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ABSTRACT

The Brn-3a and Brn-3b POU factors were originally identified in neuronal cells 

and neuroblastomas, but tbeir expression in normal cervical and mammary cells 

bas also been reported. As these factors may regulate the expression of genes 

involved in gynaecological cancers, tbeir pattern of expression and potential role 

in tumourgenesis was investigated in both breast and cervical neoplastic tissues.

The Brn-3 factors have been shown to have antagonistic effects on the 

transcription of the human papilloma virus types 16 and 18 (HPV-16/18) £6 and 

£7 oncogenes. Thus, while Brn-3a activates the expression of £6 and £7, Brn-3b 

represses it. The levels of Brn-3a and Brn-3b were therefore quantified in 

neoplastic and normal cervical biopsies. Brn-3a was seen to be over-expressed in 

high grade cervical intraepithélial neoplasia (CIN3) associated with HPV, as 

compared to normal cervical tissues lacking HPV. This effect was not observed 

for Brn-3b. To appreciate the role of Brn-3a in cervical neoplasia, its expression 

in cervical carcinoma-derived cell lines with or without endogenous HPV genes 

was manipulated. The artificial reduction of Brn-3a, reduces expression of the 

viral £6 and £7 products. Moreover, morphology, growth rate, saturation 

density and the anchorage independent proliferation of the cells were altered in 

the HPV-containing cervical carcinoma cells, but not in similar cells lacking 

HPV. This indicates that, Brn-3a may play a significant role in HPV-associated 

cervical cancer.

It has also been shown that Brn-3b can repress the promoter of the BRCA-l! tumour 

suppressor gene- Thus, to study the role played by Brn-3a and Brn-3b in breast 

tumourigenesis , the mRNA and protein expression levels of Brn-3a and Brn-3b



and that of BRCA-l, in normal, benign and malignant breast tissues were 

compared. It was found that Brn-3b was over-expressed in a number of breast 

cancer samples and that these samples also showed reduced expression of BRCA- 

1. No correlation was observed between Brn-3a and BRCA-l expression. The 

data taken together with the results obtained from recent studies carried out in 

our laboratory, indicate for the first time that, the Brn-3b transcription factor 

regulates the expression of BRCA-l in sporadic breast cancer.



ACKNOWLEDGEMENTS

I wish to take this opportunity to thank Professor David Latchman my 
supervisor, without whom this work would not have been undertaken nor 
written. My sincere and immense gratitude goes to him for giving me the chance 
to work in his laboratory, and for his relentless help, understanding and 
encouragement, throughout this period. I am also exceedingly grateful and very 
most appreciative for his invaluable contribution in the preparation of this 
manuscript.

1 also wish to acknowledge Dr. Shanie Budhram-Mahadeo for her perpetual 
assistance in the laboratory and for initially proof-reading this manuscript. I also 
wish to thank all those in Medical Molecular Biology Unit laboratory, 
particularly Dr. Martin Smith and Dr. Sally Dawson for their support.

I am grateful to Dr. Linda Ho, at the Department of Molecular Pathology, 
Windeyer Institute of Medical Sciences for providing the HPV primers and some 
of the cervical material used in this work. Finally, I wish to thank Dr. Barbara 
Pedley at the Department of Oncology, Royal Free and University College 
Hospital Medical School for providing the material and space in her laboratory 
to do some crucial experiments.



TABLE OF CONTENTS

Page
ABSTRACT 3

ACKNOWLEDGEMENTS 5

LIST OF FIGURES 12

LISTS OF TABLES 20

ABBREVIATIONS 21

LIST OF PUBLICATIONS 23

CHAPTER ONE -  GENERAL INTRODUCTION 24

1.1.0 Transcription 24

1.1.1 Transcription factors 26

1.1.2 Basal Transcriptional Machinery 26

1.1.3 Transcription Regulation 30

1.2.0 Homeodomain transcription factors 31

1.2.1 POU domain transcription factors 34

1.2.2 Classification of the POU domain factors 35

1.2.3 Expression of POU domain proteins 37

1.2.4 The POU-specific domain and The POU-homeodomain 38

1.2.5 Structure and DNA binding by the POU domain 40

1.2.6 POU domain dimerization and co-operative DNA binding 43

1.2.7 Modulation of the POU domain by phoshorylation 44

1.2.8 Alternative splicing in the POU domain family 45

1.3.0 Class IV POU domain transcription factors 46

1.3.1 Classification of the Brn-3 factors and chromosomal location 47

1.3.2 The Brn-3 POU domain transcription factors 48

1.3.3 Regulation of Brn-3 expression 54



1.3.4 Regulation of transcription by Brn-3 56

1.3.5 Expression pattern and function of the Brn-3 factors 59

1.3.6 Expression and function of Brn-3 in genetic models 62

1.4.0 Viruses and human cancer 65

1.4.1 Transcription factors and disease 67

1.5.0 Background to project 71

1.5.1 Brn-3a has oncogenic potential in cervical cells 71

1.5.2 The Brn-3 factors and BRCA-l are co-expressed in

mammary cells 74

1.6.0.0 Objectives 76

CHAPTER TWO -  MATERIAL AND METHODS 77

2.1.0 Materials 77

2.1.1 Buffers, solutions and media 77

2.1.2 Plasmids, cell lines, bacterial strains, cervical and

breast biopsies 78

2.1.2.1 Tissue material 79

2.1.3.0 Oligonucleotides and radioactive nucleotides 80

2.1.3.1 Oligonucleotides 81

2.1.3.2 Radioactive nucleotides 80

2.1.4.0 Enzymes and markers 80

2.1.5.0 Other materials and reagents 81

2.2.0.0 Methods 82

2.2.1.0 General procedures 82

2.2.1.1 Preparation and storage of chemicals 82

2.2.1.2 Measurement of nucleic acid concentration 82

2.2.1.3 Extraction and precipitation of nucleic acid preparation 83



2.2.2.0 Cell culture 83

2.2.2.1 Human cervical carcinoma cell lines 83

2.2.2.2 Caski cells 83

2.2.2.3 SiHa cells 84

2.2.2.4 €33 cells 84

2.2.2.5 Mammary cancer cell line (MCF7) 84

2.2.3.0 Plasmid DNA extraction 84

2.2.3.1 Small scale plasmid preparation (miniprep) 84

2.2.3.2 Large-scale plasmid preparation (maxiprep) 85

2.2.4.0 Restriction digestion and Analysis of nucleic acid 86

2.2.4.1 Restriction digestion of DNA 86

2.2.4.2 DNA / electrophoresis 86

2.2.4.3 DNA transfer (Southern blotting) 87

2.2.4.4 Hybridization of Southern blots 87

2.2.4.5 DNA and PCR products purification from

agarose gels 88

2.2.4.5a Method 1 88

2.2.4.5b Method 2 89

2.2.4.6 Homologous probe construction 89

2.2.5.0 Ligation of DNA fragments and vector constructs 90

2.2.5.1 Preparation of DNA fragments for cloning 90

2.2.5.2 Preparation of vector DNA 90

2.2.5.3 Dephosphorylation of linearized vectors 90

2.2.5.4 Ligation of DNA fragments and plasmid vectors 91

2.2.6.0 Competent cells preparation and transformation 91

2.2.7.0 Analysis of the cloned genes 91

2.2.7.1 Colony Hybridization 92

2.2.8.0 RNA Extraction from tissues and cells 92

8



2.2.8.1 RNA from gynaecological tissues to be used for RT-PCR

or to prepare cDNA 92

2.2.5.2 RNA preparation from cells in culture to be used for RT-PCR 93

2.2.5.3 RNA preparation from cells using RNAzol^^ B solution 93

2.2.5.4 Complimentary DNA synthesis 93

2.2.9.0 Semi-quantitative RT-PCR 94

2.2.9.1 Using specific oligonucleotide primers for the Brn-3 and 

the invariant cyclophilin to linearize the amplification range

in each gynaecological sample 94

2.2.9.2 Quantification of the relative amount of Brn-3 mRNA and HPV

nucleic acid present in the gynaecological material using 

Southern hybridization 96

2.2.10.0 Protein extraction from tissues 97

2.2.11.1 Method 1 97

2.2.11.2 Method 2 97

2.2.11.3 Protein equalization using BCA (Pierce) assay 97

2.2.12.0 Calcium phosphate mediated transfection and isolation

of clonal cell lines 98

2.2.13.0 Protein Analysis 98

2.2.13.1 Immonoblotting (Western blotting) 98

2.2.14.0 Analysis of cellular growth rate and saturation density 99

2.2.15.0 Anchorage independent growth 100

2.2.16.0 Colony formation in athymic mice 100



CHAPTER THREE -  EXPRESSION OF BRN-3A AND BRN-3B

IN CERVICAL NEOPLASIA 101

3.1.0 Introduction 101

3.1.1 Brn-3a is overexpressed in high grade Cervical Intraepithélial

Neoplasias (CIN) 109

3.1.2 Brn-3 and HPV octamer motif 116

3.1.3 The protein levels of the Brn-3 factors parallel

the mRNA levels 123

3.1.4 Brn-3a expression in the cervix of patients with HPV-dependent

cervical cancer 132

3.1.5 Discussion 136

CHAPTER FOUR - MANIPULATION OF BRN-3A

AND BRN-3B EXPRESSION 140

4.1.0 Introduction 140

4.1.1 Brn-3a is differently expressed in three cervical carcinoma

cell lines 141

4.1.2 Mammalian expression vectors with Brn-3a, Brn-3b and

anti-sense Brn-3a inserts 148

4.1.3 The anti-sense Brn-3a initiates morphological alterations

in the SiHa cells 149

4.1.4 Protein analysis on the putative SiHa clones 151

4.1.5 Analysis of cellular growth rate 163

10



4.1.6 Putative anti-sense Brn-3a clones and Brn-3b over-expressing

clones are not contact inhibited or density-dependent 168

4.1.7 Anti-sense Brn-3a clones and Brn-3b over-expressing clones

exhibit reduced Anchorage Independent Proliferation (AIP) 171

4.1.8 Discussion 174

CHAPTER FIVE -  EXPRESSION OF BRN-3A, BRN-3B

AND BRCA-1 IN MAMMARY CANCER 179

5.1.0 Introduction 179

5.1.1 Nucleic acid analysis reveals that Brn-3b and BRCA-l

are reciprocally expressed in malignant breast tissues 187

5.1.2 Protein Analysis of Brn-3b and BRCA-l in malignant

breast tissues 198

5.1.3 Protein Analysis reveals Brn-3b(s) in malignant breast tissues

but not in normal breast tissues 206

5.1.4 Discussion 207

CHAPTER SIX -  GENERAL DISCUSSION AND FUTURE WORK 211

6.1.1 General discussion 211

6.1.2 Future work 216

BIBLIOGRAPHY 218

REFERENCES 221

11



UST OF FIGURES
Page

Figure 1.1. Schematic representation of the assembly of the basal
transcriptional machinery on an eukaryotic RNA II 

polymerase dependent promoter (RNAII) by 

the general transcription factors 29

Figure 1.2. Schematic representation of the conserved protein domains 
associated with the homeodomains in various classes of the 

