.12 HER-2 proto-oncogene and protein In breast cancer 

Comparison of the structure of the AEV transforming gene v-erbB with the human 

epidermal growth factor receptor revealed close sequence homology (Yamamoto et aL 

1983). The predicted v-erbB transforming protein is a truncated form of the epidermal 

growth factor receptor, which contains the transmembrane and cytoplasmic domains, but 

lacks the extracellular EGF binding domain. It is postulated that the absence of the EGF 

binding domain might remove the control generated by ligand binding and results in the 

continuous generation of a signal (or constitutive activation) equivalent to that produced 

by EGF, causing the cells to proliferate rapidly (Downward et aL 1984). 

Another proto-oncogene, termed neu, identified originally in ethinyInitrosurea-induced 

rats (Shih et aL 198 1) is also related to v-erbB. Using v-erbB as a screening probe 

(Coussens et aL 1985) a gene on q21 of chromosome 17 has been isolated which encodes 

a cell surface receptor with tyrosine kinase activity, now known to be the human 

counterpart of neu, termed HER-2 (human ppidermal growth factor receptor 2) or cerbB- 

2 (cellular erbB2). 

IHER-2 encodes a transmembrane receptor of 185kDa with intrinsic tyrosine kinase 

activity termed p185 (Stem et al. 1986), which is highly homologous but distinct from 

the EGFR (Bargmann et aL 1986) (Yamamoto et aL 1986). We now know that IHER-2 

belongs to a family of closely related growth factor receptors including EGFR, HER-3 

and IHER4, identified through their homology with the transforming gene v-erbB. This 
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family encodes receptor tyrosine kinases possessing a cysteine-rich extracellular domain, 

a transmembrane domain and an intracellular domain possessing tyrosine kinase activity 

(Sahin 2000). 

A point mutation in the transmembrane domain of rat neu gene has been identified which 

results in activation of the gene. This results in an amino acid substitution, which 

presumably alters the protein confirmation such that the tyrosine kinase becomes 

constitutively active (Bargmann et aL 1986). No such mutation has been reported in its 

human counterpart BER-2. 

Activated HER-2, as well as interacting with other members of the epidermal growth 

factor fwnily to form homodimers, or heterodimers (Dougall et aL 1994), interacts with a 

variety of downstream substrates. These downstream molecules include mitogen- 

activated protein (MAP) kinase, Src and PI 3-kinase. MAP kinase is a pathway involved 

in the growth and transformation of many cell systems, which is overexpressed in 

malignant breast tissue: Src a nonreceptor tyrosine kinase which has also been implicated 

in mammary tumorigenesis; and PI 3-kinase a pathway that regulates cell death 

machinery (Hung et al. 1999). 

One of the mechanisms implicated in the multistep process of tumorigenesis involves the 

amplification of one or more proto-oncogenes and the concomitant over-expression of its 

protein product (Weinberg 1989). Amplification of a normal HER-2 gene rather than 
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mutation to an abnormal gene appears to activate BER-2 in human breast cancer (Slamon 

et aL 1989). 

King et al first identified HER-2 amplification in a breast cancer cell line (King et aL 

1985). Subsequently, Slamon et al reported that HER-2 was amplified in 25-30% of 

human breast cancers. Amplification of HER-2 was found have prognostic significance 

for disease-free and overall survival in the lymph node positive group in this study 

(Slamon et aL 1987). Review of data from studies Published to date, suggest that HER-2 

is amplified or over-expressed in 10-34% of human breast cancers (Ross et al. 1999). 

Following reports of the amplification of HER-2, several groups investigated the 

significance of HER-2 protein product expression in breast cancer. Amplification of 

HER-2 and over-expression of the HER-2 protein-product are significantly correlated in 

breast cancer (Venter et aL 1987). However some tumours, which contain only a single 

copy of the HER-2 gene were found to express high levels of the HER-2 protein product, 

suggesting that mechanisms other than gene amplification may lead to enhanced gene 

expression (Tandon et aL 1989). 

HER-2 over-expression in breast cancer has been found to be an important independent 

prognostic factor in breast cancer, only lymph node status being a greater predictor of 

disease-free and overall survival (Paik et aL 1990) (Wright et aL 1989). Like HER-2 

amplification, a large number of studies have reported a significant correlation between 

HER-2 over-expression and reduced disease-free and overall survival in lymph node 
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positive patients (Sahin 2000). However, although some have reported similar fmdings in 

lymph node negative patients (Guterson et aL 1992), the most studies have found no 

correlation between HER-2 status and outcome in this group (Slamon. et aL 1989; Tandon 

et aL 1989; Clark et aL 199 1). 

In studies of an association with biomarkers of poor differentiation IHER-2 over- 

expression has been shown to correlate with lack of oestrogen and progesterone receptors 

and high nuclear grade in human breast cancer (Berger et aL 1988) (Tandon et aL 1989) 

(Pa& et aL 1990) (Wright et aL 1989). 

Review of studies implicating HER-2 as a predictive marker of response to breast cancer 

therapy suggest that HER-2 over-expression may be linked to resistance to CNff-based 

(cytoxan, methotrexate, 5-fluorouracil) therapy and an enhanced response to high-dose 

doxorubicin regimens. More studies are required to confirm these findings before clinical 

decisions based on HER-2 status can be made regarding adjuvant chemotherapy (Pegram 

et aL 1998). 

In contrast, several studies have shown that BER-2 over-expression predicts poor 

response to hormonal therapy (i. e. tamoxifen) (Pegrarn et aL 1998). The mechanism of 

hormone resistance in BER-2 over-expressing breast cancer has been the subject of 

intense laboratory investigation. Data from these studies suggest that overexpression or 

ligand activation of BER-2 results in functional signaling between BER-2 receptor 
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tyrosine kinase and oestrogen receptor (Pietras et aL 1995). However, to date no ligands 

that directly bind to IHER-2 protein have been clearly identified (Hung et aL 1999). 

IHER-2 receptor protein is an ideal therapeutic target as it is expressed in primary and 

metastatic tumours, and its expression is low in normal tissues (Press et aL 1990). The 

anti-HER2 antibody, which is directed against the extracellular domain of IHER-2 was 

humanised by inserting its murine antigen-binding region into the framework of a human 

immunoglobulin molecule (Carter et aL 1992). 

The recombinant humanised monoclonal antibody, called trastuzumab or herceptin, 

inhibits growth in breast cancer cell lines that over-express IHER-2 (Hudziak et aL 1989) 

and increases the response rate when given alone (Cobleigh et aL 1998) or in 

combination with chemotherapy (Slamon et aL 1998) in HER-2 positive advanced breast 

cancer. 

1.13 Serum cerbB-2 

Zabrecky et al detected, using two monoclonal antibodies specific for the extra-cellular 

domain of the BER-2 protein product, a protein of molecular mass 105kDa in 

conditioned media from cultures of SK-BR-3 cells (a breast cancer cell line known to 

express BER-2). They proposed that this molecule was the extra-cellular domain of BER- 

2 and SK-BR-3 cells release this portion of the receptor into its growth medium, and its 

detection could prove useful as a tumour marker (Zabrecky et aL 199 1). 
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Growth signal transduction by HER-2 appears to involve receptor dimerisation and 

increased tyrosine kinase activity (DOugall et aL 1994). This is accompanied by release of 

extra-cellular domain of HER-2 and its accumulation in the extra-cellular environment 

Thus accumulation of the extra-cellular domain of HER-2 in the extra-cellular 

environment represents a potential marker of uncontrolled growth signal transduction at 

the cellular level (Brandt-Rauf 1995). The mechanism of release of the soluble extra- 

cellular domain of HER-2 is believed to involve proteolytic cleavage from the surface of 

tumour cells. The release of the extra-cellular domain generates a truncated membrane 

receptor, which is constitutively activated (Pupa et aL 1993). 

It was subsequently shown that a similar antigen is shed into the serum of nude mice 

bearing tumours that over-express BER-2. In addition, increasing antigen levels 

correlated with over-expression of IEER-2 and increasing tumour volume. The utility of 

such an assay to detect IHER-2 for the diagnosis and monitoring of patients with breast 

cancer was therefore proposed (Langton et aL 1991). 

Studies of serum IHER-2 levels in human breast cancer have shown that they are elevated 

in 23% of patients with locally advanced or metastatic disease (Leitzel et at 1992). 

Other groups have confirmed that serum HER-2 levels are higher among patients with 

recurrent or metastatic breast cancer who have an increased tumour burden (Yasasever et 

at 2000) (Isola et at 1994). Though results from other groups have been conflicting 

(Brandt-Rauf 1995) suggesting that there is no association between tumour stage and 

serum HER-2 (Harris et at 1999). 
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Elevated serum HER-2 levels were found almost exclusively among patients whose 

tumours expressed BER-2 (Isola et aL 1994). In addition serum BER-2 levels were found 

to return to normal values following removal of the tumour (Breuer et aL 1993), strongly 

suggesting that the source of the increased serum HER-2 was the tumour. It was therefore 

suggested that serum HER-2 might prove useful as a tumour marker in the monitoring of 

patients with HER-2 over-expressing primary tumours for recurrence (Isola et aL 1994) 

(Harris et aL 1999). 

Commercially available kits are now available to measure serum BER-2. They are 

enzyme linked immunosorbent assays (ELISAs) using the two-site double antibody 

sandwich principle, i. e. they employ an antibody to the extracellular domain of IHER-2 to 

capture the molecule from the serum and another antibody, directed to a different epitope 

on the ECD of HER-2, as a marker. This second antibody is usually conjugated to an 

enzyme, such as horseradish peroxidase which catalyses a colour change in a substrate. 

Chiron@ and Oncogene Science@ manufacture such kits. 

In the present study an assay, which measures glycoconjugates present on the surface of 

the cerbB-2 glycoprotein present in the serum of women with breast cancer has been 

described. This assay used the lectin enzyme-linked immunoassay (ELISA) format This 

employed an antibody against cerbB-2 in the solid phase to capture antigen and a protein, 

which binds carbohydrate, termed a lectin, in the liquid phase, to detect glycoconjugate 

groups expressed by the cerbB-2 antigen. The rational for using the lectin ELISA format 

was that glycoconjugates are altered in malignancy. Measuring altered glycoforms of the 
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cerbB-2 glycoprotein present in the serum of women with breast cancer might therefore 

form the basis of a more specific test for breast cancer. 

In the following sections the classification of glycoproteins and the changes in 

glycoconjugate strusture that accompany malignancy are described. The properties of 

lectins and the results of histochemical studies investigating lectin binding in breast 

cancer sections have then been summarized. 

1.14 Glycoproteins 

Glycoproteins are proteins that have oligosaccharide or glycan chains attached to their 

polypeptide backbone. Almost all plasma proteins, with the exception of albumin are 

glycoproteins. Glycoconjugate and complex carbohydrate are equivalent terms to 

denote molecules containing one or more carbohydrate chains covalently linked to either 

protein or lipid. Glycoproteins, glycosylphosphatidylinositol anchors and glycolipids are 

all glycoconjugates. In addition proteoglycans (formerly called mucopolysaccha ride) 

are a particular type of glycoprotein consisting of a complex of glycosaminoglycans 

covalently attached to protein. Glycoproteins can be divided into two major classes based 

on the nature of the linkage between the polypeptide and oligosacharride chains. Those 

co ntaining a serine or threonine 0-acetylgalactosamine linkage are termed O-linked 

glycoproteins and those containing asparagine N-acetylglucosamine linkage N-linked 

glycoproteins (Murray 1993). 
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Although about two hundred monosaccharides are found in nature, only about seven are 

commonly found in the oligosaccharide chains of glycoprotems. Each N-linked 

glycoprotem contains a common pentasaccharide core consisting of mannose (Man), N- 

acetylglucosamine (GIcNac) and glucose (GIc) but differs in its outer branches to form 

three classes of glycoconjugate complex, hybrid and high-mannose. These terminal 

elaborations consist of sugars associated with adhesion and recognition functions such as 

N-acetylneuraminic acid (NeuAc), galactose (Gal) and N-acetylgalactosamine (Gal-Nac) 

(Drickamer el al. 1998). 
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Figure 1.8: N-linked and 0-linked glycoproteins 63 GaINAc; M GlcNAc; ..., galactose, - 

mannose; L, fticose, 0 SA; - polypeptide chain (Durand, 2000) 
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Figure 1.9: Processing of N-linked glycoproteins 13 GaINAc; 0 GlcNAc; galactose, 

mannose; L fticose; 0 SA; - polypeptide chain, Doi Dolichol, P phosphate (Durand, 

2000) 

Biosynthesis of N-linked ofigosaccharide chains begins in the endoplasi-nic reticulurn 

(ER) with a large precursor molecule containing 14 sugar residues. This precursor is 

linked to dolichol pyrophosphate, which acts as a carrier molecule, and transferred en 

bloc to an asparagiine residue on the growing polypeptide chain. Transfer to the Golgi 

complex follows and the action of glycosidases and glycosyltransferases, which remove 

and add sugar molecules, completes the maturation process. During this pathway the 

inner five residues, which constitute the common pentasaccharide core are conserved. 

High-mannose and hybrid oligosaccharides appear as intermediates along this pathway, 
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while the complex type is the mature form of N-linked oligosaccharide (Drickamer et al. 

1998). 

Glycan structure affects the overall conformation of the glycoprotein and as a 

consequence its molecular properties such as localisation, half-life and biological activity. 

In addition the cell surface location and three-dimensional structure allow the glycan to 

be recognised by receptors and to mediate events such as cell trafficking and cell 

adhesion (Murray 1993). 

The structural diversity of glycans is dictated by tissue-specific regulation of 

glycosyltransferase genes, availability of sugar nucleotides in the Golgi and competition 

between enzymes for acceptor intermediates during glycan elongation. Wild-type 

glycoproteins consist of mixtures of glycosylated variants known as glycoforms, in 

which the same peptide sequence is associated with different glycans at the same 

glycosylation site. This phenomenon is termed micoheterogeneity (Hakomori 1989). 

The potential structural diversity of glycans attached to proteins is enormous given the 

number of monosaccharides, linkages, branches and variable lengths of glycan chains, 

and has presented a considerable obstacle to the analysis of glycan structure. Analytical 

techniques of glycoconjugates such as sequential removal of oligosaccharides followed 

by mass spectometry or nuclear magnetic resonance analysis are time-consuming and 

expensive (Dwek et aL 1993). This has led to many laboratories using lectin-based 
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methods for the analysis of glycosylation, though they have their limitations. These 

lectin-based methods will be discussed in a later section. 

The lysosome, which contains an array of glycosidases and proteases, constitutes the 

major catabolic organelle for glycoproteins. A variety of inherited diseases result from 

defects in glycoconjugate synthesis or catabolism and are reviewed by Durand et al 

(Durand et aL 2000). In addition glycan structure is altered in both benign and malignant 

acquired disease. The latter will be discussed in more detail in the following section. 

1.15 Altered Glycosylation In Cancer Cells 

Malignant transformation is associated with changes in glycosylation of cell surface 

proteins (Hakomori 1989) (Kim et aL 1997) (Fukuda 1996) (Dennis et aL 1999). 

Interest in the pathophysiological role of glycosylation in cancer arose from findings that 

malignant transformation was associated with an increase in the size of membrane 

glycoproteins. This is known as the "Warren-Glick" phenomenon and it is now known 

that this is due to an increase in tri- and tetra-antennary branched chains in malignancy 

(Kobata 1998). 

The cellular location of cell surface glycoconjugates suggests that they are involved in 

cell social functions such as cell to cell and cell to matrix interactions. Whereas the early 

stages of tumour formation are dependent on aberrant cell housekeeping functions, 
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regulated mainly by phosphorylation, the later stages of invasion and metastasis are due 

to aberrant cell social function, which are regulated by cell surface glycosylation 

(flakomori 1996). 

A number of different aberrations of glycosylation have been identified which are 

associated with malignancy. These can be due to increased branching of glycans or 

changes in terminal oligosaccharides. Several lines of evidence have implicated N- 

acetylglucosaminyltransferase V (GIcNAc-TV). This enzyme initiates a specific 01,6 

branch to the trimannosyl core of the glycan during cancer progression (Dennis et aL 

1999). 

In a histochemical study of sections of breast and colon tissue Fernandes et al found a 

significant increase in binding of the lectin Phaseolus vulgaris leukoagglutinin (L-PHA), 

a plant lectin which specifically binds 0 1,6 branched structures, in sections of carcinoma 

compared to benign breast tissue (Fernandes et aL 1991). Demetriou et al showed that 

expression of GlcNAc-TV in an immortalised lung epithelial cell line MvLu, results in 

loss of contact inhibition of growth and increased cell motility (Demetriou et aL 1995). 

Futhermore Lu et al showed that NIH3T3 cells transfected with a H-ras oncogene with 

reduced GIcNAc-TV expression showed reduced ability to from lung metastases after tail 

vein injection in nude mice (Lu et aL 1994). 

These and other studies suggest that increased GlcNAc-TV expression is a major factor in 

metastasis formation and is responsible for the increased glycan branching observed by 
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Waffen and Glick (Kobata 1998). Of interest, it has been shown that NIH3T3 cells 

transfected with HER-2 oncogene showed increased GLcNAc-TV expression and 01,6 

branching (Chen el aL 1998). This suggests a mechanism by which HER-2 a proto- 

oncogene associated with aggressive turnour behaviour may form metastasis. 

In addition, changes in expression of terminal oligosacchides have been observed to be 

associated with malignancy. These have been identified by the use of monoclonal 

antibodies and are reviewed by Hakamori (Hakomori 1989). They include an increased 

expression of Lewis antigens. These are antigens carried on glycan chains, which 

normally express the blood group ABH determinants. Lewie, sialyl Lewis, Lewisy and 

sialyl Lewi? are over-expressed in human carcinomas (Itzkowitz et aL 1986) (Dennis et 

al. 1999) and may be important in the later stages of metastasis, as they have been shown 

to mediate attachment tumour cells to selectins in vitro (Mannori et aL 1995). 

Selectins are endogenous adhesion molecules, which appear at the onset of inflammation 

and bind to neutrophils and monocytes slowing their movement and aiding extravasation 

through capillary endothelium and recruitment to the sites of inflammation. It has been 

hypothesized that as tumour cells express sialyl Lewie they use the same selectin- 

carbohydrate interaction as neutrophils in inflammation during the process of metastasis 

(Fukuda. 1996) (Kim et aL 1997). 

An increase in terminal sialic acid (NeuAc) has been associated with the transformed 

phenotype and metastatic potential. In addition, Santer et al showed that in NIH3T3 
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fibroblasts transfected with the H-ras oncogene, tenninal cc-Gal residues of N-linked 

oligosaccharides were replaced by NeuNAc suggesting that sialic acid was necessary for 

the complete expression of the transformed phenotype (Santer et al. 1989). 

Other changes in glycosylation which have been reported to be associated with 

malignancy, and which will only be mentioned in passing are expression of 0-linked 

oligosaccharides T, Tn and sialyl. Tn by mucins and loss of normal ABH blood group 

expression, reviewed by Hakamori (Hakomori 1989). 

1.16 Altered glycosylation of serum glycoproteins In cancer 

Altered glycosylation of serum glycoproteins in serum of patients with cancer and other 

disorders such as liver and inflammatory disorders has been reported in several studies, 

and has been proposed as the basis for more discriminative tumour markers for the 

diagnosis and monitoring of disease (Turner 1992). 

Cancer sera have been investigated by crossed affmo-immunoelectrophoresis with 

Concanavalin A by a number of groups. However, results have been conflicting (Turner 

1992). Another area, which has received particular attention, is the fucosylation and 

sialylation of serum glycoproteins in sera of cancer patients. 

Measurements of serum concentrations of fucose and sialic acid have been reported to be 

elevated in patients with cancer. The concentrations of both fucose and sialic acid were 
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correlated with a number of acute phase proteins including al-anti trypsin, at-acid 

glycoprotein and haptoglobin in cancer sera. The reported sialic acid content of these 

proteins suggesting that the elevated levels of this sugar are due to the acute phase 

response (rumer et aL 1985). 

Subsequent work has identified an abnormally fucosylated haptoglobin in sera of patients 

with ovarian (Thompson et aL 1987) and breast cancer (Thompson et aL 199 1), levels of 

which correlated with tumour burden. An abnonnally fucosylated form of aI -anti trypsin 

has been identified in patients with ovarian cancer that predicted unresponsiveness to 

chemotherapy (Thompson et aL 1988). In addition, the sialic acid content of another 

acute phase protein aI -acid glycoprotein was found to be elevated in cancer sera 

compared to sera from healthy controls and patients with other diseases (Moule et aL 

1987). The source of both fucosylated acute phase proteins was suggested to be the liver, 

rather than the tumour. 

Pekelharing was first to modify the enzyme-linked immunosorbent assay (ELISA) to 

study protein glycosylation. By replacing the enzyme-linked antibody of the conventional 

ELISA with a lectin he developed the lectin ELISA system. The sandwich, which 

consists of two monoclonal antibodies in the conventional ELISA, consists of one 

monoclonal antibody and one lectin in the lectin ELISA. Only glycoprotein meeting two 

conditions is therefore measured, it must be the right protein to bind the antibody and 

have the right glycan structures to bind the lectin. The specificity achieved is therefore 

greater than that by simply measuring the protein (Pekelharing et al. 1987). 
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Since then several groups have applied the lectin ELISA to the serum of cancer patients. 

Madiyalakan et al compared a lectin ELISA for the determination of CAI 25 antigen in 

ovarian cancer patients with conventional ELISA and found that it could detect 88% of 

ovarian cancer patients without compromising the specificity compared to 60-80% with 

the conventional assay (Madiyalakan et al. 1996). 

Parker et al applied a lectin ELISA for CA19-9 to the sera of 79 patients with pancreatic 

cancer and reported a specificity of 76% and sensitivity of 78% for the diagnosis of 

pancreatic cancer (Parker et al. 1992). 

1.17 Lectins 

Lectins are proteins and glycoproteins extracted predominantly from plants, which have 

the capacity to bind sugars specifically (Walker 1989). Although extracted from plants, in 

which they are primarily found in seeds, lectins are present ubiquitously in animals and 

microorganisms. The biological role of lectins in plants is not clear, though it has been 

proposed that they act as mediators of symbiosis between plants and microorganisms, and 

protect plants against phytopathogens. Bacterial lectins are involved in the initiation of 

infection by mediating bacterial adherence to epithelial cells such as the urinary and 

gastrointestinal tract (Lis et aL 1986). 

Lectins are isolated by their ability to agglutinate erythrocytes (haemagglutination) and 

are purified by affmity chromatography on immobilised carbohydrates. They are 
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classified according to the monosaccharide, (e. g. Man, Gal, GlcNAc, GaINAc, L-Fuc or 

NeuAc) which most effectively inhibits their haemagglutination, or by other techniques 

such as affinity chromatography or electrophoresis. Usually a particular plant source 

contains (a) lectin(s) belonging to a single specificity group. However, in some cases two 

or more lectins that differ in specificity are found in the same plant: for example, Ulex 

Europeus I has specificity for L-Fuc and Ulex Europeus II for GIcNAc (Lis et al. 1986). 

Lectin I Source Sugar Specificify 
Concanavalin A (Con A) Jackbean Mannose/Glucose 

Lens Culinaris (LCA) Lentil Mannose/Glucose 
Ulex Europeus (UEA 1) Gorse Fucose 

Triticum Vulgaris (WGA) Wheat gerin N-acetyl glucosamine / sialic; acid 
Helix Pomatia (HPA) Snail N-acetyl galactosamine 

Peanut agglutinin (PNA) Peanut Galactose / N-acetyl galactosamine 
Ricinus Communis (RCA) Rice Galactose 
Maakia Amurensis (MA) Sialic, acid 

Table 1.1: Lectin carbohydrate specificity 

Lectins, have specificity for oligosaccharides defined by inhibition of haemagglutination. 

Some e. g. Arachis hypogaea react only with terminal non-reducing sugars, others e. g. 

Concanavalin A bind to monosaccharides which are external or internal constituents of 

glycan chains (Gallagher 1984). Some lectins bind to several different monosaccharides 

e. g. wheat germ agglutinin binds to both NeuAC and GICNAc. Some lectins react with 

oligosaccharides rather than monosaccharides e. g. Phaseolus vulgaris leucagglutinin a 

lectin associated with metastatic potential (Fernandes et aL 199 1) reco i 
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es internally situated 0 1,6 branched structures. 

It would therefore be apparent that the use of lectins for the analysis of glycan structures 

has limitations. In addition, Debray et al reports that the binding of lectins to their 

monosaccharide is influenced by neighbouring saccharides on the glycan chain. This may 

result in differences in binding of lectins with identical sugar specificities between 

samples. He concludes that the results of studies with lectins on cell surface 

carbohydrates should therefore be interpreted with caution (Debray et aL 1981). 

The carbohydrate specificities of lectins have led to their utilisation as reagents for the 

study of glycoconjugates in solution and on cell surfaces, and the identification and 

separation of cells. Lectins were discovered due to their ability to agglutinate cells 

bearing appropriate carbohydrate groups; hence they frequently carry the term 

"agglutinin" as their common name. This ability is due to the fact that lectins are 

polyvalent and they have multiple carbohydrate binding sites. This property has enables 

lectins to be used routinely for the determination of ABO, and other blood group 

expression (McCoy 1987). 

Some lectins such as Phaseolus vulgaris leucagglutinin have the ability to stimulate blast 

formation in lymphocytes by a process known as mitogenic stimulation. This is used 

clinically to assess the integrity of the immune system in patients with suspected immune 

deficiency (McCoy 1987). 
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Lectins have been used to investigate glycoprotein glycosylation by incorporating them 

into existing technologies: affinity chromatography, electrophoresis, ELISA, Western 

Blotting and histochernistry. Crossed afrmo-immunoelectrophoresis is a technique 

which involves separation of serum proteins on an agarose gel containing lectin, followed 

by separation at 90' in a second agarose gel containing antibody and a sugar, which 

displaces the lectin from the protein and allows protein to react with antibody. Lectin 

blotting is an extension of Western blotting, in which proteins separated by 

electrophoresis are transferred to a nitrocellulose membrane and a lectin is used to detect 

glycans on the bound glycoproteins (Turner 1992). Affinity chromatography is a 

technique, which involves passing a specimen down a column containing lectin coupled 

to Sepharose beads, the bound glycoproteins are collected by eluting with a sugar that 

competes with the glycoprotein. for the lectin-binding sites (Cummings 1994). 

Lectins have been used extensively as probes in histochemistry (Walker 1989) and 

immunoassays for serum glycoproteins (Pekelharing et aL 1987). These latter two 

applications are discussed in more detail in the following sections. 
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1.18 Lectin binding In histochernical sections of breast turnours 

Franklin undertook a systematic examination of the lectin binding characteristics of 

twenty benign and malignant breast lesions. He reported that the pattern of staining 

differed between benign and malignant breast turnours. Wheat germ agglutinin gave the 

strongest and most consistent staining in malignant tissue, suggesting that a large 

proportion of glycans consist of GlcNAc and NeuAc in malignant breast turnours. Ricin 

communis agglutinin and Arachis hypogaea (peanut agglutinin) also showed strong 

staining suggesting a high proportion of galactosyl residues in malignant turnours, 

(Franklin 1983). However, benign breast tissue also stained positively with wheat germ 

agglutinin, Ricin communis agglutinin and peanut agglutinin. 

Walker in a study of the effect of fixation of tissue sections on lectin binding also 

reported that wheat germ agglutinin and peanut agglutinin consistently stained benign 

breast tissue. In addition this study showed that wheat germ agglutinin was binding to 

GlcNAc rather than NeuAc in these sections (Walker 1984). It would appear therefore 

that wheat germ agglutinin would have limited use in differentiating benign from 

malignant breast tissue. 

In a study of the binding of two fucose specific lectins Ulex europeus I and Lotus 

tetrogonolobus in eighty frozen breast tissue sections, Walker reported a variable loss of 

binding of Lotus tetrogonolobus within carcinomas compared to benign breast tissue. 

This suggested breast malignancy is accompanied by alteration of fucosylation of 
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glycoconjugates (Walker 1984). In this study Ulex europeus I showed inconsistent 

binding to both benign and malignant breast tissue. However, when these sections were 

re-assessed to evaluate the use of Ulex europeus I to determine vascular invasion, it was 

found that Ulex europeus I binding could be useful in differentiating vascular from 

lymphatic invasion (Walker 1985). 

A lot of attention has surrounded Helix pomatia agglutinin, a lectin extracted from snails, 

which binds terminal non-reducing GaINAc residues on glycoconjugates (Gallagher 

1984). Helix pomatia agglutinin has been shown to be of prognostic value in 

adenocarcinomas of the breast, colon and stomach and is the subject of a review by 

Mitchell and Schumacher (Mitchell et al. 1999). 

It was demonstrated that Helix pomatia agglutinin binds to both benign and malignant 

breast tissue, however, in primary breast cancer Brooks and Leathern first demonstrated a 

strong association between Helix pomatia agglutinin staining and the presence of lymph 

node metastasis (Brooks et al. 1991). Similar findings have been reported by other studies 

(Fenlon et al. 1987) (Thomas et al. 1993). Both of these studies found that Helix pomatia 

agglutinin staining correlated with lymph node stage, disease-free and overall survival. In 

addition Thomas et al showed that Helix pomatia agglutinin staining correlated with 

IHER-2 status in primary breast cancer (Thomas et al. 1993). 

Other groups were unable to reproduce these results and have disputed the prognostic 

value of Helix pomatia agglutinin staining in breast cancer Qvfitchell et al. 1999). 
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However, Brooks subsequently showed that methodological differences could account for 

the discrepancy in findings, as considerable dffferences in lectin binding patterns were 

found between direct and indirect lectin histochernical techniques (Brooks et aL 1996). 

The relationship between Helix pomatia agglutinin staining and metastasis in human 

breast cancer are supported by experimental work. Kjonniksen et al have shown that 

Hefixpomatia agglutinin binds preferentially to melanoma and sarcoma cell lines in a 

manner that correlated with their ability to form pulmonary metastases in nude mice. In 

this study other lectins including wheat germ. agglutinin, Concanavalin A, peanut 

agglutinin and Ulex europeus I failed to show a similar correlation with pulmonary 

mestatases (Kjonniksen et al. 1994). 

The association of two lectins Phaseolus vulgaris leucagglutinin and Helix pomatia 

agglutinin with the formation of metastases led one group to investigate whether these 

lectins were recognising different oligosaccharides on a common metastasis-related 

glycoconjugate. However, the difference in the staining patterns observed with these two 

lectins in sections of breast cancer and breast cancer cell lines suggests that these lectins 

recognise oligosaccharides on different glycocojugates (Mitchell et al. 1998). 

In order to investigate whether enhanced Helix pomatia agglutinin binding in breast 

cancer was due to over-expression of a single or group of glycoproteins, Schumacher el 

al investigated Helirpomatia agglutinin binding in seven metastatic breast cancer cell 

lines. Analysis of the isolated membrane glycoproteins; from these cell lines on Western 
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blots suggested that, in fact several different membrane glycoproteins bound Helix 

pomatia agglutinin (Schumacher et al. 1995). However, one 55kDa glycoprotein, 

identified by protein sequencing to be a human immunoglobulin subclass A has been 

identified which binds Helix pomatia agglutinin in cancer but not benign tissue (Streets et 

aL 1996). 
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2.1 Central Hypothesis 

In this study, serum and tumour samples were collected from women with primary 

operable breast cancer and controls. Serum samples were used to measure androgen 

levels (dehydroepiandrostene sulphate, androstenedione and testosterone levels) using 

conventional ELI SA techniques. As "crosstaW' occurs between steroid hormone and 

growth factor pathways in breast (and prostate) cancer, it was proposed to measure 

cerbB-2 levels using a lectin ELISA format. This technique was chosen as a lectin ELISA 

for cerbB-2 had previously been developed in our laboratory, which showed encouraging 

results as a diagnostic test for breast cancer. 

Elevated levels of serum androgens in postmenopausal women and reduced levels of 

serum androgens in premenopausal women with breast cancer have been reported by 

several recent studies though there is disagreement on the significance of levels of 

different androgens. On the basis of these observations and the results of cell line studies 

it has been proposed that androgens may have a role in the aetiology of breast cancer by 

stimulating growth of hormone-dependent breast cancer in postmenopausal women and 

inhibiting the growth of hormone-dependent breast cancer in premenopausal women 

(Adams 1998). 
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In order to test this hypothesis, in the present study, the levels of three androgens 

dehyroepiandrosterone sulphate, androstenedione and testosterone were measured in a 

sample of women with primary operable breast cancer and controls. Two further 

relationships, between serum androgen levels, body mass index and age have been 

investigated. 