homeodomain proteins 33

Figure 1.3. Schematic representation of the POU domain 39

Figure 1.4. A schematic representation of the contact made by the

POU-specific and POU-homeodomain upon binding to the DNA 

recognition sites 41

Figure 1.5. Schematic representation of the different domains found in the

isoforms of Brn-3a, Brn-3b and Brn-3c 49

Figure 1.6. Schematic representation of alternative splicing of Brn-3a and 

Brn-3b RNA transcripts to produce mRNAs encoding the long 

and short isoforms 51

Figure 3.1. A schematic representation of the position of the squamo- 

columnar junction from pre-menarchial to menopausal 

cervix uteri, and the distribution of the squamous and 

columnar epithelium of the cervix 102

12



Figure 3.2. A schematic representation of the genomic arrangement of

HPV-16 DNA 107

Figure 3.3. Results of RT-PCR amplification of the Brn-3a, Brn-3b

or control cyclophilin mRNAs in CIN3 and normal 

cervical sample 110

Figure 3.4a. The mean mRNA level of Brn-3a in CIN3 and normal cervical

material 111

Figure 3.4b. The mean Brn-3b mRNA level in CIN3, NCIN and normal

cervical material 112

Figure 3.4c. The ratio of Brn-3a:Brn-3b in CIN3, NCIN and normal

cervical material 115

Figure 3.5. Fractionation results of RT-PCR amplification of HPV 

RNA and HPV DNA in samples derived from CIN3 

and normal cervical samples 118

Figure 3.5a. The ratio of Brn-3b:Brn-3a and the ratio of the HPV 

RNA:HPV DNA in cervical material derived 

from CIN3 patients 119

Figure 3.5b. The ratio of Brn-3b:Brn-3a and the ratio of the HPV 

RNAiHPV DNA in normal cervical material derived 

from healthy individuals 121

13



Figure 3.6. The results of Western analysis using Bm-3a antibody on 

protein samples obtained from CIN3 and normal 

cervical material 124

Figure 3.7a. The relative expression of Brn-3a and Brn-3b proteins in

normal cervical biopsies obtained from bealtby individuals 125

Figure 3.7b. The Brn-3a protein levels in the bigb grade and normal

cervical samples 126

Figure 3.7c. The relative expression of Brn-3a and Brn-3b protein in NCIN

samples 127

Figure 3.8a. The mean protein level of Brn-3a in CIN3 and normal

cervical material 129

Figure 3.8b. The mean Brn-3b protein levels in the normal, CIN3 and NCIN

cervical samples 130

Figure 3.8c. The ratio of Brn-3a:Brn-3b in CIN3 and NCIN

cervical samples 131

Figure 3.9a. Autoradiograph obtained from Southern

hybridization using homologous Brn-3a, Brn-3b and 

cyclophilin probes on serial colposcopy segments 133

Figure 3.9b. Colposcopy sections from patients showing the distance in

millimetres (mm) and the levels of Brn-3a 134

14



Figure 4.1a. Autoradiograph obtained from Southern

hybridisation using homologous Brn-3a, Brn-3b

and cyclophilin probes following RT-PCR amplification

of mRNA from Caski, SiHa and C33 cells 142

Figure 4.1b. The mRNA levels of Brn-3a and Brn-3b and that of

cyclophilin in cervical carcinoma cell lines 143

Figure 4.1c. Quantified mRNA levels of Brn-3a and Brn-3b

equalised for cyclophilin in the cervical cell lines 143

Figure 4.2. Brn-3a protein levels of the cervical carcinoma

cell lines C33, SiHa and Caski 145

Figure 4.3. RT-PCR and PCR products of SiHa and C33

using HPV primers 146

Figure 4.4. Autoradiograph obtained from Western analysis

on independent clonal and wild-type SiHa cell lines using 

Brn-3a and actin antibodies 152

Figure 4.5. Autoradiograph obtained from Western

analysis on clonal and wild type C33 cell lines,

using Brn-3a and Brn-3b antibodies 153

Figure 4.6a. Protein analysis of independent clonal

and wide-type SiHa cells, obtained from Western

blotting using Brn-3a antibody 155

15



Figure 4.6b. Protein analysis of clonal and wide-type

SiHa cells, obtained from Western blotting using

Brn-3b antibody 156

Figure 4.7a. Protein analysis of clonal and wide-type C33 cells,

obtained from Western blotting using Brn-3a antibody 157

Figure 4.7b. Protein analysis of clonal and wide-type C33 cells,

obtained from Western blotting using Brn-3b antibody 158

Figure 4.8. Effect of dexamethasone on the level of Brn-3a and Brn-3b

in wild-type C33 and SiHa as well as parental C33 and SiHa 

recombinants 160

Figure 4.9. Autoradiograph obtained from Western analysis on

clonal SiHa cells using HPV-16 E6 and actin antibodies 162

Figure 4.10. Western blotting results using Brn-3a antibody on wild-type SiHa 

and putative SiHa clones 162

Figure 4.11a. The growth rate of clonal and wild-type SiHa cells 164

Figure 4.11b. The growth rate of anti-sense Brn-3a clonal SiHa cells 164

Figure 4.12a. The growth rate of clonal and wild-type C33 cells 165

Figure 4.12b. The growth rate of anti-sense Brn-3a clonal C33 cells 165

Figure 4.13a. The saturation density of clonal and wild-type SiHa cells 167

Figure 4.13b. The saturation density of anti-sense Brn-3a clonal SiHa cells 167

16



Figure 4.14a. The saturation density of clonal and wild-type C33 cells 168

Figure 4.14b. The saturation density of anti-sense Brn-3a clonal C33 cells 168

Figure 4.15. AIP of clonal and wild-type SiHa cells, either treated

with or without dexamethasone 172

Figure 4.16. ATP of clonal and wild-type C33 cells, either treated

with or without dexamethasone 172

Figure 5.1. Schematic cross-section of the breast expanded to show the 

terminal-duct lobular units (TDLU), which comprise the 

terminal ductules and lobules 180

Figure 5.2. Schematic representation of the progression of normal breast 

cells through hyperplasia, atypia, ductal carcinoma in situ 

to invasive cancer bearing metastatic cells 182

Figure 5.3. Autoradiograph obtained from Southern hybridisation,

using homologous Brn-3a, Brn-3b, BRCA-l and cyclophilin 

probes on the RT-PCR amplification products using mRNA 

obtained from mammary cancer cell line (MCF7) and 

normal /benign mammary material 188

Figure 5.4. Autoradiograph obtained from Southern hybridisation,

using homologous Brn-3a, BRCA-l and cyclophilin probes 

on the RT-PCR amplification products using mRNA obtained 

from malignant mammary material 189

17



Figure 5.5a. Autoradiograph obtained from Southern hybridisation

using homologous Brn-3b, BRCA-l and cyclophilin probes 

on the RT-PCR amplification products using mRNA obtained

from pre/post-menopausal malignant mammary material 190

Figure 5.5b. Autoradiograph obtained from Southern hybridisation, 

using homologous Brn-3b and BRCA-l probes 

on the RT-PCR amplification products using mRNA obtained 

from further samples of pre-menopausal malignant 

mammary material 190

Figure 5.6a. Relative expression of Brn-3b and BRCA-l in normal and

malignant breast tissues 191

Figure 5.7a. The relative expression of Brn-3a and BRCA-l in normal and

malignant breast tissues 192

Figure 5.8a. The mean level of Brn-3b mRNA in pre-menopausal and 

post menopausal malignant and normal/benign 

breast samples 194

Figure 5.8b. The mean level of Brn-3a mRNA in pre-menopausal and 

post menopausal malignant and normal/benign 

breast samples 195

18



Figure 5.9. The respective mean of BRCA-l in breast samples expressing

high Brn-3b and low Brn-3b 197

Figure 5.10a. Autoradiograph obtained from Western analysis, using 

Brn-3b antibody on normal/benign breast and malignant 

breast material 199

Figure 5.10b. Autoradiograph obtained from Western analysis,

using BRCA-l antibody on normal/benign and malignant 

mammary material 200

Figure 5.11. Expression of Brn-3b(s) Brn3b(l) and BRCA-l in normal and

malignant breast tissues 201

Figure 5.12a. Immonoblotting analysis using Brn-3b and BRCA-l antibodies

on malignant breast tissues 204

Figure 5.12b. The respective mean of BRCA-l in malignant

breast material expressing high Brn-3b and low Brn-3b 205

19



USTS OF TABLES
Page

Table 1.1. The POU domain family 36

Table 1.2. The expression pattern of Brn-3a and Brn-3b in the

nervous system 60

Table 1.3. Viruses that have been implicated with human neoplasia 66

Table 1.4. Potent oncogene products and mechanisms of abnormal

regulation 68

Table 2.1. Thermocycle of the PCR used in this report 94

Table 3.1. The mean mRNA levels of Brn-3a and Brn-3b in CIN3,

NCIN and normal cervical samples 114

Table 3.2 The levels of Brn-3a mRNA HPV DNA and RNA

expression of a particular individual 'N’ with CIN3 121

Table 3.3. The mean protein levels of Brn-3a and Brn-3b in CIN3, NCIN

and normal cervical samples 124

20



ABBREVIATIONS

AIP anchorage independent proliferation

APS Ammonium persulphate

bp base pair

Brn-3a (s) Brn-3a short form

Brn-3b (1) Brn-3b long form

Brn-3b (s) Brn-3b short form

Brn-3a (1) Brn-3a long form

CNS central nervous system

cDNA complimentary DNA

CIN Cervical Intraepithélial Neoplasia

CMV cytomegalovirus

CFE or cfe colony formation efficiency 

cyclic AMP N6,2*-0-Dibutyryladenosine 3’:5’-cyclic 

monophosphate 

®C Degree Celcius

0 phi

DMEM Dulbecco's modified Eagle's medium

EORF early open reading frame gene

EDTA Ethylenediaminetetra acetic acid (disodium salt)

HEPES N-[hydroxyethyl]piperazine-[2-ethanesulfonic acid]

HPV Human Papilloma Virus

HSV Herpes Simplex Virus

kb kilobase

kDa kilo Dalton

mRNA messenger RNA

ND7 Derivative of sensory neurons (immortalised fusion of

neuroblasoma cell lines and rat dorsal root ganglia neurons)

21



PAGE polyacrylamide gel electrophoresis

PCR Polymerase Chain Reaction

PBS Phosphate buffered Saline

pBS Bluescript plasmid

pH concentration of hydrogen ions

POU Pit-Oct-Unc

RT-PCR Reverse Transcriptase - Polymerase Chain Reaction

SI> standard deviation

SDS Sodium dodecyl sulphate

SIL Squamous Intraepithélial Lesion

SNAP-25 Presynaptic nerve terminal protein

TAE Tris acetate electrophoresis buffer

TBE Tris-borate electrophoresis buffer

URR Upstream regulatory region

22



UST OF PUBUCATIONS

Ndisang, D., Morris, P. J., Chapman, € ., Ho, L., Singer, A., and D. S Latchman 
1998 ) The HPV-activating cellular transcription factor Brn-3a is overexpressed 
in CIN3 cervical lesions. Journal o f Clinical Investigation 101:1687-1692

Ndisang, D., Budhram-Mahadeo, V., and D. S Latchman (1999) The Brn-3a 
transcription factor plays a critical role in regulating HPV gene expression and 
regulating the growth characteristics of cervical cancer cells. Journal oj 
Biological Chemistry (In press).

Budhram-Mahadeo, V., Ndisang, D., Ward, T., Weber, B., and D. S Latchman 
(1999) The Brn-3b POU family transcription factor represses expression of the 
BRCA-l anti-oncogene in breast cells. Oncogene (In press)

23



CHAPTER ONE

GENERAL INTRODUCTION

1.1.0 Transcription
In eukaryotes and higher nianinials as a whole, each cell expresses a subset of its 

genes, which is determined by its relative position in the cell cycle and its 

environment. Thus, different cell types of a typical eukaryote would express 

different subsets of genes. In eukaryotes, transcription produces a single strand 

primary RNA transcript, which is a direct derivative from a given DNA 

template. This product may undergo post-transcriptional modifications such as 

splicing, and is then translated to yield mature structural and functional protein. 

The first but critical stage of both gene expression and regulation is 

transcription. The rate of transcription of a given gene in a particular cell type or 

in response to a particular stimuli, allows the corresponding protein to be 

produced only in the respective cell type or in response to the appropriate signal. 

Hence, transcription is the primary control point of gene expression (for review 

see Latchman, 1998).

Transcriptional regulation is also influenced by the histone-chromatin 

nucleosomal backbone. Consequently, transcription in eukaryotes is typically a 

two-step process. The primary step involves the decondensation of the tightly 

packed structure of chromatin, as a result regulatory factors could gain access to 

transcriptional control motifs. The second step, is the interaction of regulatory 

proteins with their respective response elements in the presence of RNA 

polymerase, which results in the activation of an initiation complex and 

subsequently the activation of gene transcription. These regulatory proteins 

include, the general transcription factors, and the sequence-specific transcription 

factors.
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The former include factors that hind to minimal promoter motifs (such as the 

ubiquitous TATA sequence), and which can initiate the hasal transcriptional 

mechanism. The latter binds selected response elements, such as CCAAAT, 

GGGCGG and ATGCAAAT, that are necessary for maximal or efficient 

transcription (Johnson and McKnight, 1989). Therefore, gene expression is 

tightly controlled by a hierarchy of regulatory genes, that are sequentially 

regulated by these sequence-specific DNA binding proteins, which hind to 

response elements associated with gene promoters (Nicholas et a/., 1988, for 

review see Malton 1991).

The promoter of these genes, is the control region which is located in the 

immediate vicinity upstream of the transcriptional start site. Many eukaryotic 

promoter regions consist of a highly conserved motif of about 8-10 nucleotides 

known as TATA box or Goldherg-Hogness box (Darnell 1982, Watson et a/., 

1992), located at about 25-30 nucleotides upstream from the transcriptional start 

site. Other motifs within the eukaryotic promoter regulatory region, such as the 

CCAAT and GGGCG or GC sequences are usually located further upstream 

from the TATA box. The TATA box is predominantly found in genes transcribed 

by RNA polymerase II (RNApolU) (Eloranta and Goodhourn, 1996). It is on 

these sequence that the pre-initiation complex for an RNA Independent promoter 

aggregates (section 1.1.2.0). This study will primarily be discussing RNApoUI- 

dependent transcriptional stimulation. However, not all genes that are subject to 

RNA polymerase H catalytic activity possesses the TATA consensus. In such 

cases, the alternative consensus sequences of the order Py-Py-A(+1)-N-T/A-Py- 

Py, where Py is pyrimidine and N any nucleotide (Javahery et aL, 1994) may he 

utilized, for the assembly of the pre-initiation complex. A TATA-less element of 

this type has also been refered to as an initiator (Eloranta and Goodhourn, 1996).
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1.1.1 Transcription factors
As discussed in the preceeding section, one of the pivotal elements necessary for 

gene transcription, and hence gene regulation is the transcription factor. These 

are modular DNA hinding factors that bind to response elements on gene 

promoters. Typically, they consist of independently functioning modules or 

domains, such as the DNA-binding domain and a transcriptional activation or 

repression domain (for review see Ptashne 1988). These factors are grouped into 

various structural families, based on their primary amino acid sequence, which 

include; the homeodomain (section 1.2.0), leucine zipper, zinc finger and helix- 

loop-helix proteins.

In higher eukaryotes, the DNA binding domain generally consists of a region of 

about 60 to 100 amino acids. The activation domain which is typically separated 

from the DNA binding domain, can depend on as little as 30 amino acids, though 

the upper limit is just about 100 amino acids (Mitchell and Tjian 1989 reviewed). 

The different structural activation domains in higher eukaryotes could generally 

be classified into three broad classes, based upon the net charge and the type of 

amino acid residues. They are amphipathic acidic alpha helix, glutamine rich 

region and proline-rich region (for review see Latchman 1998, Mitchell and 

Tjian 1989, Ptashne 1988).

1.1.2 Basal Transcriptional Machinery
Transcription initiation in higher eukaryotes is a complex process that typically 

requires the catalytic activity of RNA polymerase H, plus other auxiliary/basal 

transcription factors. These factors are divided functionally into two groups; the 

general factors that play a significant role in the transcription of all RNA 

polymerase Il-dependent genes, and the sequence specific factors that are
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involved in optimal or maximal transcription of a subset of these genes (for 

review see Johnson and McKnight 1989, Eloranta and Goodhourn, 1996)

Prior to transcriptional activation in the eukaryotic RNA polymerase II- 

dependent promoters, hasal factors are sequentially arranged in a defined 

arrangement on to the core promoter to form the pre-initiation complex. These 

hasal factors were first defined in nuclear extracts, as essential elements 

supporting transcription (for review see Johnson and McKnight 1989, Eloranta 

and Goodhourn 1996). They were thus, characterised and subsequently separated 

in various fractions referred to as TFII-A,-B, -E,-F and -H (Eloranta and 

Goodhourn 1996). In a typical RNA polymerase Il-dependent promoter, the 

TATA sequence is the focal point for the assembly of the pre-initiation complex. 

In this process, the TATA box is recognised by a particular component of the 

TFIID factor, termed the TATA hinding protein (TBP) (Eloranta and 

Goodhourn, 1996). Complex formation orchestrated by TFIID encompasses a 

broad region which includes the transcription start site and sequences beyond 

(for review see Johnson and McKnight, 1989, Herschhach and Johnson, 1993, 

Eloranta and Goodhourn, 1996 Tjian and Maniatis 1994).

TBP is also associated with at least 8 other factors, generally known as TBP 

associated factors (TAFs), to form TFIID. The TAFs include TAF 250,150,110, 

80,60,40,30a, and 30^ (Pugh and Tjian 1990).

The Drosophila melanogastet TAFnl50 is a typical example of a TBP-Associated 

Factor. It is a 150 kiloDalton subunit of the TFIID complex. Interestingly, 

Verrijzer et at. (1994), have shown how the| TAFnl50 could specifically hind to 

the transcriptional start site of a gene.
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Thus, the first step in the formation of the basal complex is the interaction of 

TFUD with the TATA element (review see Johnson and McKnight, 1989, 

Herschhach and Johnson, 1993, Eloranta and Goodhourn, 1996). Subsequent to 

the TFHD-DNA complex formation, the assembly becomes stabilised by the 

association of TFHA jBuratowski et a l, 1989, feuratowski et al,, 1994, Horikoshi 

et a l, 1988). The assembly continues with the binding of TFHB, which is a 

prerequisite for the recruitment of RNA polymerase H together with TFHF 

Buratowski et a l, 1989).

Subsequently, the complex moves towards a complete initiation complex by the 

addition of TFHE, which is necessary for the recruitment of the final factor 

TFllH (Flore and Reinberg 1992). Having recruited the TFHE/H to the basal 

transcription machinery, the RNA polymerase H carboxyl-terminus domain 

becomes hyperphosporylated, the polymerase is thus released from the complex 

by the process of promoter clearance, and transcription is initiated (Maxon 1994,

Eloranta and Good bourn 1996) (figure 1.1). It should be noted that an alternative hypothesis 

to this stepwise pathway exists in which a holozyme containing RNA polymerase 

H and several basal factors is recruited to the promoter following TFUD binding 

to the TATA box (Parvin and Sharp, 1993).

Having assembled the multicomponent polymerase complex at the canonical 

TATA consensus, or at the initiator element for TATA-less promoters, basal or 

minimal transcription is then stimulated by other transcription factors binding to 

specific cis acting sequences in the promoter.
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F ig u re  1.1. S c h e m a tic  r e p r e s e n ta t io n  o f  th e  a s s e m b ly  o f  th e  b a s a l  t r a n s c r ip t io n a l  
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g e n e r a l  t r a n s c r ip t io n  f a c to rs .

Factors are represented by their letter designation. The bold line represents the prom oter DNA. 

D ouble-headed arrow s indicate protein-protein interactions.

Adapted and m odified from Buratowski et a l., 1994
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1.1^ Transcription Regulation
The regulation of transcription in eukaryotes by sequence-specific factors, 

depends on the interaction of these factors with cognate promoter elements and 

the basal complex. Thus, transcription depends on the ability of the transcription 

factor to exploit its modular characteristics, that is to he able to hind DNA, as 

well as to interact with factors in the basal machinery either directly or 

indirectly (Horikoshi et fl/., 1988, Pugh and Tjian 1990). Although the classical 

activators (glutamine, acidic and proline) do stimulate transcription activation 

differently, they all tend to enhance transcription initiation by interacting with 

adaptors and or factors of the basal complex (Eloranta and Goodhourn 1996). 

Thus, the components of complex may be stabilised or undergo various 

conformational alterations that might facilitate transcriptional stimulation 

(reviewed by Jackson and Tjian 1988).

In addition, transcriptional activity may be antagonised by inhibitory factors 

known as transcriptional repressors. For instance, this may involve steric 

occlusion or cytoplasmic sequestration of activating factors (for review see 

Herschhach and Johnson 1993, Clark and Docherty 1993, Latchman 1998). This 

could thus be consider as an indirect repression in which the repressor interferes 

with the action of an activating factor, so preventing it stimulating transcription 

(Latchman 1998). Alternatively these factors may act by direct repression, in 

which the repressor reduces the activity of the basal transcription complex 

(Latchman, 1998). Other significant players in regulating gene expression are the 

histone proteins; which are essential for the nucleosomal organisation of 

chromatin (Eloranta and Goodhourn 1996). The inert chromatin nucleosomal 

backbone, is an impediment not only to regulatory factors, but also to binding 

sites of the basal transcriptional machinery (for review see | Latchman 1998 

:, Mitchell and Tjian 1988).
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1.2.0 Homeodomain transcription factors
The study of Drosophila melanogaster genetics, provided the earliest evidence 

linking developmental mutants with deranged pattern formation. Some of these 

mutations were initially termed homeotic—which is the dramatic transformation 

leading to exchange of body parts (for review see Ingham 1988, Malton, 1991). 

Regulation of this sort in Drosophila, is typically initiated in part, by a family of 

genes sharing a 180 base pair region, known as the homeobox (Macdonald et al., 

1986, Bodner et al,, 1988, Hoey and Lavine 1988). The encoded product of this 

region is a conserved peptide sequence of 60 amino acids—the homeodomain. This 

domain is highly related to the helix-turn-helix DNA-binding domain of 

prokaryotic repressors (for review see Johnson and Mcknight 1989, Pa bo and 

Sauer 1992, Ingham 1988, Malton 1991, He et al., 1989).

It became evident after the identification and characterisation of homeodomain 

proteins, that developmental pattern formation was tightly controlled by a 

hierarchy of regulatory genes, that are sequentially regulated by transcription 

factors (Malton 1991, He et al., 1989), which bind to DNA elements located in 

target gene promoters. Many of these factors are part of the homeodomain family 

(for review see Verrijzer and Van Der Vliet 1993, Malton 1991). These 

transcription factors as previously discussed, typically contain multiple 

functional domains, that consist of a DNA-binding and a transcriptional 

activation or repression domain.
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The homeobox gene products, have been found to be ubiquitous and highly 

conserved in eukaryotes as diverse as nematodes and higher mammals (for 

review see Gehring et aL, 1994, Verrijzer and Van Der Vliet 1993, Malton 1991, 

He et aL, 1989), thus, constituting a family of evolutionary conserved DNA- 

binding factors. The homeodomain proteins are further divided into other 

subfamilies on the basis of several criteria, including sequence homology, 

similarity in the flanking regions, organisation into gene clusters, and position of 

introns (figure 1.2) (for review see Gehring 1994). Moreover, some of these 

subdomains were specifically characterised by their association with other 

sequence motifs, such as the engrailed (en), the paired (prd), the zinc-finger, and 

the POU domain (figure 1.2) (for review see Gehring et al ., 1994). The POU 

domain is therefore a subclass of the homeodomain and, is found in a family of 

eukaryotic transcription factors (for review see Verrijzer and Van Der 

Vlietl993, Malton 1991). Its members have been shown to play important roles in 

cellular development and differentiation (for review see Latchman 1997, Wegner 

et al 1993). The POU domain is discussed in section (1.2.1)
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The engrailed class o f homeodomain consists o f about three clusters o f conserved protein domains, designated 

bv ‘ E’ joined to the highly conserved homeodomain. The POU domain consists of the POU-specific and the 

POU-homeodomains which are joined together by a protein bridge. The POU-domain family is discussed 

further in the next section. The other subfamilies o f the homeodomain include, the paired and the zinc finger, 

as in the POU domain and engrailed, they also have either a truncated or full length homeodomain joined to 

other DNA-binding domains 

Modified from Gehring et a l ., 1994
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1.2.1 POU domain transcription factors
The POU (Pit-Oct-Une) domain was recognised as a result of comparison of 

cDNAs encoding the following mammalian transcription regulators: Pit-1, Oct-1, 

Oct-2 and the developmental control gene Unc-86, of Caenorhabditis elegans (for 

review see Ingraham et aL\ 199Ô» Verrijzer and Van Der Vliet, 1993, Clerc et al., 

1988, Wegner et al., 1993). These regulators were shown to exhibit homology 

with the homeodomain of Drosophila proteins. However, the POU domain also 

contains a second conserved region, the POU specific domain which co-operates 

with the homeodomain to give high affinity sequence specific DNA binding.

The POU domain generally contacts cognate response elements present in target 

gene promoters, and is also involved in protein-protein interactions (Jacobson et 

al., 1997). Similarly to most transcription factors, the transactivation domains of 

the POU factors have been shown to contact components of the basal machinery 

(reviewed by Wenger et al., 1993). For instance, the transactivation domain of 

Oct-2 has been shown to interact with the basal transcription factor TFHD via 

the TATA box binding protein associated factors (reviewed by Wenger et al., 

1993, Arnosti et al., 1993)

Oct-l/OTFl is ubiquitously expressed, and has been shown to be an activator of 

genes required for cell proliferation such as histone H2B (for review see Wegner 

etal., 1993, Verrijzer and Van Der Vliet 1993). Oct-l/OTFl has also been shown 

to be involved in the regulation of genes encoding the small nuclear RNAs 

(Murphy et al., 1992., Herr 1992, Klemm et al., 1994). Pit-l/GHFl in adults, is 

exclusively expressed in the pituitary gland, where it activates the expression of 

prolactin and growth hormone genes (Boeder et al., 1988, Ingraham et al.i 19901. 

The inactivation of the Pit-1 gene, has been shown to cause congenital dwarfism 

in mice and humans (Li et al., 1990, Voss and Rosenfeld 1992 reviewed).
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In mice, this effect was mainly attributed to the inability of Pit-1 to bind DNA, 

due to an amino acid substitution in the recognition helix of its POU 

homeodomain (Wenger et a/., 1993, Radovick et a/., 1992). The human dwarfism 

was attributed to a similar mis-sense mutation in the POU homeodomain, but also 

to a non-sense mutation that initiates a premature translation stop in the middle 

of the POU domain (Wenger et a/., 1993, Li et a/., 1990).

Oct-2/OTF2 is typically expressed in B lymphocytes where it plays an essential 

role in the maturation of B cells (Latchman 1998, Murphy etaL, 1992 Scheidereit 

et a/., 1988, Clerc et a/., 1988). Mutation in the nematode Unc-86 gene was shown 

to alter cell lineages, and cell differentiation leading to the absence of specific 

neuronal cell types, that ultimately leads to abnormal development (for review 

see He et a/., 1989, Wenger et a/., 1993, Finney et a/., 1990), thus, indicating the 

importance of these factors in development.

1.2.2 Classification of the POU domain factors
Based on the primary sequence throughout the POU domain, including the 

degree of homology in the poorly conserved linker regions that separates the 

POU specific domain and the POU homeodomain subdomains, all the known 

members of the POU family were classified into six distinct classes (Table 1.1) 

(Wenger et a/., 1993, Andersen et a/., 1994). Members of these classes also have 

homologous regions outside the POU domain. For instance, the members of Class 

the IV POU domain share a region of significant homology, termed the POU IV 

box. This box consists of a 40 amino acid conserved region in the amino terminus 

of these proteins. The class IV members will be discussed later.
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Table 1.1 The POU domain family; some members of the family (in red) are

Class Mammalian
POU

Genomic
organisation

Expression 
Emlrvo Adult

non-mammalian

I Pit I 
(GHF-I)

Mouse chrl6 neural tube pituitary 
pituitary

pit-1
(salmon)

11 Oct-1 
(OTF-1) 
(NF-Al ) 
(NFIQ) 
(OBPlOO)

Oct-2
(OTF-2)
(NF-A2)

Mouse chrl 
Humane hr I

Mouse chr7 
Human chr 9

ubiquitous ubiquitous

, ,  . lymphiod cells
nervous sy stem 

brain,sensoTy '

, kidnev 
spinal cord restricted briain 

areas only

dOct-1
(pdm-1)
(dPOU-19)
(dOCT-2)
(pdm-2, dPOU-28 
Drosophila
oct-1
( c hicken, Xenopus\)

Skn-1 a/I 
(Oct-11)

mouse chr9 developing
epidennis epidermis

in Brn-1

Brn-2
N-Oct3/5

Mouse chrl 

Mouse chr4

developing CNS 
nervous kidney 
system

developing CNS 
nervous glioblastoma 
system neuro

blastoma

zfPOUl 
(zebra fish) 
XLPOUl/2 
Xenopus 
C Üa(DrosophUa 
Ceh-6(C.elegans)

Bni-4
(Rsh2)N-Oct-2

Mouse X neural tube CNS

Tst-I
(SC IP)(0ct6)

Mouse chr4 blastocyst PNS/CNS 
brain myelinating 

glia, testis

IV Bm-3a
(Bm-3.0)
(RDC-1)

Bm-3b
(Bm-3.2)

Mouse chr 14 
Human chr 13

Mouse chrX 
Human chr4

developing ner\ous nervous system 
system (brainstem. (retina, sensory 
spkialcord. sensory ganglia, 

ganha. retina) neuroepithelioma.
Ewing’s sarcoma 
cervical neoplasia 
breast tumour.

developing nervous
system(brain, retina Mostly as in Bm- 
sensory neurons) 3a

Unc86
(C elegans)IP()U.tIPOU 
Drosophila

Bm-3c (Bm-3.1) Mouse chrl*  
Human chr 5 sensory neurons sensory neurons

V O ct-3/4 (Oct-5) Mouse chr 17 
Human chr6

embryonic ectoderm oocytes
primordial germs
cells

Oct-60 (Oct-25) 
(Xenopus)

VI Bm-5 Mouse chr 15 developing Brain, kidney 
nervous system testis, POU-c (zebratish)
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Furthermore, the class n  POU members which include Oct-1 and Oct-2, also 

share sequence similarity within the amino terminal glutamine-rich regions. 

These regions were shown to be involved in transactivation (Crcrster et n/., 1990, 

Luo et aL, 1992 ).

1 ^  Expression of POU domain proteins
The POU family has been found in organisms as diverse as metazoa, insecta and 

mammals, where they have been shown to be involved in regulating cellular 

differentiation and development. Importantly however, during mammalian 

development, most of the POU factors are expressed selectively. It has been 

shown that, such expression is developmentally regulated at different stages 

during embryonic development (Verrijzer et n/., 1993, Wegner et a/., 1993 

review).

In adults, most of the POU proteins, are detected in restricted numbers of cell 

types. For instance, during early development in mammals, the Oct-2 transcripts 

are expressed widely in the developing neural tube, the sensory ganglia, the 

spinal cord and the brain, whilst in adult, the transcripts are restricted to specific 

regions of the brain (reviewed by He et a/., 1989).

Similarly, the class TV POU domain factors, have been shown to be expressed in 

the developing and adult central nervous system (Collum et a/., 1992, Theil et a/., 

1993, Turner et a/., 1994, Gerrero et a/., 1993, Ninkina et a/., 1993, Erkman et a/., 

1996). This therefore indicates that the POU proteins are likely to be involved in 

the development of specific neuronal populations (Turner et a/., 1994). The 

expression pattern of members of the human class IV POU domain factors, will 

be discussed later.
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1J2A The POU-spectfic domain and The POU- 
homeodomain

The POU domain is a bipartite DNA-binding domain composed of two 

structurally independent DNA binding domains, which are separated by a 

flexible but versatile bridge of about 20 amino acids, termed the linker. The 

linker has been shown to generate variability in spacing and orientation between 

the two domains (Li et uA, 1993). These domains are termed the POU-specific 

domain (POUg), and the POU-homeodomain (POUgg) respectively (for review 

see Verrijzer and Van der Vlient 1993, Wegner et al,, 1993). The POUg is located 

at the conserved amino terminal region, and consists of about 80 amino acids, 

which is unique to this group of proteins. The POUgg is found at the carboxyl 

terminal, and consists of about 60 amino acids, highly related to the classical 

homeodomain (for review see He et al,, 1989, Wenger et al,, 1993 (figure 1.3 ).

Functionally, the POU homeodomain has a weak affinity for the DNA binding 

site, and thus needs the POU specific domain to enhance its affinity for more 

efficient and specific binding (Ingraham et al,, 1990, Verrijzer et al,, 1990, 

Verrijzer and Van der Vlient 1993, Wegner and Rosenfeld 1993). This 

integration of DNA binding motifs allows co-operative binding (Li et al,, 1993) 

(for review see Jacobson et al,, 1997, Ingraham et al,, 1990). While the POU- 

homeodomain typically requires a short A/T-rich sequence with a TAAT core for 

binding, the POU-specific domain recognises longer sequences, typically that of 

the classic octamer motif ATGCAAAT (reviewed by Verrijzer and Van der 

Vlient 1993, Morris et al,, 1993). In addition, Ingraham and colleagues have 

shown that, the POUhd domain alone can bind DNA with an affinity that

is significantly less than the sum of both putative domains (Ingraham et al,, 1990).
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Figure 1.3. Schematic representation of the POU domain

The highly conserved POU-specific domain is made up o f two regions o f  very high homology, the POUs-A 

and POUs-B subdomains. Together they consist o f 4 helical ttomains (H), o f about 74-82 amino acids, that 

are known to mediate site specific DNA binding, site specific and protein-protein reactions. The POUhd 

consists o f  3 helical domains that are situated next to the basic regions ( B). The linker consists o f  about 

14-25 amino acid residues. It is less conserved and it is known to form a flexible covalent tether between the 

POU.S and POUhd. The POUs and POUhd together mediate co-operative interactions for high affinity, site 

specific, DNA binding

For review see Ingraham et al., 1990)
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Sfructure and DNA binding by the POU domain
The POU factors have been shown to be able to contact DNA response elements 

either as monomers or muitimers (Ingraham et al,̂  1990, Li et a/., 1993). The 

structural characteristics which governs these unique abilities were shown using 

genetic, molecular and biochemical techniques. Although Pit-1 and Oct-1 factors 

are used in this discussion to depict these unique structural and functional 

characteristics, the findings, could be extrapolated to cover most members of the 

POU family of transcription factors (Ingraham et aL, 1990, Li et u/., 1993, 

Jacobson et a/., 1997). Thus, studies using X-ray crystallography reveal that, the 

POU-specific domain of Oct-1 and Pitl consist of four ^'-helices, in which the 

second and the third helices form the helix-turn-helix motif of the domain (see 

figure 1.4) (Li et uA, 1993, Jacobson et aL, 1997).

Furthermore, the homeodomain was shown to consist of three of ^-helices, with 

an amino-terminal arm that makes contact with the minor groove of the DNA. 

The second and the third helices forms the helix-turn-helix locus of the 

subdomain. The third ^-helix (the recognition helix) interacts with the 

nucleotides, situated in the major groove of the DNA (see figure 1.4) (Pabo and 

Sauer 1992, Ingraham et aL, 1990, Li et al 1993, Jacobson et a l, 1997).
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F ig u re  1 .4 . A s c h m a t ic  r e p r e s e n ta t io n  o f  t h e  c o n ta c t  m a d e  b y  th e  P O U -s p e c if ic  a n d  

P O U -h o m e o d o m a in  u p o n  b in d in g  to  th e  DNA r e c o g n i t io n  s i t e s .  T he cy lin d e rs  in d ica te  

th e  p o s itio n  o f  th e  a -h e lic e s  T h u s, th e  th ird  « -h e iix - th e  rec o g n itio n  helix  ( re d )  o f  th e  

P O U s d o m a in  c o n ta c ts  th e  m in o r  g ro o v e , w h ile  th e  th ird  a lp h a -h e lix -th e  rec o g n itio n  

helix (red ) o f  th e  P O U hd c o n ta c ts  th e  m a jo r  g ro o v e . T he lin k e r is sh o w n  by  solid  and  

d o tte d  lines.

Modified from Klemm et al 1994.
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In addition to the binding of DNA, the POU domain mediates specific protein- 

protein interactions that could modify the effect on transcription. This ability to 

interact with other proteins allows these transcription factors to effectively 

increase the range of target genes they regulate. For instance, Lai et al, (1992), 

demonstrated that, an alteration of the amino acid in a putative site within the 

POUjiD of Oct-2, which is essential for interaction with other proteins, to that 

normally found in Oct-1, confers the Oct-1 like coactivator characteristics upon 

Oct-2. Hence, it could now interact with the Herpes Simplex Virus (HSV) 

Vmw65, before binding to the canonical TAATGARAT (R=purine) consensus 

(Lai et al,, 1992).

Interestingly, in some cases the isolated POU domain can also act as a 

transactivation domain. Thus upon binding DNA, the Brn-3a class IV protein can 

transactivate either via the POU domain or the N-terminal domain depending on 

the target gene as demonstrated by Budhram-Mahadeo et a l ., (1995,1996). Using 

chimeric Brn-3a and Brn-3h constructs, it was shown that on a test promoter in 

which the consensus octamer sequence was cloned upstream of the murine 

thymidine kinase promoter, the Brn-3a POU domain could both initiate hinding 

as well as stimulate transcription. In contrast, on an a-internexin promoter, the 

N-terminal activation domain was necessary for transactivation.

The ability of the isolated POU domain of Brn-3a to bind to, and thus, 

transactivate a number of octamer and TAAGARAT related motifs, has now 

been demonstrated for diverse promoters which include; Herpes simplex virus 

(HSV) immediate early (lEl and IE3) genes (Dawson et al,, 1996), synaptic 

vesicle protein (SNAP-25) (Lakin et al,, 1995), and the Early Open Reading 

Frame (EORF) E6/E7 gene of human papillomavirus (HPV) (Morris et ah, 1993, 

Morris et al,, 1994). The last example will he discussed later.
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1.2.6 POU domain dimerizotion and co-operotive 
DNA binding

The ability of POU domain family transcription factors to employ diverse 

mechanisms to modulate transcription, such as dimerization and co-operative 

DNA binding was demonstrated by studies using Oct-1 and Pit-1 (Ingraham et 

aU<i 1990, Klemm et a/., 1994, Jacobson et a/., 1997). It was shown that both Oct-1 

and Pit-1 function as monomers under certain conditions, but they could form 

heterodimers on the prolactin Prl-lP response element (Klemm et a/., 1994, 

Jacobson et a/., 1997).

Interestingly, using high resolution X-ray crystallographic analysis, Jacobson 

and colleagues showed that, the Pit-1 POU domain binds a prolactin (Prl-lP) 

response element as a homodimer. Moreover, Oct-1 has also been shown to form 

homodimers and/or heterodimers with Oct-2 on the immunoglobulin heavy chain 

promoter (Kemler et a/., 1989, Poellinger and Roeder 1989).

Furthermore, the functional class IV POU-domain gene product the I-POU 

cannot bind DNA, due to the absence of two essential basic amino acids in the N- 

terminal homeodomain (Treacy et a/., 1991). Interestingly, when I-POU is co

expressed in neuronal cells with Cfl-a, a POU domain transactivator of the dopa- 

decarboxylase gene, I-POU forms a stable heterodimeric complex with the Cfl- 

a, thus repressing the activity of Cfl-a (Treacy et a/., 1991).
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1.2.7 Modulation of ttie POU domain by 
phoshorylation

The POU domain DNA-binding activity can be modulated by phosphorylation. 

This was demonstrated by studies of phosphorylation of a serine and a threonine 

residue in the POU homeodomain in Oct-1 and Pit-1 respectively (for review see 

Verrijzer and Van Der Vliet, 1993). The phosphorylation of Pit-1 is mediated by 

the cAMP-responsive protein kinase (PKA), during which threonine at position 

220 is subjected to mitotic-phase (M-phase) specific phosphorylation (Kapiloff et 

al,, 1991, Caelles et al,, 1995). Due to this, DNA binding by Pit-1 is inhibited 

during the M-phase of the cell cycle (Caelles et al,, 1995).