Cell line studies have been performed to examine the effect of two androgens, 5a- 

dihydrotestosterone and 5-androstene-30,17p-diol, on the prolifemtion of hormone- 

dependent breast cancer cell lines MCF7 and T47D and the hormone-independent cell 

breast cancer cell line MDAMB231.5a-Dihydrotestosterone and 5-androstene-30,170- 

diol have been chosen as they are true androgen metabolites, which act at the tissue level 

in vivo (Rochefort et aL 1984). 

A flow cytometric technique has been used to investigate the effect of these androgens on 

DNA cell cycle analysis in 48-hour incubations and cell numbers in 9-day incubations. 

Cell line models have been set up to mimic the hormonal environment in pre and 

postmenopausal women in order to investigate mechanisms by which androgens may 

stimulate the proliferation of hormone-dependent breast cancer in postmenopausal and 

inhibit the proliferation of hormone-dependent breast cancer in premenopausal women. 

A positive correlation between breast cancer incidence throughout the world and 

nutritional status has been demonstrated (DeWaard 1969). Nutritional status has been 

reported to affect androgen production and metabolism and therefore it has been 
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proposed that androgens are implicated in the development of "Westem-environmentar' 

type breast cancer (Adams 1977). In order to investigate this hypothesis a correlation 

between serum androgen levels and body mass index has been sought. Secondly, a 

correlation between serum androgen levels and age has been investigated, as it has been 

proposed that although serum androgen levels fall with age in healthy women they are 

independent of age in women with breast cancer (Adams 1998). 

Flow cytometry is an established method for the determination of cell surface (Loken et 

aL 2000), cytoplasmic and nuclear antigens (Larson 2000). Multiparameter flow 

cytometry enables the simultaneous determination of expression of several antigens on 

tumour specimens. Flow cytometric methods for the determination of oestrogen receptor 

alpha (Brotherick et aL 1995), oestrogen receptor beta (Girdler et aL 2001) and epidermal 

growth factor receptor expression (Brotherick et aL 1994) have been established in our 

laboratory. In the present study a flow cytometric method for the determination of 

androgen receptor expression in breast cancer has been described. 

A correlation between androgen receptor expression, determined by flow cytometry and a 

more established technique, inummohistochemistry, has been investigated. In order to 

investigate the clinical significance of androgen receptor expression in breast cancer, 

androgen receptor expression has been correlated with existing prognostic markers 

Bloom Richardson grade (Bloom et aL 1957) and lymph node status (Fisher et aL 1978). 
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Oestrogen receptor expression in breast cancer has been found to increase with age 

(Elwood et aL 1980). Expression of steroid hormone receptors is regulated by their 

ligands, by a mechanism known as "negative autoregulation". In order to determine 

whether negative autoregulation determines androgen receptor expression in breast 

cancer in vivo a correlation between androgen receptor expression and serum 

dehydroepiandrosterone, androstenedione and testosterone levels have been investigated. 

In addition, an association between androgen receptor expression and age has been 

investigated. 

In the present study, in addition to androgen receptor expression, oestrogen receptor 

alpha and epidermal growth factor receptor expression has been determined. Flow 

cytometric methods for the determination of oestrogen receptor alpha (Brotherick et al. 

1995) and epidermal growth factor receptor (Brotherick et aL 1994) in breast cancer have 

previously been established in our laboratory. The relationship between androgen 

receptor, oestrogen receptor and epidermal growth factor receptor expression has been 

examined. 

The rational for investigating an association between androgen receptor and epidermal 

growth factor expression was that crosstalk occurs between steroid receptor and growth 

factor receptor pathways in breast (and prostate) cancer (Nicholson et aL 1999). An 

inverse correlation has been reported between oestrogen receptor expression and 

epidermal growth factor expression in breast cancer (Walker et aL 1999), though a 

relationship between androgen receptor and epidermal growth factor expression has not 

hitherto been investigated. 
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Materials and Methods 

The role of androgens in breast cancer 

In the following study Western Blotting was performed by Susan Cook in the Department 

of Surgery, immunohistochemistry by staff in the Department of Pathology. Flow 

cytometry was done mostly by the author under supervision of Susan Stamp and Dr Brian 

Shenton in the Department of Surgery and ELISA under the supervision of Dr David 

Cook in the Department of Clinical Biochemistry. 

3.1 Principles of Flow Cytometry 

Flow cytometry is a technique for making rapid measurements on particles or cells as 

they flow in a fluid stream one by one through a sensing point. A flow cytometer consists 

of a fluidic system, which delivers particles in suspension to a point intersected by a laser 

beam. This incident light is scattered by cells passing through the detection point as well 

as exciting fluorescent dyes bound to the cells. This scattered and fluorescent light is 

collected by photodetectors, which convert the photon pulses to electrical signals. 

On passing through the laser beam several physical processes take place diffraction, 

absorption, refraction and reflection of incident light. Diffraction is of significance close 

to the optical axis and is closely related to the size of the cell passing through the laser 

beam. Low-angle scattered light is focused onto a photoelectric diode. This signal is 
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referred to as forward angle light scatter (FALS). At higher angles, refraction and 

reflection become increasingly important. These processes result from structural features 

of the cell such as granularity and surface convulsions and are referred to as side scatter 

(SS) (Carter el al. 2000). These processes are illustrated in the following figure. 

High angle scatter: 
Reflection & refraction. 
Coll structure. 

Low angle scatter: 
Dift'rection. Coll size. 

Laser 
Direct boom stop. 

Light 
Fluorescence at longer 
wavelengths. 

Intrinsic 
(autofluoreseence) 
and extrinsic. 

Figure 3.1: Diffraction, absorption, refraction and reflection of incident laser light by 

particles passMg through a fluidic system (from hoy@cfac. uk) 

3.2 Use of fluorescent probes in flow cytometry 

The name laser is an acronym for "light amplification by stimulated emission of 

radiation". Laser light produces coherent radiation at discreet wavelengths. Fluorescence 

occurs when a molecule excited by light of one wavelength, returns to the unexcited state. 

Together with light scatter, fluorescence is the major parameter measured by flow 

cytometry. Fluorochromes such as fluorescein and phytoerythrin covalently linked to 
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antibodies can be used to measure antigen expression in cell populations. Propidium 

iodide, which binds DNA, can be used to gain information on cell cycle. 

There is a range of fluorescent molecules used in flow cytometry. The most commonly 

used is fluorescein isothiocyanate (FITC), which emits green light on excitation at 

488nm. The isothiocyanate group links the fluorescein molecule to lysine residue on a 

protein molecule. 

The ability to detect fluorescence simultaneously with two or more compounds 

fluorescing simultaneously at different wavelengths enables several parameters to be 

measured (multiparameter analysis). When a second label is required phycoerythrin 

(PE) is often chosen as it is also excited at 488mn but emits orange light, which can 

easily be distinguished from the green fluorescence of fluorescein (Ormerod 2000). 

3.3 Optics 

The optical configuration for the simultaneous measurement of light scatter and 

fluorescence is illustrated below. The forward collection lens gathers light from 

approximately I to 20 degrees off the laser beam light. Separation of the mixture of 

scattered and fluorescent light emitted from cells is achieved with an arrangement of 

dichroic mirrors and band pass filters. Bandpass filters transmit light of the desired 

wavelength over a narrow band. 
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The dichroic mirrors are placed at 45 degrees to the incident beam. The first mirror 

reflects light below a given wavelength (500nm) towards the side scatter detector. Longer 

wavelengths pass on to the second mirror, which again reflects light below a given 

wavelength (560nm) via a band pass filter to a detector. In this way light emitted from 

different fluorochromes is detected by a series of photomultiplier tubes (Carter et al. 

2000). 

Laseqs) 
Basic Optics of a Flow Cytometer 

(An automated fluorescent microscope) 

Dichroic mirrors 
2 

Cell 431 

Collecvon Band Pass 
Filters Lenses 

Photo- 
Scatter + multiplier A> 

Low & High 4j, 91p.. tubes 
angle 

Figure 3.2: Optics of flow cytometer (from hoy@cfac. uk) 

3.4 Interpretation of the signal: the dot-plot and histogram 

A current is generated in photomultiplier tubes by incident light. The amplitude of which 

is proportional to the number of photons reaching the photomultiplier tube. The output 

signal from the photomultipier tube is then passed on to a pre-amplifier. After that 

logarithmic amplification may take place. 
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Logarithmic amplification amplifies weak signals, compresses strong signals and 
J 
normalises data, which is skewed torwards lower values. The final step is conversion of I 
the current pulse to a digital signal, which takes place in the analog-to-digital converter Jý 
ýADC). These digital signals are displayed on a 1024-channel scale. 

With linear amplification a 1000-fold difference in signal intensity can be displayed on I I 

the 1024-channel scale. However, logarithmic amplification allows a 10,000-fold 

difference in signal intensity to be displayed on the 1024-channel scale. The relationship iiý 
between input and output voltages for a logarithmic amplifier is illustrated in figure 3.4. 

The continuous voltage analog signal is translated into a discrete scale by the analog-to- 

digital converter. This scale is divided into 1024 elements of I OmV. In order to 

meaningfully interpret this data it is displayed most commonly in two forms a frequency 

histogram or dot-plot. 

The frequency histogram is a direct graphical representation of the number of events 

occurring for each channel of the ADC. The dot-plot is a plot of the output from one 

ADC against the output from another. In this manner, populations of cells can be 

distinguished on dot-plots and statistical analyses carried out by setting boxes or 

polygons around regions of interest (gating). The antigen expression on a particular 

population of cells for instance, can be measured by limiting the analysis to the 

population within a certain gate (Carter et aL 2000). Examples of histograms and dot- 

plots are shown in figure 3.4. 
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3.5 Measurement of antigen expression by flow cytometry 

Information provided by light scatter and immunofluorescence enables the identification 

of cell populations within a heterogeneous mixture of cells. Having identified the cell 

population of interest, fluoresecent probes conjugated to antibodies directed against cell 

surface, cytoplasmic or nuclear antigens are used to determine antigen expression on a 

particular population (Larson 2000) (Loken et aL 2000). 

42.4% 24.1% 

uj 

CD 
l 

O 
lo, io lo, 10,10, 

CD8 FITC 

42.4% 2 4.1 Nu 

.ý. ýI 
;; L-. -ý 

Figure 3.3: Histogram and dot plot of CD3 and CD8 expression on a population of 

lymphocytes (from hoy@cfac. uk) 
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Figure 3.4: Channels/linear/log amplification (from hoy@cfac. uk) 

If intracellular antigens are analysed, it is necessary to permeabilise the cell in order that 

the antibodies can reach the appropriate target antigen, without allowing the antigen to 

leak out of the cell. This is usually achieved by incubation with a combination of fixative 

(paraformaldehyde) and a detergent (triton). 

3.6 Growth Medium 

Full medium consisted of Dulbecco's modified Eagle medium (DMEM) with 1000mg/L 

glucose and without sodium pyruvate (GIBCO Life Technologies, Paisley, UK) was 

supplemented with 10% heat-inactivated fetal calf serum (Sigma, Poole, UK), I% L- 

glutamine (GIBCO) and 0.5% Gentamycin (GIBCO). Stripped Medium consisted of 

DMEM with 1000mg/L glucose and without phenol red or sodium pyruvate (GIBCO) 

was supplemented with 10% charcoal/dexti-an treated foetal calf serum (HyClone, Perbio 

Science UK Ltd, Cheshire, UK), 1% L-glutamine (GIBCO) and 0.5% Gentamycin 
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(GIBCO). Phenol red was omitted from the stripped medium as it has been shown to have 

oestrogenic properties and produces a fluorescent signal, which interferes with the flow 

cytometric analysis. 

3.7 Cell Lines 

All cell lines were routinely cultured in DMEM full medium and grown in 75cm 3 flasks 

(Coming Ltd, High Wycombe, UK) at 370C in a humidified atmosphere containing 5% 

C02 in air. Cells were passaged every 34 days when they had grown to 90% confluence 

The breast cancer cell lines used were all epithelial cells, which grow as monolayers. 

They were the MCF7 cell line (European Collection of Animal Cell Cultures ECACC, 

Salisbury, Wiltshire, UK), which was established in 1970 from a pleural effusion 

obtained from a 69 year-old female (Soule et aL 1973): the T47D cell line (ECACC) 

which was established in 1974 from a 54 year old female with an infiltrating ductal 

carcinoma of the breast (Keydarl et aL 1979): the MDA-MB-231 cell line (ECACC) 

which was established in 1973 from the pleural effusion of a 51 year old female (Cailleau 

et aL 1974): and the SKBR3 cell line (American Type Tissue Culture Collection ATCC, 

Manassas, Virginia, USA) which was established from the pleural effusion of a 43 year 

old female. 

To passage cell lines, culture medium was decanted from the flasks and the cells washed 

with 2ml of Ix tr)Tsin-EDTA (GIBCO) at 37'C to remove any residual fetal calf serum 

(FCS). A further 8ml of Ix trypsin-EDTA was added to the flask and incubated for 
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approximately 5 minutes at 37'C until all the cells were detached. The trypsin-EDTA was 

inactivated by addition of I OmI full medium and decanted into a3 OmI universal 

centrifuge tube (Bibby Sterilin Ltd, Staffordshire, UK). The recovered cells were pelleted 

by centrifugation at 10OOrpm for 5 minutes. The cell pellets were either resuspended in 

full medium and split into flasks or retained in the pellet for cryopreservation (see below). 

Cryopreservation of all cell lines was routinely carried out at an early stage of passage, 

freezing medium contained 80% full medium, 10% FCS (Sigma) and 10% dimethyl 

sulfoxide DMSO (Sigma). Approximately 5xI 06 cells were pelleted by centrifugation, 

resuspended in I ml of freezing medium and transferred into cryogenic vials (Coming, 

USA). To control the rate of freezing cryogenic vials were initially frozen for 4 hours at - 

80'C before transfer to liquid nitrogen for long-tenn storage. 

Reculture of cryopreserved cells was achieved by rapid thawing of the frozen cell 

suspension at 37C and re-suspension in full medium. Cells were washed by 

centrifugation at 10OOrpm for 5 minutes to remove the DMSO, resuspended in fresh full 

culture medium and transferred to culture flasks. 

3.8 Clinical Material 

Patients were recruited to this study from the Breast Unit at the Royal Victoria Infirmary, 

Newcastle upon Tyne over a 2-year period. Venous blood was taken from women with 

confirmed primary operable breast cancer on or preceding the day of operation. Venous 

blood was also collected from women in whom breast cancer had been excluded, as 
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controls who attended the diagnostic breast clinic. All venous blood samples were 

centrifuged at 2500rpm for 5 minutes the serum was removed and stored at -80*C until 

analysed. 

Tumour samples were taken in the operating theatre immediately after excision of the 

breast cancer. A Bard MagnumTm (C. R. Bard Inc, Covington, USA) biopsy instrument 

was used to obtain core biopsies from palpable breast tumours. Core biopsies were snap 

frozen in liquid nitrogen and stored at -80'C until analysed. Ethical permission had been 

granted for this study, and all patients recruited had given their informed consent to tissue 

and serum collection. 

3.9 Titration of Antibodies 

All antibodies were titrated to determine their optimum concentration for use. For the 

titration of the biotinylated androgen receptor antibody (DAKO, Cambridge, UK) 

LNCap, a prostate cancer cell line known to express the androgen receptor (Horoszewicz 

et aL 1983) was used as a positive control and DU145, a prostate cancer cell line which 

does not express the androgen receptor (Stone et aL 1978) was used as a negative control. 

For the titration of phycoerythrin (PE) conjugated epidermal growth factor receptor 

EGFR monoclonal antibody (BD Pharminogen, San Diego, USA) the MCF7 cell line, 

which is known to express EGFR (Chrysogelos et aL 1994) was used as a positive control 

and lymphocytes were used as a negative control. The titration of biotinylated oestrogen 

receptor alpha antibody (DAKO, Cambridge, UK), which follows a similar method 
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outlined below, has previously been established in our laboratory and is described by 

Girdler (Girdler 2002). 

Cultured cells were harvested from the flasks and pelleted by centrifugation. The cell 

pellet was resuspended to form a single cell suspension and incubated with I% 

parafortnaldehyde (BDH Chemicals, Poole, UK) for 30 minutes at 4*C. The cell 

suspension was centrifuged for 5 minutes at 25OOrpm and resuspended in 0.025% triton 

(BDH Chemicals, Poole, UK) to give a final concentration of 1%106 cells/ml. Increasing 

amounts of biotinylated androgen receptor antibody (I td, 21d, 3111 and 5111) or PE 

conjugated EGFR (2.5W, 5gl, l0gl, 201d and 30gl) were incubated with 100gl aliquots of 

cell suspension for 30 minutes at 4'C. Cells were washed with 2ml of isoton (Becton 

Dickinson), centrifuged at 2500rpm for 5 minutes and resuspended in I 00gl of isoton. To 

those cells labelled with biotinylated androgen receptor antibody 21d of streptavidin 

phycoerythrin strep-PE (BD Biosciences, San Jose, USA) were added and incubated for 

30 minutes at 40C. The cell suspension was washed as above and resuspended in 2501d of 

isoton. Finally analysis was performed on a FACScan (Becton and Dickinson) using 

LYSYS 11 software with pre-stored settings. The medians of the FL2 histogram obtained 

were plotted against the different dilutions of antibody and the optimum dilution of 

antibody was selected as the point where the titration curve reached a plateau and the 

negative control remained at a low level. 
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3.1 Preparation and Staining of Tumour Samples and cell lines 

Froz 
I 
en tumour samples were allowed to thaw out before being dissected into small pieces 

and disaggregated by passing through a wire mesh of approximately 501im. diameter 

(Boots Pharmaceuticals Ltd, Nottingham, UK) to form a single cell suspension in isoton. 

To reduce clumping further, cells were then passed through a 531tm nylon mesh 

(Lockertex, Warrington, UK) and the resulting cell suspension centrifuged at 1000rpm. 

zor: ) minutes. The supernatant was discarded and the cell pellet was resuspended in 2mls 

oil I-/o paraformaldehyde. Following incubation at 4(C for 20 minutes, this cell 

swpension was washed and centrifuged as above, and the cell pellet resuspended in 
1 

0.025% triton 
I 

IOOILI of the resulting fixed and permeabilised cells were aliquoted into FACS tubes (BD 

Labware, New Jersey, USA). To these aliquots primary antibody was added at the 

optimal quantity determined by titration, mixed thoroughly on a vortex mixer (Fisons 

Scientific, Loughborough, Leicestershire) and incubated for 30 minutes at 4C. The 

Pr7ary antibodies used were biotinylated androgen receptor antibody, biotinylated 

oestrogen receptor alpha antibody, and phycoerythrin conjugated epidermal growth factor 

re r body. 

Following incubation with primary antibody, the cell suspension was washed and 

centrifuged as above, and resuspended in 1001d of isoton. At this stage, 2111 of I 
strePtavidin phycoerythrin was added to the cells labeled with biotinylated antibodies and 
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5gl of fluorescein isothiocyanate conjugated cytokeratin antibody CK-FITC (Novocastra, 

Newcastle upon Tyne, LIK), an antibody which is directed towards cytokeratins 8 and 18 

(Ferrero el al. 1990), was incubated with each aliquot for 30 minutes at 4'C. Following 

washing with 2ml isoton and centrifugation as above, the fixed, permeabilised and 

stained cells were resuspended in 250pl of isoton and were now ready for analysis. 

Ile following controls were also performed for each sample; unlabelled cells, cells plus 

21d of streptavidin phycoerythrin, cells plus 5pl of fluorescein isothiocyanate conjugated 

cytokeratin antibody. Controls ensured that compensation was correctly adjusted to 

minimize interference between FITC and PE signals. Analysis was performed on a 

Becton Dickinson FACScan using LYSYS 11 software with pre-stored settings. 

The preparation and staining of cell lines for determination of antigen expression follows 

a similar method to that described above for the titration of antibodies. Cultured cells 

were harvested from the flasks and pelleted by centrifugation. The cell pellet was 

resuspended to form a single cell suspension and incubated with I% paraformaldehyde 

(BDH Chemicals, Poole, UK) for 30 minutes at 40C. The cell suspension was centrifuged 

for 5 minutes at 2500rpm and resuspended in 0.025% triton (BDH Chemicals, Poole, 

UK) to give a final concentration of IxI 06cells/ml. 

Primary antibody, biotinylated androgen receptor or biotinylated oestrogen receptor 

alpha, were then added at the optimum quantity determined by titration to I OOpI aliquots 

of this cell suspension. Cytokeratin antibody was not required when labeling cell lines, as 

75 



Chapler 3 Materials and Methods 

they are a homogenous population of epithelial cells. Following incubation for 30 

minutes with primary antibody, the cell suspension was washed with isoton and 

centrifuged at I OOOrpm. The cell pellet was then resuspended in I OOgI of isoton, 2 gl of 

streptavidin phycoerythrin was added and the cell suspension incubated for 30minutes at 

4'C. Following further washing and centrifugation the fixed, permeabilised and stained 

cells were resuspended in 250gI of isoton and analysed on a Becton Dickinson FACScan 

using LYSYS 11 software with pre-stored settings. 

3.11 Data Analysis & Quantification of Fluorescence 

Data analysis on samples on the FACScan was performed using LYSYS 11 software. 

Events were gated on a CK-FITC (fluorescence- 1) against PE (fluorescence-2) dot plot to 

distinguish cytokeratin positive cells from non-epithelial cells. Cytokeratin positive cells 
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Figure 3.5: Dot plot of fluorescence- I against fluorescence-2 to distinguish cytokeratin 

positive (i. e. epithelial) from non-epithelial cells 
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Fluorescence-2 (i. e. PE) histograms for streptavidin-PE, unlabeled cells and androgen 

receptor, oestrogen receptor alpha and EGFR labelled cells were generated for events 

falling within the RI gate. The median fluorescence intensity was determined from these 

fluorescence-2 histogrwns. 
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Figure 3.6: Fluorescence-2 histogram of cytokeratin positive cells 

Analysis of antigen expression on tumour samples and cell lines by the above methods 

generates a fluorescence-2 histogram with a median measured in the arbitrary units of 

median fluorescent intensity. This fluorescence can be quantified into absolute units of 

molecules of equivalent fluorochrome (MEF) using fluorescent microbead standards. 

Spherotec RCP50 beads were used to standardise the arbitrary units of median 

fluorescence intensity obtained on the cytometer into absolute units of molecules of 

equivalent fluorochrome. The beads were run using the same instrument settings 
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determined for cell line or tumour samples on FACScan and analysed using LYSYS 11 

software. 

Beads were gated as singlets on a dot plot of FSC against SSC and fluorescence-2 

histograms were generated from the gated events. The number of molecules of equivalent 

fluorochrome of the beads was obtained by the manufacturer spectrophotometrically, 

with reference to solutions containing known phycoerythrin molecules of fluorescence. 

These values were as follows 425,1131,3765,11628,34589,128918 and 294760. 

Figure 3.7: Fluorescence-2 histogram of Spherotec RCP50 beads 

A regression line of median fluorescent intensity against molecules of equivalent 

fluorocrome (i. e. phycoerythrin) was generated using Tallycal software (DAKO, 

Cambridge, UK) for the bead populations. From the regression equation the number of 

molecules of equivalent fluorochrome for the phycoerythrin labelled cell lines was 

extrapolated. 
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Figure 3.8: Regression curve of DAKO fluorospheres using Tallycal software: 

X-axis = log [bead calibration number] number of molecules of equivalent 

fluorochromeY-axis = log [median fluorescent intensity of fluorescence-2 histogram]. 

The following equation can thus be generated from which the antigen expression of 

tumour samples or cell lines can be quantified y=4.06 x+ 104.06 

Unlabeled cells and cells incubated with streptavidin-PE have a background fluorescence 

which does not reflect antibody binding to antigens expressed by the tumour cells. The 

number of molecules of equivalent fluorochrome was therefore determined for unlabelled 

cells and cells labelled with streptavidin-PE. In order to obtain the antigen expression the 

number of molecules of equivalent fluorochrome for cells incubated with streptavidin-PE 

was subtracted from the value obtained from cells stained with biotinylated androgen or 

oestrogen receptor antibody and streptavidin-PE. Likewise, the number of molecules of 

equivalent fluorochrome was determined for unlabeled cells and subtracted from the 

number of molecules of equivalent fluorocrome obtained for cells labeled with 

phycoerythrin conjugated EGFR antibody. 
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3.12 Staining and Analysis of DNA 

The DNA content of a cell shown as a cycle detennined by flow cytometry provides 

information on aneuploidy (i. e. an abnormal amount of DNA) and gives a static estimate 

of the percentage of cells present in each phase of the cell cycle (i. e. Go/I, S, and G2M. 

Cell lines were used as an in vitro model to assess the effects of 5cc-DHT, androstenediol 

and 170-oestradiol on cell cycle and cell proliferation. The study of synchronous 

populations of cells allowed steroid induced changes in the cell cycle to be quantified. To 

achieve synchronous cell populations, cells were cultured in full medium and harvested 

when approximately 80% confluent. The cells were then pelleted by centrifugation and 

resuspended in stripped medium. Cells were seeded in 12-well culture plates (Coming) 

for cell cycle studies and 6-well plates (Coming) for proliferation studies. The cells were 

allowed to adhere to the wells for 24 hours. At this point, cell cycle analysis was 

determined by processing the cells from wellsý outlined below. The stripped medium was 

aspirated from the remaining wells and replaced with stripped medium supplemented 

with steroids. 

The following method was used to prepare and stain cell lines for DNA analysis. 

Cultured cells were harvested with I xtrypsin/EDTA and pelleted by centrifugation at 

2500rpm for 5 minutes. The cell pellet was resuspended in 350gl of full medium and 

incubated for 5 minutes at 37'C. I OOpI of 0.25mg/ml propidium. iodide PI (Sigma, Poole, 

UK) containing 5% triton X-100 (BDH Chemicals, Poole, UK) and 50pl of lmgIml 
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RNAse (Sigma, Poole, UK) was added to the cell suspension. Analysis was performed on 

a Becton Dickinson FACScan using LYSYS 11 software with pre-stored settings. 

Permeabilisation of the cell membrane with the detergent triton X- 100 was required to 

allow the dye propidium iodide access to the DNA. RNAse was required to remove RNA 

to which the propidium iodide would otherwise bind. Propidium. iodide is a nucleic acid 

dye, which intercalates between the bases in double stranded nucleic acids. When excited 

by a 488nm laser, propidium iodide fluoresces at 620nm, which can be detected by the 

fluorescence-2 or fluorescence-3 photornultiplier tubes. 

Data files were converted from HP to PC format using HP disk (Applied Cytometry 

Systems, South Yorkshire, UK). DNA data analysis was then performed using Multicycle 

(Phoenix Flow Systems, San Diego, USA). This software used algorithms to deconvolute 

the DNA histogram and fit a cell cycle model. The DNA was identified on a dot plot of 

fluorescence-2 area against fluorescence-2 width and gated to exclude doublet and triplet 

molecules. 
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Figure 3.9: Dot plot of fluorescence-2 area against fluorescence-2 width. DNA from cell 

lines is gated to exclude doublet, triplet etc. populations. 
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A fluorescence-2 histogram of these gated events displays the DNA profile, and 

Multicycle was then used to fit the three phases of the cell cycle and calculate the 

percentage of cells within each phase. A DNA histogram exhibiting more or less than one 

Go/, peak is classified as aneuploid (Ormerod 2000). 

Figure 3.10: Fluorecence-2 histogram of gated events from the above dot plot. 

Multicycle software is used to determine the percentage of cells in each stage of the cell 

cycle from this histogram. 

3.13 Cell proliferation studies 

To assess the effect of steroids on the proliferation of cultured cells, the following method 

was followed. Cultured cells were harvested from 6 well plates by I xtrypsin/EDTA and 

pelleted by centrifugation at 2500rpm for 5 minutes in falcon tubes. The cells were then 

resuspended in 350gl of stripped medium and incubated for 5 minutes at 37T. 40gl of 

lmg/mI propidium iodide (Sigma, Poole, UK) and lOpI of Flow Count Fluorospheres 
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(Coulter, Bedfordshire, UK) were added. Analysis was performed on a Becton Dickinson 

FACScan using LYSYS 11 software on pre-stored settings. 

The incubation step prior to adding propidium iodide was necessary, as harvesting with 

I xtrypsin/EDTA damages the cell membrane rendering the cell leaky to small molecules 

such as propidium iodide. The incubation step enabled the cells to repair the cell 

membrane allowing all viable cells to remain impenetrable to propidium Iodide. 

Therefore propidium iodide was excluded from viable cells with an intact cell membrane, 

but intercalated with DNA from dead cells with a leaky cell membrane. Flow count 

fluorospheres consist of I Opm polystyrene fluorescent particles in an aqueous solution at 

a known concentration per Vd. They are excited by laser light at 488nm and have a broad 

emission spectrum of 525nm-700nm. 

Cells were analysed on a dot plot of FSC against SSC and a RI gate set around cells to 

exclude debris and an R2 gate set on the fluorospheres. A dot plot of fluorescence- I 

against fluorescence-2 was constructed for all events within the RI and R2 regions. Dead 

cells took up propidium iodide staining with higher fluorescence-2 intensity, and 

therefore could be easily identified. Quadrants were set so that the upper left area 

contained the dead cells, the lower left area the live cells and the upper right area the 

fluorospheres. 
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Figure 3.11: Dot plot of forward scatter (FSC) against side scatter (SSC) of cell lines and 

fluorospheres (gated RI and R2 respectiVely). A dot plot of fluorescence- I against 

fluorescence-2 is illustrated for the cells gated RI and R2. Quadrants have been set to 

distinguish dead from live cells and fluorospheres. The number of live cells = number of 

events in lower left quadrant / number of events in upper nght quadrant x fluorospheres 

per jAl x volume of fluorospheres added to sample (ýtl) 

3.14 Western Blotting and sodium dodecyl sulphate polyacrylamide gel 

electrophoresis SDSPAGE 

Western blotting was used to confirm the specificity of the androgen receptor antibody. 

Cultured LNCap cells were harvested and pelleted by centrifugation at 180xg for 

5minutes. Approximately IX 106 cells were lysed with 0.5ml of lysis buffer containing 

0.125M Tris-HCI (BDH Chemicals, Poole, UK) at pH 6.8,2% sodium dodecyl sulphate 

SDS (BDH Chemicals, Poole, UK), 10% glycerol (Sigma-Aldrich, Poole, UK), 0.001% 

bromophenol blue (BioRad, Hemel Hempstead, UK) and 10% P-mercaptoethanol 

(Sigma-Aldrich, Poole, UK). Sodium dodecyl sulphate is a detergent, which denatures 
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proteins and P-mercaptoethanol aids in separating the polypeptide chains by breaking 

disulphide bonds, which maintain protein confirmations. 

The cell suspension was heated to 100'C for 5minutes to ftu-ther denature proteins and 

centrifuged for 5 minutes at 12,000xg to pellet any debris. Gel electrophoresis of the 

proteins was performed using SDS-polyacrylamide gels to separate proteins by molecular 

weight. Polyacrylamide gels were set up using a running gel consisting of 10% 

acrylamide: bis-acrylamide 29: 1 mix (Kramel Biotech, Cramlington, UK), 375mM Tris- 

HCI (BDH Chemicals, Poole, UK) at pH8.8,0.1 % sodium dodecyl sulphate (BDH 

Chemicals, Poole, LTK), 1% ammonium persulphate (Sigma-Aldrich, Poole, UK) and 1% 

tetramethylethylenediamine TEWD (Sigma-Aldrich, Poole, UK). TEMED catalyzed the 

formation of free radicals from ammonium persulphate, which caused the acrylamide and 

bis-acrylamide to polymerize to form a gel matrix, which could be used for sieving 

macromolecules. 