However, Jacobson et al,, (1997), suggested that the PKA phoshorylation may 

also occur at a conserved site of the homeodomain. Phosphorylation at this site 

would not only alter the conformation of the N-terminal arm, but would also 

interfere with the non-covalent forces that occur between the residues and the 

DNA grooves, as well as the DNA-phosphate backbone (Jacobson et al,, 1997, 

Caelles et al,, 1991).
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1.2.8 Aitemative splicing in the POU domain family
The post-transcriptional modification of some primary gene transcripts may 

involve mRNA splicing. In this process, distinct copies of mature mRNA may be 

produced by joining coding sequences known as exons in different combinations. 

The processed mRNAs without the introns (the regions of the chromosomal DNA 

not present in the mature mRNA) are translocated from the nucleus to the 

cytoplasm. Here, the different spliced products, may ultimately encode different 

proteins. Interestingly, if genes are alternatively spliced, they often produce two 

or more forms of the same protein that are expressed at different stages of 

development or in different cell types. This phenomenon is not uncommon within 

the POU family. For instance, Pit-1, Oct-2, Skn-la, Oct-3 and two members of 

the Brn-3 sub-class do exist as different isoforms (reviewed in Verrijzer and Van 

1993, Wegner et a/., 1993). Details of Brn-3 isoforms will be discussed later.

The Oct-2 POU factor, have been shown to utilise different alternative spliced 

products to bring about cell-type specific and spatio-temporal gene regulation, 

notably in the nervous system and B lymphocytes. The Oct-2 gene transcript for 

instance, is spliced to yield distinctive isoforms. Different ratios of the spliced 

forms are found in B-lymphocytes and the nervous system with resultant 

differences in transcriptional regulation (Lillycrop and Latchman 1992, 

Lillycrop and Latchman 1995).
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13.0 Qass IV POU domain transcription factors
The products of Brn-3a, Brn-3b and Brn-3c genes are the mammalian homologues 

of the Nematode Unc-86 product. Together y/itl^rosophila i I-POU and tl-POU 

products they constitute the Class IV POU domain transcription factors, which is 

one of the subfamilies of the POU domain family (see table 1.1) (for review see He 

et a/., 1989, Wegner et a/., 1993). The POU-IV factors are differentially expressed 

in the developing nervous system.

In addition some of the members, particularly the mammalian Brn-3a and Brn- 

3b factors, have been shown to be expressed in a variety of non-neuronal tissues 

as well as in cell lines derived from childhood and gynaecological cancers 

(Budhram-Mahadeo et a/., 1999, Theil et a/., 1993, for review see Latchman 

1997a). The expression of Brn-3a and Brn-3b in gynaecological cancers will he 

discussed later.

All these proteins, share a unique amino-terminal stretch of about 40 amino acids 

consensus which is the POU IV box (Gerrero et a/., 1993). Together with the 

linker, the POU IV box is responsible structurally, and hence functionaly for 

distinguishing the class TV POU domain family members from members of other 

classes (Theil et a/., 1993). This second conserved region is foound not only in the 

Brn-3 sub-family, but also in the I-POU and Unc-86 factors. Some members of 

the class IV family exist as different isoforms, which arise as a result of 

alternative splicing. For instance, the drosophila I-POU gene encodes for the 

neuronal specific inhibitory factor (I-POU) and an activator twin of I-POU (tl- 

POU) (Treacy et a/., 1991, Treacy et a/., 1992).
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1 .̂1 Oossification of the Bm-3 factors and chromosomal 
location

He et aL (1989) utilised degenerated primers, obtained from the conserved amino 

acid residues of the POU domain, for polymerase chain reaction (PCR); using 

cDNA obtained from human brain, rat brain and testis as templates, so as to 

identify and classify other POU domain transcription factors. One cDNA clone 

isolated from the brain, was termed Brn-3 or later Brn-Sa (Lillycrop et aL, 

1992a), and was shown to encode a product with almost 80 percent homology 

with Unc-86. In concordance with these findings, a human homologue of Unc-86 

also referred to as RDC-1 was isolated from a neuroepithelioma cDNA library, 

and was found to be identical to Brn-3a (Collum et ah, 1992). Thus, the rat Brn- 

Sa and the human RDC-1 were shown to be structurally and functionally 

identical (Theil et at,, 1993, Turner et aL, 1994). The chromosomal location of the 

mouse Brn-3a was shown to be on chromosome 14 (Xiang et aL, 1995, for review 

see Wenger et at., 1993). In addition, using hybridisation at low stringency on 

human genomic DNA from the placenta, Collum et aL (1992), subsequently 

mapped the human Brn-3a homologue RDC-1 to chromosome 13, in agreement 

with the linkage relationship between human chromosome 13 and mouse 

chromosome 14 (Collum et at., 1992).

Using the same approach as He et aL (1989), Lillycrop and colleagues isolated 

further cDNA clones similar to the original Brn-3a POU factor, but of which 

some differed by seven amino acids in the POU domain (Lillycrop et at,, 1992a). 

This was achieved using the immortalised ND7 cell line, which is a derivative of 

sensory neurons made by fusing rat dorsal root ganglion neurons with the C1300 

mouse neuroblastoma cell line (Wood et at., 1990). This new product was termed 

Brn-3b, also known as Brn-3.2 (Lillycrop et aL, 1992a, Turner et aL, 1994), to
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distinguish it from the original Brn-3a, which was also called Brn-3.0 (Gerrero et 

a/., 1993). Brn-3b is located on the short arm of the X-chromosome (XFl-5) (Theil 

et a/., 1994), while the human homologue of Brn-3b is thought to reside on 

chromosome 4 (Xiang et a/., 1995).

Applying a similar approach Ninkina and colleagues isolated Brn-3c also known 

as Brn-3.1 or POU4F3 (Ninkina et a/., 1993, Gerrero et a/., 1993, Vahava et a/., 

1998), another closely related Brn-3 POU factor. The mouse-human synteny 

indicates that the Brn-Sc genomic locus is on human chromosome 5 and 

encompasses the 5q locus (Steel 1998, Erkman et a/., 1996, Leon et a/., 1989). It is 

to this region that a congenital form of late-onset degenerative deafness has been 

mapped and a mutation in Brn-3c have been shown to occur in these patients 

(Vahava et a/., 1998, Leon et a/., 1989). Brn-3c in mouse was mapped on 

chromosome 18 (Theil et a/., 1994, Xiang et a/., 1995).

1.3.2 The Bm-3 POU domain transcription factors
The POU domain of Brn-3a, -b and -c is located at the carboxyl terminal of the 

protein and is highly conserved, with only 7.5% of the 160 amino acid residues 

being different (Theil et a/., 1993, Turner et a/., 1994, Theil et a/.,1995). When 

expressed as (Glutathione S-transferase) GST fusion proteins, they display 

similar binding characteristics on related octamer consensus sequences (Theil et 

al.9 1993). However, comparison of the genes for the three Brn-3 factors shows 

little sequence similarity outside the POU domain, apart of the POU IV box, and 

all these factors are encoded by different genes (Theil et a/., 1993, Turner et a/., 

1994, Theil et a/., 1995) (figures 1.5a).
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Figure 1.5. Schematic representation of the different domains found in the 
isoforms of Brn-3a, Brn-3b and Brn-3c

The different colours and shading represent region of high homology. For instance, the gray 
shadings at the amino terminus of Brn-3c and the long isoforms of Brn-3a (Brn-3a(l)) and Brn-3b 
(Brn-3b(l)) represents the POU-IV box. The short isoform of Brn-3a (Brn-3a(s)) lacks the entire 
POU-IV box, whereas the short isoform of Brn-3b (Brn-3b(s)) has a truncated sequence.

(Adapted and modified from Theil e ta l., 1994)
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•Owing to alternative splicing of both Brn^3a and Bm-Sb genes, two primary 

mRNA transcripts that differ in their 5' ends are produced (figure 1.6). The 

mRNAs encoding are the long forms of Brn-3a (Brn-3a(l)) and Brn-3b (Brn-3b(l)) 

with molecular weights of 43kDa and 46kDa respectively (figure 1.6b) are 

produced by transcriptional upstream promoters. Following this process, a single 

intron from the primary transcripts is removed to yield mRNAs, whose products 

encode factors with specific N-terminal sequences (Liu et a/., 1996, Theil et a/.,

1993) (figure 1.6a).

In contrast, the use of downstream promoters produces two intronless mRNAs, 

that encode the short form of these factors, Brn-3a(s) and Brn-3b(s) which lack 

the N-terminal sequences (figure 1.6).
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Hence, alternative splicing of Brn-3a and Brn-3b transcripts yields different 

isoforms with distinct structural and functional characteristics as demonstrated 

hy Theil and colleagues (Theil et aU, 1995, Theil et a/., 1994, Theil et uA, 1993).

Thus, the encoded product of the long form of Brn-3a has 421 amino acid 

residues with molecular weight of 43 kDa (Theil et a/., 1994). The short form of 

Brn-3a (Brn-3h(s)), lacks 84 amino acid residues at the amino terminus as 

compared to the full length Brn-3a(l). Hence, the encoded product of Bm-3a{s), 

has 337 amino acid residues with a molecular weight of 33kDa (figure 1.6h). 

(Theil et a/., 1993, Theil et a/., 1994). Due to the different location of the exon and 

intron borders in Brn-3h gene, the short form contains 9 amino terminal amino 

acids, not shared with long form (Theil et a/., 1995). Thus, a 35kDa Brn-3h(s) 

protein that consists of 322 amino acid is encoded, as compared to the 46kDa Brn- 

3h(l) protein consisting of about 411 amino acid residues (figure 1.6).

Unlike Brn-3a and Brn-3b, only one Brn-3c isoform has been detected, although 

like Brn-3a, it contains at least two exons plus an intron. Hence, only the Brn-3c 

transcript which codes for 338 amino acid residues, with a molecular weight of 

43kDa has been identified (Smith et a/., 1998, Theil et a/., 1995) (see figure 1.5 ).

Interestingly, Brn-3a and Brn-3b are closely related POU IV factors, 

notwithstanding the fact that they are encoded by different genes. Thus, they 

both have an identical POUs domain, but a POU^g that differs by only one amino 

acid at position 22 in the first a/p/ta-helix (Dawson et a/., 1996). The POUg,, of 

Brn-3a contains a valine at position 22, while isoleucine is found at the same site 

and position in Brn-3b. In addition, besides the single amino acid difference in
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their POUhd domain at position 22, the other difference between these two 

factors is at the level of the linker, with six amino acid alterations (Dawson et a/., 

1996).

Interestingly, the long form of Brn-3a containing the additional aminoterminal 

domain, was also shown to be able to transform primary fibroblasts in co

operation with Ha-ras. (Theil et a/., 1993. The resulting transformed cells were 

also shown to be tumorigenic, with the ability to form tumours in both soft agar 

and in nude mice (Theil et a/., 1993). In contrast, the short form of Brn-3a 

lacking the aminoterminal domain, was shown not to be tumourgenic nor to be 

able to transform fibroblasts (Theil et a/., 1993). The short form of Brn-3b was 

shown to inhibit the transformation activity of the long form of Brn-3a (Theil et 

a/., 1993).
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133 Regulation of Bm-3 expression
The regulation of Brn-3a and Brn-3b primary transcripts under different 

conditions has been studied by Lillycrop et al. (1992), and Budbram-Mabadeo et 

at. (1994). It was shown that when ND-7 cells were induced to differentiate into a 

non-dividing, process bearing phenotype, by transferring the cells to a serum free 

medium, the level of Brn-3a mRNA increases while that of Brn-3b falls. 

Furthermore, Budbram-Mabadeo et at. (1994), established similar effects by 

inducing differentiation in ND7 cells with cyclic AMP (cAMP), during which the 

level of Brn-3a was shown to increase, while the Brn-3b level decreases.

The regulation of the expression of Brn-3a and Brn-3b was also studied by 

Turner et at. (1994). They demonstrated similar reciprocal fluctuations in the 

expression levels of Brn-3a and Brn-3b, in retinoic- or cAMP-induced 

differentiation of F9 teratocarcinoma and N18 neuroblastoma cells. Within two 

hours of retinoic acid or cAMP treatment of the F9 cells, a reduction of the Brn- 

3b mRNA level was detected. This reduced Brn-3b expression was shown to 

render Brn-3b undetectable after the fourth day of treatment. The entire effect 

was shown to be reversible when retinoic acid free medium was used (Turner et 

a/., 1994). The same effect was observed in N18 neuroblastoma cell line. Retinoic 

acid did not appear to have any significant effect on Brn-3a (Turner et a/., 1994).
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The levels of Brn-3a and Brn-3b expression have also been shown to be 

differentially regulated when the T-cell line, EL4, was treated with PMA. After 

an hour of stimulation, the level of Brn-3a but not Brn-3b was shown to decrease 

(Gerrero et al., 1993). Similar treatment using PMA on the human T-cell line 

Jurkat, reveals increased Brn-3a expression. In constrast, Brn-3b is expressed at 

low levels in Jurkat cells, but when treated with PMA, the level remains 

unchanged (Bhargava et at., 1993). Thus, the Brn-3a and Brn-3b mRNAs appear 

to be differentially regulated.

In addition to the regulation of total Brn-3a and Brn-3b mRNA discussed above, 

it has also been shown that, owing to alternative splicing, the expression of Brn- 

3a and Brn-3b isoforms are differentially regulated. For instance. Lui et al. 

(1996), established that the rise in total Brn3a mRNA in differentiated ND7 cells 

could be attributed to a greater increase of the short form of Brn-3a compared 

with the long form of Brn-3a. Furthermore, it was shown that, the decrease in 

the total Brn-3b mRNA during ND7 cells differentiation, was due to a 

downregulation of the short form. The fall in the mRNA level of the short form of 

Brn-3b was shown to be more significant than that of the long form (Lui et al.,

1996). Thus, alternative splicing regulation is a mechanism which the POU 

factors may exploit in controlling cell/signal-specific expression.
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1^.4 Regulation of transcription by Bm-3
Brn-3a has two distict transcriptional activation domains. Thus, Brn-3a has been 

shown to activate a variety of different promoters by making use of either the N- 

terminal, or the POU domain For instance, Budhram-Mahadeo and colleagues 

using chimeric Brn-3a and Brn-3b constructs, demonstrated that, on a test 

promoter in which the consensus octamer sequence was cloned upstream of the 

murine thymidine kinase promoter, only the Brn-3a POU domain could both 

initiate binding as well as stimulate transcription. In contrast, on an alpha- 

internexin promoter, the N-terminal activation domain present only in the long 

form of Brn-3a was necessary for transactivation (Budhram-Mahadeo et a/., 

1995, Budhram-Mahadeo el a/., 1996). The N-terminal region of Brn-3a which 

activates transcription contains the conserved consensus of the POU IV box 

(Clerc et a/., 1988).

Interestingly, functional studies with these transcription factors, have shown 

their effects on the activity of many gene promoters to be opposite and 

antagonistic to each other. Thus, while Brn-3a activates its target promoters, 

Brn-3b may have a repressive effect on some of these promoters, and may even 

antagonise the activating effect of Brn-3a (Morris et a/., 1994., Budhram- 

Mahadeo et a l ., 1995, Morris et al, 1997, Theil et al, 1995 Theil et al, 1993). For 

example, Brn-3a was shown to activate the promoter of the genes encoding pro- 

opiomelancortin (Gerrero et at,, 1993) and the synaptic vesicle protein SNAP-25 

(Lakin et a/.,1995). In contrast, Brn-3b was shown not only to be able to repress 

these promoters, but also to be able to antagonise the activating activity of Brn-3a 

(Gerrero et a/., 1993, Lakin et a/.,1995). However, Brn-3b has been shown to 

activate the promoter of the neuronal nicotinic acetyl choline receptor a2 gene 

(Milton et a/., 1996).
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Furthermore, recent studies have shown that, Brn-3b has little or no effect on the 

promoter of the Bcl-2 proto-oncogene (Smith et aL, 1998, Budhram-Mahadeo et 

a/., 1999a). In contrast, Brn-3a was shown in the same studies, to be able to 

activate this promoter (Smith et a l, 1998, Budhram-Mahadeo et al., 1999a). 

Moreover, Morris et at. (1993) demonstrated that Brn-3a and Brn-3b have 

opposite and antagonistic effects on the upstream regulatory region of (URR) 

HPV-16 and HPV-18 containing the classical octamer motif, with Brn-3a having 

an activating effect and Brn-3b a repressing effect (Morris et at., 1993). This will 

be discussed later. Concomitantly however, Brn-3b inhibitory effect on Brn-3a 

could be ascribed to the formation of hetero-oligometric complexes, that would 

not bind to these motifs as demonstrated by Theil et al. (1995), or by the 

competition for co-factors or DNA recognition sequences as shown by Dawson et 

al. (1998) and reviewed by Latchman, (1997).

In several cases, the Brn-3a POU domain can activate the promoter wheras the 

Brn-3b POU domain represses it. Interestingly, exchange of the valine at position 

22 in the POU homeodomain of Brn-3a for the isoleucine found in Brn-3b 

produces an inhibitory protein wheras Brn-3b valine at this position acts as a 

transcriptional activator (Dawson et al., 1996, Dawson et al., 1998, Lai et al., 

1992). Thus, it is of great significance that the amino acid at position 22 has been 

implicated in protein-protein interactions (Dawson et al., 1996, Dawson et al., 

1998, Lai et al., 1992, Dawson et al., 1996). For instance, it was initially 

demonstrated that the exchange of the alanine residue at position 22 in Oct-2 for 

the glutamine residue found in Oct-1, confers upon Oct-2 the ability to recruit 

the HSV Vmw65 a characteristic of Oct-1. Hence, the mutated Oct-2 could now 

interact with the HSV Vmw65 protein HSV (Lai et al., 1992).
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It was therefore suggested that, owing to the valine, isoleucine difference at 

position 22 of the Brn-3a and Brn-3b POU homeodomains respectively, Brn-3a 

could interact with a co-activator and recruit it to the DNA, thereby initiating 

transcriptional activation (Latchman 1997a). Conversely, Brn-3b lacking valine, 

would not interact with the co-activator, or rather the isoleucine could allow the 

interaction with a co-repressor, hence transcription is repressed (Latchman 

1997a). This, suggests a possible mechanism of regulating the functions of the 

Brn-3a and Brn-3b factors.

Furthermore, in co-transfection experiments using neuronal cells, Brn-3c has 

been shown to activate similar promoters as Brn-3a, but in parallel experiments 

using other cell types Brn-3c did not activate these promoters (Lakin et a/., 1995, 

Smith et n/., 1997, Budhram-Mahadeo et al., 1995). For example, Brn-3c was 

shown to activate the promoter encoding the synaptic vesicle protein SNAP-25 in 

ND7 but not in the BHK fibroblast cell lines. In this experiment, the degree of 

activation in ND7 cells was greater than that stimulated by Brn-3a (Smith et al.,

1997), thus indicating that Brn-3c has a neuronal-specific activation domain.
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1^3 Expression pattern and function of the Bm-3 factors
The expression of the Brn-3 family was initially thought to be restricted to the 

nervous system, though a small amount of Brn-3a mRNA was also detected in 

cells of the neuroendocrine and immune systems (Gerrero et n/., 1993). Brn-3a, 

Brn-3b and Brn-3c have also been shown to be expressed in neuronal cells of 

embryonic and adult peripheral sensory ganglia as well as in the central nervous 

system (CNS) (table 1.2) (Ninkina et a/., 1993, Gerrero et a/., 1993 Turner et a/.,

1994). Moreover, in the sensory peripheral nervous system and in the retina, it 

was shown that, the Brn-3 factors display different expression patterns (He et a/., 

1989, Ninkina et a/., 1993, Gerrero et a/., 1993 Turner et a/., 1994). Conversely, 

in the central nervous system, there are clear differences in the expression 

pattern during early development and in adults (reviewed by Verrijzer and Van 

der Vlient, 1993, Wegner et a/., 1993, Verrijzer and Van Der Vliet, 1993, 

McEvilly et al 1996, Erkman et a/., 1996). In addition to the overlapping pattern 

of expression in the nervous system, the individual genes display unique spatio- 

temporal expression patterns, thus indicating their importance in the 

development of specific neuronal populations (Turner et a/., 1994). For example. 

In the retinal ganglion cells, Brn-3b was initially detected at embr} onic day 13.5, 

then peaks at embryonic day 15.5. Its levels declined and was undetectable by 

postnatal day 8 . In contrast, Brn-3a was detected initially at embryonic day 15.5, 

then it declined slowly, with moderate detection at postnatal day 8  (Erkman et 

a/., 1996) (table 1.2, see section 1.3.6)

Furthermore, Brn-3a is also expressed in malignant neoplasias, which are 

derivatives of neuroectodermal tissue, as well as in cervical neoplasias but not in 

normal cervical tissues (Theil et aL, 1993). Moreover, Collum and colleagues. 

(1992), demonstrated that Brn-3a is expressed in childhood cancers, which 

include Ewing’s sarcomas and neuroblastomas (Collum and et aL, 1992).
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Table 1 ^  The expression pattern of Bm-3o and Bm-3b in the nervous 
system. The signs indicates the degree o f  expression with xxx means strong 
detection; xx moderate detection and o very weak detection.

Bm-3a Bm-3b .... J
E 15.5 Adult E15.5 Adult Some designated locations

BRAIN

Thalamus | XX XXX o o medial/lateral habenula

Midbrain XX x/o 1 XXX XXX sup/inferior colliculus

Hindbrain XXX XX XXX o brainstem medulla

Cerebeiium XX XX o o red nucleus

NEURONS

At Retina XX XX XXX X post mitotic ganglion cells

Sensory XXX XXX j XX X trigiminal and DRG
Abbravcrtion^ E Embryo doy, DR6 Dorsal root gongik^ inter, intormodiato.
Adopted from Budhram-Mohodoo, 1995 «viHi oddHionol information from Erkman of o 4 1994 Xiong 
a^oA, 1996)
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Interestingly, Brn-3a and Brn-3b proteins have been isolated from tissues of 

gynaecological origin which include, ovary, breast, uterus and even the testis 

(Budhram-Mahadeo et a/., 1999b). In addition, while Bm-3a is not expressed in 

the normal cervix, it is highly upregulated in cervical intraepithélial neoplasias 

(CIN3). This is discussed in chapter 3 and 4.

Furthermore, work carried out using ND7 and the human neuroblastoma cell 

lines, was used to demonstrate the potential roles played by Brn-3a and Brn-3b 

factors during cellular growth and differentiation (Smith et aL, 1997a, Smith et 

aL, 1997b, Lakin et aL, 1995, Budhram-Mahadeo et aL, 1994, Turner et aL, 1994). 

Indeed, when three human neuroblastoma cell lines, IMR-32, SK-N-MC and SK- 

N-SH were induced to differentiate, the level of Brn-3a was shown to increase 

while the level of Brn-3b was shown to decrease (Smith et aL, 1996, Latchman 

1997a). Moreover, over-expression of Brn-3a in ND-7 cells induced neurite 

outgrowth even in the absence of stimuli which would induce such 

differentiation, whilst Brn-3b over-expression inhibited such outgrovKth even in 

the presence of such stimuli (Smith et aL, 1997a, Smith et aL, 1997b). Thus, Brn- 

3a and Brn-3b factors are shown here to be important players in regulating 

growth and differentiation in cell lines of neuronal and malignant origin. Besides 

the neuroblastoma and neuronal cell line models, other Brn-3 expressing cell 

lines, which are derived from human gynaecological carcinomas such as; the 

breast tumour cell line (MCF7), and the cervical epidermoid carcinomas derived 

cell lines (Caski, C33 and SiHa). The expression pattern of Brn-3a and Brn-3b in 

these cervical and mammary cell lines is discussed in chapters 4 and 5.
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Bm-3c expression is restricted to a subset of sensory neurons in the dorsal root 

ganglia and the spinal cord (Gerrero et a/., 1993, Ninkina et a/., 1993). Expression 

in the dorsal root ganglia commences from embryo day 12 and continous through 

out development (Ninkina et a/., 1993). In the spinal cord, Brn-3c is first detected 

at embryo day 16, and continues through out development as determined by in 

situ hybridisation work carried out by Ninkina et aL (1993). In addition, Brn-3c is 

uniquely and highly expressed in the cochlea and vestibular hair cells of the inner 

ear, as well as in the labyrinth and cochlea by E14 and E18 respectively, which 

continues into adulthood (Erkman et a/., 1996).

To review the roled play by these factors during cellular development and 

differentiation, appropriate genetic models are discussed in the following.

1.3.6 Expression and funcKon of Bm-3 In genetic models
A powerful model to investigate the functions of a given gene during 

differentiation and development, is by the analysis of naturally occurring animal 

mutants or through the generation of mice strains by targeted disruption of the 

relevant gene (reviewed by McEvilly and Rosenfeld, 1997). In the context of the 

Brn-3 factors, knock-out mice strains lacking Brn-3a, Brn-3b and Brn-3c genes, 

respectively Brn-3.0(-A), Brn-3,2(-/), and Brn-3,!(-/-) were used to study the roles 

of these factors in mouse development (McEvilly et a/., 1996, Erkman et aL,

1996). To investigate the role of Brn-3b in neural development, Erkman and 

colleagues used target mutagenesis to delete the entire protein-coding region of 

Brn-3b gene. The mutant mice developed normally and were viable, but display 

about 70% loss of retinal ganglion cells by Post-natal day 17 to Post-natal day 

120 (P17-P120) day, and a reciprocal depletion of Brn-3a in the retina was 

observed.
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A possible explanation of the decrease of Brn-3a is that, Brn-3b directly regulates 

Brn-3a in a sub-population of the retinal ganglion cells, but this remains to be 

established (Erkman et a/., 1996). However Bm-3b mutation did not obliterate 

Brn-3a expression in other regions of the nervous system. In contrast, the Brn-3c 

(-/-) mice created by Erkman et aL (1996), were deaf and also show deficits in 

balance and co-ordination, and by P35, they became hyperactive.

To investigate the role of Brn-3a, McEvilly and colleagues (1996), also used 

homologous recombination to delete the transactivation and DNA binding 

domains of Brn-3a in embryonic stem cells. The resulting mice display severe 

behavioural and physiological abnormalities, that range from rigid limbs to 

ineffective swallowing. In addition, studies reported by Xiang and colleagues 

shows that, Brn-3a(-A) mice suffered from impaired suckling, as well as loss of 

neurons in both the brainstem and trigeminal ganglia (Xiang et aL, 1996). These 

mice survived less than 24 hours postpartum as compared to the Brn-3b and Brn- 

3c 'Knock-outs', that not only grew up to became adults, but were also fertile 

(McEvilly et aL, 1996, Xiang et aL, 1996). Histological analysis of the hindbrain of 

Brn-3a(-/-) mice at postpartum day 0.5, revealed an absence of the red nucleus 

and disorganisation in the central nervous system. Furthermore, the Brn-3a 

deletion also alters the differentiation, migration and survival of central neuronal 

populations. These results show that, Brn-3a is crucial for the survival of 

subpopulations of proprioceptive, mechanoreceptive and nociceptive sensory 

neurons. Thus, in the 'knock out' mice of Brn-3a, Brn-3b and Brn-3c, the terminal 

differentiation events in specific sensorineural and somatosensory cells are 

affected, similar to the role of Unc-86 in determining mechanosensory lineages in 

Celegans (Erkman et aL, 1996, Finney and Ruvkun, 1990, Xiang et aL, 1996).
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The functional diversification demonstrated by the different Brn-3 knock-out 

mice, reiterated the degree of both sequence and functional similarities between 

Unc-86 and Bm-3 gene family, but also suggested that, the Brn-3 genes arose by 

duplication and divergence of an ancestral unc-86 gene with subsequent 

specialisation for different functions (Xiang et aL, 1996).
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W .0 Viruses and human cancer
In several different types of human cancers, viruses have been thought to be the 

main functional causative agents. For instance, human papilloma virus types 16 

and 18 (HPV-16/18) have been associated with many forms of genital cancers, 

including cervical carcinomas (Storey et a/., 1998) (Table 1.3). HPV is an 

epitheliotropic virus, that has evolved a replication strategy whch depends upon 

the differentiation of target kératinocytes. It has been shown that HPV 

preferentially infects kératinocytes or cells with the potential for keratinocyte 

maturation (Stanley 1994). It has also been suggested that it is only in the 

terminal differentiating kératinocytes that viral capsid proteins are synthesized 

and viral particles assembled (Stanley 1994).

However, during the initial HPV-16/18 infection, the virus encodes proteins 

which can participate in malignant transformation. These proteins have been 

shown to be encoded by the early open reading frame (EORF), and are involved 

in DNA replication, transcription, and cellular transformation (Arrand 1994, 

Berg and Singer 1997). Thus, using transformation and tumourgenicity assays, it 

was shown that the £ 6  and the E7 proteins encoded by the EORF gene, are the 

principal candidates responsible for the immortalization and transformation of 

cells (Vousden 1994). Moreover, it was also shown that, the E6 and the E7 are the 

only two viral proteins which are consistenly maintained and expressed in 

cervical cancers (Vousden 1994). This therefore indicates that, the E6 and E7 

proteins are involved in both the development and maintenance of cervical 

cancer. This will be discussed in chapters 3 ,4  and 6 .

65



Table 1.3. Viruses thot have been Implicated with human neoplasia

Virus N eoplasm

Epstein-Barr virus Epstein-Barr virus
NasophaiATigeal
carcinoma

Other B-cell lymphomas 
and some cases of 
Hodgkin's disease

Hepatitis B virus
Hepatocellular carcioma

Human papillomavirus Cervical carcinoma
Cervical intraepitelial neoplasia (CIN)
CIN 1,C IN 2 andCIN3

Some forms o f  carcinoma o f  the skin

HTLV-1 T-cell leukaemia/lymphoma

M odified from Stevens and Lowe 1995
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1.4.1 Transcription factors and disease
As discussed previously, the first but critical stage in gene regulation is 

transcription. Transcription of a given gene in a particular cell type or in 

response to a particular stimulus, would allow the corresponding protein to be 

produced only in the respective cell type or in response to the appropriate signal. 

Thus, transcription is undoubtedly the most important step during the regulation 

of gene expression. Hence, failure of a transcription factor to respond 

appropriately to either intra-and/or extracellular cues necessary for cellular 

growth, differentiation and development, could ultimately lead to diseases, 

ranging from develomental disorders, endocrine disorders, various forms of 

cancers and even death.

A classic example of a transcription factor and disease is demonstrated by the 

formation of congenital dwafism in humans, owing to the inactivation of the Pit~l 

gene (Radovick et aL, 1992). Also an 8-base pair deletional mutation in Brn-3c 

has been shown to be responsible for progessive hearing impairment in humans 

(Vahava et aL, 1998, Steel 1998). It is important to note here that, mice with 

deleted Brn-3 genes displayed various kinds of physiological and anatomical 

abnormalities, which range from deafness, unco-ordinated limbs movement to 

premature death (section 1.3.6) (Erkman et aL, 1996, Finney and Ruvkun 1990, 

Xiang et aL, 1996). Disease might also occur if a regulatory transcription factor, 

is inappropriately expressed and/or activated at the wrong place and time. This 

ectopic gene expression and/or regulation has been shown to be involved in many 

form of cancers (for review see Bishop 1987). Thus, the mutation or over

expression of certain cellular genes, may lead to uncontrolled cellular growth and 

proliferation (for review see Latchman 1993, Bishop, 1987). For instance, the 

mutation or over-expression of the proto-oncogenes fos and jun encoding 

transcription factors can trigger the formation of tumours (Table 1.4).
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Table 1.4. P o ten t oncogene products an d  m echanism s of abnorm al regulation

Proto-oncogenes Functions Oncogene type
Reason for 
activation

ras Guanosine
tnphosphosphate
binding

Signal transduction Point mutation

myc
Transcription
activator

Nuclear regulator Trans location

jun
Transcription
activator Nuclear regulator Overexpression

fos Transcription
activator

Nuclear regulator Amplification

hcl-2 Mitochondrial
protein

Inhibit apoptosis Trans location

Brn-Sa Transcription
activator

Nuclear regulator Overexpression

abl TvTosine kinase Signal transduction Trans location

erh-BI Epidermal growth 
factor receptor

Growth factor receptor Amplification

erh-B2 EGF-like receptor Growth factor receptor Amplification

hst-1 Fibroblast growth 
factor

Growth factor 
follicular Kmphoma

Overexpression

M(xlil'ied from Stevens and Lowe 1995 and additional details from 
Watson et a i, 1992
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The encoded product of these genes are synthesised and expressed transiently in 

response to growth promoting stimuli. However, if the regulatory mechanism of 

the jun and fos genes become compromised by either extra or intracellular 

stimuli, and thus the jun and fos factors are overproduced independently of the 

growth signals, it may then lead to an uncontrolled growth and proliferation 

(reviewed by Latchman 1993, Latchman 1997b, Latchman 1998, Curran and 

Franza 1988).

Mutation of proto-oncogenes are not the only cancer causing agents as discussed 

earlier, other classes of genes known as the tumour suppressor genes or 

antioncogenes (Table 1.4), could also be involved in the formation of cancer, if 

their normal function is compromised by either deletion or mutation (Knudson 

1993, Weinberg 1993). Normally, tumour suppressor genes encode products, that 

inhibit cellular growth by regulation of the cell cycle. The BRCA-1, p55, 

retinoblastoma {pRB\ Neurofibromin (NF-1) (Inactivation of the NF-1 not only 

predisposes patients to neuro- fibromatosis but also to sporadic tumours), WT-1 

(Wilms' tumour-loss of the WT-1 predispose individuals to childhood kidney 

tumours), are thought to be the five most potent tumour suppressor genes,

(Hunter 1997, Hastie 1993, Berns

1994). BRCA-1 is discussed in later.

Germ-line mutation of the p53 gene, which is located at chromosome 17 gives rise 

to Li-Fraumeni syndrome, whereby the subjects are predisposed to breast, and 

bone cancers (for review see Latchman et a/., 1996, Hunter 1997). Interestingly, 

germ-line mutation of the breast cancer gene BRCA-1, also located at 

chromosome 17, predisposes carriers not only to breast cancer but also to ovarian 

cancer. These factors generally orchestrate their growth inhibitory functions, by 

regulating the expression of target genes. For example, p53 has been shown to
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bind to its target response elements and thus stimulates the expression of the 

growth inhibitory protein p21 (Marx 1993). This will be discussed in chapter six.