Having allowed the running gel to set, it was overlaid with a stacking gel (5% 

acrylamide: bis-acrylamide mix, 125mM Tris-HCI at pH6.8,0.1% SDS, I% ammonium 

persulphate and I% TENED). Gels were assembled in a pouring frame and having set 

were transferred to a running frame (Mini Protean II, Bio-Rad, Hemel Hempstead, LJK) 

containing electrophoresis buffer containing 25mM Tris, 190mM glycine (BDH 

Chemicals, Poole, UK) and 0.1% SDS. 20gl of cell lysates and 3ptl of Seeblue standards 

(Novex, Frankfurt, Germany) were loaded into preformed wells in the stacking gels. 
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Electrophoresis was carried out at 200V for 45-60 minutes in electrophoresis buffer. The 

negatively charged proteins migrating towards the anode and separating on the basis of 

polypeptide chain size. Following electrophoresis, the proteins were transferred to a 

Hybond-C nitrocellulose membrane (Amersham. Life Sciences Ltd, Amersham, UK) by 

electrophoresis at 30V for 16 hours in transfer buffer containing 25mM Tris HCI pH 8.3, 

150mM glycine and 10% methanol (BDH Chemicals, Poole, UK). 

Nitrocellulose membranes have a high binding capacity for proteins. Therefore it was 

important to block any non-specific protein binding sites before incubating the membrane 

with antibody. Membranes were immersed in blocking solution for I hour at room 

temperature containing 5% non-fat milk powder (Marvel, Merseyside, UK), 20mM Tris- 

HCI at pH 7.5, and 500mM NaCI (BDH Chemicals, Poole, UK) and washed with Tris- 

Tween solution (0.1% Tween-20,2OmM Tris-HCI, 500mM NaCI). 

Membranes were then transferred to primary antibody solution containing androgen 

receptor mouse anti-human monoclonal antibody (Dako, Cambridge, UK), 0.05% 

skimmed milk protein and Tris-Tween solution, wrapped in cellophane, heat sealed and 

incubated for I hour at room temperature on a rotating wheel. To remove any unbound 

primary antibody, the membrane was washed twice for 5 minutes with Tris-Tween 

solution and incubated with secondary antibody solution containing I in 500 horse radish 

peroxidase conjugated mouse immunoglobulin HRP-lgG (Dako, Cambridge, UK) in Tris- 

Tween solution containing 0.05% non-fat milk powder for I hour with agitation. 
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Unbound secondary antibody was removed by two washes for 5 minutes in Tris-Tween 

solution, followed by a wash for 10 minutes in Tris buffer solution. A chemiluminescence 

system (ECL Plus, Amersham Life Sciences Ltd) was used to HRP conjugated secondary 

antibody and signals were visualised by exposure to X-ray film. 

3.15 Immunohistochernistry of LNCap cells with androgen receptor 

antibody (AR441) 

Immunobistochemistry of LNCap cells was performed to confirm that the androgen 

receptor antibody AR441 bound to antigen on sections of a cell line known to express 

androgen receptors (Horoszewicz et aL 1983). Preparation of a cellblock from the 

cultured LNCap cells was as follows. Cells were harvested from flasks with 3MM 

ethylenediaminetetraacetic acid EDTA (Sigma-Aldrich, Poole, UK), pelleted into 15ml 

Falcon tubes at 1700xg for 5 minutes. The supernatant was decanted the pellet fixed by 

incubation with 4% formalin (Sigma-Aldrich, Poole, UK) in phosphate buffer solution at 

pH 7.0 for I hour at room temperature. All but I ml of the fixative was decanted, the 

block loosened with a gentle tap on the bench and removed with forceps. 

This cellblock was then processed by hand by sequential 30 minute incubations with 

increasing concentrations of ethanol (70%, 95%, 100% and 100%), followed by 

incubation with xylene for 30 minutes and 60 minutes and finally wax twice for 60 

minutes, before embedding the block. 
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Sections were cut from the cellblock and pre-treated with 0.5% hydrogen peroxide 

solution (BDH Chemicals, Poole, UK) in methanol (BDH Chemicals, Poole, UK) for 

10minutes and rinsed with running tap water prior to pressure-cooking sections for 

antigen retrieval. Pressure-cooking was performed in 1.5L of citrate buffer containing 

21g citric acid monohydrate powder, 140m. M of 2MNaOH (BDH Chemicals, Poole, UK), 

I OL of distilled water at I OOT for 2 minutes. 

Sections were then rinsed in cold water, transferred to 0.005M Tris buffer solution TBS 

(BDH Chemicals, Poole, UK) for 5 minutes, and covered with normal rabbit solution 

NRS (Sigma-Aldrich, Poole, UK) for 10 minutes. Incubation with primary antibody 

solution containing I in 75 mouse anti-human androgen receptor monoclonal antibody 

AR441 (Dako, Cambridge, UK) was then undertaken for 30 minutes. Following 

incubation with primary antibody, the sections were rinsed twice with TBS and incubated 

for 30 minutes with secondary antibody- biotinylated rabbit anti-mouse antibody RAM 

(DAKO, Cambridge, UK) diluted I in 500 in normal rabbit serum. 

Sections were again rinsed twice for 5 minutes in TBS, excess removed, before 

incubation with I in 100 tertiary antibody, streptavidin-biotin-peroxidase (DAKO, 

Cambridge, UK) in normal rabbit serum for 30 minutes. Sections were rinsed twice in 

TBS for 5 minutes; peroxidase activity was then developed, by incubating the sections for 

5 minutes in diaminobenzidine tetrahydrochloride DAB solution (Sigma-Aldrich, Poole, 

UK). DAB solution was prepared by mixing 0.2ml of a solution containing a 10mg DAB 

tablet (Sigma-Aldrich, Poole, UK) in I Omls TBS at pH 7.6 to 0.2mls, of a solution 
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containing 30vol hydrogen peroxide (BDH Chemicals, Poole, UK) in 5.8mls of distilled 

water., 

Following incubation with DAB, sections were rinsed under running tap water for 10 

minutes, counterstained with haemotoxylin, mounted in DPX (CellPath) and visualised 

under a microscope. 

3.16 Immunohistochemistry of paraffin sections of breast tumours with 

androgen receptor antibody AR441 

Sections were pre-treated with 0.5 % solution of hydrogen peroxide in methanol for 10 

minutes, washed in running tap water and rinsed in 0.005M tris buffered solution (TBS) 

pH 7.6 for 5 minutes. Sections were then incubated with normal rabbit serum diluted I in 

10 with tris buffered solution for 10 minutes, excess serum was removed and replaced 

with primary antisera containing aI in 200 dilution of the androgen receptor monoclonal 

antibody AR441 (DAKO) in normal serum for 30 minutes. After two further 5 minute 

rinses with tris buffered solution, sections were then incubated with secondary antiserum 

containing aI in 500 dilution of biotinylated rabbit anti-mouse antibody in normal rabbit 

serum for 30 minutes. Sections were rinsed again with tris buffered solution, as above, 

prior to incubation for 30 minutes with tertiary antiserum, which contained I p] 

streptavidin, I Id biotinylated horseradish peroxidase and I OOILI of normal rabbit serum. 

After two further 5 minute rinses with tris buffered solution peroxidase activity was 

developed by a 5-minute incubation with diaminobenzidine tetrahydrochloride solution 
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(DAB). Sections were then rinsed in running tap water, conterstained with haematoxylin, 

mounted in DPX and visulaised under a microscope. 

3.17 Measurement of serum androstenedione, DHEAS and testosterone 

Serum was collected pre-operatively from women presenting with primary operable 

breast cancer on or preceding the day of surgery. Controls were taken from the diagnostic 

breast clinic from women presenting with breast symptoms, in whom the diagnosis of 

breast cancer had been excluded. Patients on exogenous oestrogens were excluded from 

the study. Blood samples were spun at 2,500 rpm for 5 minutes and the serum decanted 

and frozen at -70'C until analyzed. Serum DBEAS, androstenedione and cortisol were 

measured using ELISA kits (DRG Diagnostic% The limit of detection defined as the 

steroid concentration corresponding to the mean absorbance of 20 replicates of the zero 

standard minus 2 standard deviations, and the intraassay and interassay coefficients of 

variation for these kits are summarized in the following table. 

Lowest detectable 
limit 

Intra assay 
coefficient of 
variation % 

Inter assay 
coefficient of 
variation % 

DHEAS 0.02microg/ml 2.13-5.07 2.96-8.67 
I Androstenedione 0.043ng/ml 2.79-6.30 5.95-8.09 
1 Cortisol 2.5ng/ml 3.98-4.70 4.96-9.59 

Table 3.1: Specifications of senun androgen kits 
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Materials and Methods 

A lectin ELISA for cerbB-2/HER-2 

4.1 Lectin ELISAs 

The lectin-based methods summarised above are not suitable for the investigation of a 

large number of clinical specimens. Lectin-based assays using the familiar sandwich 

ELISA technology in mult1well plates have been developed for this purpose. Pekelharing 

et al first described a lectin-enzyme immunoassay for the measurement of transferrin 

sialovariants (Pekelharing et al. 1987). 

By replacing the immobilized or enzyme-linked antibody with a lectin a heterologous 

lectin-enzyme immunoassay to study the glycosylation of glycoprotems is constructed. 

The sandwich consists of a lectin and an antibody. Only glycoprotein that meets two 

conditions is measured. It must be the right protein to be bound by the antibody and have 

the relevant glycan structure to bind the lectin (Pekelharing et al. 1987). 

Antibody Lectin 

Protein 

Colour 
Solid Phase Change 

Figure 4.1: Lectin ELISA 
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Two configurations are possible, both of which have drawbacks. If the lectin is 

immobilised, it may bind glycans of other glycoproteins in the sample, which compete 

with the molecule of interest for the available binding sites. This may strongly influence 

the results and reduce the sensitivity of the method. On the other hand, when an antibody 

is used as a capture molecule, care must be taken to ensure that the antibody is not 

binding to the same determinant as that reacting with the lectin (Turner 1992). 

Both types of assay bear the risk of binding of the lectin to the carbohydrate determinants 

of the immunoglobin used as an antibody: IgG contains 5% carbohydrate, IgM 12% and 

IgA 7.5%. This may cause elevated binding in the absence of sample (Pekelharing et aL 

1987). 

Lectin ELISAs have subsequently been reported for the investigation of serum 

glycoproteins in a variety of diseases. Madiyalakan et al reported a lectin ELISA for the 

determination of CAI 25 antigen in ovarian cancer patients using an anti-CAI 25 

monoclonal antibody in the solid phase and 125 I-labelled wheat germ agglutinin in the 

liquid phase. A moderate correlation was found between the dual monoclonal antibody 

sandwich assay and lectin ELISA for CAI 25 in this study. The sensitivity of the lectin 

ELISA was higher than the conventional ELISA, though the specificities were 

comparable. This suggested that a lectin could potentially improve the diagnostic utility 

to detect ovarian cancer (Madiyalakan et aL 1996). 
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Parker et al developed a lectin ELISA for the diagnosis of pancreatic cancer, in which a 

lectin wheat germ agglutinin was bound to the solid phase and an anti-mucin antibody 

CAM17.1 and peroxidase-tagged antibody in the liquid phase were used as a detection 

system. The sensitivity and specificity of this assay compared with conventional 

radioinimunoassay for another mucin antigen CAI 9-9 (Parker et aL 1992). 

4.2 Blotinylation of synthetic p185 peptide 

A synthetic p 185 peptide (Cambridge Research Biochemicals Ltd, Cheshire, UK), which 

consists of the following sequence of amino acids, Pro-Glu-Ser-Phe-Asp-Gly-Asp-Pro- 

Ala-Sec-Asn-Thr-Ala-Pro-Leu-Glu-Pro-Cys was biotinylated by the following method. 

This sequence of amino acids forms part of the extracellular domain of BER-2. This 

synthetic peptide was used as the antigen against which the monoclonal antibody OM- II- 

954 (Genosys; Biotechnologies) was raised. 

150gg of p185 peptide was dissolved in O. Iml of OAM phosphate buffer solution O. lM 

NaP04 (BDH Chemicals, Poole, UK) to give a pl. 85 solution of 1500pg/ml. 

Molecular weight p 185 peptide = 2150 

Therefore the concentration of pl. 85 solution = 1500/2150 = 0.7 gmol/L 

2ml of EZ-linIJm NHS-LC biotin (Perbio Science, Cheshire, UK) was dissolved in l2pl 

of dimethyl sulfoxide DMSO (Sigma-Aldrich, Poole, UK) and 188pl of deionised water 

to give an EZ-linkTm solution of I Omg/ml. 
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Molecular weight of EZ-linkTm = 556.8 

Therefore the concentration of EZ-IinkTm solution = 10/556.8 = 17.9 Itmol/L 

To give a 10: 1 ratio of EZ-Iink7m: p 185 solution 

X= 10 x 0.7/18 = 0.39 mls of EZ-finOm need to be added per ml of p185 protein 

or, 19.5 pl EZ-liným to 501A of p185 solution. 

Therefore, 50gl of p185 solution and 19.5gl of EZ-IinkTm solution were vortexed and 

incubated for 4 hours at 4'C. The biotinylated p 185 peptide was separated from the 

excess biotin molecules by eluting the mixture through a 6x I cm column containing 

sephadex G-25 (Sigma-Aldrich, Poole, UK) with 0.0 1M phosphate buffer solution. I ml 

fractions were collected following elution with this buffer. 

4.3 Capture of biotinylated synthetic p185 by cerbB2 antibody OM-11-964 

Carbonate buffer: 0.1 M NaC03/NaHCO3 (BDH Chemicals, Poole, UK), pH 9.6 

PBS-Tween solution: OAM NaP04 (BDH Chemicals, Poole, UK), 0.10/oTween-20 

(Pharmacia, Uppsala, Sweden), pH 7.4 

Tris-Tween solution: OAM TrisHCI (BDH Chemicals, Poole, UK), 0.1% Tween-20, pH 

7.6 
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Immulon 4 microtiter plates (Dynex Technologies, Chantilly, USA) were incubated 

overnight with I 00gl of I in 1000 OM 11 -954 (Genosys Biotechnologies) in carbonate 

buffer at 4*C, washed x3 with PBS-Tween solution and slapped dry. 

I 00gl dilutions of biotin pl 85 in I% bovine serum albumin BSA (Sigma-Aldrich, Poole, 

UK) PBS-Tween solution were added per well and incubated overnight at 4'C, washed 

x6 with Tris-Tween solution and slapped dry. 

I 00gl of I in 2000 streptavidin alkaline phosphatase (Sigma-Aldrich, Poole, UK) in I% 

BSA Tris-Tween solution was added per well and incubated for 2 hours at room 

temperature, then washed x6 with Tris-Tween solution and slapped dry. 

I 00pl of BCIP substrate (KP Laboratories, Maryland, USA) was then added per well, and 

the absorbance was read on a vmax Idnetic microplate reader (Molecular Devices) at 

620nm. 

4.4 Competition between unconjugated syntheic p185 and blotinylated 

synthetic p185 for binding to cerbB2 antibody (OM-11-954) 

I 00ptl of I in 1000 OM- 11-954 in carbonate buffer was added per well and incubated 

ovemight at 4*C. Wells were washed x3 with PBS Tween solution and slapped dry. 

Dilutions of unconjugated synthetic p 185 in I% BSA PBS Tween were prepared. 

50gl of biotinylated synthetic p185 containing 800ng of protein in 1% BSA PBS Tween 

and 50pl of unconjugated synthetic p185 containing 0-15OOng of protein were added per 

well and incubated overnight at rC. Wells were washed x6 with TrisTween solution and 

100gi of I in 1000 streptavidin alkaline phosphatase in 1% BSA Tris Tween solution was 
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added per well and incubated for 2 hours at room temperature. Wells were then washed 

x6 with Tris-Tween solution and slapped dry. 100gl of BCIP substrate (KP Laboratories, 

Maryland, USA) was then added per well, and the absorbance was read on a vmax Idnetic 

microplate reader (Molecular Devices) at 620nm. 

4.5 Preparation of Zabrecky Lysate of SKBR3 cells 

Lysis Buffer: I OmM NaPO4 (BDH Chemicals, Poole, UK), 140mM NaCl (BDH 

Chemicals, Poole, UK), 1% Triton X-100 (BDH Chemicals, Poole, UK), 2.5ml Trasylol 

(Bayer), 0.1% sodium dodecyl sulphate (BDH Chemicals, Poole, UK), I% sodium 

deoxycholate (BDH Chemicals, Poole, UK) and I m. M phenylmethylsulfonylfluoride 

(Sigma-Aldrich, Poole, UK) 

Preparation of a SKBR3 cell lysate follows the method described by Zabrecky (Zabrecky 

et aL 199 1) and is as follows. The SKBR3 cell line was chosen as it has been shown to 

express high levels of HER-2 protein (Leitzel et aL 1992). 

5001d of SKBR3 cells were removed from storage in liquid nitrogen, thawed and 250pl 

aliquots; were transferred to I ml Eppendorf tubes. The cells were then centrifuged at 

13,000rpm for 15minutes at 4'C to from a cell pellet. The supernatant was decanted and 

the pellet resuspended by vortexing in lysis buffer (described above). This cell suspension 

was incubated for 30minutes at 40C, centrifuged for 20minutes at 13,000rpm and the 

supernatant decanted into I ml Eppendorf tubes. This supernatant was re-centrifuged for 
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10minutes at 13,000rpm and 25pl aliquots added to lOOAI of buffer containing 50mM 

BEPES (Sigma-Aldrich, Poole, UK), 140mM NaCI (BDH Chemicals, Poole, UK), 0.1% 

Triton X- 100 (BDH Chemicals, Poole, UK), at pH 7.5. These 125 gI aliquots; of Zabrecky 

lysate were stored at -800C. 

4.6 Binding of OMI 1-954 with Zabrecky Lysate of SKBR3 cells 

This experiment was undertaken to demonstrate that the OMI 1-954 antibody, used as the 

capture antibody in the lectinELISA, bound to p185 protein coated to wells incubated 

overnight with Zabrecky lysate of SKBR3 cells. Medium from the SKBR3 cells, obtained 

after centrifiiging the cell suspension in the first step of the preparation of Zabrecky 

lysate was also investigated to establish whether this contained any shed p 185 protein. 

The IHER-2 protein content of the Zabrecky lysate of SKBR3 cells was also measured 

using cerbB-2 kits (Oncogene Science). 

Immulon 4 microtitre plates were incubated overnight at 4'C with 100 gl of Zabrecky 

lysate or medium of SKBR3 cells diluted in carbonate buffer, washed 3x with PBS- 

Tween solution and slapped dry. 100pl of I in IOOOOMII-954 in I% BSA PBS-Tween 

solution was added per well, incubated overnight at 4'C, washed x6 with Tris-Tween 

solution and slapped dry. I OOpI of I in 1000 alkaline phosphatase conjugated anti-mouse 

IgG (Sigma-Aldrich, Poole, UK) in I% BSA Tris-Tween solution was added per well and 

incubated overnight at 40C. After washing x6 with Tris-Tween solution and slapping the 
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wells dry, I 00ptl of BCIP was added and absorbance was read at timed intervals on a 

vmar kinetic microplate reader (Molecular Devices) at 620nm. 

4.7 Binding of wheat germ agglutinin to complex carbohydrates 

Fetuin, a heavily glycosylated glycoprotein was used to check that the lectin used in the 

assay, wheat germ agglutinin, binds to glycoconjugate. 3mgIml fetuin in phosphate buffer 

solution was diluted to a final concentration of 30gg/ml. Immulon 4 plates were coated 

overnight at 4*C with 100ptl dilutions of 30pglml fetuin in carbonate buffer, washed x6 

with PBS-Tween solution and slapped dry. I OOpI of I in 1000 biotin conjugated wheat 

germ agglutinin b-WGA (Vector) in I% PBS-Tween was added per well, incubated 

overnight at 4*C, washed x6 with Tris-Tween solution and again slapped dry. Finally, 

wells were incubated with I 00ptl of I in 1000 streptavidin alkaline phosphatase (Vector) 

in 1% BSA Tris-Tween solution for 2hours, at room temperature, washed x6 with Tris- 

Tween solution, slapped dry and I OOgI of BCIP added per well. Absorbance was read at 

timed intervals on a vmax kinetic microplate reader (Molecular Devices) at 620nm. 

4.8 The HER-2/cerbB-2 lectin ELISA 

Having established by the above methods that the capture antibody OMI 1-954 binds 

p 185 the extracellular domain of HER-2, the Zabrecky lysate of SKBR3 cells contains 
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the BER-2 protein and that OMI 1-954 binds to this protein, and the wheat germ 

agglutinin binds to complex carbohydrates, the next step was to construct the HER-2 

lectin ELISA. 

Immulon 4 microtitre plates were incubated overnight at 40C with 100 pl of I pgIml 

OM 11-954 in carbonate buffer, then washed x3 with PBS-Tween and slapped dry. I 00pl 

of SKBR3 Zabrecky lysate diluted in I% BSA PBS-Tween was added per well, 

incubated overnight at 4*C, washed x6 with PBS-Tween and slapped dry. I 00gl of I in 

1000 biotinylated wheat germ agglutinin in I% BSA PBS-Tween was added per well, 

incubated overnight at 4'C, washed x6 with Tris-Tween solution and slapped dry. 

Finally, after 2 hours incubation at room temperature with I 001d of I in 1000 streptavidin 

alkaline phosphatase in I% BSA Tris-Tween, followed by further washing in Tris-Tween 

solution and slapping dry, I 00pl of BCIP was added and absorbance was read at 620nm 

at timed intervals, as above. 
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Results and discussion 

Serum androgens levels in breast cancer 

All patients were recruited to this study between August 2000 and July 2002 from the 

Breast Unit at the Royal Victoria Infirmary, Newcastle upon Tyne. Cases had confirmed 

primary operable screen-detected or symptomatic breast cancer. Controls were recruited 

from the diagnostic breast clinic and had a variety of benign breast disorders. The case 

and control groups had a similar mean, median and range of ages. This data is 

summarized in the following table. 

Number Age Range Median Age Mean Age 

Premenopausal case 23 33-51 46 44.7 

Premenopausal control 25 34-52 46 44.8 

Postmenopausal case 58 48-80 63 63.1 

Postmenopausal control 37 48-86 62 63.0 

Table 5.1: Sample demographics DHEAS and androstenedione 

Number Age range Mean age Median age 
Premenopausal 21 33-51 45.0 47.5 
case 
Premenopausal 22 34-52 45.0 46 
control 
Postmenopausal 51 46-86 63.0 63 
case 
Postmenopausal 41 48-88 63.0 64 
control 

Table 5.2: Sample demographics serum testosterone 
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Results 

5.1 Relationship between serum androstenedione, DHEAS and testosterone 

levels in women with breast cancer and controls 

In this study serum androstenedione levels were significantly correlated with DHEAS in 

women with breast cancer (p<0.0001, r2=0.54) and controls (p<0.0001, r2--0.58). Serum 

testosterone levels were correlated with androstenedione, in women with breast cancer 

(p=0.0024, r2=0.14) and controls (p=0.000 1, r2=0.24) and DHEAS in women with breast 

cancer (p=0.02, ? 
--0.07) and controls (p<0.0001, i2=0.30). This data is illustrated in the 

following graphs and tables. 
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Serum JDHEASJ versus 
Destosterone] In women with 

breast cancer 
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Figure 5.1: Serum testosterone versus DHEAS and androstenedione 

Testosterone 

Case Control 
DHEAS p=0.02 2<0.0001 

r'=0.07 r'=0.30 
Androstenedione p!:: 2.0O)A p=0.0001 

r'=0.14 r'=0.24 

Table 53: Results of linear regression analysis of serum testosterone against DHEAS 

and androstenedione for women with breast cancer and controls 
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Androstenedione 

Case Control 
DHEAS R<0.0001 R<0.0001 

x'=0.54 r--0.56 

Table 5.4: results of linear regression analysis of serum DHEAS against androstenedione 

for women witli breast cancer and controls 

5.2 Relationship between serum androstenedione, DHEAS and testosterone 

levels and age in women with breast cancer and controls 

In the control group of this study, we observed a decline in serum DHEAS levels with 

increasing age. The association between serum DHEAS and age in the control group was 

significant (linear regression p--0.006) though the correlation was low (r--0.09). 

Likewise serum testosterone levels were found to decline with age, the association 

between serum testosterone and age was significant (linear regression p=0.006) but again 

the correlation coefficient was low (r2--0.09). Serum androstenedione levels also fell with 

age in the control group, though the association between serum androstenedione and age 

was not significant (linear regression p=0.08). 

The association between age and serum adrenal androgen levels in women with breast 

cancer was significant Oinear regression p=0.003) but again the correlation was low 

(r 2 =0.1). Serum testosterone levels also fell with age, though the association between age 

and serum testosterone levels in women with breast cancer failed to reach significance 
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Oinear regression p=0.07). The relationship between serum adrenal androgen levels and 

age are demonstrated in the following graphs. 
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Figure 5.2: Relationship between serum androstenedione, DHEAS and age in women 

with breast cancer and controls 
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Serum Testosterone levels 
versus age In patients with 

breast cancer 

r2ý0.05 
p -0.07 
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age 

Serum [testosterone) nghni 
versus age control group 
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p -0.009 

E 
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Figure 5.3: Relationship between serum testosterone levels and age in women with 

breast cancer and controls 

Testosterone DHEAS Androstenedione" 

Case R2 0.05 0.1 0.09 

P value 0.07 0.003 0.006 

Control R2 0.09 0.1 0.05 

P value 0.009 0.003 0.08 

Table 5.5: Relationship between serum testosterone, DHEAS and androstenedione levels 

and age in women with breast cancer and controls 
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5.3 Serum androstenedione, DHEAS and testosterone levels in women with 

breast cancer and controls 

Next the serum levels of androstenedione, DHEAS and total testosterone in pre and 

postmenopausal women with breast cancer and control groups were compared. Both 

mean and median serum DHEAS levels were elevated in postmenopausal women with 

breast cancer. However, although the difference in median serum DHEAS between 

postmenopausal women with breast cancer and controls was significant (Mann-Whitney 

test p=0.03 8), the difference between mean serum DHEAS just failed to reach 

significance (t test p=0.056). No difference was observed in serum DHEAS levels 

between premenopausal women with breast cancer and controls. Serum androstenedione 

levels were not found to differ between women with breast cancer and controls in either 

premenopausal or postmenopausal groups. 

Although mean serum testosterone levels were higher in both pre and postmenopausal 

women with breast cancer than controls the difference between the means failed to reach 

significance in either group. Serum DHEAS, androstenedione and testosterone levels in 

premenopausal and postmenopausal women with breast cancer and controls are 

illustrated in the following table and graphs. 
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Serum Median ng/ml Mean ng/ml Standard 95% 
[androstenedionel error of mean Confidence 

interval 
Premenopausal 1.47 1.73 0.22 1.30-2.19 
case 
Premenopausal 1.36 1.89 0.34 1.19-2.59 
control 
Postmenopausal 1.2 1.42 0.13 1.17-1.67 
case 
Postmenopausal 1.16 1.37 0.12 1.12-1.62 
control 

Table 5.6: Androstenedione cases and controls 
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Serum [DHEAS] In 
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Figure 5.4: DHEAS and androstenedione cases versus controls 
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Serum JDHEASJ Median Mean Standard 95% 
microg/ml microg/ml error of mean Confidence 

interval 
Premenopausal 1.22 1.65 0.24 1.14-2.16 
case 
Premenopausal 1.1 1.50 0.21 1.06-1.94 
control 
Postmenopausal 1.15* 1.28 0.10 1.09-1.48 
case 
Postmenopausal 0.8* 0.99 0.11 0.77-1.21 
control 

Table 5.7: serum DHEAS cases and controls 

serum testosterone 
premenopausal cases and 

controls 
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Figure 5.5: Serum testosterone cases and controls 
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Serum Median Mean Standard 95% 
[testosteronel ng/ml ng/ml error of the Confidence 

mean Intervals 
Premenopausal 0.60 0.63 0.06 0.50-0.75 
case 
Premenopausal 0.47 0.55 0.05 0.45-0.66 
control 
Postmenopausal 0.50 0.52 0.03 0.46-0.59 
case 
Postmenopausal 0.45 0.46 0.03 0.39-0.52 
control 

Table 5.8: serum testosterone cases and controls 

5.4 Relationship between serum androstenedione, DHEAS and testosterone 

levels and body mass index 

An association between serum adrenal androgen levels and body mass index was sought. 

No significant association was found between serum DBEAS and body mass index in 

women with breast cancer (linear regression p=0.87, r2=0.00) or controls (linear 

regression p=0.198, r2=0.036). Likewise senun androstenedione was not associated with 

body mass index in either women with breast cancer (linear regression p=0.97, r2=0.00) 

or controls (linear regression p=0.7 1, r2--0.00). These results suggest that serum adrenal 

androgen levels are independent of body mass index, and are illustrated in the following. 
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Serum landrostenedlonel 
versus body mass Index pre, 
and postmenopausal women 
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Figure 5.6: Relationship between serum androstenedione, DHEAS and testosterone 

levels and body mass index 

Testosterone DHEAS Androstenedione 

Case 0.04 0.00 0.00 

Control P value 0.20 0.87 0.97 

Case Rz 0.09 0.036 0.71 

Control P value 0.04 0.198 0.00 

Table 5.9: Relationship between serum androstenedione, DHEAS and testosterone levels 

and body mass index 
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5.5 Relationship between serum androgens and stress 

Adrenal androgens are secreted in response to changes in ACTH as part of the pituitary- 

adrenal axis (Parker et al. 1980). As serum was taken from women with breast cancer on 

or preceding the day of surgery we investigated whether pre-operative anxiety may have 

contributed to the elevated adrenal androgen levels observed in women with breast 

cancer. Cortisol is a steroid, which is also secreted by the adrenal cortex in response to 

changes in ACTH levels accompanying trauma, infection, surgery and emotional 

disturbance (James 1984). Serum cortisol levels were therefore measured and plotted 

against serum DHEAS. The absence of an association between serum cortisol and 

DHEAS suggests that serum DHEAS levels are truly elevated in postmenopausal women 

with breast cancer and are not spuriously raised due to the stress response. The following 

graph illustrates that serum DHEAS were independent of serum cortisol. 
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[DHEAS] and (corbsoQ In breast 
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Figure 5.7: Relationship between serum DHEAS and cortisol levels 
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Discussion 

5.6 Sources of androgens in women 

We have mentioned previously that androgens are derived from the adrenal cortex and 

ovary. The adrenal secretes primarily DHEA, DHEAS and androstenedione, but also 

smaller amounts of testosterone (Longcope 1986). Adrenal androgens, in addition to 

cortisol and aldosterone are secreted by the adrenal cortex in response to changes in 

serum adrenocorticotrophin hormone (ACTH) concentrations. This mechanism is referred 

to as the pituitary adrenal axis (Parker et al. 1980). Because of the selective increase in 

adrenal androgen levels observed at the adrenarche and the apparent dissociation between 

adrenal androgen and cortisol levels in fasting, obesity, anorexia nervosa, surgical stress 

and aging, the existence of an adrenal androgen stimulating hormone (AASH) has been 

postulated (Parker el aL 1980). However, the evidence for the existence of a separate 

trophic hormone for adrenal androgens is not conclusive and it has been suggested that 

prolactin may fulfill this role (Adams 1985). 

In premenopausal women the ovary secretes testosterone, androstenedione and DHEA 

under action of luteinising hormone (Longcope 1986). Ovarian adrenal androgen 

secretion varies during the menstrual cycle. Testosterone and androstenedione reach a 

peak at mid-cycle whereas ovarian DHEA secretion is constant throughout the menstrual 

cycle (Abraham 1974). In postmenopausal women the ovary continues to secrete 

androstenedione and testosterone (Longcope 1986). 
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When we consider the contribution each organ makes to the serum levels of androgens, 

the situation is more complex. Studies of androgen concentrations in ovarian and adrenal 

veins have shown that DHEAS is secreted only by the adrenal gland. DHEA is produced 

mainly in the adrenal cortex. However small amounts are secreted in the ovary in 

premenopausal women (Longcope 1986). 

The ovary and adrenal cortex contribute equally to serum androstenedione levels except 

at the midcycle in premenopausal women when the ovarian contribution is twice that of 

the adrenal (Abraham 1974). In a recent study of postmenopausal women Dorgan et al 

have found that both the ovaries and adrenal cortex also contribute equally to the elevated 

serum androstenedione levels found with breast cancer (Dorgan et aL 2001). 

The major source of testosterone is the peripheral conversion of androstenedione. 

However, despite androstenedione secretion varying with the menstrual cycle, serum 

testosterone levels remain stable. In addition to peripheral conversion of androstenedione 

the ovary and adrenal also contribute equally to serum testosterone levels (Longcope 

1986). 