Furthermore, as discussed in the previous section, the HPV-16/18 £ 6  and E7 

oncoproteins have been associated with cervical tumourigenesis. This effect 

appears to involve the inhibition of the p53 and pRB tumour suppressor proteins 

as a consequence of their complex formation with the viral £ 6  and £7 

oncoproteins (Vousden 1994).

The control of transcription is a key mechanism by which progress through the 

cell cycle is regulated. Interestingly, there is evidence that pRB is able to form a 

complex with £2F. £2F is a potent transcription factor that controls the 

transcription of several important genes that are crucial for entry cell cycle and 

progress through G1 into S-phase (Vousden 1994). The association between pRB 

and £2F prevents transcriptional activation by £2F. However, this association 

can be disrupted by the regulatory phosphorylation of pRB, or by the interaction 

of pRB with the BLPV £7 oncoprotein. This interaction between the viral £7 and 

pRB could therefore lead to the inappropriate transcription of £2F-responsive 

genes and release of normal blocks on progress through the cell cycle (Vousden 

1994). Hence, the £7 oncoprotein could compromise the pRB ability to act as an 

inhibitor or negative regulator of cell growth.

Furthermore, complex formation between £ 6  and p53 is also thought to 

inactivate p53s ability to control the normal cell cycle and cell proliferation by 

regulatory transcription or DNA replication (Marx 1993). The binding of HPV 

£ 6  to p53 accelerates its degradation by a ubiquitin-dependent proteolysis, as a 

result the level of wild-type p53 falls (see Marx 1993). Thus, the inactivation of 

the normal function of p53 and pRB by complex formation with HPV £ 6  and £7  

oncoproteins, are important in the aetiology of human cervical cancer.
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13.0 Background to projed

13.1 Bm-3o has oncogenic potential In cervical cells
The differentiation of ND7 cell line to a nondividing phenotype bearing neurite 

processes was shown to be accompanied by an increase in the levels of the 

activating POU transcription factor Brn-3a, and a corresponding fall in the levels 

of the inhibitory factor Brn-3b (Lillycrop et a/., 1992, Budhram-Mahadeo et a/., 

1994). Moreover, the artificial over-expression of Brn-3a in ND7 cells was also 

shown to induce neurite outgrowth and the activation of the SNAP-25 genes 

(Smith et a/., 1997a). In contrast the over-expression of Brn-3b in these cells 

reduces neurite process outgrowth and SNAP-25 gene expression (Smith et a/., 

1997b). This therefore indicates that, the Brn-3 factors are significantly involved 

in certain aspects of neuronal development and differentiation.

In addition to being a key player in neuronal gene expression, the mammalian 

Brn-3 POU domain transcription factors, also have a potentially significant role 

in certain regulatory procedures in neuroblastoma and cervical tumour material. 

Importantly, the alterations in the growth and/or differentiation of specific cells 

require the reprogramming of gene expression which is brought about by the 

alterations in the synthesis and/ or activity of cellular transcription factors 

(Smith and Latchman 1996). Thus, as shown in figure 1.4, many of the oncogenes 

or tumour suppressor gene g that regulate cellular growth are transcription 

factors. Alterations in the levels and/or activity of these factors are likely to play 

a role in tumourgenesis. For instance, the functional antagonistic POU factors 

Brn-3a and Brn-3b were shown to display opposite changes in expression, during 

the growth arrest and differentiation of human neuroblastoma cells (Smith and 

Latchman 1996).
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In that study, when the neuroblastoma cells were induced to differentiate into a 

non-dividing phenotype bearing neuronal processes, the levels of the activating 

Brn-3a factor rise dramatically, whilst that of Brn-3b falls (Latchman 1997a 

review. Smith and Latchman 1996). This suggests that Brn-3a and Brn-3b plays 

important role in cellular differentiation and hence growth in neuronal and 

malignant cell types.

Interestingly, the cellular transcription factor Brn-3a in particular, has been 

shown to strongly stimulate the HPV sub-types 16 and 18 (HPV-16/18) upstream 

regulatory region (URR). As noted above HPV-16/18 have strongly been linked 

with the development of anogenital cancer, particularly cervical carcinoma in 

humans (Stern and Stanley 1994). Furthermore, it has been shown that in 

oncogenic HPV-16/18, this URR drives the expression of the E6 and E7 

oncoproteins, and is preferentially active in cells of epithelial origin paralleling 

the epithelial tropism of these viruses (Morris et a/., 1993, Cripe et aL, 1987, 

Gloss et aL, 1987).

However, the majority of cellular transcription factors which bind to the octamer 

related motif of URR, such as the nuclear factor (NFl) (Gloss et aL, 1989) and the 

glucocorticoid receptor (Chan et aL, 1989) are ubiquitously expressed, and could 

not fully address the cervical cell-specificity activity of the URR or its activation 

leading to disease progression in vivo. Interestingly, Dent et ai. (1991), and 

Morris et at. (1993), showed that a cervical cell-specific regulatory activator was 

able to bind to a sequence similar to the classical octamer ATGCAAAT motif in 

the URR of HPV-16 and HPV-18, and to specifically activate their expression in 

cell lines of cervical origin. This octamer related sequence is absent in the URR of 

the non-oncogenic HPV-6  and HPV-11, which causes only benign condylomatous 

warts.
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It was subsequently shown that the activity in the URR is mediated by the 

antagonistic Brn-3a and Brn-3b transcription factors (Morris et aL, 1993). Most 

interesting, while Brn-3a activates transcription via the octamer ralated motif 

(ATGCAATT), Brn-3b represses such transcription and interferes with 

activation by Brn-3a (Morris et aL, 1994). As well as this antagonistic effects on 

the oncogenic HPV URR Brn-3a and Brn-3b have also been reported to be 

specifically expressed in cervical material (Lillycrop et aL, 1992b). For this 

reason I have investigated their expression in normal cervical material and in 

material from HPV-containing cervical neoplasias.
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U .2 Bm-3 factors and BRCA-1 are coexpressed in momnmary 
cells

Interestingly, work carried out in our laboratory has shown that, Brn-3a Brn-3h 

and BRCA-1 are expressed in the mammary cancer cell line (MCF-7). Most 

importantly, in our laboratory, when MCF7 cells were co-transfected with 

expression vectors encoding Brn-3a or Brn-3h, and a construct in which a 

BRCA-1 promoter drives the expression of a luciferase reporter gene, the activity 

of the promoter co-transfected with the Brn-3h construct was shown to he 

reduced to about 5%, whilst the promoter co-transfected with Brn-3a constructs 

was shown to have half its original activity (Budhram-Mahadeo et a/., 1999b).

BRCA-1 located at chromosome 17q, is one of the well studied breast cancer 

genes. Mutation of BRCA-1 has been shown to predispose carriers with about 50- 

85% chance of developing breast and ovarian cancers. About 80% of the BRCA- 

1 mutations are mainly due to loss-of-function nonsense or frameshift alterations, 

although allelic deletion is not uncommon. The data linking BRCA-1 to most 

hereditary breast and ovarian cancers is now unequivocal (Macdonald and Ford 

1977, Dixon and Sainsbury 1998). There is however speculation that the BRCA-1 

gene could also be involved in most of the sporadic breast and ovarian cancers 

(Boyd et n/., 1998). This is mainly due to loss of heterozygosity observed on 

chromosome 17q in up to 80% of sporadic breast and ovarian cancers (Merajver 

1995, Boyd et a/., 1998).

Interestingly, using RT-PCR and antisense inhibition techniques, Thompson et al. 

(1995) showed that, BRCA-1 is expressed at higher levels in normal mammary 

cells than in breast cancer cells, but also that diminished expression of BRCA-1 

increases the proliferative rate of both benign and malignant mammary breast 

cells (MCF7).
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However, the diminished expression of BRCA-1 was shown not to have any effect 

on non-mammary epithelial cells. This suggests that, BRCA-1 may normally 

serve as a negative regulator of mammary epithelial cell growth, whose function 

is compromised in breast cancer by direct mutation as in most familial cases, or 

alterations in expression as in most sporadic cases.

The promoter data evidently indicates that the Brn-3 factors could directly affect 

the expression of BRCA-1 in mammary cancer cells. Hence, since the Brn-3 

factors and BRCA-1 are coexpressed in mammary tissues, my work aims to 

quantify the levels of the Brn-3 factors and BRCA-1 in normal, benign and 

malignant breast tissues. The implication of this in breast tumourgenesis is 

discussed later.

This work will therefore be focused primarily, on the role played by Brn-3a 

and/or Brn-3b in regulating gene expression, either independently or in concert 

with other oncogenic or tumour suppressor gene s, in two important gynaecological 

cancers, HPV-dependent cervical cancer and sporadic breast cancers (Hawitt, 

1998, Boyd, 1998, see chapters 3 ,4 ,5  and 6).
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1.6.0.0 OBJECTIVES

1. To investigate the level of expression of Brn-3a and Brn-3b in normal

and neoplastic cervical material.

2. To study the effect of over-expression of Brn-3a in cervical carcinoma

derived cell lines, and hence test for tumourgenicity, by manipulating 

the levels of the endogenous Bm-3a and Brn-3b factors in these 

models.

3. To look at the pattern of expression of Brn-3a and Brn-3b in

normal and neoplastic mammary material at both the mRNA and 

protein levels.
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CHAPTER TWO

Material and Methods

2.1.0

2.1.1

Materials

Buffers, solutions an d  m edio

Throughout this work, except where otherwise stated, double distilled water or 

deionised water were used to make the following general solutions. The solutions 

were autoclaved for 30 minutes at a temperature of 121®C under a pressure of 

1.05kg/cm^, or except where otherwise stated filter sterilized..

Luria-Bertani medium (LB) xl [Bactotryptone (l%w/v), Bacto-yeast

extract (0.5%w/v), NaCl (l%w/v) adjusted to 

pH 7.2 with NaOH ] Phamacia

LB agar plates 

agar

LB medium with (1.5%w/v) Bacto-

Denhardt*s solution x 100 Polyvinyl pyrolidine 360,000 (2%w/v), 

BSA (2%w/v), ficoll 400,000 (2%w/v), 

stored at -20®C

SSCx20 3M NaCl and 300mM trisodium citrate

TE xl lOmM Tris-HCl (pH 7.5) and ImM EDTA
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TBE X 10 lOOmM Tris.Cl, lOOmM boric acid,

2mM EDTA (pH 8,3)

TAE X 50 40mM Tris.Cl ImM EDTA (pH 8.0)

PBS xlO 104mM NaCl, 1.8mM KCl, 5.4mM Na2HPO^

1.25mM KH2PO4

2.1,2 Plasm ids, cell lines, b acteria l strains, cervical an d  b rea st

biopsies

The following recombinant clones stored at -70®C in 80% glycerol, were used in 

this study: Bluescript plasmids (pBS) (Stratagene) containing the respective gene 

fragments of Brn-3a and Brn-3b (provided by Dr S Dawson), were restricted to 

recover the Brn-3 factors. The respective Brn-3a and Brn-3b gene fragments, 

were subsequently cloned, within the polylinker of the neomycin resistant 

mammalian expression vector pCi-neo (promega). The pCi-neo vector contains 

the constitutive immediately early cytomegalovirus (CMV) promoter (promega). 

In addition, the bluescript plasmids with the full length Brn-3a and Brn-3b 

inserts, were respectively used to make homologous Brn-3a and Brn-3b probes. 

Neuroblastoma cell lines (provided by M. Smith), were used to make cDNA as 

controls for both Brn-3a and Brn-3b in PCR experiments.

In subsequent transfection experiments, the expression vector pLTRpoly with a 

Moloney Murine Leukaemia Virus (MoMuLV) promoter, containing Brn-3a and 

Brn-3b genes were provided by Dr. M Smith (Smith et al., 1997). These 

constructs, were respectively co-transfected with the pCi-neo vector carrying the 

neomycin resistance gene, into the human cervical carcinoma cell lines [(Caski, 

SiHa and C33) American Type Culture Collection (ATCC), Ü.S.A)].
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The human cervical carcinoma cell lines; Caski (Smotkin and Wettstein 1986), 

SiHa (Yee et al., 1985), and C33 (Auersperg 1964), containing respectively 600,3 

and zero copies of integrated HPV-16 genome per cell, were employed as 

substrates for the transfection experiments (Auersperg 1964, Friedl et al., 1970, 

Yee et al., 1985).

To exogenously reduce the Brn-3a levels in a given cervical cell line, Brn-3a 

fragment was double digested from the bluescript plasmid, and subsequently 

cloned in the anti-sense orientation within the polylinker of the pJ5 vector 

(promega). In this vector the insert is under the influence of the glucocorticoid 

inducible Mouse Mammary Tumour Virus promoter (MMTV) provided by Dr.M 

Smith (Lakin et al 1995). Dexamethasone used for the induction of the MMTV 

promoter was obtained from Dr.M Smith. In the transformation experiments, 

DH5 alpha cells (provided by Dr C. Chapman) stored at -70®C in 80 % glycerol 

were used to make competent cells as host for transformation.

2.1.2.1 Tissue mcrterial

Human cervical biopsies were obtained from the Colposcopy Clinic Whittington 

Hospital, Highgate Hill, London and were also provided by Dr. L.Ho at the 

Department of Molecular Pathology, IJCHMS London. The biopsies were 

transported in liquid nitrogen and stored in -70*C, and subsequently used to 

make templates for PCR experiments. The mammary materials which were 

stored in -70*C freezers, include breast biopsies and mammary carcinoma cell 

line (MCF). These breast materials were provided by Dr. V Budhram-Mahadeo, 

and were obtained from the Candis Tissue Bank Research Centre Liverpool 

University.
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2.U .0 Oligonudeofides and radioactive nucleotides
2.U .1 O ligonucleotides

The desired oligonucleotides sequences used as primers in PCR experiments were 

ordered from Genosis and some were kindly provided by Dr C. Chapman, Dr. V 

Budhram-Mahadeo, Dr. M Smith working in our lab. The various sequences of 

the given primers are shown in appropriate sections in this work.

2AJ3J2 R adioactive nucleotides

The radioactive materials used in this study, were used solely to make radioactive 

probe, mainly as [alpha-^^]PdCTP. They were purchased either from New 

England or Amersham.

2.1.4.0 Enzymes and  m arkers

The following restriction endonuclease and modifying enzymes were supplied by 

Promega, Gibco, Sigma co, Boehringer Mannhein, Amershams and Biolabs; 

DNAase (RNAase free), RNAase Inhibitor, RNAase A, lysozyme. Proteinase 

kinase K, Alkaline Phosphatase, acetyl coenzyme A, T4 DNA ligase, Klenow 

fragment, M-MLTV Reverse Transcriptase.

In Polymerase Chain Reaction (PCR) and Reverse Transcriptase-PCR 

experiments, most of the ingredents used, besides those already mentioned above; 

such as PCR buffer and magnesium ions, as well as Taq polymerase, were 

obtained as reaction buffers either from Promega or from Boehringer Mannhein.

The Ikb and the 0-X174 DNA markers were specifically purchased from Gibco 

and Sigma respectively. Protein molecular weight maker (The rainbow marker) 

was purchased.
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2.13.0 O ther m ateria ls an d  reag en ts

Most of the general chemicals and plasticware used throughtout this work, except 

where otherwise stated, were from Sigma Chemical company and Gibco 

respectively. 0.22 and 0.45 fim filters from Millipore, were extensively used 

during cell culturing.

Reagents for agarose and polyacrylamide gels preparation, were obtained from 

Gibco or National Diagnostics U.K. The B.C.A protein assay kit was purchased 

from Pierce co Ü.S.A.

Nylon membranes for Western and Southern hybridisation assays, Hybond-N+ 

and Hybond-C respectively were obtained from Amersham

Film developer and Fixer solutions were from Photosol and the X-ray films were 

supplied by Kodax co, though Polariod 667 film were supplied by Polariod co.
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2J2.0X} Methods
2J2A.0 General procedures
22.1.1 P réparation  an d  s to ra g e  o f ctiem icols

The solid chemicals were dissolved in ddH2 0  and then adjusted to the correct 

pH, with either hydrochloric acid, glacial acetic acid or NaOH, and were 

subsequent autoclaved or filtered sterilized except where otherwise stated. Prior 

to the preparation of nucleic acid, the guanidinium isothiocyanate was filtered 

sterilized. Ethidium bromide and chloroform were stored in dark containers at 

room temperature, while Ammonium persulphate. Phenol and cell culture 

medium were stored in the dark at 4®C. Enzymes, purified DNA, RT-PCR 

products and ampicillin were stored at -20^C. Purified protein and RNA were 

stored at -70^C. The phenol used in nucleic acid extraction was treated with an 

equal volume of IM Tris pH 8.0 and 0.2% v/v heta-mercaptoethanol, so as to 

yield a phenol solution whose pH is 7.8, before the addition of 0.1 volume of O.IM 

Tris.Cl pH 8.0 containing 0.2% v/v j^-mercaptoethanol to equilibrate the phenol. 

The treated phenol solution was stored in the dark at 4^C.