On the other hand neither the adrenal nor the ovary contributes significantly to the 

production of androstenediol or 5alpha dihydrotestosterone, they can therefore be 

considered as end-points in the metabolism of androgens (Longcope 1986). 
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In practice, DHEAS, DHEA and androstenediol are often referred to as "adrenal" 

androgens, though this term only strictly applies to DHEAS. Testosterone is often 

referred to as ovarian androgen, though this term is strictly incorrect, as it arises from 

both the ovary and adrenal. Rochefort and Garcia (Rochefort et aL 1984) classify 

androgens into three groups: androgens with high afflinity for the androgen receptor 

(5alpha-dihydrotestosterone and testosterone); androgens which are converted to 

oestrogens by the aromatase enzymes (androstenedione and testosterone); and those of 

adrenal origin (DHEAS, DHEA and androstenediol), which have affinity for the 

oestrogen receptor. 

5.7 Relationship between serum androstenedione, DHEAS and testosterone 

levels In women with breast cancer and controls 

The correlation we observed between serum androgen levels are in agreement with those 

of Phillips et al who showed that serum androstendione, DBEAS and testosterone were 

correlated in healthy women (Phillips 1996). As outlined above the adrenal cortex 

secretes androgens in response to ACTH and the ovary secretes androgens in response to 

luteinising hormone. These two systems are independent Therefore a high correlation 

coefficient and level of significance between serum androgen levels suggests a common 

source of secretion. 

Androstenedione and DHEAS are highly correlated in both women with breast cancer 

and controls. This suggests that androstenedione and DHEAS are predominantly secreted 
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from the adrenal cortex in women with breast cancer and controls. The differences 

observed between coffelation coefficients for serum testosterone versus DBEAS and, to a 

lesser extent, androstenedione in women with breast cancer compared to controls 

suggests that testosterone and/or androstenedione are derived from a more heterogeneous 

source in women with breast cancer than controls. 

5.8 Relationship between serum androstenedione, DHEAS and testosterone 

levels and age In women with breast cancer and controls 

A significant negative correlation has been reported between serum adrenal androgen 

levels and age (Labrie et aL 1997) (Orentreich et aL 1984) (Sulcova et aL 1997). Serum 

levels of DHEA and DHEAS reach a peak in early adulthood and decline thereafter 

(Sulcova et al. 1997). A concomitant decrease in cortisol, another adrenal cortical steroid 

secreted in response to ACTH does not occur with aging (Bonney et al. 1984). The 

reason for the age-related decline in DHEA and DHEAS levels has been attributed to 

alterations in the zona reficularis of the adrenal gland, whereas the reduction in serum 

androstenedione with aging is probably due to reduced ovarian secretion after the 

menopause (Parker et aL 2000). 

Few studies have commented on a relationship between serum adrenal androgens and age 

in women with breast cancer. In contrast to the age invariance of serum adrenal androgen 

levels described by Zumoff et al (Zumoff 1981), both serum DHEAS and 

androstenedione declined with age in women with breast cancer in this study. 
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Serum testosterone levels have also been shown to decrease with increasing age 

(Bancroft et aL 1996), in agreement with the findings of the present study. Serum total 

testosterone levels are unaffected during the menopausal transition (Burger et al. 2000). 

SHBG levels fall as a result of the menopause, and this leads to a rise in free testosterone 

levels in postmenopausal women (Burger et aL 2000). 

5.9 Serum androstenedione, DHEAS and testosterone levels in women with 

breast cancer and controls 

The finding of a raised serum DHEAS in postmenopausal women with breast cancer 

compared to controls is in agreement with the fmdings of other groups (Cauley 1999) 

(Dorgan 1997) (Gordan 1990) (Zeleniuch-Jacqotte 1997) (Secreto 1991) (Zumoff 1981). 

DBEAS is secreted almost exclusively by the adrenal cortex (Longcope 1986). Elevated 

levels of DHEAS measured in postmenopausal women with breast cancer suggest 

increased adrenal androgen secretion, and supports a role for adrenal androgens in the 

aetiology of breast cancer. It has been proposed that in postmenopausal women adrenal 

androgens stimulate the proliferation of hormone-responsive breast cancer by interaction 

of a product of DHEAS metabolism, androstenediol with the oestrogen receptor (Adams 

1998). Furthermore, after the menopause almost all oestrogens are synthesized in 

peripheral tissues from precursor steroids of adrenal origin (Labrie 199 1). The 

importance of DBEAS is suggested by the findings that among the androgens only 
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DBEAS had oestrogenic activity at physiological concentrations on breast cancer cell 

lines (LeBail et aL 1998). 

No significant difference in serum androstenedione levels between postmenopausal 

women with breast cancer and controls was observed in this study, though other groups 

have found elevated androstenedione levels in postmenopausal women who developed 

breast cancer (Cauley 1999) (Secreto 199 1) (Dorgan et aL 200 1). 

No significant differences were observed in serum DIMAS and androstenedione levels 

between premenopausal women with breast cancer and controls. This is in agreement 

with the findings of Helzlsouer et al (Helzlsouer 1992) for DBEAS but contradicts those 

of Zumoff and Bulbrook (Zumoff 1981) (Bulbrook 1986). Our findings do not therefore 

support a role for adrenal androgens in the development of premenopausal breast cancer. 

However, fewer numbers of premenopausal women in this study and failure to control for 

all potential variables discussed below may have affected our results. 

The present study observed that although mean serum testosterone levels were elevated in 

premenopausal and postmenopausal women with breast cancer no significant difference 

was found between serum testosterone levels between women with breast cancer and 

controls. The results of other groups suggest that serum testosterone levels are elevated in 

premenopausal and postmenopausal women with breast cancer (Malarkey 1977) (Sauter 

2002) (Zeleniuch-Jacqotte 1997) (Cauley 1999) (Hill 1985) (Secreto 1991) (Thomas 

1997). The failure of this study to find significantly elevated serum testosterone levels in 
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women with breast cancer may be a reflection of the size of the group studied or failure to 

control for the variables outlined below. 

One further factor might have to the failure to observe a difference in serum androgen 

levels between these groups. This was the observation that serum androgen levels have 

been reported to be elevated in women with benign breast disease (Parlati et al. 1992; Lee 

et aL 1999; Mady et aL 2000). As controls for this study were taken from the one-stop 

breast clinic, a high proportion would have had benign breast disease. 

Several factors have been reported to affect androgen levels include cigarette smoking 

(Baron et aL 1995), diurnal variation (Nicolau et aL 1984), body mass index (Kirschner 

et aL 1982), menstrual cycle (Abraham 1974) and exogenous oestrogens (Kraemer et aL 

2001). 

5.10 Relationship between serum androstenedione, DHEAS and 

testosterone levels and body mass Index 

A strong correlation between the degree of obesity and serum oestrogen levels in 

postmenopausal women is established (Kirschner et aL 1982) (Cauley et aL 1989). This 

is consistent with the fact that aromatization of androgens occurs primarily in adipose 

tissue CLongcope 1986). However, the relationship between serum androgens and 

adiposity is less straightforward. 
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An increased production of adrenal androgens and excretion of 17-ketosteroids has been 

found in obese subjects (Glass et al. 198 1) (Adams 1985). In addition obesity is 

associated with decreased sex hormone binding globulin levels and consequently an 

elevated free testosterone levels, which may explain the increased incidence of 

amenorrhoea and hirsutism reported in obese patients (Glass et al. 1981). 

Studies investigating an association between serum adrenal androgen levels and obesity 

suggest that serum androstenedione (Kirschner et aL 1982) (Cauley et aL 1989) and 

DHEAS (Williams et aL 1993) (DePergola et al. 199 1) (Baffet-Connor et al. 1996) levels 

are independent of body mass index. These results are supported by the observations of 

the present study. However, an inverse association has been reported between serum 

DHEA levels and obesity (Field et aL 1994) (DePergola et al. 1991) (Barret-Connor et al. 

1996) (Tchernof et aL 1995). 

In premenopausal women, Kirschner et al found no significant difference between 

plasma androstenedione levels in obese women compared to controls; but reported that 

the production, metabolic clearance rate, and aromatization of androstenedione was 

significantly higher in obese women (Kirschner et aL 1982). Two other groups have 

failed to find a correlation between serum DBEAS levels and body mass index in 

premenopausal women (Williams et aL 1993) (DePergola et al. 1991). However serum 

DBEAS levels have been shown to be associated with truncal distribution of body fat in 

women (Williams et aL 1993) (Barret-Connor et aL 1996). Likewise, in men and 
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postmenopausal women no association between androstenedione levels (Cauley et aL 

1989), DHEAS (Barret-Connor et aL 1996) and obesity has been reported. 

However, an inverse association between serum DHEA and body mass index has been 

reported in premenopausal women (DePergola et al. 199 1) and postmenopausal women 

(Barret-Connor et aL 1996). In addition, DBEA has been found to have anti-obesity 

properties in rodents (Williams 2000) and to be inversely associated with body mass 

index in men (Field et aL 1994) (Tchernof et aL 1995). 

No clear association between serum total testosterone and obesity in women has been 

demonstrated (Kirschner et aL 1982). However, obesity is associated with decreased 

serum sex hormone binding globulin (SHBG) levels, and consequently elevated free 

testosterone levels (DePergola et aL 1991). This finding may explain the increase in 

menstrual disturbance and hirsutism reported in obese women (Kirschner et aL 1982). 

The relationship between adrenal androgens and obesity may therefore be similar to that 

between cortisol and obesity. Normal plasma cortisol levels are maintained in obesity as 

the enhanced production is balanced by an accelerated metabolism of cortisol (Glass et 

al 198 1). In the same way serum adrenal androgen levels are normal in obesity, though 

production, metabolism and urinary excretion may be increased. 
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5.11 Relationship between serum androgens and stress 

Surgical stress has been reported to induce a marked and sustained increase in adrenal 

androgen secretion (Batrinos 1999). In the present study no association between 

preoperative serum levels of DHEAS and cortisol in women undergoing surgery has been 

demonstrated. The lack of correlation between serum DBEAS and cortisol levels may be 

due to the relatively large pool of DHEAS in the serum, which masks an elevation in 

serum DHEAS due to episodic secretion (Rosenfeld et aL 1975). In addition these results 

suggests that the elevated DHEAS levels we have observed in postinenopausal women 

with breast cancer are not due to emotional stress in the pre-operative period. 

5.12 Serum androgens and smoking 

The anti-oestrogenic effect of cigarette smoking particularly evidence that smoking 

reduces the risk of endometrial cancer (Lesko et aL 1985) has stimulated interest in the 

possible effect of smoking on steroid hormones. Several studies have reported that 

smokers have elevated levels of androstenedione (Longcope et aL 1988) (Cauley et al. 

1989) (Khaw et al. 1988) (Baron et aL 1995) (Field et aL 1994) and DHEAS (Khaw et aL 

1988) (Baron et aL 1995) (Field et aL 1994). Other studies have reported that serum 

DBEAS levels did not differ between smokers and non-smokers (Key et aL 1991). The 

association between androgens and smoking appears to be restricted to adrenal 

androgens, as those studies which have measured sertun testosterone levels have not 

found them to differ between smokers and non-smokers (Longcope et aL 1988) (Khaw et 
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al. 1988). The mechanism of the association between smoking and elevated adrenal 

androgen levels is unknown. However, Baron et al noted that smoking caused not only an 

elevation of adrenal androgen levels but a generalized disturbance in adrenal cortical 

hormone levels (Baron et al. 1995). 

5.13 Diurnal variation In serum androgens 

Adrenal androgens are secreted by the adrenal cortex, along with cortisol in response to 

changes in ACTH and are a component of the pituitary-adrenal axis (James 1984). Over a 

24-hour period plasma DIHEA and androstenedione levels vary synchronously and 

episodically with cortisol secretion in response to pulsatile changes in ACTH secretion 

(Rosenfeld et aL 197 1). Although DHEAS is also secreted in response to ACTH, serum 

levels do not vary synchronously with other adrenocortical hormones. This may be due to 

the relatively long half-life of DBEAS and therefore the large pool of DHEAS in the 

serum, which masks an elevation in DBEAS levels, due to episodic secretion. Serum 

DBEAS levels are thus less labile than other adrenocortical. hormone, however, a diurnal 

variation in DHEAS secretion has been described (Nicolau et aL 1984) with a maximum 

level during the day and a minimum at night (Jones et aL 1987). Though other studies 

have failed to find evidence for a diurnal variation in serum DBEAS levels over a 24- 

hour period (Garde et aL 2000). A diurnal variation in serum testosterone levels has also 

been demonstrated (Nicolau et aL 1984). Testosterone is also secreted episodically (West 

et aL 1973) though peaks do not occur synchronously with cortisol. 
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5.14 Summary 

Controls in this study have been matched for age. Patients on exogenous oestrogens have 

been excluded. Controls have not been matched with respect to cigarette smoking, body 

mass index and time of venepuncture. Failure to control for these factors, for the reasons 

outlined above may have affected our findings. However, few of the studies investigating 

serum androgens in breast cancer have matched cases and controls for all of these factors, 

apart from age. 

In conclusion, these findings show an elevated sennn DHEAS level in postmenopausal 

women with breast cancer. No difference was observed in senun androstenedione levels 

between postmenopausal women with breast cancer and controls. Nor were levels of 

either adrenal androgen different between premenopausal women with breast cancer and 

controls. Mean testosterone levels were non-significantly raised in both premenopausal 

and postmenopausal women with breast cancer. These results, in conjunction with those 

reported by other groups (Gordan 1990; Dorgan 1997; Zeleniuch-Jacqotte 1997; Cauley 

1999) suggest a role for DHEAS in the aetiology of postmenopausal breast cancer. 

However the failure to find any differences in androstenedione or testosterone levels in 

this group and a difference in DBEAS levels that was onlyjust significant at the 5% level 

in postmenopausal women does not exclude the possibility that these results could have 

occurred by chance. 
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Mechanisms for an action for DBEAS are discussed in chapter 8: in an oestrogen- 

depleted environment DHEAS stimulates the proliferation of hormone-dependent breast 

cancer via its metabolite 5-androstene-30,170-diol or via aromatisation to 170-oestradiol. 

Serum adrenal androgens have been implicated in the aetiology of "Western- 

environmental" breast cancer. It has been postulated that dietary factors or body mass 

index may account for differences in adrenal androgens observed in western women. This 

study has demonstrated that serum androgen levels are independent of body mass index 

in a sample of western women with breast cancer. 11is suggests that body mass index has 

no effect on serum androgen levels. 

Finally this study has shown that serum androgen levels decline with increasing age in 

women with breast cancer, as they do in controls. This contradicts previous studies, and 

suggests there is no fundamental difference in the age-related decline in androgen 

production between women with breast cancer and healthy women. 
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Results and Discussion 

Androgen receptor expression in primary operable breast cancer 

6.1 Titration of androgen and epidermal growth factor receptor antibodies 

Titration of the biotinylated mouse anti-human androgen receptor antibody (DAKO, 

Cambridge, UK) against the androgen receptor positive and negative prostate cancer cell 

lines LNCap and DuI54 is illustrated in the following figure. This indicates that the 

titration curve reaches a plateau, while the control remained low, at a concentration of 3 pI 

of androgen receptor antibody per 105 cells. Therefore 3gl of androgen receptor antibody 

was used in subsequent experiments to determine the androgen receptor expression in 

breast turnours. Likewise, the titration curve of the phycoerythin. conjugated epidermal 

growth factor antibody against MCF7 cells and lymphocytes reaches a plateau at 20gl of 

antibody per 105 cells, indicating that this quantity of antibody was optimal. 
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Figure 6.1: Androgen and epidermal growth factor receptor antibody titration curve 
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6.2 Western blotting of LNCaP lysate with androgen receptor antibody 

(AR441) 

In order to confirm the specificity of the androgen receptor antibody Western blotting of 

a lysate of LNCap cells was performed as described above. Using the AR441 androgen 

receptor antibody as a probe a transcript at II OkDa, which corresponds to the molecular 

weight of the androgen receptor was detected. This is illustrated in the following figure. 

These results illustrate that the AR441 antibody detects a protein of molecular weight 

I lOkDa, which corresponds to the molecular weight of the androgen receptor (van Laar 

el al. 1989). 
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Figure 6.2: Western blot of LNCaP lysate with the AR441 androgen receptor antibody 
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6.3 Immunohistochernistry of LNCaP cells with androgen receptor antibody 

(AR441) 

Immunohistochernistry demonstrated after counterstaming with haernatoxylin that both 

LNCap cell nuclei and cytoplasm stained positively for androgen receptors. Cell nuclei 

stained more intensely than the cytoplasm. This suggests that the androgen receptor are 

localised predominantly to the cell nucleus. Immunopositive cell nuclei staining varied 

with some cells showing intense staining and others faint or no staining. The results of 

immunohistochemistry are demonstrated in the following figure. 

40. 

Figure 6.3: Immunohistochemistry of LNCaP cells using AR441 androgen receptor 

antibody 
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6.4 Immunohistochernistry of paraffin sections of breast turnours with 

androgen receptor antibody (AR441) 

ImmunohistochemiStry of paraffin sections of breast tumours demonstrated variable 

levels of androgen receptor expression. Androgen receptors were predominantly located 

in the nucleus, but cytoplasmic staining was present. Figures 6.4-6 illustrate breast 

tumour sections, which stained strongly, moderately and weakly for androgen receptor 

expression. 

AL 

Vim_ 

Figure 6.4: Paraffin section of breast turnour demonstrating strong stammg for androgen 

receptor expression 
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Figure 6.5: Paraffin section of breast tumour demonstrating moderate staining for 

androgen receptor expression 
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Figure 6.6: Paraffin section of breast tumour demonstrating weak staining for androgen 

receptor expression 
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Breast sections were graded for the intensity with which they stained for androgen 

receptor expression (1=weak, 2=moderate, 3=strong) and the percentage of positively 

staining cells. These figures were added to arrive at a number termed a "quickscore' 

(Detrie et aL 1995). 

Androgen receptor expression determined by flow cytometry, which was expressed in 

units of molecules of equivalent fluorochrome, was plotted against the quickscore and 

intensity of androgen receptor staining determined by immunohistochemistry. In order to 

determine whether any correlation existed between these methods, linear regression 

analysis was perfonned. Figures 6.7 and 6.8 illustrate that no correlation occurred 

between immunohistochemical and flow cytometric methods for androgen receptor 

expression. 
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Figure 6.7: Androgen receptor expression determined by flow cytometry versus 

androgen receptor "quickscore"' and intensity by immunohistochemistry. Note the 

tumours with a quickscore of "0" have been omitted from the graph and statistical 

analysis. 

6.5 Androgen receptor expression of breast turnours 

Eighty-six percent of breast turnours, in this study were found by flow cytometry to 

express the androgen receptor. This level of androgen receptor expression in breast 

cancer is in agreement with reported studies of androgen receptor expression by ligand- 
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binding assay (Lea et al. 1989) (Soreide et al, 1992) and immunohistochemistry (Isola 

1993) (Kuenen-Boumeester et aL 1992). 

In addition the level of androgen expression observed was higher than the oestrogen 

receptor alpha expression, which was found to be 80%, and confirms previous reports 

that the androgen receptor is the most frequently expressed steroid receptor in breast 

cancer (Lea el al. 1989). 

The level of expression of androgen receptor in the sixty-three breast turnours analyzed is 

illustrated in figure 6.8. 
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Figure 6.8: Androgen receptor expression in sixty-three primary operable breast cancers 
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6.6 Androgen receptor is co-expressed with oestrogen receptor alpha In 

breast cancer 

A plot of androgen receptor expression against oestrogen receptor alpha in the 43 breast 

tumours analyzed demonstrates that there is a significant correlation between androgen 

receptor and oestrogen receptor alpha expression (linear regression r2--0.30, p<0.0001). 

Previous studies have found a similar association between androgen and oestrogen 

receptor expression in breast cancer (Isola 1993) (Lea et al. 1989) (Soreide et aL 1992). 

Though the reason for co-expression of steroid receptors in breast cancer is unknown. 
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Figure 6.9: Androgen receptor versus oestrogen receptor alpha expression in breast 

cancer 

6.7 Androgen receptor expression increases with age 

Androgen receptor expression was observed to increase with increasing age. The 

association between breast tumour androgen receptor expression and age reached 
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significance but the correlation co-efficient was low (linear regression p--0.02, r2--0.08). 

This is illustrated in the following figure. 
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Figure 6.10: Androgen receptor expression versus age in breast cancer 

Steroid receptor levels are regulated by their ligands. Adaption by up regulation of the 

receptor apparatus to compensate for the declining supply of sex steroids observed in 

advancing age has been proposed as an explanation for the increase in steroid hormone 

receptor expression observed in breast cancer (Lea et al. 1989). It has been demonstrated 

in chapter 5 that serum androgen levels decline in women with breast cancer. In order to 

further examine the hypothesis that negative autoregulation determines breast tumour 

androgen receptor expression in vivo we measured serum testosterone, 

dehydroepiandrosterone sulphate and androstenedione in these patients, and a correlation 

between tumour androgen receptor expression and serum androgen levels was sought. 

Breast tumour androgen receptor expression increased with decreasing serum levels of 

DBEAS and androstenedione, and the association between tumour androgen receptor 

expression and serum DBEAS was approaching significance, though the correlation co- 
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efficient was low (linear regression, p=0.08, r2=0.08). However, breast tumour androgen 

receptor expression appeared to be independent of serum testosterone levels (linear 

regression p=0.94, i2=0.00). This data is illustrated in the following figures. 
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Figure 6.11: Tumour androgen receptor expression versus serum DBEAS, 

androstenedione and testosterone 
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6.8 Androgen receptor expression versus turnour grade, lymph node status 

and Nottingham Prognostic Index 

Tumour androgen receptor expression was compared against the established prognostic 

markers, Bloom-Richardson grade (Bloom et aL 1957), lymph node status (Fisher et aL 

1978) and Nottingham Prognostic Index. This data is presented in the following tables 

and figures. 
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Figure 6.12: Androgen receptor status versus tumour grade, lymph node status and 

Nottingham Prognostic Index in breast cancer 
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Mean androgen receptor expression increased with tumour grade suggesting that 

androgen receptor expression is a marker of poor prognosis. A statistically significant 

difference was observed between these groups (Kruskal-Wallis p=0.01). No difference in 

mean androgen receptor expression was observed between axillary lymph node positive 

and negative groups (Mann-Whitney p=0.84). No association was observed between 

androgen receptor expression and Nottingham Prognostic Index. 

6.9 Expression of androgen receptor and epidermal growth factor receptor 

are positively correlated In breast cancer 

We investigated whether an association between epidermal growth factor receptor 

expression and androgen receptor expression occurs in breast cancer. A positive 

correlation between epidermal growth factor receptor and androgen receptor expression 

in breast cancer in the present study (linear, regression, p=0.0 I r2=0.13) illustrated in the 

following figure suggests a functional interaction between androgen receptor and the 

epidermal growth factor receptor pathways in breast cancer. 
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Figure 6.13: Androgen receptor versus epidermal growth factor receptor expression 

Discussion 

6.10 

A flow cytometric method for the determination of androgen receptor 

expression in breast cancer 

We report here a novel method for the determination of androgen receptor expression in 

primary operable breast cancer by flow cytometry. The observations that androgen 

receptor expression, determined by this method occurs in 86% of breast tumours and is 

co-expressed with oestrogen receptor alpha are in agreement with previous studies 

investigating androgen receptor status in breast cancer (Lea et aL 1989) (Soreide et aL 

1992) (Isola 1993) (Kuenen-Boumeester et aL 1992) (Allegra et al. 1979). 
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Flow cytometry is an established method for the determination of surface, cytoplasmic 

and nuclear antigen expression (Loken et al. 2000) (Larson 2000). In our laboratory, flow 

cytometric methods for the determination of oestrogen receptor alpha (Brotherick et al. 

1995), oestrogen receptor beta (Girdler et al. 2001) and epidermal growth factor receptor 

(Brotherick et al. 1994) in breast tumour specimens have been established. 

An increasing number of prognostic and predictive factors in breast cancer have now 

been described (Slooten et aL 200 1). In addition to providing information on DNA ploidy 

and S-phase fraction (Ormerod 2000) the use of flow cytometry to measure cell surface 

and cytoplasmic antigen expression provides a rapid, reliable and objective method for 

the simultaneous determination of multiple parameters in breast cancer. 

There was however no coffelation between immunohistochemical and flow cytometric 

methods for the determination of androgen receptor expression. Both methods have 

disadvantages. Immunohistchemistry has become established as a routine method for the 

determination of antigen expression on clinical specimens. Flow cytometry is not used in 

r outine clinical practice to measure antigen expression, however its capability to 

simultaneously measure the expression of several antigens on clinical specimens suggests 

a clinical utility. 

Immunohistochemistry used a subjective detennination of the intensity of antigen 

expression plus the percentage of positive cells to arrive at a "quickscore". Whereas, flow 

cytometry determined the number of antigen molecules expressed per cell. This figure 
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was not arrived at entirely objectively, as the placing of gates around cytokeratin positive 

cells (see figure 3.5) on a dot plot of fluorescence-I against fluorescence-2 was 

subjective. This "gating" did affect the final measurement as antigen expression was 

determined on cells within the gate, and the cytokeratin population was not always so 

easily distinguished as those shown in figure 3.5. 

Immunohistochemistry has the advantage of directly visualizing tumour cells. Flow 

cytometry measured antigen expression on cytokeratin-positive (i. e. epithelial) cells. This 

assumes that all the cytokeratin-positive cells in the sample were tumour cells. This may 

not be the case, particularly as core biopsies of palpable breast tumours, were used in this 

study. Immunohistochemistry of paraffin-embedded sections of breast turnours 

demonstrated that epithelial cells in normal breast tissue also frequently stained positively 

for androgen receptor expression. The inability of flow cytometry to distinguish 

cytokeratin-positive tumour cells from normal epithelial cells may have influenced the 

results presented in this chapter and contributed to the lack of correlation with 

immunohistochemistry. 

Interestingly, previous flow cytometric methods, developed in our laboratory, for 

epidermal growth factor receptor and oestrogen receptor alpha both correlated with 

ligand-binding assays (Brotherick et aL 1994) (Brotherick et aL 1995). Ligand-binding 

assays, which have been superseded by immunohistochemistry in routine clinical 

practice, also have the disadvantage of not showing the cellular distribution of antigen 

expression. 
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6.11 The association between tumour androgen receptor status, lymph 

node status, grade and Nottingham Prognostic Index 

The present study has reported a significant association towards increasing androgen 

receptor expression with higher grade. This observation is at odds with previous studies, 

which have found androgen receptor expression to be associated with low grade and 

favorable prognosis in breast cancer (Isola 1993) (Kuenen-Boumeester et aL 1996) 

(Bryan et aL 1984) (Langer et al. 1990). 

No significant difference in androgen receptor expression was observed between lymph 

node positive and negative breast cancers. Few studies have examined the relationship 

between androgen receptor expression and lymph node metastases. Kuenen-Boumeester 

et at reported no association between the presence of lymph node metastases and 

androgen receptor status (Kuenen-Boumeester et aL 1996), whereas Soreide, et al found a 

positive correlation between androgen receptor expression and the presence of axillary 

metastases (Soreide et al. 1992). 

Androgen receptor is co-expressed with oestrogen receptor alpha in breast cancer 

(Kuenen-Boumeester et aL 1992) (Isola 1993) (Lea et al. 1989) (Allegra, et aL 1979). The 

reason why steroid hormone receptors should be co-expressed in breast cancer is not 

established. Oestrogen receptor expression in breast cancer is correlated with 

differentiated tumours, response to endocrine therapy and improved survival (Hawkins et 

aL 1980). As androgen receptors are co-expressed with oestrogen receptors in breast 
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cancer, one may expect androgen receptor expression to be also correlated with improved 

outcome. 

However, Lea et al found that androgen receptors are expressed as the sole steroid 

receptor in 25% of breast cancer metastases (Lea et al. 1989). This suggests that during 

the de-differentiation of hormone receptor positive to hormone receptor negative tumours 

androgen receptor is the last steroid receptor to be lost. It is for this reason that we may 

expect androgen receptor expression to be associated with a more aggressive phenotype 

than oestrogen receptor alpha expression. 

6.12 Breast tumour androgen receptor expression and serum androgen 

levels 

Negative autoregulation of steroid receptor expression by their own ligand is a 

phenomenon common to the steroid receptor family of transcription factors and may 

reflect a homeostasis mechanism modulating hormone signals towards a steady state. It is 

a complex process, which is incompletely understood but is regulated at the level of 

transcription and by post-transcriptional processes. 

Upregulation of ARmRNA in vivo has been reported on androgen withdrawal in rat 

ventral prostate, epididymis, seminal vesicle, kidney and brain and in vitro in the prostate 

cancer cell line LNCaP (Quarmby et aL 1990). However, regulation of ARmRNA differs 

between androgen responsive tissues, downregulation of ARmRNA occurs on treating 
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LNCaP and the breast cancer cell lines T47D, NENU23 and EFM19 with androgens 

(Wolf et aL 1993) (Krongrad et aL 199 1) (Hackenberg et aL 1992). Whereas, levels of 

ARmRNA in genital skin fibroblasts are unaffected by androgens (Krongrad et aL 1991) 

and upregulation of ARmRNA occurs in the prostate cancer cell lines DU145 and PO 

(Dai et aL 1996) by incubation with androgens. 

Regulation of AR protein expression by androgen has also been reported to vary in a 

tissue specific manner. Downregulation of AR mRNA has been reported to coincide with 

a rise in AR protein expression in LNCaP on treatment with androgen due to increased 

translational efficiency or stabilisation of the receptor protein (Krongrad et aL 1991). 

However, other groups did not observe an upregulation of AR protein expression under 

these conditions, but found prolonged incubation of the LNCaP with androgen led to a 

functional inactivation of the androgen receptor (Wolf et aL 1993). However, 

downregulation of ARmRNA is accompanied by a fall in AR protein expression on 

treating mammary cancer cell lines with androgen (Hackenberg et al. 1992). 

The regulation of androgen receptor expression in vivo is complicated by the finding that 

oestrogens, and to a lesser extent progestins, may also downregulate AR protein 

expression in MCF7 cells by an oestrogen receptor mediated mechanisms (Stover et al. 

1987). Autoregulation of oestrogen receptor expression in breast cancer has also been 

demonstrated and is reviewed by Martin et al (Martin et al. 1994). Autoregulation, has 

also been described for glucocorticoid receptors (Okret et al. 1986) and the progesterone 

receptors (Read et al. 1988). 
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Evidence from in vivo studies of ER protein expression in human breast tumours has 

established that ER protein expression increases with age (Elwood et aL 1980) (McCarty 

et aL 1983). Studies, which have investigated an association between serum oestrogen 

levels and tumour ER protein expression, have reported a negative correlation (Nagai et 

aL 1979) (Theve et aL 1978). These results provide strong evidence for negative 

autoregulation of ER protein expression in breast tumours; in vivo. Only one study has 

investigated an association between serum adrenal androgens and oestrogen receptor 

expression in breast cancer. This reported that serum DHEAS levels were non- 

significantly higher in patients with oestrogen receptor positive breast tumours (Skinner 

et aL 1984). 

The observation that breast tumour androgen receptor expression increased with age is 

consistent with previous fiiidings (Lea et aL 1989). In addition, it has been demonstrated 

in chapter 5 that serum androgen levels decline with patient age in women with breast 

cancer. Few studies have sought a correlation between serum androgen levels and 

androgen receptor expression. Langer et al found no correlation between serum DHEAS, 

serum testosterone levels and tumour androgen receptor expression and a positive 

correlation between serum androstenedione and tumour androgen receptor expression in 

61 women with breast cancer, though he had difficulty interpreting these findings (Langer 

et aL 1990). 
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The results of the present study have not showed a significant correlation between serum 

androgen levels and tumour androgen receptor expression in women with primary 

operable breast cancer. However, a trend towards increasing tumour androgen receptor 

expression with decreasing serum DHEAS levels was observed. 

DBEAS is quantitatively the most important steroid hormone in the circulation and is 

metabolized to androgenic metabolites such as testosterone and 5alpha- 

dihydrotestosterone, oestrogenic androgens such as androstenediol and via aromatase 

enzymes to oestrogens (Rochefort et aL 1984). DBEAS could therefore give rise to a 

variety of steroids, which could regulate the expression of androgen receptor expression 

in breast cancer cell lines in vitro. 

The finding of an inverse correlation between serum DHEAS and androgen receptor 

expression, though not reaching significance, suggests DBEAS is a determinant of 

androgen receptor expression in breast cancer. The observation that serum DHEAS levels 

decline with age and breast tumour androgen receptor levels rise with age suggests that 

negative autoregulation is the mechanism underlying this observation. 