2 2 .1 2  M easurem ent o f nucleic acid  concen tration

DNA and RNA concentrations were determined by measuring the optical density 

(OD) at 260nm using the spectrophometer. By convention, an optical density of 

unity, measured at a wave length 260nm will be equivalent to 50ug/ml of double 

stranded DNA, 40ug/ml of RNA or 33ug/ml of single stranded-DNA. To estimate 

the amount of proteins or contaminants present in a given sample, the ratio of the 

optical density measured at the wave lengths of 260nm and 280nm is determined, 

since for pure DNA OD250/OD23Q is just about 1.8 and for pure RNA is about

2.0 (Sambrook et a l., 1998)
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Z2^J3 CxtrocHon an d  precip itation  o f nucleic acid  p rep ara tio n

Removal of proteins from nucleic acid preparations was carried out by extracting 

the preparations with equal parts of phenol and chloroform: isoamyl alcohol 

(24:1). The resultant mixture was then centrifuged for 5 minutes. The aqueous 

phase was re-extracted with chloroform to remove residual phenol from the 

preparation. The purified aqueous phase was subsequently precipitated with 2 

volumes of ice-cold absolute ethanol and 1/10 volumes of 3M sodium acetate pH

5.2 for 1 hour at -70®C. The nucleic acid pellet was recovered by centrifuging at 

12000g for 15 minutes at 4^C. The resultant pellet was then washed with 200ul of 

70% ethanol to remove residual salts, freeze dried and then resuspended in 

appropriate amounts of TE buffer for DNA, and autoclaved DEPC treated water 

for RNA.

22.2.0 Cell culture
222.1  H um an cervical carcinom a cell lines

All the cervical carcinoma cell lines were cultured at 37^C supplemented with 

5% Carbon dioxide (CO2) within the air atmosphere of the incubator.

22.2.2 COski cells

The Caski cell line was initiated from epidermoid carcinoma of the cervix, 

metastatic to the small bowel mesentery of a 40 year old woman (ATTC 

catalogue 1997). The Caski cells were routinely grown in RPMI medium 

supplemented with 2.0 mM L-glutamine adjusted to contain 1.5g/l sodium 

bicarbonate, 4.5g/l glucose, 10 mM HEPES, 1.0 mM sodium pyruvate, 10% foetal 

calf serum and 1% penicillin /streptomycin (10,000 units/ml)
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ZZZ3  SiHa cells

The SiHa cell line was established from fragments of a primary cervical 

carcinoma tissue obtained after surgery from a patient (Friedl et al., 1970, ATTC

1997).

The SiHa cells were routinely grown in minimum essential medium (Eagle) 

supplemented with 1.0 mM sodium pyruvate, 0.1 mM non-essential amino acids, 

2 .2g/l sodium bicarbonate, 10% foetal calf serum and 1% penicillin/streptomycin.

2JL2.4 C33 cells

C-33 is one of the series of cell lines derived by Auersperg et al ., (1964) from 

cervical cancer biopsies. The C-33A line was used in this work (ATTC CRL-1594 

and CRL-1595). The C33 cells were routinely grown in minimum essential 

medium (Eagle) supplemented with 1.0 mM sodium pyruvate, O.lmM non- 

essential amino acids, 2 .2g/l sodium bicarbonate, 10% foetal calf serum and 1% 

penicillin/streptomycin.

2.22.5 M om m ary cancer cell line (MCF7)

The mammary cancer cell line was kindly provided by Dr. Budhram-Mahadeo 

and routinely grown in DMEM medium supplemented with 10% foetal calf 

serum and 1% penicillin/streptomycin

2.23.0 Plasmid DNA extracfion
223 .1  Sm all sca le  plasm id p rep ara tio n  (m inlprep)

This method was routinely employed for the preparation of small amounts of 

plasmid. Typically, 10ml of overnight bacterial cultures grown in Luria-Bertani 

medium (LB) x 1 to saturation were pelleted. The cells were then resuspended in 

the buffer containing 25 mm Tris Cl, pH 8.0,50 mM EDTA and then lysed with
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freshly prepared 0.2M NaOH/0.1%SDS. Potassium acetate (pH4.8) was 

subsequently added and properly mixed and kept on ice for 10 minutes, then 

centrifuged at high speed in a microcentrifuge for 10 minutes. The resultant DNA 

was then washed in 70% ethanol then vacuum dried briefly and resuspended in 

appropriate amount of TE buffer. The resultant plasmid was then treated with 

DNAse free RNAse A for 30 minutes at 37®C. Phenol/chloroform extraction and 

ethanol precipitation procedures were then carried out to remove the enzyme 

and residual contaminants prior to suspension in appropriate amounts of TE 

buffer.

L arge-scale plasm id p rep ara tio n  (m axiprep)

Bacteria were grown to confluence overnight in an orbital shaker in 400 ml 1 X 

LB medium containing ampicillin (50/ig/ml). The bacteria were sedimented by 

centri- fugation at 4000 rpm for 15 minutes in a Beckman J-6B centrifuge and 

the pellet was then resuspended in 4 ml of ice cold solution containing 50 mM 

Tris.Cl pH 8.0 and 25% (w/v) sucrose. Freshly prepared lysozyme was added to a 

final concentration of 1 mg/ml and the cells allowed to lyse whilst incubating on 

ice for 15 minutes. EDTA was added to the solution to a final concentration of 

lOmM and left on ice for another 15 minutes. 0.5 volumes of Triton lysis buffer 

(150mM Tris.Cl. pH 8.0, 0.375 mM EDTA, Triton X-100 (v/v) was added and 

mixed gently then incubated on ice for 30 minutes, followed by centrifugation at

18.000 rpm for 60 minutes in a Beckman JA 20 rotor. The supernatant was 

removed to a fresh tube, NaCl was then added to a final concentration of 0.5M 

and immediately 1 x phenolichloroform and 1 x chloroform for extraction. The 

aqueous phase was then trasferred to a new tube for overnight precipitation with 

10% (w/v) PEG 6000. The DNA was pelleted at 12.000 rpm for 10 minutes at 

4^C in a Beckman JA-34 rotor and then resuspended in 500ul O.IM Tris.Cl pH 

8.0. RNA was subsequent removed by incubating the preparation with 0.1 mg/ml
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RNAse A for 30 minutes at 37®C. Rrior to this treatment, the RNAse-A was

heated at 100®C to squench any DNAse activity. Subsequently,

phenol/chloroform and chloroform extractions were performed to remove the 

enzyme and the DNA was reprecipitated with a equal volume of PEG buffer 

(lOmM Tris. Cl pH 8.0, ImM EDTA, IM NaCl and 20% (w/v) PEG 6,000) for 1 

hour on ice. The DNA was then pelleted by centrifugation at 13.000 rpm for 15 

minutes at 4^C. The resultant pellet was then resuspended in 40%1 of 10 mM 

Tris.Cl pH 8.0 containing 0.5M NaCl and the DNA solution was then extracted 

with phenol/chloroform and precipitated overnight at -20^C with ethanol.

2J2A.0 Restriction digestion and Analysis of nucleic acid
22.4.1 Restriction digestion digestion  o f DNA

The restriction endonuclease digestions were carried out according to the 

manufacturers instructions in the appropriate buffer supplied by the 

manufacturers. Except where otherwise stated, the incubation conditions were 

typically 37®C for about 1-2 hours.

22.4 .2  DNA electrophoresis

DNA samples were analysed by separation on horizontal agarose gels. The 

concentration of gels depends on the size of the DNA fragment to be separated 

which varied from 1% for larger fragments to 0.3% to smaller fragments. 

Routinely, 2.0% gels were used to fractionate DNA and PCR products to be 

transferred by Southern blotting. The gels were usually prepared in 1 x TBE 

mixed with Ing/ml ethidium bromide. Low melting point gels made up to about 

0.5% where used to fractionate DNA fragments needed for cloning. Routinely, 

the DNA samples were mixed with 5 x loading buffer (20% Ficol 400 in TE) with 

trace of bromophenol blue and electrophoresed on the appropriate percentage gel 

and voltage. High and low molecular weight DNA markers were loaded in
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different wells. The DNA was then visualised on an UV transilluminator and 

photographed using polaroid 667.

Z2.4J3 DNA tran sfe r (Southern blotting)

The transfer of DNA from agarose gels onto nylon membrane was carried out as 

described by Sambrook et al., 1989, but with some modifications. The agarose 

gels on which PCR products were fractionated were photographed.

The gels were then denatured in 0.4% NaOH for about an hour, washed in 

distilled water and then placed in neutralisation solution for about an hour. A 

large shallow tray was then lined with 5 pieces of 3MM Whatman paper, cut to 

be slighly larger than the gel. The 3MM paper was soaked in 20 x SSC for a few 

minutes and air bubbles removed by rolling a pipette over the surface. The gel 

was then placed on the Whatman paper face down. An approprately cut Hybond 

N+ nylon membrane was then over laid on the upper side of the gel, and air 

bubbles rolled off with the pipette. Three pieces of the Whatman paper was then 

placed atop of the gel, and then an even layer of absorbant paper towel. Sufficient 

weight was then placed atop of these towels and the space separating the gel and 

the tray was then covered with saran film wraps. The entire system was then left 

undisturbed overnight to ensure maximum transfer of the DNA to the filter. The 

nylon membrane was removed and the DNA fixed onto it using the programmed 

UV stratalinker.

Z 2.4.4 Hybridizotion o f Southern blots

Pre-hybridization and hybidization were carried out in Hybaid bottles in a 

Hybaid oven set at 65®C. If multiple filters were being hybridised, they were 

sandwiched between nylon meshes. The Hybond N+ nylon membranes were pre

hybridized in pre-hybidization buffer (0.01 M EDTA, 6 X SSC, 5 x Denhardt's,
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0.1% SDS, 10% dextran sulphate and lOOug/mi denatured herring sperm DNA) 

for 1 hour at 65^C. The filters were transferred to the hybridization solution 

which is the same as the pre-hybidization solution except that, it contains heat 

denatured probes at a final activity of about lO^cpm/ml. Hybridization was then 

carried out overnight at 65®C. The membranes were subsequently washed at 

65®C for 15 minutes with 2 x SSC, 0.1% SDS for an appropriate number of times 

as judged by membranes activity readings on the Geiger-Muller counter.

To increase the stringency of the wash buffer, the concentration of the SSC was 

decreased, for intance to 0.1 x SSC, 0.1%SDS. The membranes were then 

wrapped in Saran film while still damp and exposed to X-ray Kodak films at - 

70®C, since all the probes were labelled with phosphorous-32 (̂ P̂). For 

reprobing, the membranes were stripped in 0.1 SSC, 0.1% SDS at 95 ®C until 

zero activity is registered on the Geiger-Muller counter.

2J2AS DNA and  PCR products purifficotion from  a g a ro se  gels

2 .2 .43a Metffiod 1

The appropriate size of the PCR product or DNA was located under the UV light 

as judged by the molecular weight makers, and then a piece of DEAE paper 

(Scheicher and Schuell) inserted adjacent to it. Current was then directed 

perpendicullarly to the initial sense of the electrophoresis so that the DNA was 

collected onto the DEAE paper. The paper was washed and then chopped into 

fine pieces in 400^1 TE buffer, and then incubated at 70^C for an hour with 

occasional shaking. 200/<l of redistilled phenol was added to the TE from which 

the DEAE paper had been removed, and vortexed for 15 seconds, then spun in a 

microcentrifuge for 10 minutes. The upper layer was transferred into a new 

eppendorf tube leaving the phenol behind. 40//l of 3M sodium acetate, pH 5.6 and 

3 X the combined volume of absolute ethanol was subsequently added and strored

88



overnight at -20®C. The tube was spun in a centrifuge for 10 minutes at 4®C. The 

pellet was washed with 1ml ice cold 70% ethanol and spun for 10 minutes. The 

supernatant was removed and the pellet freeze dried and then dissolved in TE 

buffer.

2.2.4.5b M ethod 2

The PCR products or restricted DNA were fractionated on a low melting point 

agarose gel at 40 volts for about an hour until the primers or desired bands are 

well separated from the respective unwanted primers or DNA fragments.

The desired bands were cut out and put in a SpinN^^^X centrifuge tube, then

kept frozen on ice for 30 minutes. They were then allowed to thaw and

centrifuged for 15 minutes. The following reagents were then added sequentially 

to the eluate: 3M sodium acetate, pH 5.6, equivalent to 1/10th the eluate volume; 

3 X the summation of the new volume of absolute ethanol. The PCR products or 

restricted DNA bands were then precipitated at -20^C, spun and resuspended in 

TE.

2.2.4 6 Homologous probe construction

The homologous probes were made from purified PCR products. The purified 

PCR products were labelled with radioactive phosphorous-32 (̂ P̂) using Klenow 

fragment as previously described by Sambrook et a/., 1989, but with some 

modifications. The 5 x labelling buffer used for this reaction was prepared by 

mixing lOO/il of buffer A (125mM MgCl2, 1.25M Tris.Cl pH 8.0, 5//M each of 

dATP, dTTP and dGTP, 1^1 of beta-mercaptoethanol) with 250/il of 2M Hepes 

(pH 6.6) and 150/̂ 1 of lOmg/ml random oligonucleotides (Pharmacia). Each 40|efl 

of labelling reaction was made to contained 8ml of 5 x labelling buffer, lOOng of
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denatured DNA or 8//1 of the gel containing the PCR product, lOCi/^Mol of 

P^P]alpha-dCTP and 2.5 units of Klenow fragment. Then mixed and incubated at 

37®C for 1 hour or overnight at room temperature. Prior to hybridization the 

probes were denatured by heating at 100 for 5 minutes on a heating block.

2 ^ .0  Ligation of DNA fragments and vector constructs
Z2SA P reparation  of DNA fragm en ts fo r cloning

DNA fragments to be cloned were excised from the low melting point agarose gel 

as explained in method 2 above. Alternatively the sliced gels containing the DNA 

fragments were weighed and 0.3 ml of autoclaved double distilled water was 

added for each O.lg of gel.

Z2JSJ2 P reparation  o f vector DNA

The plasmids were digested with the appropriate restriction enzymes to generate

compartible overhangs with the ends of the DNA fragments which are to be 

cloned. The digestion reaction was then checked by agarose gel electrophoresis. 

The DNA was then extracted with phenol/chloroform, then with chloroform and 

then precipitated with ethanol. The pellet was resuspended in double distilled 

water at lOOmg/ml concentration.

22.5.3 Déphosphorylation o f linearized vectors

To prevent self-ligation, the restricted DNA was dephosphorylated using calf 

intestinal phosphatase (CIP). In this reaction 20mM Tris.Cl pH 8.0, ImM ZnCl, 

20pM of DNA termini and 0.1 unit of CIP were mixed. The reaction was carried 

out at 37®C for 30 minutes followed by heating to 75®C for 10 minutes to stop the 

reaction. The DNA was purified and precipitated using the phenol/chloroform 

ethanol purification technique.
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Z 2SA  Ligation o f DNA fragm ents an d  plasm id vectors

The gel containing the DNA fragments was melted at 65^C for 10 minutes. A 

volume of this melted gel was added to lOOng vector such that 5:1 molar ratio 

was maintained. The volume of the reaction was adjusted with pre-warmed 

water so that the gel concentration did not exceed 0.2% (w/v). T4 DNA ligase 

buffer was added to 1 x concentration containing ImM ATP followed by addition 

of 100 units of T4 ligase (GIBCO). The reaction was incubated at room 

temperature overnight

2 ^ .0  Competent cell preparation and transformation
A colony of E.Coli DHS-alpha strain was grown in 3ml 1 x LB overnight at 37**C 

with shaking. A 2ml portion of the culture was transferred to 40ml 1 x LB and 

grown to OD̂ qq of between 0.5 and 0.7. The culture was then spun at 2000rpm 

for 10 minutes and resuspended in 20ml cold 50mM CaCl2. The suspension was 

kept on ice for 20 minutes, spun at 2000rpm and then resuspended in 4mls 50 mM 

CaCl2. Approximately 50ng of the plasmid was then added to 200ul of the cell 

suspension and kept on ice for 30 minutes. The mixture was then subjected to a 

brief heat shock at 42^C for 1 minute then added to 5ml of 1 x LB at 37^C for an 

hour with shaking. After spinning at 1500rpm for 5 minutes, the supernatant was 

drained off and the bacteria plated on 1% LB agar plate containing 50/ig/ml 

ampicillin and incubated overnight at 37^C.

2.2J.0 Analysis of the cloned genes
Plasmids were assessed for appropriate inserts by restriction digestion and 

Southern hybridization with homologous probes or by colony hybridisation. The 

former method allows the orientation of the insert to be determined. Thus the 

Brn-3a and Brn-3b inserts excised from the bluescript plasmid were ligated into 

the human expression vectors pCi-neo carrying the neomycin resistant gene.
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The constructs were then transformed into DHS-alpha cells and positive 

transformants primarily selected by colony hybridization using homologous 

probes constructed from respective Brn-3a and Brn-3b PCR products. The 

orientation of the inserts was then determined by restriction digestion and 

Southern hybridization using homologous Brn-3a and Brn-3h PCR probes.