In contrast, tumour androgen receptor expression appeared to be independent of serum 

total testosterone levels. This finding is surprising as testosterone and its metabolite 

5alpha-dihydrotestosterone have high afflinity for the androgen receptor, and have been 

shown to regulate androgen receptor expression in breast cancer cell lines in vitro 

(Hackenberg et aL 1992). However, testosterone is bound in the circulation to sex 
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hormone binding globulin and albumin, only the unbound fraction is biologically active 

(Brooks 1984). Serum total testosterone has been measured in this study. It would 

therefore be necessary to measure free testosterone levels in order to investigate further 

an association between serum testosterone levels and androgen receptor expression in 

breast tumours. 

6.13 Androgen receptor and epidermal growth factor receptor expression in 

breast cancer 

This is the first study, which has examined a relationship between androgen receptor 

expression and epidermal growth factor expression in human breast cancer. As outlined 

above crosstalk between oestrogen receptor and epidermal growth factor pathways has 

been demonstrated to occur in breast cancer (Nicholson et al. 1999). Likewise crosstalk 

between androgen receptor and epidermal growth factor pathways has been demonstrated 

in prostate cancer (Culig 1994). The androgen receptor clearly has a very different role in 

breast cancer than prostate cancer. Though it has been speculated that crosstalk occurs 

between androgen receptor and growth factor pathways in breast cancer (Brys 2000), 

there is no evidence to substantiate this at present. 

The results of the present study suggest that a functional interaction between epidermal 

growth factor and androgen receptor. This implies that crosstalk between androgen 

receptor and epidermal growth factor receptor-pathways. However, these results have to 

be interpreted with caution. Firstly there are only small numbers in this study, secondly 
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we have used a novel technique i. e. flow cytometry to measure steroid and growth factor 

expression and thirdly an association between oestrogen receptor and epidermal growth 

factor was demonstrated, though previous results have demonstrated an inverse 

association between these antigens in breast cancer (Walker et aL 1999). Further 

investigation of this area will require in vitro studies to establish whether crosstalk occurs 

between growth factor and androgen receptor pathways in breast cancer. This should help 

us further understand the role of the androgen receptor in breast cancer. 

6.14 Summary 

The results of a flow cytometric method for the determination of androgen receptor 

expression in breast cancer are presented in this chapter. Western blotting demonstrates 

that the androgen receptor antibody AR441 detects a protein of molecular weight II OkDa 

corresponding to the androgen receptor. Immunohistochemistry of the androgen receptor 

positive prostate cancer cell line LNCap demonstrates positive nuclear staining for 

androgen receptors. Immunohistochemistry of parrafin sections of breast tumours show 

staining for androgen receptor expression. A clinical utility for the determination of 

antigen expression by flow cytometry is suggested by its capability to determine the 

expression of several antigens simultaneously. However, no correlation was observed 

between androgen receptor expression determined by immunohistochemistry and flow 

cytometry. The disadvantages of each method and possible causes for the failure to 

observe a correlation have been discussed. Androgen receptor expression increased with 

patient age and a trend towards increasing tumour androgen receptor expression with 
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decreasing serum androgen levels provides evidence for negative autoregulation of 

androgen receptor expression in vivo. In the present study androgen receptor expression 

was found to increase with increasing Bloom Richardson grade. This suggests that 

androgen receptor expression is a marker of poor prognosis. The lack of an association 

between androgen receptor expression and lymph node status suggests that androgen 

receptor is not important in the process of metastasis. Co-expression of androgen receptor 

and oestrogen receptor alpha confirms results of previous studies. A positive correlation 

between androgen receptor expression and epidermal growth factor expression suggests a 

functional interaction between these pathways in breast cancer and warrants further 

investigation. 
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Results and Discussion 

The growth effects of 5a-dihydrotestosterone and 5-androstene-30,170-diol 

on MCF7, T47D and MDAMB231 breast cancer cell lines 

Results 

7.1 Analysis of steroid hormone receptor expression of breast cancer cell 

lines 

The cell lines used in this study, namely MCF7, T47D and MDAIMB231 were chosen as 

they express different levels of steroid receptors (Horwitz et aL 1978). MCF7 cells have 

been reported to express high levels of estrogen receptors and moderate levels of 

androgen receptors (Horwitz et aL 1975). Whereas T47D cells have been reported to 

express moderate levels of androgen and oestrogen receptors and MDAMB231 cells are 

steroid receptor negative (Horwitz et aL 1978). 

The steroid receptor expression of the cell lines used in the present study has been 

determined using a flow cytometric technique. Flow cytometry is an established 

technique for the determination of cytoplasmic and nuclear antigens (Larson 2000). 

Methods for the determination of oestrogen receptor alpha (Brotherick et aL 1995) have 

been established in our laboratory. Methods for the determination of androgen receptor 

expression in breast cancer are described in the materials and methods section. The 

steroid receptor profile is illustrated in the following figure. 
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Androgen receptor and oestrogen receptor alpha 
expression of MCF7, T47D and MDAMS231 cell 

lines determined by flow cytometry 
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MCF7 T47D MDAMB231 

Breast cancer cell line 

Figure 7.1: Androgen and oestrogen receptor alpha expression of MCF7, T47D and 

MDAMB231 cell lines 

7.2 Analysis of DNA cell cycle during forty-eight hour incubation of MCF7, 

T47D, and MDA231 with Sct-dihydrotestosterone +/- faslodex 

MCF7, T47D and MDA231 breast cancer cell lines were incubated over 48 hours with a 

range of concentrations of 5a-dihydrotestosterone. The percentage of cells in each phase 

of the cell cycle GO/ I, S and G2/M was determined at 0,24 and 48 hours as outlined in 

the matenals and methods section above. 

151 



Chapter 7 Results and Discussion 

MCF7 cells were incubated with a range of concentrations of 5cc-dihydrotestosterone 

from physiological (I 0-9M to 10-8M concentrations) to pharmacological levels (I 0-7M to 

10-6K. 

The following figure illustrates that pharmacological levels of 5cc-dihydrotestosterone 

resulted in a fall in the percentage of cells in GO/I and a rise in the percentage of cells in 

S phase within 24 hours. These findings would be interpreted as a stimulation of 

proliferation. Likewise, 10'2M 5cc-dihydrotestosterone stimulated the proliferation of 

MCF7 cells, whereas 10-9M 5ec-dihydrotestosterone did not affect proliferation over a 48 

hour period. The effect on the progression of all breast cancer cells to G2/M was less 

consistent. 

Similar results were obtained with T47D cells. Pharmacological doses of 5(x- 

dihydrotestostcrone stimulated the proliferation of T47D cells over 48 hours, however, 

physiological doses did not affect the proliferation of this cell line. Again the effect on 

progression of cells to G2/M was inconsistent. On incubating the MDA231 cell lines with 

10-9M to 10-6M 5cc-dihydrotestosterone and 5-androstene-30,170-diol which express low 

or zero aniounts of oestrogen receptors, no significant effect on proliferation was 

observed. These results are illustrated below. 
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MCF7 and T47D cell lines were incubated with 5a-dihydrotestosterone and the anti- 

oestrogen 10-6M faslodex. The percentage of cells in each phase of the cell cycle GO/I, S 

and G2/M was detennined at 0,24 and 48 hours, as previously. The following figures 

demonstrate that the proliferation of MCF7 cells by 5a-dihydrotestosterone was inhibited 

by faslodex confirming that 5a-dihydrotestosterone stimulates proliferation in the MCF7 

cell line via interaction with the oestrogen receptor. However, faslodex failed to inhibit 

the proliferation of T47D cells, suggesting that 5alpha dihydrotestosterone stimulates 

proliferation in T47D cell line via a pathway other than the oestrogen receptor. 
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dihydrotestosterone, ADIOL-n =I O'M 5-androstene-3 0,170-diol, ETOH = 0.0 1% 

ethanol) 
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7.3 Cell proliferation of MCF7 and T47D cell lines during 9-day incubation 

with 5cc-dihydrotestosterone 

MCF7 and T47D cells were incubated for 9 days with physiological levels of 5cc- 

dihydrotestosterone and 170-oestradiol (10-9M). The following figures illustrate that 

physiological levels of 5(x-dihydrotestosterone inhibit the baseline and oestrogen-induced 

proliferation of MCF7 and T47D breast cancer cell lines. 
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Figure 7.8: Proliferation of MCF7 and T47D breast cancer cell lines during 9-day 
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(abbreviations: nDHT = 10'M 5a-dihydrotestosterone, e2 = 170-oestradiol, ETOH = 

0.01% ethanol) 

7.4 Analysis of DNA cell cycle during forty-eight hour incubation of MCF7 

and T47D cell lines with 5-androstene-30,170-diol +I- faslodex 

MCF7 and MDA231 breast cancer cell lines were incubated over a 48 hour period with 

physiological levels of 5-androstene-30,17p-diol (10-9M to 10-6M) . The percentage of 

cells in each phase of the cell cycle GOA, S and G2/M was determined at 0,24 and 48 

hours as outlined in the materials and methods section above. 

The following figures illustrate that both physiological and pharmacological levels of 5- 

androstene-3p, 17p-diol resulted in a fall in the percentage of cells in GO/I and a rise in 

the percentage of cells in Sphase at 24hours. Again the progression of cells to G2/M was 

less consistent. It can be interpreted from these results that physiological levels of 5- 

androstene-30,170-diol stimulate the proliferation of MCF7 cell line. In addition, 

stimulation increased up to a concentration of I OOnM 5-androstene-3 0,170-diol, but no 

additional stimulation was observed at greater concentrations. No significant affect on 

proliferation of the MDA231 cell line was observed. 

On co-incubating MCF7 cells with 5-androstene-30,170-diol and faslodex it can be seen 

from the following figures that faslodex completely inhibits the stimulatory affect of 

physiological doses of 5-androstene-30,170-diol and partially inhibits the stimulation of 

pharmacological doses of 5-androstene-3p, 17p-diol. 

161 



Chapter 7 Results and Discussion 

%MCF7 cells in GOM during 48 hour 
incubation with 104M to 10-9M 

androstenediol 

90 
80 
70 
601 
50 
40 
30 
20 
10- 
0 

0 20 40 60 

houm 

%MCF7 in S phase during 48 hour 
incubation with 10-6M to 10-9M 

androstenediol 

100 - --------- ------ 
0 ETOH 

80 
-0-ADO-6 

AIDIOL7 60 
N ADK)L8 

40 ADK)L9 

20 

0- 

0 20 40 60 

hours 

-ETCM 
--N-ADIOL6 

ADIOU 

--*-ADIOL8 

---111--ADIOL9 

%MCF7 cells in G2/M during 48 hour 
incubation with 10-6M to IO-9M 

androstenediol 

100 - ------ 
80 0 ETOH 

60 ADIOL6 
ADIOL7 

40 
x ADIOL8 

20 IN ADIOL9 

I ; n=v 
0 20 40 60 

- 

hours 

- ---- --- -I 

162 

A 



Chapter 7 Results and Discussion 

Figure 7.9: I/oMCF7 cells in GO/I, S phase and G2/M during 48hour incubation with 10- 

6 to 10-9M 5-androstene-3p, 17p-diol (abbreviations: ADIOLn = 10'M 5-androstene- 

30,17p-diol, ETOH = 0.01% ethanol) 
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Figure 7.10: O/oMCF7 cells in GO/I during 48hour incubatiOn with 5-androstene-30,170- 
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7.5 Cell proliferation of MCF7 and T47D cell lines after 6 day incubation with 

physiological levels of 5-androstene-30,170-diol and 170-oestradiol 

MCF7 and T47D cell lines were incubated for 8 days with physiological levels of 

oestradiol and 5-androstene-30,170-diol. Cell numbers were determined after 6 and 8 

days by the methods outlined above. As illustrated in the following figure, physiologIcal 

levels of 5-androstene-30,170-diol stimulated baseline and inhibited oestrogen-induced 

proliferation of MCF7 and T47D cells. 
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Figure 7.12: Proliferation of MCF7 and T47D cell lines after 8 days and 6 days 

incubation with physiological levels of 170-oestradiol and 5-androstene-30,170-diol 

(abbreviations: ADIOLn =I 0-'M 5 -androstene-3p, I 7p-diol, ETOH = 0.0 1% ethanol, e2 

= 170-oestradiol) 
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Discussion 

As outlined in the introduction several studies have published results, which implicate 

androgens in the aetiologY of breast cancer. Epidemiological studies have established that 

serum androgens are elevated in postmenopausal women who develop breast cancer 

(Cauley 1999) (Dorgan 1997) (Gordan 1990) (Zeleniuch-Jacqotte 1997) and subnormal 

in premenopausal women who develop breast cancer (Bulbrook 1986) (Helzlsouer 1992). 

Our understanding of the mechanism of action of androgens however has been hindered 

by the findings that androgens are metabolically inter-related and they can inhibit or 

stimulate the proliferation of hormone-dependent breast cancer through different 

mechanisms. This action depends on the nature of the androgen, its concentration, the 

hormone receptor profile of the breast cancer and the endocrine status of the patient 

(Adams 1998). 

The metabolism of androgens is illustrated below. Androgens are metabolised: 

(a) By the sulfatase enzymes to 5-androstene-30,170-diol a metabolite with high afflinity 

for the oestrogen receptor 

(b) Via androstenedione and testosterone to 5(x-dihydrotestosterone which has high 

affinity for the androgen receptor 

(c) By the aromatase enzymes to oestrogens. 
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The ovary and the adrenal cortex both contribute to circulating levels of androgens. 

However neither produce significant quantities of either 5a-dihydrotestosterone or 5- 

androstene-30,170-diol, which may therefore be considered true metabolites, which act at 

tissue level (Longcope 1986). 

Dehydroepiandrosterone Sulphate 

Dehydroepiandrosterone 10 4-Androstenedione 

Oestrone 
5-Androstene-30,170-diol Testosterone rp 

Oestradiol 

Oestrogen 5cc-Dihydrotestosterone Androgen 
Receptor 10 Receptor 

30-Androstanediol 3a-Androstanediol 

Figure 7.13: The Metabolism of Androgens (Rochefort et aL 1984) 

In the present study we have therefore examined the actions of 5ot- dihydrotestosterone 

and 5-androstene-30,170-diol on breast cancer cell lines. In general it appears that 

androgen receptor mediated mechanisms in breast cancer inhibit growth. The mechanism 

of this action is unknown. However, recently it has been suggested that this affect may be 
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mediated by the production of one or more proteins, which prevent entry of the target cell 

into the cell cycle. These proteins have been termed androcyclone Il (Szelei et aL 1997). 

The aim of the present study was therefore to examine the affects of 5-androstene- 

30,170-diol and 5a-dihydrotestosterone on cell cycle and proliferation using a flow 

cytometric technique. The hormone-dependent cell lines MCF7 and T47D have been 

examined as well as the hormone-independent cell line MDA23 1. 

7.6 Actions of 5(x-dihydrotestosterone on proliferation of breast cancer cell 

lines 

5cc-Dihydrotestosterone, an androgen with high affinity for the androgen receptor and 

low affinity for the oestrogen receptor (Rochefort et aL 1984) has also been shown to 

have anti-oestrogenic activity at physiological levels in the MCF7 cell line (MacIndoe 

1981). As outlined in the introduction, physiological levels of 5cc-dihydrotestosterone 

inhibit the proliferation of T471), ZR751 and NTW23 breast cancer cell lines via an 

interaction with the androgen receptor (Poulin et aL 1986) (Biffell 1995) (Hackenberg et 

al. 1991). Although 5(x-dihydrotestosterone stimulates the proliferation of MCF7 and 

MDAMB453 cell lines at physiological levels this may be due to the activation of 

androgen receptor-independent pathways by active metabolites with oestrogenic activity 

(Hall et al. 1994) (Biffell 1995). At pharmacological levels, 5et-dihydrotestosterone has 

been shown to stimulate the proliferation of MCF7 cells via the oestrogen receptor (Zava 

1978) (Lippman 1976). 
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This study has observed that over 8-9 day incubations physiological concentrations of 

5a-dihydrotestosterone inhibit the proliferation of MCF7 and T47D cell lines. 

Physiological levels of 5a-dihydrotestosterone have previously been reported to either 

stimulate (Biffell 1995) (Hackenberg et al. 1988) or not afTect (Zava 1978) the 

proliferation of MCF7 cells and inhibit the proliferation of T47D breast cancer cells via 

an androgen receptor mediated mechanism (Birrell 1995). 

MCF7 cells have been shown metabolise 5ot-dihydrotestosterone to androstane-3ct, 170- 

diol, an androgen with oestrogenic properties (Roy 1992). This may account for the 

stimulatory affect of 5a-dihydrotestosterone observed in MCF7 cells, in contrast to the 

inhibitory action of 5ec-dihydrotestosterone observed in other breast cancer cell lines 

(Roy 1992) (Birrell 1995). The MCF7 cell line used in this study has been passaged 

several hundred times. It is not known how this affects glucuronyltransferase activity. It 

may be that repeated passages result in downregulation or loss of glucuronyltransferase 

expression in MCF7 cells, which may account for the inhibitory affect of physiological 

concentrations of 5a-dihydrotestosterone observed in this study. 

In addition to the inhibition of MCF7 and T47D cell lines demonstrated in this study, 5ot- 

dihydrotestosterone has been observed to inhibit the oestrogen-induced proliferation of 

MCF7 and T47D cell lines. These findings are consistent with previous studies on MCF7 

(Maclndoe 1981) and ZR751 cell lines (Poulin 1988) by a mechanism, which is mediated 

via the androgen receptor. 
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Over 48 hours 10-9M 5ot-dihydrotestosterone does not affect the progression of MCF7 or 

T47D cells through the cell cycle. Likewise 10-8M 5a-dihydrotestosterone does not affect 

the proliferation of T47D cells during OVCT 48 hour incubation, however, 10-8M 5(x- 

dihydrotestosterone stimulates the proliferation of MCF7 cells via an oestrogen receptor 

mediated mechanism. 

The phases of the cell cycle are illustrated below. The quiescent cell is in the GO phase of 

the cell cycle. On the initiation of division the cell moves into GI phase and produces 

proteins required for DNA replication. Replication of DNA takes place in the S phase, by 

the end of which the DNA content of the cell has doubled. At this point the cell enters G2 

phase followed by mitosis (M phase) during which the cell divides. Following cell 

division the cell either returns to the quiescsent state (GO phase) or if cell division is to be 

sustained to G1. 
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Figure 7.14: Phases of the cell cycle 

Cell cycle progression in breast cancer is regulated by a series of cyclin-dependent 

kinases and cyclin-dependent kinase inhibitors (Grana et al. 1995) (Hunter et al. 1994). 

These proteins control the transition through checkpoints between different cell cycle 

states occurring, for example, at the initiation of DNA replication (S phase) and cell 

division (mitosis). Androgens have been shown to upregulate expression of the cyclin- 

dependent kinases CDK2 and CDK4 and downregulate expression of the cyclin- 

dependent kinase inhibitor CKlpl6 in the androgen-dependent prostate cancer cell line 

LNCaP. Thereby stimulating the cell to enter S phase of the cell cycle and enhancing 

proliferation (Lu et al. 1997). Androgen regulation of another cyclin-dependent kinase 

inhibitor p27 is also of importance in prostate cancer (Macri et al. 1999). 

How androgens regulate cellular proliferation in breast cancer remains poorly understood. 

Szelei el al using a synthetic non-metabolised androgen R 1881 and MCF7 cells 

transfected with androgen receptor observed these MCF7-AR I cells were arrested in 

GO/Gl phase of the cell cycle after 24hours incubation with androgen. It was postulated 
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that this affect was due to androgens inducing the synthesis of a gene product, termed 

androcyclone-II, which prevented entry of target cells into the cell cycle (Szelei et al. 

1997). 

In the present study, despite 5a-dihydrotestosterone inhibiting the proliferation of MCF7 

and T47D breast cancer cell lines over longterm incubations no affect on progression of 

cells through the cell cycle was observed over 48 hours. These findings are consistent 

with those of Poulin et al and Birrell et al who observed that the inhibitory actions of 5(x- 

dihydrotestosterone on breast cancer cell lines were not observed until 6 days incubation 

with androgen (Birrell 1995) (Poulin 1988). Further studies are necessary to determine 

how androgens affect the growth of breast cancer via the androgen receptor, and in 

particular whether they affect the expression of cyclin-dependent kinases and cyclin- 

dependent kinase inhibitors in breast cancer cell lines. 

The present study demonstrates that pharmacological levels of 5cc-dihydrotestosterone 

stimulate MCF7 and T47D cells to enter the S phase and enhance proliferation. In MCF7 

cells this action is blocked by co-incubation with faslodex implying an oestrogen receptor 

mediated mechanism, consistent with previous observations (Zava 1978) (Lippman 

1976). Faslodex does not block this action in T47D cells, suggesting an alternative 

pathway is involved in mediating the proliferation of T47D cells by pharmacological 

levels of 5(x-dihydrotestosterone. 
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7.7 The actions of 5-androstene-30,170-diol on the proliferation of breast 

cancer cell lines 

The oestrogenic actions of androgens are established and are the subject of a review by 

Rochefort and Garcia (Rochefort et aL 1984). Much attention has centred on 5- 

androstene-30,170-diol, an androgen termed "hermaphrodiol" due to its relatively high 

affinity for the oestrogen and androgen receptor (Poortman et al. 1975) (Adams 1998). 5- 

Androstene-30,170-diol induces the secretion of a 46K oestrogen-dependent protein and 

stimulates the proliferation of MCF7 (Adams et aL 1981) (Hackenberg 1993) (Boccuzzi 

et aL 1992) and ZR751 (Poulin et aL 1986) breast cancer cell lines at physiological 

concentrations. This action has subsequently been demonstrated to occur via a direct 

interaction with the oestrogen receptor (Maggiolini et aL 1999). 

In addition to its oestrogenic actions, at physiological levels 5-androstene-30,170-diol 

antagonises the oestrogen-induced proliferation of MCF7 cells by an androgen receptor 

mediated mechanism (Boccuzzi et aL 1992) (flackenberg 1993). 

5-Androstene-30,170-diol is formed by peripheral conversion of DHEA, which is in 

equilibrium with DHEAS thus providing a buffer to maintain levels of its metabolites 

(Longcope 1986). In conbwt to 5-androstene-30,170-diol, DHEA has a very low and 

DBEAS a negligible affinity for the oestrogen receptor (Rochefort el aL 1984). However, 

DBEAS and DHEA have both been shown to stimulate the proliferation of hormone- 

dependent breast cancer cell lines, the former at physiological levels (Adams et aL 1981) 
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(LeBail et al. 1998) and to be elevated in the serum of postmenopausal women who 

develop breast cancer (Cauley 1999) (Dorgan 1997) (Gordan 1990). 

The mechanism of action of DHEAS was unknown. However recently, it has been shown 

that sulfatase inhibitors block the DBEAS-stimulated growth of MCF7 cells (Billich et al. 

2000). This suggests that the mitogenic affect of DHEAS on breast cancer cell lines is 

mediated via its metabolism to 5-androstene-30,17p-diol, rather than aromatisation of its 

metabolites androstenedione and testosterone to oestrogens. This pathway is of clinical 

significance as it enables the ongoing stimulation of hormone-dependent breast cancers 

by adrenal androgens in patients on aromatase inhibitors. 

The interim findings of the Arimidex, Tamoxifen, alone or in Combination (ATAC) trial 

(Baum 200 1) demonstrate that aromatase inhibitors are superior to tamoxifen as the 

adjuvant therapy for postmenopausal women with breast cancer. In light of these findings 

the evidence-base for the routine use of aromatase inhibitors in clinical practice is 

currently being established (Winer et al. 2002). The properties of 5-androstene-30,170- 

diol are therefore of particular significance and it is timely therefore to examine the 

effects 5-androstene-30,170-diol on breast cancer growth. 

Several previous studies have reported that 5-androstene-30,170-diol stimulates the 

proliferation of hormone-responsive breast cancer cell lines via interaction with the 

oestrogen receptor at physiological levels (Adams et aL 1981) (Poulin et aL 1986) 

(LeBail et aL 1998) (Boccuzzi et aL 1992) (Ilackenberg 1993) (Maggiolini et aL 1999). 
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The present study demonstrates that within 24 hours 5-androstene-30,170-diol stimulates 

MCF7 cells to enter S phase of the cell cycle thereby enhancing cell proliferation. 

Furthermore, this affect was blocked by co-incubation with faslodex, confirming that this 

action is mediated via the oestrogen receptor. 

5-Androstene-30,170-diol is a steroid, which has affinity for both the oestrogen and 

androgen receptor and has therefore been tenned "hermaphradiol" (Poortman et aL 1975) 

(Adams 1998). Consistent with its affinity for the androgen receptor, the present study 

confirms previous findings demonstrating that 5-androstene-30,170-diol like 5a- 

dihydrotestosterone inhibits the oestrogen-induced proliferation of hormone-dependent 

breast cancer cell lines (Boccuzzi et aL 1992) (Boccuzzi et aL 1994) (flackenberg 1993). 

7.8 Implications for the role of androgens In breast cancer 

Androgens are metabolised to substrates, which inhibit (5ot-dihydrotestosterone) or 

stimulate (5-androstene-30,17p-diol, oestrogens) the proliferation of hormone-dependent 

breast cancer cells at physiological levels. The net affect of androgens in vivo seems 

likely to be a balance between the stimulatory and inhibitory affects of their metabolites. 

The findings by several groups that serum androgens are elevated in postmenopausal 

women who develop breast cancer suggest that the net activity in vivo is stimulatory. In 

premenopausal women, the hormonal milieu is rich in ovarian oestrogens. In the present 

study both 5a- dihydrotestosterone and 5-androstene-30,170-diol antagonise the 
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oestrogen-induced proliferation of breast cancer cells. Elevated levels of androgens in 

premenopausal women by antagonising the oestrogen-induced proliferation of hormone- 

dependent breast cancer may therefore protect against the development of breast cancer. 

This mechanism may underlie the observations of Bulbrook et al and others that 

premenopausal women who develop breast cancer have subnormal androgen levels 

(Bulbrook 1986). 

The observation that 5-androstene-30,170-diol stimulates the proliferation of hormone- 

dependent breast cancer cell lines at physiological levels has implications for patients on 

aromatase inhibitors, as this pathway provides a mechanism for the ongoing stimulation 

of hormone-dependent breast cancer. Evidence that this pathway may have importance in 

vivo is suggested by a recent study. This found that elevated serum 

dehydroepiandrosterone sulphate levels predict breast cancer progression in 

postmenopausal women on aromatase inhibitors (Morris et aL 2001). 
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Results and Discussion 

A lectin ELISA for the cerbB-2 oncoprotein 

Results 

Following the development of a lectin ELISA for the cerbB2 oncoprotein, which showed 

encouraging results in a pilot study as an assay for the diagnosis of breast cancer (Cook et 

al. 1999), serum was collected from women with breast cancer and controls, and steps , 

were taken to re-establish the assay in vitro. It was the intention to apply the assay to test 

serum taken from women with primary operable breast cancer and controls, expanding 

the results of the pilot study. 

In order to re-establish the assay in vitro it was necessary to demonstrate that each step of 

the assay was functioning satisfactorily i. e. cerbB2 antigen was captured by antibody 

(OM-1 1-954) and lectin (wheat germ agglutinin) bound carbohydrate. Having established 

that these steps were working a lysate was prepared from a breast cancer cell line SKBR3 

known to express high levels of the cerbB2 protein (Leitzel et aL 1992). The cerbB2 

lectin ELISA was performed on this lysate. Modifications were then carried out including 

the addition of human serum, to investigate different aspects of the assay. 
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8.1 Biotinylation of a synthetic pl 85 peptide (OP-1 1-3549) 

A synthetic peptide OP- 11-3 549 (Cambridge Research Biochemicals Ltd, Cheshire, UK) 

consisting of an eighteen peptide sequence, which forms part of the extra-cellular domain 

of cerbB2 which was used as the antigen for producing the monoclonal antibody OM- II- 

954 (Genosys Biotechnolgies, Cambridge, UK) was biotinylated as outlined in materials 

and methods. 

The following graph illustrates the optical density of I ml fractions collected after passing 

a mixture of synthetic p185 peptide OP-11-3549 and EZ-IinkTm MHS-LC biotin through 

sephadex beads. Optical density was detennined using a spectrophotometer and reflects 

the protein content of the fraction. 

Gel filtration of biotinylated synthetic 
p185 through sephadex beads 
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Figure 8.1: Gel filtration of synthetic p185 peptide (OP-11-3549) and NHS-LC biotin 

through sephadex beads 
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It was likely that the biotin-pl 85 was contained in the fractions with the highest optical 

density i. e. the first and third fractions. In the following experiment both fractions were 

therefore tested to investigate which contained the biotin-p 18 5. 

8.2 Capture of biotinylated synthetic p185 peptide OP-11-3549 by 

monoclonal antibody to cerbB2 (OM-1 1-954) 

This experiment was performed to demonstrate that the monoclonal antibody used in the 

cerbB2 lectin ELISA, OM-1 1-954 bound cerbB2 protein and would therefore capture this 

antigen when applied to the serum samples. Following the steps outlined in the materials 

and methods section the first and third fractions obtained above by gel filtration were 

investigated. No response was obtained with the first fraction, but the third fraction 

showed an increase in absorbance with higher concentrations of biotin pl 85. This is 

illustrated in the following figure. 

Figure 8.2: Capture of biotin synthetic p 185 by cerbB2 monoclonal antibody OM- 11-954 
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It was assumed that all the synthetic biotm p 185 was contained in the third fraction, 

giving a final concentration of about 75pg/ml of synthetic p 185. 

Furthermore, a competition experiment was performed to confirm that unlabelled 

synthetic p185 competes with biotinylated synthetic pl 85 for antibody binding sites. 

Following the method outlined in the materials and methods section, the following results 

were obtained. These demonstrate that competition between unconjugated synthetic p 185 

and biotinylated synthetic p 18 5 does occur. 

Competition between unconjugated 
and blotinylated synthetic p185 for 

binding to cerbB2 antibody OM-11-964 
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Figure 8.3: Competition between unconjugated synthetic p 185 and biotinylated synthetic 

p 185 for binding to OM- 11-954 antibody 
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8.3 Binding of lectin (wheat germ agglutinin) to glycoprotein 

In the first step of the lectin ELISA antigen is captured by the monoclonal antibody OM- 

11-954. In the second step lectin binds to carbohydrate expressed on the surface of the 

cerbB2 protein. In order to test whether the lectin used in this assay, wheat germ 

agglutinin, binds carbohydrate, fetuin a heavily glycosylated glycoprotein was used. 

Following the steps outlined in materials and methods increasing concentrations of fetuin 

were incubated with biotinylated wheat germ agglutinin. The followmg figure illustrates 

that biotinylated wheat germ aggutinin binds fetuin, and should therefore bind to 

glycoconjugates expressed on the surface of captured cerbB2 antigen. 

Binding of biotinylated wheat germ 
agglutinin to fetuin 
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Figure 8.4: Binding of biofinylated wheat germ agglutinin to fetum 
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8.4 Binding of monoclonal antibody OM-1 1-954 to extra-cellular domain of 

cerbB2 in a lysate of SKBR3 cells 

A lysate to be used as a standard against which serum samples could be compared was 

prepared by a method outlined in materials and methods from a breast cancer cell line, 

SKBR3, known to express high levels of cerbB2 (Leitzel et aL 1992). In order to test that 

the antibody OM- 11-954 bound to cerbB2 in SKBR3 lysate, an experiment was 

performed in which antibody was incubated with dilutions of SKBR3 lysate immobilised 

in the solid phase, see section 4.5 in materials and methods. The following figure 

illustrates that a substantial quantity of receptor was present in the lysate. 

Binding of cerbB2 antibody OM41-964 
to SKBR3 Zabrecky lysate and 

medium 
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lysate dilution 

Figure 8.5: Binding of cerbB2 protein from SKBR3 lysate and medium by cerbB2 

antibody OM-1 1-954 

The response levels off at a SKBR3 lysate, dilution of 1150. Failure of the signal to 

increase at higher concentrations of lysate may be due to steric hindrance or saturation of 
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the plastic. It can also be seen that the medium in which the SKBR3 cells were cultured 

does not contain significant quantities of the cerbB2 antigen. 

8.6 A lectin ELISA for cerbB2 

Having demonstrated that the monoclonal antibody OM-1 1-954 binds to a synthetic 

cerbB2 protein and to a protein from a lysate of SKBR3 cells, and that biotinylated wheat 

germ agglutinin binds to carbohydrate groups on the heavily glycosylated glycoprotein 

fetum. The different components of the lectin ELISA were put together as outlined in 

materials and methods. The following figure illustrates that a good response was 

achievable with increasing absorbance occurring up to a lysate dilution of 1/20. 

Lectin ELISA of Zabrecky lysate after 
40 mins incubation with BCIP 
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Figure 8.6: Lectin ELISA for cerbB2 usmg SKBR3 lysate 

Various aspects of the assay were then determined. The effect to the response of the assay 

of adding human serum was investigated. This was done to simulate the serum samples, 
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in which non-specific proteins in the serum by competing for binding of cerbB2 antigen 

to antibody and lectM may interfere with steps in the assay. The lectin ELISA was 

performed as outlined above, but the lysate contained 15% human serum taken from one 

of the investigators. The following figure illustrates that serum does suppress the 

response of the assay. 

The effbct of 150/6 human serum on the 
response of the Lectin ELISA 
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Figure 8.7: Lectin ELISA for cerbB2 using SKBR3 lysate +/- 15% human serum 

Different concentrations of lectin (wheat germ agglutinin) were used to investigate 

whether this would enhance the response of the assay. The cerbB2 lectin ELISA was 

therefore performed as described in the materials and methods, but I/ 100,1/200 and 

1/500 dilutions of biotinylated wheat germ agglutinin were used. The following figures 

show that higher concentrations of wheat germ agglutinin will enhance the response of 

the assay, however on addition of 15% human serum to the lysate a flat response curve 

was obtained. 
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CerbB2 lectin ELISA comparing effect 
of different concentrations of 

biotinylated wheat germ agglutinin 
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Figure 8.8: Lectin ELISA for cerbB2 using different concentrations of wheat germ 

agglutinin +/- 15% human serum 

Lectins, though they have specificity for particular sugars, will bind to glycoconjugates 

expressed by non-specific proteins present in the serum. It is probable that the high 

response observed on increasing the concentration of lectin is due to wheat germ 

agglutinin binding to non-specific serum proteins, absorbed to the well, or antibody. 
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Using a higher concentration of wheat germ agglutinin will therefore decrease the 

specificity of the assay when applied to the serum samples. 

8.6 Inter-assay variation 

The results presented above were obtained at different times during the research project 

and imply a functioning assay. Considerable difficulties were encountered in reproducing 

these results. It was finally concluded that there were fundamental problems with the 

assay. The experiments upon which this conclusion was drawn are outlined below. 

The following graphs illustrate the response of the cerbB2 lectin ELISA on three separate 

occasions on lysates extracted in the laboratory from SKBR3 cells and a SKBR3 pellet 

(Oncogene Research Products). This shows there is a considerable variation in the 

perfonnance of the assay. The extent of this inter assay variation would preclude the 

clinical use of the cerbB2 lectin ELISA. 
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Comparison of cerbB2 lectin ELISA of 
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Figure 8.9: Comparison of cerbB2 lectin ELISA performed on three separate occasions 

on SKBR3 lysates 

It was then decided to determine how much cerbB2 protein was present in the collected 

lysates that had been extracted from SKBR3 cells. For this purpose an Oncogene Science 

Research Products cerbB2 ELISA was used. This shows that the lysate extracted from the 

SKBR3 pellet contained a considerable quantity of cerbB2 antigen, however with one 
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exception, the lysates extracted from SKBR3 cells grown in the laboratory contained little 

cerbB2 protein. 
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Figure 8.10: Oncogene Science Research Products cerbB2 ELISA of collected lysates 

In vlew of these results a comparison of the cerbB2 lectin, ELISA of the collected lysates 

was perfonned. This illustrates that there was no correlation between the response of the 

cerbB2 lectin ELISA and the quantity of cerbB2 protein present in the lysate. The lysate 
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prepared from a SKBR3 cell pellet contains significantly more cerbB2 protein than the 

other lysates yet doesn't give a higher response in the cerbB2 lectin ELISA. 

The lectin ELISA measures the carbohydrate expressed on the surface of proteins bound 

to the capture antibody rather than quantity of protem present. The lack of correlation 

between the response of the lectin ELISA and conventional ELISA was therefore not an 

entirely unexpected result, though other studies have reported significant correlations 

between these two types of assay (Madiyalakan et al. 1996). 
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Figure 8.11: CerbB2 lectin ELISA of collected lysates 

Lysates were then prepared from using 4-5 x number of cerbB2 cells in the hope that they 

contain more cerbB2 protein. Two different extraction methods were compared. These 

were the Zabrecky method described above and a commercial protein extraction kit 

(Pierce, USA). The following figures demonstrate that these lysates contained significant 

amounts of cerbB2 protein. 
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Figure 8.12: Oncogene Science cerbB2 ELISA of lysates extracted by Zabrecky and 

Pierce methods 

The cerbB2 lectin ELISA was performed on these lysates as described in materials and 

methods, though for comparison capture antibody was omitted from one strip of wells. 

The following graph illustrates that this did not change the response observed. 
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CerbB2 lectin ELISA of SKBR3 lysate 
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Figure 8.13: CerbB2 lectln ELISA +/- capture antibody 

A similar cerbB2 lectin ELISA was then performed using a variety of cerbB2 antibodies 

instead of OM- 11-954, including Ab-5 and Ab-7 (Oncogene Science, USA) and Ab-3, 

Ab-19 and Ab-21 (Abcam, USA). The response using these antibodies to capture the 

cerbB2 antigen were similar to those illustrated above i. e. a similar response curve was 

obtained when the capture antibody was omitted from the cerbB2 lectin ELISA. 

Finally, it has been reported that repeated freeze-thaw cycles and the length of time 

specimens are stored may affect the conformation of glycoprotems. Thompson et al ma 

study of sera from ovanan cancer patients reported that abnormal forms of alpha-l- 

proteinase inhibitor could not be extracted from fresh sera by the lectin lotus 

letrogonolobus unless specimens had been subjected to repeated cycles of freezing and 

thawing. Thompson el al also attributed discrepancies between the measurement of 
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abnormal forms of alpha- I -proteinase inhibitor between this and previous studies to the 

length of time specimens were stored Prior to analyses (Thompson el al. 1990). 

In the current study, the protein concentration in the lysates required to achieve a given 

response in the cerbB-2 lectin ELISA was much higher than that employed by Bustamam 

el al (Bustamam 1998). The affect of subjecting the serum sample to repeated freeze thaw 

cycles was therefore examined. The cerbB-2 lectin ELISA was performed on a fresh 

serum sample and a sample from the same patient subjected to 10 freeze thaw cycles. 

The steps outlined in section 4.7 in the materials and methods section were followed, 

however wells were incubated overnight at 4'C with I 00gl of aI in 10 dilution of serum 

in 1% BSA PBS-Tween instead of SKBR3 Zabrecky lysate. The following figure 

demonstrates that repeated freeze thaw cycles did not alter the response from the cerbB-2 

lectin ELISA. 
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Figure 8.14: CerbB-2 lectin ELISA on a sennn sample to investigate the affect of 

repeated freeze-thaw cycles 
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8.7 Discussion: A lectin ELISA for cerbB2 

The cerbB2 lectin ELISA was established by BustamamAA et al as a means of detecting 

the extracellular domain of cerbB2 in the serum, at a time when only one antibody to the 

extracellular domain was commercially available (Bustamam 1998). This necessitated 

that a lectin was used as a probe in the second part of the antibody-lectin sandwich to 

detect the cerbB2 extracellular domain (p 185) bound to antibody. 

The assay was investigated quite extensively including competition experiments to 

confirm the specificity of the assay, see figure 82 in Bustamam's PhD thesis (Bustamam 

1998). These experiments demonstrated that a synthetic p 185 protein competed with 

lysate protein for antibody binding sites. These experiments were repeated in the present 

study and imply that the antibody was successfully capturing cerbB2 protein. 

In the pilot study, the effect of performing the assay in the presence of human serum was 

investigated. It was decided that the response from the cerbB2 lectin ELISA was 

optimum in about 20% human serum. However, in the presence of 20% human serum 

approximately half the response of the cerbB2 lectin ELISA was due to the addition of 

serum, see figure 98 in Bustainam's PhD thesis (Bustamam 1998). This affect was 

attributed to non-specific serum glycoproteins absorbed to the plastic. These results 

should have alerted the investigators to question the suitability of the assay for use on 

clinical samples. 
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Bustainam et al did not perform any experiments to assess the reproducibility of the 

assay. The present study has demonstrated a wide variation in the response from the assay 

performed on different occasions on the same SKBR3 lysate. The results presented above 

demonstrate that each step of the assay functions satisfactorily and that a lysate has been 

successfully extracted that contains sufficient quantities of cerbB2 protein. The final 

experiment demonstrates the response from the cerbB2 lectin ELISA does not reflect 

glycosylation of cerbB2, but glycosylation of non-specific proteins present in the lysate 

absorbed to the sides of the wells, albeit the protein concentration in these lysates was 

much higher than that employed by Bustamam. et al (Bustamam 1998). Rebeski et al have 

reported on unacceptable background caused by non-specific protein adsorption to 

immunoassay plates using ELISAs concluding that this could be a factor in the 

development and application of ELISAs (Rebeski et aL 1999). 

The difficulties that have been encountered in this study may be attributed to the extent 

and variation of glycosylation of cerbB2 and the nature of lectins. Several lectin ELISAs 

have been published which have reported low coefficients of inter-assay variation 11.2% 

(Parker et aL 1992), <5% (Madiyalakan et aL 1996) and 16.4% (Nagata et aL 199 1). 

Madiyalakan et al reported a correlation between the lectin ELISA and conventional two- 

site antibody sandwich for the determination of CA-125 in the serum of patients with 

ovarian cancer (Madiyalakan et aL 1996). These studies have investigated proteins, 

which are heavily glycosylated. Parker et al measured a mucin, a group of molecules, 

which are heavily glycosylated (Kim et aL 1996) and Nagata. et al measured 

carcinoembryonic antigen (CEA), which is known to comprise of 50% carbohydrate 
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(Nagata et aL 1991). In contrast little is known about the extent and nature of 

glycosylation of cerbB2. 

Thompson et al have reported that abnormal forms of alpha- I -proteinase inhibitor present 

in the sera of women with ovarian cancer could not be extracted by the lectin lotus 

tetrogonolobus unless samples had beeen stored for 6-9 years or artificially aged by being 

subject to repeated freeze-thaw cycles (Thompson et al. 1990). In the present study 

repeated freeze-thaw cycles did not affect the response of the cerbB-2 lectin ELISA (see 

figure 8.14), however the affect of the length of time for which samples were stored on 

the response of the lectin ELISA could not be excluded. 

SKBR3 cells were cultured in the same laboratory using similar experimental techniques 

in the present study and the pilot study. However, there was a time lapse of 34 years 

between studies. The nature and extent of glycosylation of glycoproteins may vary with 

time and repeated passage of cell lines. However, differences in the glycosylation of 

glycoproteins are difficult to quantify without lengthy and time-consuming techniques, 

which were out of the scope of this project. These factors may have contributed to the 

differences between performance of this assay in the present and pilot study. In addition, 

these factors presented difficulty in producing a reliable standard with known cerbB2 

protein and constant glycosylation against which the samples could be compared. 

Lectins have specificity for sugar groups present on glycoproteins (Walker 1989). 

However, when used in lectin ELISAs, they may bind to non-specific glycoproteins 
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adherent to the side of the wells. A conventional two-site double-antibody ELISA has 

capture and detection antibodies with specificity for the protein under investigation. This 

confers on them a high degree of reproducibility. In contrast the response from a lectin 

ELISA may vary to a greater extent on the presence of other non-specific proteins present 

in the sample to which the lectin binds. This may be overcome to an extent when the 

protein under investigation is heavily glycosylated, such as a mucin (Kim et aL 1996). 

The results from the present study do not support the use of lectin ELISAs for the 

measurement of cerbB2 in the serum of women with breast cancer. Results from the pilot 

study revealed shortcomings in the assay, which may have become apparent if the 

reproducibility of the assay had been investigated at this stage. Further investigation of 

this area should commence with an investigation of the nature and extent of glycosylation 

of cerbB2 using techniques such as mass spectroscopy or nuclear magnetic resonance 

analysis. 
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The Role of Androgens In Breast Cancer 

9.1 Central Hypothesis 

In this study, serum and tumour samples were collected from women with primary 

operable breast cancer and controls. Serum samples were used to measure androgen 

levels (dehydroepiandrostene sulphate, androstenedione and testosterone levels) using 

conventional ELISA techniques. As "crosstaW' occurs between steroid hormone and 

growth factor pathways in breast (and prostate) cancer, it was proposed to measure 

cerbB-2 levels using a lectin ELISA format. This technique was chosen as a lectin ELISA 

for cerbB-2 had previously been developed in our laboratory, which showed encouraging 

results as a diagnostic test for breast cancer. 

Elevated levels of serum androgens in postmenopausal women and reduced levels of 

seram androgens in premenopausal women with breast cancer have been reported by 

several recent studies though there is disagreement on the significance of levels of 

different androgens. On the basis of these observations and the results of cell line studies 

it has been proposed that androgens may have a role in the aetiology of breast cancer by 

stimulating growth of hormone-dependent breast cancer in postmenopausal women and 

inhibiting the growth of hormone-dependent breast cancer in premenopausal women 

(Adams 1998). 

In order to test this hypothesis, in the present study, the levels of three androgens 

dehyroepiandrosterone sulphate, androstenedione and testosterone were measured in a 
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sample of women with primary operable breast cancer and controls. Two ftu-ther 

relationships, between serum androgen levels, body mass index and age have been 

investigated. 

Cell line studies have been performed to examine the effect of two androgens, 5cc- 

dibydrotestosterone and 5-androstene-30,170-diol, on the proliferation of hormone- 

dependent breast cancer cell lines MCF7 and T47D and the hormone-independent cell 

breast cancer cell line MDAMB231.5cc-Dihydrotestosterone and 5-androstene-3p, 17p- 

diol have been chosen as they are true androgen metabolites, which act at the tissue level 

in vivo (Rochefort et aL 1984). 

A flow cytometric technique has been used to investigate the effect of these androgens on 

DNA cell cycle analysis in 48-hour incubations and cell numbers in 9-day incubations. 

Cell line models have been set up to mimic the hormonal environment in pre and 

postmenopausal women in order to investigate mechanisms by which androgens may 

stimulate the proliferation of hormone-dependent breast cancer in postmenopausal and 

inhibit the proliferation of hormone-dependent breast cancer in premenopausal women. 

A positive correlation between breast cancer incidence throughout the world and 

nutritional status has been demonstrated (DeWaard 1969). Nutritional status has been 

reported to affect androgen production and metabolism and therefore it has been 

proposed that androgens are implicated in the development of "Western-environmental" 

type breast cancer (Adams 1977). In order to investigate this hypothesis a correlation 
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between serum androgen levels and body mass index has been sought. Secondly, a 

correlation between serum androgen levels and age has been investigated, as it has been 

proposed that although serum androgen levels fall with age in healthy women they are 

independent of age in women with breast cancer (Adams 1998). 

Flow cytometry is an established method for the determination of cell surface (Loken et 

al. 2000), cytoplasmic and nuclear antigens (Larson 2000). Multiparameter flow 

cytometry enables the simultaneous determination of expression of several antigens on 

tumour specimens. Flow cytometric methods for the determination of oestrogen receptor 

alpha (Brotherick et aL 1995), oestrogen receptor beta (Girdler el aL 2001) and epidermal 

growth factor receptor expression (Brotherick et al. 1994) have been established in our 

laboratory. In the present study a flow cytometric method for the determination of 

androgen receptor expression in breast cancer has been described. 

A correlation between androgen receptor expression, determined by flow cytometry and a 

more established technique, immunohistochemistry, has been investigated. In order to 

investigate the clinical significance of androgen receptor expression in breast cancer, 

androgen receptor expression has been correlated with existing prognostic markers 

Bloom Richardson grade (Bloom et al. 1957) and lymph node status (Fisher et al. 1978). 

Oestrogen receptor expression in breast cancer has been found to increase with age 
ful 

kEtwood el al. 1980). Expression of steroid hormone receptors is regulated by their 

ligands, by a mechanism known as "negative autoregulation". In order to determine 
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whether negative autoregulation determines androgen receptor expression in breast 

cancer in vivo a correlation between androgen receptor expression and serum 

dehydroepiandrosterone, androstenedione and testosterone levels have been investigated. 

In addition, an association between androgen receptor expression and age has been 

investigated. 

In the present study, in addition to androgen receptor expression, oestrogen receptor 

alpha and epidermal growth factor receptor expression has been determined. The 

relationship between androgen receptor, oestrogen receptor and epidermal growth factor 

receptor expression has been examined. 

The rational for investigating an association between androgen receptor and epidermal 

growth factor expression was that crosstalk occurs between steroid receptor and growth 

factor receptor pathways in breast (and prostate) cancer (Nicholson et aL 1999). An 

inverse correlation has been reported between oestrogen receptor expression and 

epidermal growth factor expression in breast cancer (Walker et aL 1999), though a 

relationship between androgen receptor and epidermal growth factor expression has not 

hitherto been investigated. 

9.1 The role of androgens in breast cancer 

The investigation of the role of androgens in breast cancer has been divided into three 

sections. Firstly the serum levels of androgens in women with breast cancer and controls 
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have been measured. A correlation of serum androgen levels in women with breast cancer 

and controls with age and body mass index has been sought. The results presented above 

demonstrate that serum testosterone, androstenedione and DHEAS levels fall with 

increasing age, in both women with breast cancer and controls. These findings conflict 

with previous published data on the association between serum androgen levels and age, 

which suggested that serum androgen levels were independent of age in women with 

breast cancer (Zumoff 198 1). 

No association was demonstrated between serum androgen levels and body mass index in 

women with breast cancer or controls. These findings may have importance in the 

epidemiology of breast cancer. Obesity is implicated in the aetiology of breast cancer. 

The results of the present study demonstrate that serum androgen levels are independent 

of body mass index. Therefore the higher incidence of breast cancer in obese 

postmenopausal women is more likely to be due to higher serum oestrogen levels (Cauley 

et aL 1989) due to greater aromatisation of androgens in peripheral adipose tissue rather 

than a direct affect of body mass index on serum androgen levels. 

In this study, serum DHEAS levels were observed to be higher in postmenopausal 

women with breast cancer. This suggests a role for adrenal androgens in the aetiology of 

breast cancer in postmenopausal women. These results are supported by the cell culture 

experiments which demonstrated that 5-androstene-30,170-diol a metabolite of DHEAS 

stimulates the proliferation of hormone receptor positive breast cancer cell lines at 

physiological levels via an interaction with the oestrogen receptor. On the other hand, 5a- 
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dihydrotestosterone a metabolite of DBEAS with high affinity for the androgen receptor 

was found to inhibit the basal proliferation of hormone receptor positive breast cancer 

cell lines. Thus it is apparent that androgens are metabolized to steroids which may 

stimulate (5-androstene-30,170-diol, 170-oestradiol) or inhibit (5a-dihydrotestosterone) 

the growth of hormone dependent breast cancer. 

In longterm tissue culture both androstene-30,170-diol and 5a-dihydrotestosterone 

inhibited the oestrogen-induced proliferation of hormone receptor positive breast cancer 

cell lines. This suggests androgens may protect against breast cancer in premenopausal 

women. They are supported by the results of Bulbrook et al who measured urinary 

androgen metabolites in a sample of women on the island of Guernsey who subsequently 

developed breast cancer (Bulbrook 1986). In the present study, serum androgen levels did 

not differ between premenopausal women with breast cancer and controls. The results of 

this study do not entirely support a protective role against breast cancer for androgens in 

premenopausal women. However, fewer numbers in the premenopausal group and failure 

to account for the variables outlined above may have accounted for the failure to observe 

a difference between serum androgen levels in premenopausal women with breast cancer 

and controls. 

By using a flow cytometric technique, tissue culture experiments in this study have 

demonstrated for the first time the effect of androstene-30,170-diol and 5cc- 

dihydrotestosterone on DNA cell cycle in hormone receptor positive and negative breast 

cancer cell lines. Szelei et al demonstrated that androgens inhibit the proliferation of a 
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MCF7 breast cancer cell line transfected with an androgen receptor (Szelei et aL 1997). 

There was no effect on DNA cell cycle during forty-eight hour incubation of honnone 

receptor positive breast cancer cells with physiological levels of 5a-dihydrotestosterone 

in this study. However, longterm incubations demonstrate that 5a-dihydrotestosterone 

inhibits basal proliferation of hormone receptor positive cells after 6 days incubation. 

A flow cytometric method for the determination of androgen receptor expression in 

breast cancer has been established in this study. The potential for flow cytometry to 

simultaneously measure several antigens on tumour samples suggests a clinical utility for 

flow cytometry in the management of breast cancer. The level of androgen receptor 

expression and the co-expression of androgen receptors with oestrogen receptors in breast 

cancer demonstrated in this study are in agreement with previous immunohistochemical 

studies (Kuenen-Boumeester et aL 1992) (Isola 1993). Androgen receptor expression was 

shown to increase with age. Serum androgen levels declined with increasing age in 

women with breast cancer. Negative autoregulation of steroid receptor levels by their 

ligands is thought to be the phenomenon common regulating steroid receptor levels in 

tissues. The negative correlation between senun DHEAS, androstenedione and tumour 

androgen receptor expression demonstrated in this study supports this concept. 

Crosstalk between steroid receptor and growth factor pathways has been demonstrated to 

occur in both breast and prostate cancer. A correlation between androgen receptor and 

epidermal growth factor receptor expression was investigated in the present study as 

indirect evidence of a functionally important interaction between these receptors in breast 
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cancer. Expression of androgen and epidermal growth factor receptors was positively 

correlated in breast cancer specimens. This supports the concept of a functionally 

important interaction between these receptors in breast cancer. However, further work in 

this area, to establish the role of the androgen receptor in breast cancer is now indicated. 

9.2 A lectin ELISA for cerbB-2 I HER-2 

Bustamam et al have established a lectin ELISA for the determination of cerbB-2/ HER-2 

in our laboratory (Bustamarn 1998). Only one cerbB-2 antibody was available at this 

time, therefore a lectin was used to detect captured cerbB-2 antigen in the assay. Results 

from applying this assay to the serum of women with breast cancer and controls, 

suggested the assay had value as a diagnostic test for breast cancer. Despite cerbB-2/ 

HER-2 being over-expressed/ amplified in only 25-30% of breast cancers (Slamon et al. 

1987) it was hypothesized that as the assay did not measure cerbB-2 protein levels, but 

the glycosylation of cerbB-2/HER-2, it would be worthwhile investigating a larger 

sample of patients. 

Preliminary experiments to establish the assay in vitro uncovered fundamental problems 

with the assay that precluded its use on serum samples collected from patients with breast 

cancer. As discussed in chapter 8 these problems may relate to lectins and the 

glycosylation of cerbB-2/BER-2. Lectins have specificity for sugar groups expressed by 

complex carbohydrates. They are therefore able to bind to glycoconjugates expressed by 
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non-specific proteins present in the serum or lysate, which inevitably bind to the sides of 

the well during incubation stages of the assay. In addition lectins may bind directly to the 

sides of the wells. This phenomenon has been reported by Rebeski et al, who concludes 

that non-specific binding of lectins to immunoassay plates could be a serious impediment 

to development of lectin ELISAs as diagnostic assays (Rebeski et aL 1999). 

On review of experiments performed by Bustarnam et al it is apparent that non-specific 

binding of lectins occurred during establishment of the cerbB-2/HER-2 lectin 

ELISA. This phenomenon certainly occurred in the course of the present study. This is 

demonstrated by the final experiment in chapter eight, which demonstrated that omission 

of the capture antibody from the lectin ELISA did not affect the response. 

Secondly, problems were encountered with the production of a standard with constant 

glycosylation. It is unknown how storage or tissue culture conditions affect the 

composition and structure of complex carbohydrates expressed on the surface of antigens 

such as cerbB-2/HER-2. As lectin-ELISAs measure the glycosylation of proteins, rather 

than the quantity of protein present, this presents considerable difficulties for the 

production of a reproducible standard against which the serum samples can be compared. 

Thompson et al reported that artificially ageing samples by repeated freeze-thaw cycles 

and the length of time samples were stored affected the analysis of glycoproteins by 

lectins; (Thompson et aL 1990). Although in the present study repeated freeze-thaw cycles 

were not shown to significantly affect the response of the cerbB-2 lectin ELISA, 
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differences in response of the cerbB-2 lectin ELISA between this study the pilot study 

may be attributed to the length of time the samples were stored. 

Finally, the extent and nature of the glycosylation of cerbB-2/BER-2 is not known. 

Further work in this field should be directed at establishing the glycosylation of cerbB-2 

by techniques discussed in the introduction to this thesis. 

206 



References 

Abraham, G. E. (1974). "Ovarian and adrenal contribution to peripheral androgens during 

the menstrual cycle. " Journal of Clinical Endocrinology and Metabolism 39: 340-345. 

Abreu-Martin, M. T., A. Chari and A. A. Palladino (1999). "Mitogen activated protein 

kinase I activates androgen receptor-dependent transcription and apoptosis in prostate 

cancer. " Molecular Cell Biology 19: 5143-5154. 

Adams, J. B. (1977). "Steroid hormones and human breast cancer an hypothesis. " Cancer 

40: 325-333. 

Adams, J. B. (1985). "Control of secretion and the function of C19-delta5-steroids of the 

human adrenal gland. " Molecular and Cellular Endocrinology 41: 1-17. 

Adams, J. B. (1998). "Adrenal androgens and human breast cancer: A new appraisal. " 

Breast Cancer Research and Treatment 51: 183-188. 

Adams, J. B., M. Garcia and H. Rochefort (1981). "Estrogenic effects of physiological 

concentrations of 5-androstenediol and its metabolism in MCF7 human breast cancer 

cells. " Cancer Research 41: 47204726. 

Allegra, J. C., M. E. Lippman, E. B. Thompson, R. Simon, A. Barlock, L. Green, K. K. 

Huff, H. T. Do and S. C. Aitken (1979). "Distribution, frequency and quantitative 

207 



References 

analyses of estrogen, progesterone, androgen and glucocorticoid receptors in human 

breast cancer. " Cancer Research 39: 1447-1454. 

Anzick, S. L., J. Kononen, R. L. Walker, D. 0. Azorsa, M. M. Tanner, X. Y. Guan, G. 

Sauter, 0. P. Kallioniemi, J. M. Trent and P. S. Meltzer (1997). "AIBI, a steroid receptor 

coactivator amplified in breast and ovarian cancer. " Science 277: 965-968. 

Aronica, S. M. and B. S. Katzenellbogen (1993). "Stimulation of estrogen receptor- 

mediated transcription and alteration in the phosphorylation state of the rat uterine 

estrogen receptor by estrogen, cyclic adenosine monophosphate, and insulin-like growth 

factor-I. " Molecular Endocrinology 7: 743-752. 

Bancrofý J. and E. H. Cawood (1996). "Androgens and the menopause: a study of 40-60 

year old women. " Clinical Endocrinology 45: 577-587. 

Bargmann, C. I., M. -C. Hung and R. A. Weinberg (1986). "Multiple independent 

activations of the neu oncogene by a point mutation altering the transmembrane domain 

of p 185. " Cell 45: 649-657. 

Bargtnann, C. I., M. -C. Hung and R. A. Weinberg (1986). "The neu oncogene encodes an 

epidermal growth factor receptor-related protein. " Nature 319: 226-230. 

208 



References 

Baron, J. k, R. J. Comi, V. Cryns, T. Brinck-Johnsen and N. G. Mercer (1995). "The 

effect of cigarette smoking on adrenal cortical hormones. " Journal of Pharmacology and 

Experimental Therapeutics 272: 151-155. 

Barret-Connor, E. and A. Ferrara (1996). "dehydroepiandrosterone, 

dehydroepiandrosterone sulfate, obesity, waist-hip ratio, and noninsulin-dependent 

diabetes in postmenopausal women: the Rancho Bernardo study. " Journal of Clinical 

Endocrinology and Metabolism 81(l): 59-64. 

Barrett-Connor, E. (1990). "Dehydroepiandrosterone Sulfate and Breast Cancer Risk. " 

Cancer Research 50: 6571-6574. 

Bast R. C., S. Bates and A. B. Bredt (1996). "Clinical practice guidelines for the use of 

tumor markers in breast and colorectal cancer. " Journal of Clinical Oncology 14(10): 

2843-2877. 

Batrinos, M. L. (1999). "Surgical stress induces a marked and sustained increase in 

adrenal androgen secretion in postmenopausal women. " In Vivo 13(2): 147-150. 

Baum, M. (2001). "The ATAC(Arimidex, Tamoxifen, Alone or in Combination) adjuvant 

trial in postmenopausal women. " Breast Cancer Research and Treatment 69: 210. 

209 



References 

Berger, Nt S., G. W. Locher, S. Saurer, W. J. Gullick, M. D. Waterfield, B. Groner and 

N. E. Hynes (1988). "Correlation of c-erbB-2 gene amplification and protein expression 

in human breast carcinoma with nodal status and nuclear grading. " Cancer Research 48: 

1238-1243. 

Billich, A., P. Nussbaumer and P. Lehr (2000). "Stimulation of MCF7 breast cancer cell 

proliferation by estrone sulfate and dehydroepeiandrosterone sulfate: inhibition by novel 

non-steroidal steroid sulfatase inhibitors. " Journal of Steroid Biochemistry and Molecular 

Biology 73: 225-235. 

Birrell, S. N. (1995). "Androgens induce divergent proliferative responses in human 

breast cancer cell lines. " Journal of Steroid Biochemistry and Molecular Biology 51(5): 

459467. 

Bishop, J. M. (1987). "The Molecular Genetics of Cancer. " Science 235: 305-311. 

Blanco, J. C. G., S. Mnucci, J. M. Lu, X. J. Yang, K. K. Walker, H. W. Chen, R. M. 

Evans, Y. Nakatini and K. Ozata (1998). "The histone acetylase PCAF is a nuclear 

receptor coactivator. " Genetics and Development 12: 1638-165 1. 

Bloom, H. J. G. and G. Richardson (1957). "Histological grading and prognosis in breast 

cancer. " British Journal of Cancer 11: 359-377. 

210 



References 

Boccuzzi, G., E. Brignardello, M. DiMonaco, C. Forte, L. Leonardi and A. Pizzini 

(1992). "Influence of dehydroepiandrosterone and androstenediol on the growth of MCF7 

human breast cancer cell line induced by oestradiol. " Anticancer Research 12: 799-804. 

Boccuzzi, G., E. Brignardello, M. DiMonaco, V. Gatto, L. Leonardi, A. Pizzini and M. 

Gallo (1994). "Androstenediol inhibits the growth of MCF-7 breast cancer cells when 

oestrogen receptors are blocked by oestradiol. " British Journal of Cancer 70: 1035-1039. 

Boccuzzi, G., M. DiMonaco, E. BrignardeRo, L. Leonardi, V. Gatto, A. Pizzini and M. 

Gallo (1993). "Dehydroepiandrosterone antiestrogenic action through androgen receptor 

in MCF-7 human breast cancer cell line. " Anticancer Research 13: 2267-2272. 

Bonney, R. C., M. J. Scanlon, D. L. Jones, P. A. Beranek, M. J. Reed and V. H. T. James 

(1984). "The interrelationship between plasma 5-ene adrenal androgens in normal 

women. " Journal of Steroid Biochemistry and Molecular Biology 20(6A): 1353-1355. 

Brady, M. E., D. M. Ozanne, L. Gaughan, 1. Waite, S. Cook, D. E. Neal and C. N. 

Robson (1999). "Tip60 is a nuclear hormone receptor coactivator. " The Journal of 

Biological Chemistry 274(25): 17599-17604. 

Brandt-Rauf, P. W. (1995). "The c-erbB transmembrane growth factor receptors as serum 

biomarkers in human cancer studies. " Mutation Research 333: 203-208. 

211 



References 

Breuer, B., J. -C. Luo, I. DeVivo, M. Pincus, A. H. Tatum, J. Daucher, R. Minick, NL 

Osbome, D. Mller, E. Nowack, H. Cody, W. P. Camey and P. W. Brandt-Rauf (1993). 

"Detection of elevated c-erbB-2 oncoprotein in the serum and tissue in breast cancer. " 

Medical Science Research 21: 3 83-3 84. 

Brinkman, A- 0. (1999). "Mechanisms of androgen receptor activation and function. " 

Journal of Steroid Biochemistry and Molecular Biology 69: 307-313. 

Brooks, R. V. (1984). Androgens: physiology and pathology. Biochemistry of Steroid 

Hormones. MakinHIJ, Blackwell Scientific Publications: 565-594. 

Brooks, S. A. and A. J. Leathern (199 1). "Prediction of lymph node involvement in breast 

cancer by detection of altered glycosylation in the primary tumour. " Lancet 338: 71-74. 

Brooks, S. A., M. Lymboura, U. Schumacher and A. I Leathem (1996). "Histochemistry 

to detect Helix pomatia lectin binding in breast cancer: methodology makes a difference. " 

The Journal of Histochemistry and Cytochemistry 44: 519-524. 

Brotherick, I., T. W. J. Lennard, S. Cook, R. Johnstone, B. Angus, M. P. Winthereik and 

B. K. Shenton (1995). "Use of biotinylated antibody DAKO-ER ID5 to measure 

oestrogen receptor on cytokeratin positive cells obtained from primary breast cancer 

cells. " Cytometry 20: 74-85. 

212 



References 

Brotherick, I., T. W. J. Lennard, S. Wilkinson, S. Cook, B. Angus and B. K. Shenton 

(1994). "Flow cytometric method for the measurement of epidermal growth factor 

receptor and comparison with radio-ligand binding assay. " Cytometry 16: 262-269. 

Bryan, R. B., R. J. Mercer, R. C. Bennett, G. C. Rennie, T. H. Lie and F. J. Morgan 

(1984). "Androgen receptors in breast cancer. " Cancer 54: 2436-2440. 

Brys, M. (2000). "Androgens and androgen receptors: do they play a role in breast 

cancer? " Medical Science Monitor 6(2): 433438. 

Bulbrook, R. D. (1986). "Identification of women at high risk of breast cancer. " Breast 

Cancer Research and Treatment 7(Supplement): 5- 10. 

Bunone, G., P. -A. Briand, R. J. Milcsicek and D. Picard (1996). "Activation of the 

unliganded estrogen receptor by EGF involves the MAP kinase pathway and direct 

phosphorylation. " The ENBO Joumal 15: 2174-2183. 

Burger, H. G., E. C. Dudley, I Cui, L. Dennerstein and J. L. Hopper (2000). "A 

prospective longitudinal study of serum testosterone, dehydroepiandrosterone sulfate, and 

sex hormone-binding globulin levels through the menopause transition. " Journal of 

Clinical Endocrinology and Metabolism 85: 2832-2838. 

213 



References 

Bustamam, A. A. (1998). The development and use of a high performance immunoassay 

system and a lectin-ELISA for the c-erbB2 oncoprotein. Clinical Biochemistry. 

Newcastle upon Tyne, Newcastle upon Tyne. 

Cailleau, R., M. Olive and W. J. Reeves (1974). "Breast tumour cell lines from pleural 

effusions. " Journal of National Caner Institute 53: 661-674. 

Carter, N. P. and M. G. Onnerod (2000). Introduction to the principles of flow cytometry. 

Flow Cytometry. OrmerodMG, Oxford University Press: 1-22. 

Carter, P., L. Prests and C. M. Gorman (1992). "Humanisation of an anti-p I 85BER2 

antibody for human cancer therapy. " Proceedings of the National Academy of Science 

USA 89: 4285-4289. 

Cauley, J. A. (1999). "Elevated serum estradiol and testosterone concentrations are 

associated with a high risk for breast cancer. " Annals of Internal Medicine 130: 270-277. 

Cauley, J. A., J. P. Gutai, L. H. Kuller, D. LeDonne and J. G. Powell (1989). "The 

epidemiology of serum sex hormones in postmenopausal women. " American Journal of 

Epidemiology 129: 1120-113 1. 

Chen, J. D. and R. M. Evans (1995). "A transcriptional co-repressor that interacts with 

nuclear honnone receptors. " Nature 377: 454457. 

214 



References 

Chen, L., W. Zhang, N. Fregien and M. Pierce (1998). "The her-2/neu oncogene 

stimulates the transcription of N-acetylglucosaininyltransferase and expression of its cell 

surface oligosaccharide products. " Oncogene 17: 2087-2093. 

Cheung, K. L., C. R. L. Graves and J. F. R. Robertson (2000). "Tumour marker 

measurements in the diagnosis and monitoring of breast cancer. " Cancer Treatment 

Reviews 26: 91-102. 

Cho, H. and B. S. Katzenellenbogen (1993). "Synergistic activation of estrogen receptor- 

mediated transcription by estradiol and protein kinase activators. " Molecular 

Endocrinology 7: 441-452. 

Chrysogelos, S. A., R. 1. Yarden, A. H. Lauber and J. M. Murphy (1994). "Mechanisms 

of EGF receptor regulation in breast cancer. " Breast Cancer Research and Treatment 3 1: 

227-236. 

Clark, G. M. and W. L. McGuire (199 1). "Follow-up study of ]HER-2/neu amplification 

in primary breast cancer. " Cancer Research 51: 944-948. 

Cobleigh, M. A., C. L. Vogel, D. Tripathy, N. J. Robert, S. Scholl, L. Fehrenbacher, V. 

Paton, S. Shak, G. Lieberman and D. J. Slamon (1998). "Efficacy and safety of Herceptin 

(humanized anti-HER2 antibody) as a single agent in 222 women with HER2 

215 



References 

overexpression who relapsed following chemotherapy for metastatic breast cancer. " 

Proceedings of the American Society of Clinical Oncology 17: 376. 

Cook, D. B., A. A. Bustamam, I. Brotherick, B. K. Shenton and C. H. Self (1999). 

"Lectin ELISA for the cerbB2 tumor marker protein pl 85 in patients with breast cancer 

and controls. " Clinical Chemistry 45(2): 292-295. 

Coulam, C. B. (1983). "Chronic anovulation may increase postmenopusal breast cancer 

risk. " JAMA 249: 445446. 

Coussens, L., T. L. Yang-Feng, Y. -C. Liao, E. Chen, A. Gray, J. McGrath, P. H. Seeburg, 

T. A. Libermann, J. Schlessinger, U. Francke, A. Levinson and A. Ullrich (1985). 

"Tyrosine kinase receptor with extensive homology to EGF receptor shares chromosomal 

location with neu oncogene. " Science 230: 1132-1139. 

Culig, Z. (1994). "Androgen receptor activation in prostatic tumor cell lines by insulin- 

like growth factor-I, keratinocyte growth factor and epidermal growth factor. " Cancer 

Research 54: 5474-5478. 

Cummings, R. D. (1994). "Use of lectins in analysis of glycoconjugates. " Methods in 

Enzymology 230: 66-86. 

Curfis, S. W., T. Washburn, C. Seawall, R. diAugustine, J. Lindzey, J. F. Couse and K. S. 

Korach (1996). "Physiological coupling of growth factor and steroid receptor signaling 

216 



References 

pathways: estrogen receptor knockout mice lack estrogen-like response to epidermal 

growth factor. " Proceedings of the National Academy of Science USA 93: 12626-12630. 

Dai, J. L. and K. L. Bumstein (1996). "Two androgen response elements in the androgen 

receptor coding region are required for cell-specific up-regulation of receptor messenger 

RNA. " Molecular Endocrinology 10: 1582-1594. 

Debray, H., D. Decout, G. Strecker, G. Spik and J. Montreuil (19 8 1). "Specfficity of 

twelve lectins towards oligosaccharides and glycopeptides related to N-glycosylproteins. " 

European Journal of Biochemistry 117: 41-55. 

Demetriou, M., R. NabiI, M. Coppolino, S. Dedhar and J. W. Dennis (1995). "Reduced 

contact inhibition and substratum adhesion in epithelial cells expressing GLcNAc- 

Transferase V. " The Joumal of Cell Biology 130: 383-392. 

Dennis, J. W., M. Granovsky and C. E. Warren (1999). "Glycoprotein glycosylation and 

cancer progression. " Biochimica et Biophysica Acta 1473: 21-34. 

DePergola, G., V. A. Giagulli, G. Garruti, M. R. Cospite, F. Giorgino, M. Cignarelli and 

R. Giorgino (199 1). "Low dehydroepiandrosterone circulating levels in premenopausal 

women with very high body mass index. " Metabolism 40(2): 187-190. 

217 



References 

Detrie, S., G. Saclani-Jotti and M. Dowsett. (1995). "A "quickscore" method for the 

semiquantitation: validation for oestrogen receptor in breast carcinomas. " Journal of 

Clinical Pathology 48(9): 876-878. 

DeWaard, F. (1969). "The epidemiology of breast cancer: review and prospects. " 

International Journal of Cancer 4: 577-586. 

Dickson, R. B. and M. E. LiPPman (1987). "Estrogenic regulation of growth and 

polypeptide growth factor secretion in human breast carcinoma. " Endocrine Reviews 

8(l): 29-43. 

Dittardi, R., P. M. Donisi, A. Brazalle and M. Gion (1993). "Epidermal growth factor 

receptor in breast cancer. Comparison with non-malignant breast tissue. " British Journal 

of Cancer 67: 7-9. 

Dorgan, J. F. (1997). "Relationship of serum dehydroepiandrosterone (DHEA), DHEA 

sulfate, and 5-androstene-3 beta, 17 beta-diol to risk of breast cancer in postmenopausal 

women. " Cancer Epidemiology Biomarkers & Prevention 6(3): 177-181. 

Dorgan, J. F., P. Boudou, F. Z. Stanczyk, C. Longcope, A. A. Tejpar, R. T. Falk, N. 

Schussler and H. E. Stephenson (200 1). "Sources of elevated serum androgens in 

postmenopausal women who develop breast cancer. " Cancer, Epidemiology, Biomarkers 

and Prevention 10: 407-4 10. 

218 



References 

Dougall, W. C., X. Qian, N. C. Peterson, M. J. Mller, A. Samanta and M. I. Greene 

(1994). 'Me neu-oncogene: signal transduction pathways, transformation mechanisms 

and evolving therapies. " Oncogene 9: 2109-2123. 

Downward, J., Y. Yarden, E. Mayes, G. Scrace, N. Totty, P. Stockwell, A. Ullrich, J. 

Schlessinger and M. D. Waterfield (1984). "Close similarity of epidermal growth factor 

receptor and v-erb-B oncogene protein sequences. " Nature 307: 521-527. 

Drickmner, K. and M. E. Taylor (1998). "Evolving views of protein glycosylation. " 

Trends in Biochemical Science 23(9): 321-324. 

Durand, G. and N. Seta (2000). "Protein glycosylation and diseases: blood and urinary 

oligosaccharides as markers for diagnosis and therapeutic monitoring. " Clinical 

Chemistry 46: 795-805. 

Dwek, R. A., C. J. Edge, D. J. Harvey, M. R. Wormald and R. B. Paerkh (1993). 

"Analysis of glycoprotein-associated oligosaccharides. " Annual Review of Biochemistry 

62: 65-100. 

Elwood, J. M. and W. Godolphin (1980). "Oestrogen receptor in breast tumours: 

associations with age, menopausal status and epidemiological and clinical features in 735 

patients. " British Journal of Cancer 42: 635-644. 

219 



References 

Evans, R. M. and S. M. Hollenberg (1988). "Zinc fingers: gilt by association. " Cell 52: 1- 

3. 

Fenlon, S., 1.0. Ellis, J. Bell, J. H. Todd, C. W. Elston and R. W. Blamey (1987). "Helix 

pornatia and Ulex europeus lectin binding in human breast carcinoma. " Journal of 

Pathology 152: 169-176. 

Fernandes, B., U. Sagman, M. Auger, M. Demetrio and J. W. Dennis (199 1). "Beta 1 -6 

branched oligosaccharides as a marker of tumor progression in human breast and colon 

neoplasia. " Cancer Research 51: 718-723. 

Ferrero, M., V. LeDousall, A. Desplaces and J. Rouesse (1990). "Flow cytometric 

analyses of DNA content and keratins by using CK7, CK8, CK18, CK19 and KLI 

monoclonal antibodies in benign and malignant tumors. " Cytometry 11: 716-724. 

Field, A. E., A. C. Graham, W. C. Willett, C. Longcope and I B. McKinlay (1994). "The 

relation of smoking, age, relative weight, and dietary intake to serum adrenal steroids, sex 

hormones and sex hormone-binding globulin in middle-aged men. " Journal of Clinical 

Endocrinology and Metabolism: 1310-1316. 

Fisher, E. R., A. Paleker, H. Rockette, C. Redmond and B. Fisher (1978). "Pathological 

findings from the national surgical adjuvant breast project v. significance of axillary 

nodal micro- and macrometastases. " Cancer 42: 2032-2038. 

220 



References 

Franklin, W. A. (1983). "Tissue binding characteristics of lectins in disorders of the 

breast. " Cancer 51: 295-300. 

Fukuda, M. (1996). "Possible roles of tumor-associated carbohydrate antigens. " Cancer 

Research 56: 2237-2244. 

Furlanetto, R. W. and J. N. DiCarlo (1984). "Somatomedin-C receptors and growth 

effects in human breast cells maintained in long-term tissue culture. " Cancer Research 

44: 2122-2128. 

Gallagher, J. T. (1984). "Carbohydrate binding properties of lectins: a possible approach 

to lectin nomenclature and classification. " Bioscience Reports 4: 621-632. 

Garde, A. H., A. M. Hansen, L. T. Skovgaard and J. M. Christensen (2000). "Seasonal 

and biological variation of blood concentrations of total cholesterol, 

dehydroepiandrosterone sulfate, hemoglobin Alc, IgA, prolactin, and free testosterone in 

healthy women. " Clinical Chemistry 46: 551-559. 

Girdler, F. (2002). The effect of endocrine therapeutic agents on breast cancer cells. 

Surgery. Newcastle upon Tyne, University of Newcastle upon Tyne. 

221 



References 

Girdler, F., D. A. Browell, W. J. Cunliffe, B. K. Shenton, J. D. Hemming, P. Scorer, J. R. 

Young and I. Brotherick (2001). "Use of monoclonal antibody DAKO ER-beta (8D5-1) 

to measure oestrogen receptor beta in breast cancer cells. " Cytometry 45: 65-72. 

Glass, A. R., K. D. Burman, W. T. Dahms and T. M. Boehm (198 1). "Endocrine function 

in human obesity. " Metabolism 30(l): 89-104. 

Glass, C. K., D. W. Rose and M. G. Rosenfeld (1997). "Nuclear receptor coactivators. " 

Current Opinion in Cell Biology 9: 222-232. 

Gordan, G. B. (1990). "Relationship of serum levels of dehydroepiandrosterone and 

dehydroepiandrosterone sulfate to the risk of developing postmenopausal breast cancer. " 

Cancer Research 50: 3859-3862. 

Graf, T. and H. Beug (1978). "Avian Erythroblastosis viruses: interactions with their 

target cells in vitro and in vivo. " Biochimica et Biophysica Acta 516: 269-299. 

Grana, X. and E. P. Reddy (1995). "Cell cycle control in mammalian cells: role of 

cyclins, cyclin dependent kinases (CDKs), growth suppressor genes and cyclin-dependent 

kinase inhibitors. " Oncogene 11: 211-219. 

Guterson, B. A. and R. D. Gelber (1992). "Prognostic significance of c-erbB-2 expression 

in breast cancer. " Journal of Clinical Oncology 10: 1049-1052. 

222 



References 

Hackenberg, R. (1993). "Estrogen and androgen receptor mediated stimulation and 

inhibition of proliferation by androstene-3,17-diol in human mammary cancer cells. " 

Journal of Steroid Biochemistry and Molecular Biology 46(5): 597-603. 

Hackenberg, R., T. Hawighorst, A. Filmer, E. P. Slater, K. Bock, M. Beato and K. -D. 

Schulz (1992). "Regulation of androgen receptor mRNA and protein level by steroid 

hormones in human mammary cancer cells. " Journal of Steroid Biochemistry and 

Molecular Biology 43(7): 599-607. 

Hackenberg, R., J. Hofmann, F. Lolzel and K. -D. Schulz (1988). "Stimulatory effects of 

androgen and antiandrogen on the in vitro proliferation of human mammary carcinoma 

cells. " Journal of Cancer Research and Clinical Oncology 114: 5 93-60 1. 

Hackenberg, R., S. Luttchens, J. Hofmann, R. Kunzmann, F. Holzel and K. -S. Schulz 

(199 1). "Androgen Sensitivity of the new human breast cancer cell line MFM-223. " 

Cancer Research 51: 5722-5727. 

Hakomori, S. (1989). "Aberrant glycosylation in tumours and tumour-associated 

carbohydrate antigens. " Cancer Research 52: 257-33 1. 

Hakomori, S. (1996). "Tumor malignancy defined by aberrant glycosylation and 

sphingo(glyco)lipid metabolism. " Cancer Research 56: 5309-5318. 

223 



References 

Hall, R. E., S. N. Birrell, W. D. Tilley and R. L. Sutherland (1994). "MDA-MB453 an 

androgen-responsive human breast carcinoma cell line with high level androgen receptor 

expression. " European Journal of Cancer 30A(4): 484490. 

Harris, L., D. Luftner, W. Jager and J. F. R. Robertson (1999). "c-erbB-2 in serum of 

patients with breast cancer. " International Journal of Biological Markers 14(l): 8-15. 

Hawkins, R. A., M. M. Roberts and A. P. M. Forrest (1980). "Oestrogen receptors and 

breast cancer. " British Journal of Surgery 67: 153-169. 

HeWsouer, K. J. (1992). "Relationship of prediagnostic serum levels of 

dehydroepiandrosterone and dehydroepiandrosterone sulfate to the risk of developing 

premenopausal breast cancer. " Cancer Research 52: 1-4. 

Hill, P. (19 85). "Plasma Testosterone and Breast Cancer. " European Journal of Cancer 

and Clinical Oncology 21(10): 1265-1266. 

Horoszewicz, J. S., E. Kawinski, I P. Karr, H. Rosenthal, T. M. Chu, E. A. Mirand and 

G. P. Murphy (1983). "LNCap model of human prostatic carcinoma. " Cancer Research 

43: 1809-1818. 

Horwitz, K. B., M. E. Costlow and W. L. McGuire (1975). "A human breast cancer cell 

line with estrogen, androgen, progesterone and glucocorticoid receptors. " Seroids 26: 

785-795. 

224 



References 

Horwitz, K. B., D. T. Zava, A. K. Thilager, E. M. Jenson and W. L. McGuire (1978). 

"Steroid receptor analyses of nine breast cancer cell lines. " Cancer Research 38: 2434- 

2437. 

Hudziak, R. M., G. Lewis and M. Winger (1989). "pI 85HER2 monoclonal antibody has 

antiproliferative effects in vitro and sensitizes human breast tumor cells to tumor necrosis 

factor. " Molecular and Cell Biology 9: 1165-1172. 

Hung, M. -C. and Y. -K. Lau (1999). "Basic Science of HER-2/neu: a review. " Seminars 

in Oncology 26(12): 51-59. 

Hunter, T. and J. Pines (1994). "Cyclins and cancer II: cyclin D and CDK inhibitors come 

of age. " Cell 76: 573-582. 

Ignar-Trowbridge, D. M., K. G. Nelson, M. C. Bidwell, S. W. Curtis, T. F. Washburn, J. 

A. McLachlan and K. S. Korach (1992). "Coupling of dual signaling pathways: 

epidermal growth factor action involves the estrogen receptor. " Proceedings of the 

National Academy of Science USA 89: 46584662. 

Ignar-Trowbridge, D. M., M. Pimental, M. G. Parker, J. A. McLachlan and K. S. Korach 

(1996). "Peptide growth factor cross-talk with the estrogen receptor requires the A/B 

225 



References 

domain and occurs independently of protein kinase C or estradiol. " Endocrinology 137: 

1735-1744. 

Ignar-Trowbridge, D. M., C. T. Teng, K. A. Ross, M. G. Parker, K. S. Korach and J. A. 

McLachlan (1993). "Peptide growth factors elicit estrogen receptor-dependent 

transcriptional activation of an estrogen-responsive element. " Molecular Endocrinology 

7: 992-998. 

Isola, J. J. (1993). "Immunohistochemical demonstration of androgen receptor in breast 

cancer and its relationship to other prognostic factors. " Journal of Pathology 170: 31-35. 

Isola, J. J., K. Holli, H. Oksa, Y. Teramoto and O. -P. Kallioniemi (1994). "Elevated 

erbB-2 oncoprotein levels in preoperative and follow-up serum samples define an 

aggressive disease course in patients with breast cancer. " Cancer 73: 652-658. 

Itzkowitz, S. H., M. Yuan, Y. Fukushi, A. Palekar, P. C. Phelps, A. M. Shamsuddin, B. F. 

Trump, S. Hakomori and Y. S. Kim (1986). "LewisX and sialylated lewisX-related 

antigen expression in human malignant and nonmalignant colonic tissues. " Cancer 

Research 46: 2627-2632. 

James, V. H. T. (1984). Physiology and pathology of the pituitary-adrenal axis. 

Biochemistry of Steroid Hormones. H. L. I Makin, Blackwell Scientific Publications: 

539-564. 

226 



References 

Jenster, G., J. A. G. M. van der Korput J. Trapman and A. 0. Brinkman (1995). 

"Identification of two transcription activation units in the N-terminal domain of the 

human androgen receptor. " Journal of Biological Chemistry 270: 7341-7346. 

Jenster, G., J. A. G. M. van der Korput, C. van Vroonhoven, T. H. van der Kwast, I 

Trapman and A. 0. Brinkman (199 1). "Domains of the human androgen receptor 

involced in steroid binding, transcriptional activation and subcellular localization. " 

Molecular Endocrinoogy 5: 1396-1404. 

Jones, D. L. and V. H. T. James (1987). "Determination of dehydroepiandrosterone and 

dehydroepiandrosterone sulphate in blood and tissue studies of normal women and 

women with breast cancer. " Journal of Steroid Biochemistry and Molecular Biology 

26(l): 151-159. 

Kamei, Y., L. Xu, T. Heinzel, J. Torchia, R. Kurokawa, B. Gloss, S. -C. Lin, R. Heyman, 

D. Rose, C. Glass and M. Rosenfeld (1996). "A CBP integrator complex mediates 

transcriptional activation and AP-1 inhibition by nuclear receptors. " Cell 85: 1-12. 

Kato, S., H. Endoh, Y. Masohiru, T. Kitamoto, S. Uchiyama, H. Sasaki, S. Masushige, Y. 

Gotoh, E. Nishida, H. Kawashima, D. Metzger and P. Chambon (1995). "Activation of 

the estrogen receptor through phosphorylation by mitogen-activated protein kinase. " 

Science 270: 1491-1494. 

227 



References 

Katzenellenbogen, B. S. and M. J. Norman (1990). "Multihormonal regulation of the 

progesterone receptor in MCF7 human breast cancer cells: interrelationships among 

insulin/ insulin-like growth factor- 1, serum and oestrogen. " Endocrinology: 891-898. 

Key, T. J. A., M. C. Pike, J. A. Baron, J. W. Moore, D. Y. Wang, B. S. Thomas and R. D. 

Bulbrook (199 1). "Cigarette smoking and steroid hormones in women. " Journal of 

Steroid Biochemistry and Molecular Biology 39(4A): 529-534. 

Keydarl, C., S. Karby, F. R. Weiss, J. Debrea, M. Radu, S. Chaitcik and H. J. Brenner 

(1979). "Establishment and chararcterisation of a cell line of human breast cancer origin. " 

European Journal of Cancer 15: 659-670. 

Khaw, K. -T. and E. Barrett-Connor (1988). "Cigarette smoking and levels of adrenal 

androgens in postmenopausal women. " The New England Journal of Medicine 318(26): 

1705-1709. 

Kim, Y. J. and A. Varki (1997). "Perspectives on the significance of altered glycosylation 

of glycoproteins in cancer. " Glycoconjugate Journal 14: 569-576. 

Kim, Y. S., J. Gum and I. Brockhausen (1996). "Mucin glycoproteins in neoplasia. " 

Glycoconjugate Joumal 13: 693-707. 

228 



References 

King, C. R., M. H. Kraus and S. A. Aaronson (1985). "Amplification of a novel v-erbB- 

related gene in a human mammary carcinoma. " Science 229: 974-976. 

Kirschner, M. A., G. Schneider, N. H. Ertel and E. Worton (19 82). "Obesity, Androgens, 

Estrogens, and Cancer Risk. " Cancer Research 42 (suppl): 3281 s-3285s. 

onniksen, I., P. D. Rye and 0. Fodstad (1994). "He ix pomatia agg u in in ing in 

human tumour cell lines: correlation with pulmonary metastases in nude mice. " British 

Journal of Cancer 69: 1021-1024. 

Kobata, A. (1998). "A retrospective and prospective view of glycopathology. " 

Glycoconjugate Joumal 15: 323-331. 

Kraemer, R. R., T. Gimpel, G. R. Kraemer, L. G. Johnson and V. D. Castrane (2001). 

"Effect of estrogen on serum DHEA in younger and older women and the relationship of 

DBEA to adiposity and gender. " Metabolism 5 0: 488-493. 

Krongrad, A., C. M. Wilson, J. D. Wilson, D. R. Allman and M. J. McPhaul (199 1). 

"Androgen increases androgen receptor protein while decreasing receptor mRNA in 

LNCaP cells. " Molecular and Cellular Endocrinology 76: 79-88. 

Kuenen-Boumeester, V., T. H. Van der Kwast, C. C. Claasen, M. P. Look, G. S. Liem, G. 

S. Khjn and S. C. Henzen-Logmans (1996). "The clinical significance of androgen 

229 



References 

receptors in breast cancer and their relation to histological and cell biological 

parameters. " European Journal of Cancer 32A: 1560-1565. 

Kuenen-Boumeester, V., T. H. Van der Kwast, W. L. J. van Putten, C. Claasen, B. van 

Ooijen and S. C. Henzen-Logmans (1992). "Immunohistochemical determination of 

androgen receptors in relation to oestrogen and progesterone receptors in female breast 

cancer. " International Journal of Cancer 52: 581-584. 

Kumar, V., S. Green, G. Stack, M. Berry, J. R. Jin and P. Chambon (1987). "Functional 

domains of the human oestrogen receptor. " Cell 51: 941-95 1. 

Labrie, F. (199 1). "Intracrinology. " Molecular and Cellular Endocrinology 78: C 113 -118. 

Labrie, F., A. Belanger, L. Cusan, J. -L. Gomez and B. Candas (1997). "Marked decline in 

serum concentrations of adrenal C 19 sex steroid precursors and conjugated androgen 

metabolites during aging. " Journal of Clinical Endocrinology and Metabolism 82: 2396- 

2402. 

Langer, M., E. Kubista, M. Schemper and J. Spona (1990). "Androgen receptors, serum 

androgen levels and survival of breast cancer patients. " Archives of Gynaecology and 

Obstetrics 247: 203-209. 

Langton, B. C., M. C. Crenshaw, L. A. Chao, S. G. Stuart, R. W. Akita and J. E. Jackson 

(199 1). "An antigen immunologically related to the external domain of gp 185 is shed 

230 



References 

from nude mouse tumors overexpressing the c-erbB-2 (HER-2/neu) oncogene. " Cancer 

Research: 2593-2598. 

Larson, I K. (2000). Measurement of cytoplasmic and nuclear antigens. Flow Cytometry. 

M. G. Ormerod, Oxford University Press: 133-158. 

Latchman, D. S. (1997). "Tratiscription Factors: an overview. " International Journal of 

Biochemistry and Cell Biology 29(12): 1305-1312. 

Lavinsky, R. M., K. Jepsen, T. Heinzel, I Torchia, T. M. Mullen, R. Schiff, A. L. 

DelRio, M. Ricote, S. Ngo and I Gemsch (1998). "diverse signaling pathways modulate 

nuclear receptor recriutment of N-CoR and SMRT complexes. " Proceedings of the 

National Academy of Science USA 95: 2920-2925. 

Lea, 0. A., S. Kvinnsland and T. Thorsen (1989). "Improved measurement of androgen 

receptors in human breast cancer. " Cancer Research 49: 7162-7167. 

LeBail, J. C., K. Allen, J. C. Nicolas and G. Habrioux (1998). "Dehydroepiandrosterone 

sulfate estrogenic action at its physiological plasma concentrations in human breast 

cancer cell lines. " Anticancer Research 18: 1683-1688. 

LeBail, J. C., F. Marre-Fournier, J. C. Nicolas and G. Habrioux (1998). "C19 steroids 

estrogenic activity in human breast cancer cell lines: importance of 

231 



References 

dehydroepiandrosterone sulfate at physiological plasma concentration. " Steroids 63: 678- 

683. 

Lee, A. V. (1997). "Activation of estrogen receptor-mediated gene transcription by IGF- I 

in human breast cancer cells. " Journal of Endocrinology 152: 3947. 

Lee, A. V., S. G. Hilsenbeck and D. Yee (1998). "IGF system as prognostic markers in 

breast cancer. " Breast Cancer Research and Treatment 47: 295-302. 

Lee, A. V., J. G. Jackson, J. L. Gooch, S. G. Hilsenbeck, E. Coronado-Heinsohn, C. K. 

Osbome and D. Yee (1999). "Enhancement of insulin-like growth factor signaling in 

human breast cancer: estrogen regulation of insulin receptor substrate- I expression in 

vitro and in vivo. " Molecular endocrinology 13: 787-796. 

Lee, S. H., S. 0. Kim, S. W. Kwon and B. C. Chung (1999). "Androgen imbalance in 

premenopausal women with benign breast disease and breast cancer. " Clinical 

Biocemistry 32(5): 375-380. 

Leitzel, K., Y. Teramoto, E. Sampson, I Mauceri, B. C. Langton, L. Demers, E. 

Podczaski, H. Harvey, S. Shambaugh, G. Volas, S. Weaver and A. Lipton (1992). 

"Elevated soluble c-erbB-2 antigen levels in the serum and effusions of a proportion of 

breast cancer patients. " Journal of Clinical Oncology 10(9): 1436-1443. 

232 



References 

Lemon, B. D. and L. P. Freedman (1999). "Nuclear receptor cofactors as chromatin 

remodelers. " Current Opinion in Genet Dev 9: 499-504. 

Lesko, S. M., D. W. Kaufman, S. P. Helmrich, D. R. Mller, B. Strom, D. Schottenfeld, 

N. B. Rosenshein, J. Lewis and S. Shapiro (1985). "Cigarefte smoking and the risk of 

endometrial cancer. " The NeW England Journal of Medicine 313(10): 593-596. 

Lippman, M. (1976). "The effects of androgens and anti-androgens on hormone- 

responsive human breast cancer in long-term tissue culture. " Cancer Research 3 6: 4610- 

4618. 

Lis, H. and N. Sharon (1986). "Lectins as molecules and as tools. " Annual Review of 

Biochemistry 55: 35-67. 

Loken, M. R., C. L. Green and D. A. Wells (2000). Immunofluorescence of surface 

markers. Flow Cytometry. OrmerodMG, Oxford University Press: 61-82. 

Longcope, C. (1978). "Aromatization of androgens by muscle and adipose tissue. " 

Journal of Clinical Endocrinology and Metabolism 46: 146-152. 

Longcope, C. (1986). "Adrenal and gonadal androgen secretion in normal females. " 

Clinics in Endocrinology and Metabolism 15: 213-228. 

233 



References 

Longcope, C. and C. C. Johnston (1988). "Androgen and estrogen dynamics in pre-and 

postmenopausal women: a comparison between smokers and non-smokers. " Journal of 

Clinical Endocrinology and Metabolism 67: 379-383. 

Lu, S., S. Y. Tsai and M. -J. Tsai (1997). "Regulation of androgen-dependent prostatic 

cancer cell growth: androgen regulation of CDK2, CDK4, and CKI p 16 Genes. " Cancer 

Research 57: 4511-4517. 

Lu, Y., J. C. Pelling and W. G. Chaney (1994). "Tumor cell surface beta 1 -6 branched 

oligosaccharides and lung metastasis. " Clinical Experimental Metastasis 12: 47-54. 

Maclndoe, J. H. (198 1). "An antiestrgenic action of androgens in human breast cancer 

cells. " Journal of Clinical Endocrinology and Metabolism 53(4): 836-842. 

Macri, E. and M. Loda (1999). "Role of p27 in prostate carcinogenesis. " Cancer and 

Metastases Reviews 17: 337-344. 

Madiyalakan, R., M. Kuzma, A. A. Noujaim and M. R. Suresh (1996). "An antibody- 

lectin sandwich assay for the determination of CA- 125 antigen in ovarian cancer 

patients. " Glycoconjugate Journal 13: 513-517. 

234 



References 

Mady, E. A., E. E. Ramadan and A. A. Ossman (2000). "Sex steroid hormones in serum 

and tissue of benign and malignant breast tumor patients. " Disease Markers 16(34): 15 1- 

157. 

Maggiolini, M., 0. Donze, E. Jeannin, S. Ando and D. Picard (1999). "Adrenal androgens 

stimulate the proliferation of breast cancer cells as direct activators of estrogen receptor 

alpha. " Cancer Research 59: 48644869. 

Malarkey, W. B. (1977). "Twenty-four-Hour Preoperative Endocrine Profiles in Women 

with Benign and Malignant Breast Disease. " Cancer Research 37: 4655-4659. 

Mannori, G., P. Crottet, K. Cecconi, A. Hanasaki, A. Aruffo, R. M. Nelson, A. Varki and 

M. P. Bevilacqua (1995). "Differential coloncancer cell adhesion to E-, P-, and L- 

selectin: role of mucin-type glycoproteins. " Cancer Research 55: 4425-443 1. 

Martin, M. B., M. Saceda, P. Garcia-Morales and M. M. Gottardis (1994). "Regulation of 

estrogen receptor expression. " Breast Cancer Research and Treatment 31: 183-189. 

McCarty, K. S., J. S. Silva, E. B. Cox, G. S. Leight, S. A. Wells and K. S. McCarty 

983). "Relationship of age and menopausal status to oestrogen receptor content in 

primary carcinoma of the breast. " Annals of Surgery 197: 123-127. 

235 



References 

McCoy, I. P. (1987). "The application of lectins to the characterisation and isolation of 

mammalian populations. " Cancer and Metastasis Reviews 6: 595-613. 

McFayden, 1. J. (1976). "Circulating Hormone Concentrations in Women with Breast 

Cancer. " The Lancet. 

McKenzie, S. J. (199 1). "Diagnostic utility of oncogenes and their products in human 

cancer. " Biochimica et Biophysica Acta 1072: 193-214. 

Meyer, M., H. Gronemeyer, B. Turcotte, M. Bocquel, D. Tasset and P. Chambon (1989). 

"Steroid hormone receptors compete for factors that mediate their enhancer function. " 

Cell 57: 433-442. 

Miller, W. R., J. Telford, J. M. Dixon and R. A. Hawkins (1985). "Androgen receptor 

activity in human breast cancer and its relationship with oestrogen and progesterone 

receptor activity. " European Journal of Cancer and Clinical Oncology 21: 539-542. 

Mitchell, B. S., S. A. Brooks, A. J. C. Leathem and U. Schumacher (1998). "Do BPA and 

PHA-L have the same binding pattern in metastasizing human breast and colon cancers. " 

Cancer Letters 123: 113-119. 

Mitchell, B. S. and U. Schumacher (1999). "The use of the lectin Helix pomatia 

agglutinin (HPA) as a prognostic indicator and as a tool in cancer research. " Histology 

and Histopathology 14: 217-226. 

236 



References 

Morris, K. T., S. Toth-Fejel, J. Schmidt, W. S. Fletcher and R. F. Pommier (2001). "High 

dehydroepiandrosterone-sulfate predicts breast cancer progression during new aromatase 

inhibitor therapy and stimulates breast cancer growth in tissue culture: a renewed role for 

adrenelectomy. " Surgery 130: 947-953. 

Moule, S. K., M. Peak, S. Thompson and G. A. Turner (1987). "Studies of the sialylation 

and microheterogeneity of human serum alphal-acid glycoprotein, in health and disease. " 

Clinica Chimica Acta 166: 177-185. 

Murray, R. K. (1993). Glycoproteins and Proteoglycans. Harper's Biochemistry. G. 

Murray, Mayes, Rodwell, Appleton and Lange: 591-608. 

Myers, M., X. J. Sun and M. White (1994). "T'he IRS-1 signaling system. " TIBS 19: 289- 

293. 

Nagai, R., M. Kataoke, S. Kobayashi, K. Ishikara, N. Tobioka, K. Nakashima, M. 

Naruse, K. Saito and S. Sakuma (1979). 'Tstrogen and progesterone receptors in human 

breast cancer with concomitant assay of plasma betal7-estradiol, progesterone and 

prolactin levels. " Cancer Research 39: 1835-1840. 

237 



References 

Nagata, A., M. Mura and T. Komoda (199 1). "Sandwich assay for carcinoembryonic 

antigen with immobilized lectins and a monoclonal antibody. " Tumour Biology 12: 35- 

44. 

Nazareth, L. V. and N. L. Weigel (1996). "Activation of the human androgen receptor 

through a protein kinase A signaling pathway. " The Journal of Biological Chemistry 27 1: 

19900-19907. 

Nicholson, R. I., R. A. McClelland, J. F. R. Robertson and J. M. W. Gee (1999). 

"Involvement of steroid hormone and growth factor cross-talk in endocrine response to 

breast cancer. " Endocrine-Related Cancer 6: 373-387. 

Nicholson, S., J. R. C. Sainsbury, P. Halcrow, P. Chambers, J. R. Famdon and A. L. 

Harris (1989). "Expression of epidermal growth factor receptors associated with lack of 

response to endocrine therapy in recurrent breast cancer. " The Lancet: 182-185. 

Nicolau, G. Y., D. Lakatua, L. Sackett-Lundeen and E. Haus (19 84). "Circadian and 

circannual rhythms of hormonal variables in elderly men and women. " Chronobiology 

Intemational 1(4): 301-319. 

Norman, A. W. and G. Litwack (1997). Steroid Hormones: Chemistry, Biosynthesis and 

Metabolism. Hormones, Academic Press: 49-85. 

238 



References 

Okret, S., L. Poellinger, Y. Dong and J. -A. Gustafsson (1986). "Down-regulation of 

glucocorticoid receptor mRNA by glucocorticoid hormones and recognition by the 

receptor of a specific binding sequence within a receptor cDNA clone. " Proceedings of 

the National Academy of Science 83: 5899-5903. 

Onate, S. A., S. Y. Tsai, M. -J. Tsai and B. W. OMalley (1995). "Sequence and 

characterisation of a coactivator for the steroid hormone receptor superfamily. " Science 

270: 1354-1357. 

Orentreich, N., R. L. Rizer and J. H. Vogelman (1984). "Age changes and sex differences 

in serum dehydroepiandrosterone sulfate concentrations throughout adulthood. " Journal 

of Clinical Endocrinology and Metabolism 59: 551-555. 

Ormerod, M. G. (2000). Analysis of DNA general methods. Flow Cytometry. 

OrmerodMG, Oxford University Press: 83-98. 

Ormerod, M. G. (2000). Fluorescence and Fluorochromes. Flow Cytometry. 

OnnerodMG, Oxford University Press: 23-34. 

Paik, S., R. Hazan, E. R. Fisher, R. E. Sass, B. Fisher, C. Redmond, J. Sclessinger, M. E. 

Lippman and C. R. King (1990). 'Tathological findings from thr national surgical 

adjuvant breast project: prognostic significance of erbB-2 protein overexpression in 

primary breast cancer. " Journal of Clinical Oncology 8: 102-112. 

239 



References 

Park, J. J., R. A. Irvine, G. Buchanan, S. S. Koh, J. M. Park, W. D. Tilley, M. R. Stallcup, 

M. F. Press and G. A. Coetzee (2000). "Breast cancer susceptibility gene I (BRCAI) is a 

coactivator of the androgen receptor. " Cancer Research 60: 5946-5949. 

Parker, C. R., S. M. Slayden, R. Azziz, S. L. Crabbe, G. A. Hines, L. R. Boots and S. Bae 

(2000). "Effects of aging on adrenal function in the human: responsiveness and 

sensitivity of adrenal androgens and cortisol to adrenocorticotropin in premenopausal and 

postmenopausal women. " Journal of Clinical Endocrinology and Metabolism 85: 48-54. 

Parker, L. N. and W. D. Odell (1980). "Control of adrenal androgen secretion. " 

Endocrine Reviews 1(4): 3924 10. 

Parker, M. G. (1993). "Steroid and related receptors. " Current Opinion in Cell Biology 5: 

499-504. 

Parker, N., C. A. Makin, C. K. Ching, D. Eccleston, 0. M. Taylor, J. D. Milton and I M. 

Rhodes (1992). "Anew enzyme-linked lectin/mucin antibody sandwich assay (CAM 

17.1/WGA) assessed in combination with CA19-9 and peanut lectin binding assay for the 

diagnosis of pancreatic cancer. " Cancer 70: 1062-1068. 

Parlati, E., 1. Liberale, P. Morelli, P. Serva, A. Travaglini, A. Piccione, E. Menini and S. 

Dell'Acqua (1992). "Dehydroepiandrosterone sulphate plasma levels in normal women 

240 



References 

and patients with benign breast disease. " Journal of Endocrinological Investigation 15(2): 

99-102. 

Pegram, M. D., G. Pauletti and D. J. Slamon (1998). "]HER-2/neu as a predictive marker 

of response to breast cancer therapy. " Breast Cancer Research and Treatment 52: 65-77. 

Pekelharing, J. M., P. Vissers, H. A. Peters and B. Leijnse (19 87). "Lectin-enzyme 

immunoassay of transferrin sialovariants using immobilized antitransferrin and enzyme- 

labelled galactose-binding lectin from Ricin communis. " Analytical Biochemistry 165: 

320-326. 

Pekonen, F. (1988). "Receptors for epidermal growth factor and insulin-like growth 

factor I and their relation to steroid receptors in human breast cancer. " Cancer Research 

48: 1343-1347. 

Pelicci, G., L. Lanfracone, F. Grignani, J. McG1ade, 1. F. Cavaoo, G. Forni, 1. Nicoletti, F. 

Grignani, T. Pawson and P. G. Pelicci (1992). "A novel transforming protein (SHC) with 

an SH2 domain is implicated in mitogenic signal Umsduction. " Cell 70: 93-104. 

Peyrat, J. -P. and J. Bonneterre (1992). "Type I IGF receptor in human breast disease. " 

Breast Cancer Research and Treatment 22: 59-67. 

241 



References 

Peyrat, J. -P., J. Bonneterre, R. Beuscarý J. Djiane and A. Dernaille (1988). "Insulin-like 

growth factor I receptors in human breast cancer and their relation to estradiol and 

progesterone receptors. " Cancer Research 48: 6429-6433. 

Phillips, G. B. (1996). "Relationship between senun dehydroepiandrosterone sulfate, 

androstenedione and sex hormones in men and women. " European Journal of 

Endocrinology 134: 201-206. 

Picard, D. and K. R. Yamamoto (1987). "Two signals mediate hormone-dependent 

nuclear localization of the glucocorticoid receptor. " EMBO Journal 6: 3333-3340. 

Pietras, R. J., I Arboleda, D. M. Reese, N. Wongvipat, M. D. Pegram, L. Ramos, C. M. 

Gorman, M. G. Parker, M. X. Sliwkowski and D. I Slamon (1995). "BER-2 tyrosine 

kinase pathway targets estrogen receptor and promotes hormone-independent growth in 

human breast cancer cells. " Oncogene 10: 2435-2446. 

Poortman, J., J. A. Prenan, F. Schwartz and J. H. H. Thussen (1975). "Interaction of 5- 

androstene-3beta, 17beta-diol with oestradiol and dihydrotestosterone receptors in human 

myometrial and mammary cancer tissue. " Journal of Clinical Endocrinology and 

Metabolism 40: 137-143. 

242 



References 

Poulin, R. (1988). "Androgens inhibit basal and estrogen-induced cell proliferation in the 

ZR-75-1 human breast cancer cell line. " Breast Cancer Research and Treatment 12: 213- 

225. 

Poulin, R. and F. Labrie (1986). "Stimulation of cell proliferation and estrogenic response 

by adrenal C19steroids in the ZR-75-1 human breast cancer cell line. " Cancer Research : 

49334937. 

Power, R. F., S. K. Mani, J. Codina, 0. M. Conneely and B. W. 0. O'Malley (199 1). 

"Dopaminergic and ligand-indepedent activation of steroid hormone receptors. " Science 

254: 1636-1639. 

Pratý W. B., D. J. Jolly, D. V. Pratý S. M. Hollenberg, V. Giguere and F. M. Cadepon 

(1988). "A region in the steroid-binding domain determines formation of the non-DNA 

binding, glucocrticoid receptor complex. " Journal of Biological Chemistry 263: 267-273. 

Press, M. F., C. Cordon-Cardo and D. J. Slamon (1990). "Expression of the HER-2/neu 

proto-oncogene in normal adult and fetal tissues. " Oncogene 5: 953-962. 

Pupa, S. M., D. Menard, B. Morelli and G. Pozzi (1993). "The extracellular domain of 

the c-erbB-2 oncoprotein is released from tumor cells by proteolytic cleavage. " Oncogene 

8: 2917-2923. 

243 



References 

Quarmby, V. E., W. G. Yarbrough, D. M. Lubahn, F. S. French and E. M. Wilson (1990). 

"Autologous down-regulation of androgen receptor messenger ribonucleic acid. " 

Molecular Endocrinology 4: 22-28. 

Read, L. D., C. E. Snider, J. S. Miller, G. Z. Greene and B. S. Katzellenborgen (1988). 

"Ligand-modulated regulation of progesterone receptor messenger ribonuceic acid and 

protein in human breast cancer cell lines. " Molecular Endocrinology 2: 263-27 1. 

Rebeski, D. E., E. M. Winger, Y. -K. Shin, M. Lelenta, M. M. Robinson, R. Varecka and 

J. R. Crowther (1999). "Identification of unacceptable background caused by non-specific 

protein adsorption to the plastic surface of 96-well immunoassay plates using a 

standardized enzyme-linked immunosorbent assay procedure. " Journal of Immunological 

Methods 226: 85-92. 

Rochefort, H. and M. Garcia (1984). "The estrogenic and antiestrogenic activities of 

androgens in female target tissues. " Pharmacology and Therapeutics 23: 193-216. 

Rosenfeld, R. S., L. Hellman, H. Roffwarg, E. D. Weitzmann, D. K. Fukushima and T. F. 

Gallagher (197 1). "Dehydroepiandrosterone is secreted episodically and synchronously 

with cortisol by normal man. " Journal of Clinical Endocrinology and Metabolism 33: 87- 

92. 

244 



References 

Rosenfeld, R. S., B. J. Rosenberg, D. K. Fukushima and L. Hellman (1975). "24-hour 

secretory pattem of dehydroisoandrosterone and dehydroisoandrosterone sulphate. " 

Journal of Clinical Endocrinology and Metabolism 40: 850-855. 

Ross, J. S. and J. A. Fletcher (1999). "]HER-2/neu (c-erb-B2) gene and protein in breast 

cancer. " American Journal of Clinical Pathology 112(Supl): S53-S67. 

Roy, R. (1992). "Estrogen-stimulated glucurnidation of dihydrotestosterone in MCF-7 

human breast cancer cells. " Journal of Steroid Biochemistry and Molecular Biology 41(3- 

8): 579-582. 

Rubin, R. and R. Baserga (1995). "Biology of disease. IGF-IR. Its role in cell 

proliferation, apoptosis, and tumorigenicity. " Laboratory Investigation: 311-33 1. 

Sahin, A. A. (2000). "Biological and clinical significance of BER-2/neu (cerbB-2) in 

breast cancer. " Advances in Anatomic Pathology 7: 158-166. 

Sainsbury, J. R. C., G. V. Sherbet, J. R. Famdon and A. L. Harris (1985). "Epidermal 

growth factor receptors and oestrogen receptors in human breast cancer. " The Lancet : 

364-366. 

245 



References 

Santer, U. V., R. DeSantis, K. J. Hard, J. A. vanKuik, J. F. G. Vliegenthart, B. Won and 

M. C. Click (1989). "N-linked oligosaccharide changes with oncogenic transformation 

require sialylation of multiantennae. " European Journal OF Biochemistry 181: 249-260. 

Sauter, E. R. (2002). "Circulating Testosterone and Prostate-Specific Antigen in Nipple 

Aspirate Fluid and Tissue are associated with Breast Cancer. " Environmental Health 

Perspectives 110(3): 241-246. 

Schapira, D. V., N. B. Kumar, G. H. Lyman and C. E. Cox (1990). "Abdominal obesity 

and breast cancer risk. " Annals of Internal Medicine 112: 182-186. 

Schumacher, U., E. Adam, S. A. Brooks and A. I Leathem (1995). "Lectin-binding 

properties of human breast cancer cell lines and human milk with particular reference to 

Helix pomatia agglutinin. " The Journal of Histochemistry and Cytochemistry 43(3): 275- 

281. 

Secreto, G. (199 1). "Sennn and Urinary Androgens and Risk of Breast Cancer in 

Postmenopausal Women. " Cancer Research 51: 2572-2576. 

Secreto, G. (1994). "Abnormal Production of Androgens in Women with Breast Cancer. " 

Anticancer Research 14: 2113-2118. 

246 



References 

Shang, Y., M. Myers and M. Brown (2002). 'Tormation of the androgen receptor 

trmscription complex. " Molecular Cell 9: 601-6 10. 

Shih, C., L. C. Padhy and M. Murray (19 8 1). "Transforming genes of carcinomas and 

neuroblastomas introduced into mouse fibroblasts. " Nature 290: 261-263. 

Siiteri, P. K., J. T. Murai, G. L. Hammond, J. A. Nisker, W. J. Raymoure and R. W. Kuhn 

(1982). "The senun transport of steroid hormones. " Recent Progress in hormone 

Research 38: 457-480. 

Skinner, I M., I. M. Holdway, B. H. Mason, R. A. F. Couch and R. G. Kay (1984). 

"Estrogen receptor status, adrenal androgens and l7alpha- 

hydroxydehydroepiandrosterone sulphate in breast cancer patients. " European Journal of 

Cancer 10: 1227-1231. 

Slamon, D. J., G. M. Clark, S. G. Wong, W. J. Levin, A. Ullrich and W. L. Mcguire 

(1987). "Human breast cancer: correlation of relapse and survival with amplification of 

the HER-2/neu oncogene. " Science 235: 177-182. 

Slamon, D. J., W. Godolphin, L. A. Jones, J. A. Holt, S. G. Wong, D. E. Keith, W. J. 

Levin, S. G. Stuart, J. Udove, A. Ullrich and M. F. Press (1989). "Studies of the BER- 

2/neu proto-oncogene in human breast and ovarian cancer. " Science 244: 707-712. 

247 



References 

Slamon, D. J., B. Leyland-Jones, S. Shak, V. Paton, A. Bajamonde, T. Fleming, W. 

Eiermann, J. Wolter, J. Baselga and L. Norton (1998). "Addition of Herceptin 

(humanised anti-HER2 antibody) to first line chemotherapy for BER2 overexpressing 

metastatic breast cancer markedly increases anticancer activity: a randomized, 

multinational controlled phase III trial. " Proceedings of the American Society of Clinical 

Oncology 17: 377. 

Slooten, H. -K., J. H. V. Dierdonck and I H. van der Velde (2001). Prognostic and 

Predictive Factors in Invasive Breast Cancer. Breast Cancer New Horizons in Research 

and Treatment H. TobiasJH, HendersonIC, Arnold: 50-71. 

Soreide, I A., 0. S. Lea, J. E. Varhaug, A. Skarstein and S. Kvinnsland (1992). 

"Androgen receptors in operable breast cancer: relation to other steroid hormone 

receptors, correlations to prognostic factors and predictive value for effect of adjuvant 

tamoxifen treatment. " European Journal of Surgery 18: 112-118. 

Soule, H. D., A. Long, S. Albert and M. B. A. Brennan (1973). "Human cell lin from a 

pleural effusion derived from a breast carcinoma. " Journal of National Cancer Instituite 

51: 1049-1416. 

Steams, V., H. Yamauchi and D. F. Hayes (1998). "Circulating tumor markers in breast 

cancer: accepted utilities and novel prospects. " Breast Cancer Research and Treatment 

52: 239-259. 

248 



References 

Stem, D. F., P. A. Heffernan and R. A. Weinberg (1986). "p185 a product of the neu 

proto-oncogene is a receptorlike protein associated with tyrosine kinase activity. " 

Molecular and Cellular Biology 6(5): 1729-1740. 

Stewart, A. J., M. D. Johnson, F. E. B. May and B. R. Westley (1990). "Role of insulin- 

like growth factors and the type I insulin-like growth factor receptor in the estrogen- 

stimulated proliferation of human breast cancer cells. " The Journal of Biological 

Chemistry 265: 21172-21178. 

Stewart, A. J., B. R. Westley and F. E. B. May (1992). "Modulation of the prolifeative 

response of breast cancer cells to growth factors by oestrogen. " British Journal of Cancer 

66: 640-648. 

Stone, K. R., H. Wunderli, G. H. Nfichey and D. F. Paulson (1978). "Isolation of a human 

prostate carcinoma cell line (DUI 45). " International Journal of Cancer 21: 274-28 1. 

Stover, E. P., A. V. Krisnan and D. Feldman (1987). "Estrogen down regulation of 

androgen receptors in cultured human mammary cancer cells. " Endocrinology 120(6): 

2597-2603. 

249 



References 

Streets, A. J., S. A. Brooks, M. V. Dwek and A. J. Leathern (1996). "Identification, 

purification and analysis of a 55kDa lectin binding glycoprotein. present in breast cancer 

tissue. " Clinica Chimica Acta 254: 47-61. 

Struhl, K. (1998). "Histone acetylation and transcriptional regulatory mechanisms. " 

Genes Dev 12: 599-606. 

Sturgeon, C., A. C. Aronsson, M. J. Duffy, L. 0. Hansson, R. Klaapdor and A. van Dalen 

(1999). "European Group on tumour Markers: Consensus Recommendations. " 

Anticancer Research 19: 2785-2820. 

Sulcova, J., M. I-Ell, R. Hampl and L. Starka (1997). "Age and sex related differences in 

serum levels of unconjugated dehydroepiandrosterone and its sulphate in normal 

subjects. " Journal of Endocrinology 154: 57-62. 

Surmacz, E., M. A. Guvakova, M. K. Nolan, R. F. Nicosia and L. Sciacca (1998). "Type I 

insulin-like growth factor receptor function in breast cancer. " Breast Cancer Research 

and Treatment 47: 255-267. 

Szelei, J., J. Jimenez, A. M. Soto, M. F. Luizzi and C. Sonnenschein (1997). "Androgen- 

induced inhibition of proliferation in human breast cancer MCF7 cells transfected with 

androgen receptor. " Endocrinology 138: 1406-1412. 

250 



References 

Tandon, A. K., G. M. Clark, G. C. Chamness, A. Ullrich and W. L. McGuire (1989). 

"]HER-2/neu oncogene protein and prognosis in breast cancer. " Journal of Clinical 

Oncology 17(8): 1120-1128. 

Tchernof, A., J. -P. Despres, A. Belanger, A. Dupont D. Prud'hommme, S. Moorjani, P. J. 

Lupien and F. Labrie (1995). "Reduced testosterone and adrenal C19 steroid levels in 

obese men. " Metabolism 44(4): 513-519. 

Tenbaum, S. and A. Baniahmed (1997). "Nuclear receptors: structure, function and 

involvement in disease. " International Journal of Biochemistry and Cell Biology 29(12): 

1325-1341. 

Theve, N. 0., K. Carlstrom and J. -A. Gustavson (1978). "Oestrogen receptros and 

peripheral serum levels of oestradiol-17beta in patients with mammary carcinoma. " 

European Journal of Cancer 14: 1377-1340. 

Thomas, H. V. (1997). "A prospective study of endogenous serum hormone 

concentrations and breast cancer risk in postmenopausal women on the island of 

Guernsey. " British Journal of Cancer 76(3): 401405. 

Thomas, M., M. Noguchi, L. Fonseca, H. Kitagawa, K. Kinoshita and 1. Miyazaki (1993). 

"Prognostic significance of Helix pomatia and c-erbB-2 oncoprotein in human breast 

cancer. " British Journal of Cancer 68: 621-626. 

251 



References 

Thompson, S., B. M. J. Cantwell, C. Cornell and G. A. Turner (1991). "Abnormally- 

fucosylated haptoglobin: a cancer marker for turnour burden but not gross liver 

metastasis. " British Journal of Cancer 64: 386-390. 

Thompson, S., D. Guthrie and G. A. Turner (1988). "Fucosylated forms of alpha-l- 

antitrypsin that predict unresponsiveness to chemotherapy in ovarian cancer. " British 

Journal of Cancer 58: 589-593. 

Thompson, S. and G. A. Turner (1987). "Elevated levels of abnormally-fucosylated 

haptoglobins in cancer sera. " British Journal of Cancer 56: 605-6 10. 

Thompson, S., E. Wong, B. M. Cantwell and G. A. Turner (1990). "Senun alpha-l- 

proteinase inhibitor with abnormal properties in ovarian cancer. " Clinica Chimica Acta 

193(1-2): 13-25. 

Turner, G. A. (1992). "N-Glycosylation of serum proteins in disease and its investigation 

using lectins. " Clinica Chimica Acta 208: 149-171. 

Turner, G. A., A. W. Skillen, P. Buamah, D. Guthrie, J. Welsh, J. Harrison and A. 

Kowalski (1985). "Relation between raised concentrations of fucose, sialic acid, and 

acute phase proteins in serum from patients with cancer: choosing suitable serum 

glycoproteins. " Journal of Clinical Pathology 38: 588-592. 

252 



References 

Ullrich, A., A. Gray, A. W. Tam, T. Yang-Feng, M. Tsubokawa, C. Collins, W. Henzel, 

T. LeBon, S. Kathuria, E. Chen, S. Jacobs, U. Francke, J. Ramachandran and Y. Fujita- 

Yamaguchi (1986). "Insulin-like growth factor I receptor primary structure: comparison 

with insulin receptor suggests structural determinants that defffie functional specificity. " 

The EMBO Journal 5(10): 2503-2512. 

van Laar, J. H., J. Bolt-de Vries, M. M. Voorhorst-Ogink and A. 0. Brinkman (1989). 

"The human androgen receptor is aII OkDa protein. " Molecular and Cellular 

Endocrinology 63: 39-44. 

Venter, D. J., S. Kumar, N. L. Tuzi and W. J. Gullick (1987). "Overexpression of the c- 

erbB-2 oncoprotein in human breast carcinomas: immunohistochemical assessment 

correlates with gene wnplification. " The Lancet: 69-7 1. 

Voegel, J. J., M. J. S. Heine, C. Zechel, P. Chambon and H. Gronemeyer (1996). "TIF2, a 

160kDa transcriptional mediator for the ligand-dependent activation function AF-2 of 

nuclear receptors. " ENBO Journal 15: 3667-3675. 

Wakeling, A. E., E. Newboult and S. W. Peters (1988). "Effects of antioestrogens on the 

proliferation of MCF-7 human breast cancer cells. " Journal of Molecular Endocrinology 

2: 225-234. 

253 



References 

Walker, R. A. (1984). "The binding of peroxidase-labelled lectins to human breast 

epithelium III - altered fucose-binding patterns of breast carcinomas and their 

significance. " Joumal of Pathology 144: 109-117. 

Walker, R. A. (1985). "Ulex europeus I- peroxidase as a marker of vascular 

endothelium: its application in routine histopathology. " Journal of Pathology 146: 123- 

127. 

Walker, R. A. (1989). "The use of lectins in histopathology. " Pathology Research and 

Practice 185: 826-835. 

Walker, R. A. and S. J. Dearing (1999). "Expression of epidermal growth factor receptor 

mRNA and protein in primary breast carcinomas. " Breast Cancer Research and 

Treatment 53: 167-176. 

Weinberg, R. A. (1989). "Oncogenes, antioncogenes, and the molecular basis of 

multistep carcinogenesis. " Cancer Research 49: 3713-3721. 

West, C. D., D. K. Mahajan, V. J. Chavre, C. J. Nabors and F. H. Tyler (1973). 

"Simultaneous measurement of multiple plasma steroids by radioimmunoassay 

demonstrating episodic secretion. " Journal of Clinical Endocrinology and Metabolism 36: 

1230-1236. 

254 



References 

Williams, D. P., T. W. Boyden, R. W. Pamenter, T. G. Lohman and S. B. Going (1993). 

"Relationship of body fat percentage and fat distribution with dehydroepiandrosterone 

sulfate in premenopausal females. " Journal of Clinical Endocrinology and Metabolism 

77(l): 80-85. 

Williams, I R. (2000). "The effects of dehydroepiandrosterone on carcinogenesis, 

obesity, the immune system and aging. " Lipids 35: 325-33 1. 

Winer, E. P., C. Hudis, H. J. Burstein, R. T. Chlebowski, J. N. Ingle, S. B. Edge, E. P. 

Mamounas, J. Gralow, L. J. Goldstein, K. I. Pritchard, S. Braun, M. A. Cobleigh, A. S. 

Langer, J. Perotti, T. J. Powles, T. J. Whelan and G. P. Browman (2002). "American 

Society of Clinical Oncology Technology Assessment on the Use of Aromatase Inhibitors 

as Adjuvant Therapy for Women with Hormone Receptor-Positive Breast cancer: Status 

Report. " Journal of Clinical Oncology 20(15): 3317-3327. 

Wolf, D. A., T. Herzinger, D. Blashke and W. Horz (1993). "Transcriptional and post- 

transcriptional regulation of human androgen receptor expression by androgen. " 

Molecular Endocrinology 7: 924-936. 

Wrighý C., B. Angus, S. Nicholson, J. R. C. Sainsbury, I Cairns, W. J. Gullick, P. Kelly, 

A. L. Harris and C. H. W. Home (1989). "Expression of c-erbB-2 oncoprotein: a 

prognostic indicator in human breast cancer. " Cancer Research 49: 2087-2090. 

255 



References 

Yeh, S. and C. Chang (1996). "Cloning and characterisation of a specific coactivator 

ARA70 for the androgen receptor in human prostate cells. " Proceedings of the National 

Academy of Science USA 93: 5517-552 1. 

Zabrecky, J. R., T. Lam, S. J. McKenzie and W. Carney (1991). "The extracellular 

domain of pI 85/neu is released from the surface of human breast carcinoma cells, SK- 

BR-3. " Jourrial of Biological Chemistry 266: 1716-1720. 

Zava, D. T. (1978). "Androgen action through estrogen receptor in a human breast cancer 

cell line. " Endocrinology 103: 624-63 1. 

Zava, D. T. (1978). "Human Breast Cancer: Androgen action by estrogen receptor. " 

Science 199: 787-788. 

Zeleniuch-Jacqotte (1997). "Relation of Serum Levels of Testosterone and 

Dehydroepiandrosterone Sulfate to Risk of Breast Cancer in Postmenopausal Women. " 

American Journal of Epidemiology 145 (11): 1030-8. 

Zumoff, B. (198 1). "Abnormal 24-hr mean plasma concentrations of 

dehydroisoandrosteroen and dehydroisoandrosteroen sulfate in women with primary 

operable breast cancer. " Cancer Research 41(9): 3360-3363. 

257 



References 

Xu, L., C. K. Glass and M. G. Rosenfeld (1999). "Coactivator and corepressor complexes 

in nuclear receptor function. " Current Opinion in Genetics & Development 9: 140-147. 

Yamamoto, T., S. Ikawa, T. Akiyama, K. Semba, M. Nomura, N. Miyajima, T. Saito and 

K. Toyoshima (1986). "Similarity of protein encoded by the c-erb-B-2 gene to epidermal 

growth factor receptor. " Nature 319: 230-234. 

Yamamoto, T., T. Nishida, N. Myajima, S. Kawai, T. Ooi and K. Toyoshima (1983). 

"The erbB gene of avian erythroblastosis virus is a member of the src gene family. " Cell 

35: 71-78. 

Yarden, R. I., A. H. Lauber, D. EI-Ashry and S. A. Chrysogelos (1996). "Bimodal 

regulation of epidermal growth factor receptor by estrogen in breast cancer cells. " 

Endocrinology 137: 2739-2747. 

Yasasever, V., M. Dincer, H. Camlica, D. Duranyildiz and N. Dalay (2000). "Serum c- 

erbB2 oncoprotein levels are elevated in recurrent and metastatic breast cancer. " Clinical 

Biochemistry 33: 315-317. 

Yee, D. and A. V. Lee (2000). "Crosstalk between the insulin-like growth factors and 

estrogens in breast cancer. " Journal of Mammary Gland Biology and Neoplasia 5(l): 

107-115. 

256 