2J2JA Colony Hybridization

S/ll of the bacterial cultures were spotted onto a piece of Hybond-N nitrocellulose 

membrane that had been marked with grids and numbers. The membrane was 

then washed in O.SM NaOH twice for 3 minutes each, twice in l.OM Tris.Cl pH 

7.2 and twice in O.SM Tris Cl pH 7.S, l.SM NaCl for 3 minutes. After another 

wash in 2 X SSC, the membrane was briefly air dried and placed in a 

programmed UV stratalinker, before carrying out the same hybridization 

procedures with homologous labelled ^̂ P probes as previously discussed.

2J2Ĵ X) RNA Extraction from tissues and cells
2JZJSA RNA from  gynaecological tissues to  b e  used for

RT-PCR o r to  p rep a re  cDNA

Except where otherwise stated, in all occasions in this work RNA was prepared 

using the guanidinium thiocyanate method (Chirgwin et a l ., 1979), though with 

some modifications. The gynaecological samples typically of about 33mg were 

homogenised in 250ul dénaturation solution (4M guanidinium thiocyanate, 25mM 

sodium citrate, pH7, O.IM 2-ME, 0.5% N-laurolsarcosine). The homogenate was 

then mixed sequentially with 2M sodium acetate pH4, water saturated phenol, 

and chloroform. The resultant mixture was then centrifuged and the supernatant 

recovered, and then treated with with 250mg/ml DNase. The RNA was further 

precipitated with isopropanol and the pellet redissolved in dénaturation solution.
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Subsequently, the aqueous RNA was reprecipitated with isopropanol, washed 

with 70% ethanol then vacuum dried. Finally it was redissolved in 40^1 of DEPC 

treated double distilled water and stored in aliquots at -70^C. About l|ig  of the 

resultant RNA from each sample was used as a template for cDNA synthesis.

2.ZB.2 RNA preparation  from  cells In culture to  b e  used for 

RT-PCR

Cells in culture were harvested in 1 x PBS and pelleted by centrifugation at 

ISOOrpm for 5 minutes at 4^C, then resuspended in solution D (4M guanidinium 

thiocyanate, 25mM sodium citrate, pH7, O.IM 2-ME, 0.5% N-laurolsarcosine). 

The resultant RNA was precipitated and DNAse treated as described above.

2J2JB3 RNA preparation  from  cells using RNAzol™ B solution

This procedure was generally carried out according to the manufactures's 

instructions. Cells were washed in 1 x PBS and harvested in the RNAzol™ B 

solution (0.2ml/l X 10  ̂ cells). 200 /i\ chloroform was added to the cells and 

shaken before being kept on ice for 5 minutes, and subsequently centrifuged at 

12,000g at 4®C for 15 minutes. The resultant RNA was then washed with 70% 

ethanol, freeze-dried and resuspended in DEPC treated water.

2.ZB.4 Complimentary DNA synthesis

About 1/ig of RNA redissolved in water was heated at 65^C for 2 minutes then 

placed on ice prior to cDNA synthesis so as to disrupt the secondary structure of 

the RNA. A 50/̂ 1 cDNA reaction contained 10/̂ 1 of 5 x reverse transcriptase 

buffer (50mM Tris.Cl pH 7.6, 60mM KCl, lOmM MgClj ImM DTT), 40 units of 

RNAse Inhibitor, lOmM of each dNTP, and 200 units of reverse transcriptase 

mix was then added to the RNA sample and mixed slowly. The reaction was 

allowed to incubate for 50 minutes at 37^C.
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22.9.0 Semi-quanKtotive RT-PCR
It is imperative in semi-quantitative PCR, to eliminate some undesired 

hybridisation events that often happen in the first cycle of the PCR. In which 

case, Mullis et al. (1991), showed that by starting the reaction at high 

temperature (hot-start), instead of room temperature, the sensitivity of the PCR 

can be improved by a 1000-fold. However, in most PCR procedures the overall 

efficiency is less than 100% and a typical amplification runs with an efficiency of 

about 70-80% from the 15th to the 30th cycles. Within these thermocycles the 

amount of substrate amplified is directly proportional to the amount of the initial 

reactants (Wang et al., 1989, Chelly et al., 1990). Thus, it is imperative to identify 

this range of proportionality. This can be achieved by varying the concentration 

of the samples simultaneously with the number of thermocycles, while all other 

parameters are kept constant.

2J2.9JI Using specific o ligonudeofide prim ers fo r th e  Bm-3 

and  th e  invariant cyclophilin to  iinearize th e  am piifi- 

cation ran g e  in each  gynaecological sam ple.

\fi\ (0.25/fg^l) of RNA from each sample was used as template for RT-PCR. 

Prior to the PCR stage, respective aliquots of newly synthesised cDNA were 

sequentially subjected to 15, 20, 25 and 30 thermocycles (Tahle 2.1). Thus, the 

range of proportionality was determined.

Table (2.1) thermocycle, of the PCR used in this report.

Bm-3a Cycles 1-25/30 94 56 72

Bm-3b Cycles 1-25/30 94 54 72

HPV-16 Cycles 1-30/35 Hot Start 95 54 72

BRCA-1 Cycles 1-30/35 94 55 72
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The following oligonucleotides primers were used;

Brn-3a: 5’-GTCGACATGGACTCGGACACG and reverse

3’-ACGGTGAATGACTCCCCCGA (Smith et aL , 1996).

Brn-3b: 5 -GGAGAAGAAGGGCAAGG and reverse

3’-CTGAGAACCGGAGAGGTCT-5’ (Smith et al, , 1996).

Human cyclophilin : 5-’TTGGGCCGCGTCTCCTTTCA-3’ and reverse

3' AGTTTCGTATGGCCCAGGACCG-5* (Smith etal. , 1996).

BRCA-1: 5’-GCACATTTATTACAGGACCACA and reverse

3’-ACTTCCACCTCAGCCTATTTTT (Budhram-Mahadeo et a/.,1999b)

While for HPV-16 DNA and cDNA were amplified using a hot-start of 95®C and 

annealing temperature of 54*C for 35 cycles with the following primers;

5’-gagaagcttCTGCAATGTTTCAGGACCC-3’, 

3’-gactcgaGTGCCCATTAACAGGTCTTC-5’ (Hoetal, , 1994).
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ZZ9JZ Quantfffkotion of th e  relative am o u n t o f Bm-3 mRNA and  

HPV nucleic acid p resen t in th e  gynaecological m aterial 

using Southern hybridization

In all RT-PCR amplification procedures, negative and positive controls using 

water and neuroblastoma cDNA as templates respectively, were used on the same 

thermalcycles as shown in tahle 2.1. 20/il of each PCR product was fractionated 

in a 2% agarose gel, in corresponding order to the respective cyclophilin 

counterparts. Having determined the linear PCR cycle as explained in the 

previous section, the gels were then blotted onto Hyhond-N+ nylon membrane by

Southern technique, cross-linked and hybridised with homologous probes 

overnight (figure 2.2), then overlaid with Kodak films and kept at -70® C for 

eight hours. The autoradiographs were then analysed using densitometer. The 

homologous probes were made from PCR products using cDNA obtained from 

neuroblastoma cells as template, and the respective cyclophilin and Brn-3 

primers. The purified PCR products were then labelled with radioactive 

phosphorous-32 (̂ P̂) using Klenow fragment as previously described.

The amount of the cDNA templates from each cyclophilin PCR was adjusted, and 

the entire procedure repeated until all the samples were equilibrated for 

cyclophilin. Then corresponding amounts of cDNA was used for parallel PCR 

using cyclophilin, Bm-3 and HPV or BRCA-1 primers. The densitometric value 

of the negative control in all instances was seen to be negligible. This minimal 

background was subtracted from the respective samples, thus, enabling the 

quantification of the relative amounts of the Brn-3 and BRCA-1 mRNA or HPV 

nucleic acid in each gynaecological sample.
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2^10.0 Protein extraction from tissues
2^H.1 Mettrad 1

The gynaecological tissues used to prepare protein were stored in liquid nitrogen. 

The tissues were then ground immediately in liquid nitrogen using a pestle and 

mortar. The resultant powder was then dissolved in lOOul of protein extraction 

buffer (20mM Hepes (pH7.8), 450Mm Nad, 0.4mM EDTA, 0.5mM DTT, 25% 

glycerol 0.5mM phenylmethylsulphonyl fluoride (PMSF)) and freeze-thawed 

three times in liquid nitrogen and a 37^C water hater. The supernatant was 

recovered after centrifugation at 600rpm for 2 minutes and then transferred to 

fresh eppendorf tubes to stored at -70®C or used directly for SDS-PAGE.

The proteins were equalised using the BCA assay following the manufacturers 

instructions. The equlibrated samples were then made up to 50ul with SDS 

protein loading buffer (50mM Tris.Cl pH 6.8, lOOmM dithiothreitol, 2% SDS, 

0.1% bromophenol blue, 10% glycerol).

2.2.11.2 M ethod 2

Alternatively, the ground samples were resuspended with 20ul of beta- 

mercaptoethanol per ml of SDS lysis buffer (50mM HEPES, 1% Nonidet P-40, 

lOOug/ml PMSF) and boiled for 5 minutes in eppendorf tubes. The samples were 

then spun down and loaded directly onto the SDS-PAGE gel.

2.2.11.3 Protein equoilzation using BCA (Pierce) assay

The protain samples were equalized according to the manufacture instructions
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22.12.0 Calcium phosphate mediated transfection and 
isolation of clonal cell lines

The human cervical carcinoma cell lines SiHa, Caski and C33 were grown in 

defined medium as described previously (section 2.2.2.0). The Brn-3 recombinant 

plasmids were co-transfected with pCi-neo (Promega) neomycin resistant vector, 

into these cell lines by Gorman's calcium phosphate-mediated transfection 

method hut with slight modification (Gorman, 1985). Typically, 15/ ĝ of the 

respective recombinants plus of the neomycin resistant plasmid were 

cotransfected into 80% suhconfluent SiHa, Caski and C33 cells in 10cm plates, 

and after two washes of 16 hours interval, media were supplemented 

subsequently with G418 (Gibco) to a final concentration of 800/<g/ml. Putative 

clones began emerging after about 10 days and were subsequently isolated with 

cloning rings and cultured in medium supplemented with 800//g/ml G418. Anti

sense and control clones were treated with l^M dexamethasone 24hours prior to 

nucleic acid and protein extractions or before assay for tumorgenicity.

22.13.0 Protein Analysis
22.13.1 Im m onoblohing (W estern blotting)

Harvested centrifuged clonal and parental cells pellets were resuspended in lOOul 

extraction buffer (20mM Hepes (pH7.8), 450Mm Nad, 0.4mM EDTA, 0.5mM 

DTT, 25% glycerol 0.5mM phenylmethylsulphonyl fluoride (PMSF)) and freeze- 

thawed. The protein concentration of the supernatant was determined by the 

BCA assay, and the samples then used for SDS-PAGE electrolysis on a 10% 

polyacrylamide gels (Sambrook et al., 1989), though with some modifation for 

HPV-E6 protein analysis with shorter SDS-PAGE resolution time on a 6% 

acrylamide gel. The recoverd Hybond-C nylon membranes (Amersham) were 

blocked for 2 hours with 10% Marvel (fat-free milk) and incubated with the 

respective Brn-3a (Transduction laboratory) and Brn-3b (Santa Cruz) antibodies
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using a concentration of 1:1000 for 1 hour at room temperature with slight 

aggitation.

HPV-16 £6 antibody (Santa Cruz) was used at 1:500 for 16 hours or overnight at 

4®C with slight shaking. The membranes were then washed 5 times with 0.1% 

tween 20, then incubated with Horseradish peroxidase (HRP) conjugated mouse 

secondary antibody (Santa Cruz) for an hour. In all occasions parallel 

membranes were blocked and then probed with actin or tubulin primary 

antibodies (Santa Cruz), and then treated with the same HRP conjugated mouse 

secondary antibody as above. The secondary HRP conjugated antibodies were 

used as a bridge between the primary antibodies and the peroxidase conjugated 

ECL substrate for the chemiluminescent detection reaction, which is immediately 

registered on a Kodak film. Densitometrical analysis was then carried out as in 

Southern blot experiments.

22.14.0 Analysis of cellular growth rate and saturation 
density

To analyse the growth rate of both the parental and clonal cells, a basic method 

of counting the amount of viable cells in a haemacytometer s chamber using a 

light microscope was employed. The cell were aspirated and spun for 10 minutes 

at 4000 rpm at 4*C. The cells pellet was resuspended in 50//1 of medium and an 

equal volume of 0.4% trypan blue in PBS was then added. The mixture was 

incubated at room temperature for 5 minutes and the proportion of cells able to 

exclude trypan blue dye counted. This was a meassure of the viable cells and was 

expressed as a percentage of total cells to indicate percentage survival.
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Routinely, each putative clone or control cell was seeded with an initial density of 

1x1 (H cells in three groups of eight, at regular intervals of between 8, 16, and 24 

hours. Subsequently groups of three were trypsinized, washed, resuspended in 

appropriate percentage of trypan blue medium as discussed above, and then 

counted. For the saturation density, the same was true except for the longer time 

interval of about 3 days, during which the cells were allowed to proliferate freely 

without passage.

Za.15.0 Anchorage independent growth
Determination of anchorage independent proliferation was established by 

growing cells in soft agar. 3ml of 1(P clonal or parental cells were resuspended in 

low melting point agarose (Gibco) dissolved in G418 supplemented defined 

medium, with or without dexamethasone (0.1/iM) to a final constitution of 0.33%. 

The suspension was then overlaid in triplicate 60mm plates containing 0.5% low 

melting point agarose dissolved in the appropriate medium. The plates were 

immediately incubated at 37^C and colony scored after 10 days.

2^.16.0 Colony formation in othymic mice
The clonal and parental cells to be injected in the athymic mice were removed 

from culture plates with 1% trypsin in Versene solution (Gibco). 5ml of the 

respective defined medium were added to each plate and the surry pipetted up 

and down to disrupt clumps. Aliquots were then removed to determined the cell 

number. The cell surry was then centrifuged for 5 minutes at lOOOrpm, and then 

resuspended in a serum free medium such that the the concentration of the cells 

are present in 0.1ml. Typically about 1x10* clonal and parental cells were then 

injected subcutaneously in the nude mice (see section 6.1.2), and observed for any 

sign of tumour. The volume of the emergent tumours were measured 

periodically, and larger tumours were passaged subsequently.
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CHAPTER THREE

Expression of Bm-3o and Bm-3b in cervical neoplasia 
3.1.0 Introduction

The cervix is an integral part of the female reproductive system. It is sandwiched 

by the vagina and the uterus at the lower and upper sides respectively. The 

tissues forming the lower female genital tract which includes the vagina and the 

vulva are clinically termed the uterine cervix. In this study, the HPV cervical 

tumourgenesis discussion will encompasses most of the cervix uteri regions, but 

will not include the lower vagina and vulva regions (figure 3.1). This is because, 

metaplatic cells in the upper regions are more susceptible to HPV-mediated 

transformation which often leads to carcinoma of the cervix, compared to the 

cervical keratinocyte of the lower regions where infection by HPV

rarely leads to carcinoma of the vulva (Stanley 1994).

In a normal cervix, the outer surface or the ectocervix is lined by a non

keratinizing stratified squamous epithelium that protrudes downwards to line the 

vagina, while the endocervical canal and the crypts are lined by a mucus- 

secreting columnar epithelium. At different stages of reproduction or under the 

influence of some steroid contraceptive agents, the junction between the 

squamous and columnar epithelium can migrate onto the anatomical ectocervix 

and back, thus bringing the endocervical tissues into a closer proximity to the 

vagina (figure 3.1a to 3.1d) (Stevens and Lowe 1995). The physiological 

conditions which results in the metamorphosis of this squamous columnar 

junction and the periodic morphological and pH changes that do occur within 

and around this junction, generates conditions which may allow atypical growth 

(Fu and Ko,1996, Stevens and Lowe 1995, Buckley, 1994) (see figure 3.1). Thus, 

the mobility of the squamocolumnar junction causes the development of ectropion 

and the formation of the transformation zone (figure 3.1a and 3.1b).
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Original squamocolumnar junction
Endocervical eversion (ectropin) 
with original squamocolumnar 
junction

Transformation zone with new 
squamocolumnar junction

Squamocolumnar junction within 
endocervical canal after menopause

F ig u re  3 .1 . A s c h a m a t ic  r e p r e s e n ta t io n  o f  t h e  p o s i t io n  o f  th e  sq w o m o c o lu m n o r  fu n c tio n  
fro m  p r e - m e n o r c h ia l  t o  m e n o p a u s a l  c e rv ix  u te r i ,  a n d  th e  d is t r ib u t io n  o f  t h e  s q u a m o u s  
a n d  c o lu m n a r  e p i th e l iu m  o f  th e  ce rv ix .

(a) nonnal squamocolumnar junction, (b) endocervical eversion (ectropion), (c) transformation zone, (d) 
squamocolumnar junction after menopause

(S = Squamous epithelium C = Columnar epithelium E = Endocervical glands deep to metaplastic squamous epithelium) 

Modified from Burklev 1994
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In a normal pre-menarchial cervix, the squamocolumnar junction is a fine mass 

of integrated tissues situated at an alkaline rich external os (Greer and Koh, 

1996) (figure 3.1a). At puberty however, the endocervical epithelium is extended 

distally into the bacterial created acidic vaginal environment, thus forming the 

ectropion (figure 3.1b). The exposure of the squamous epithelium into the low pH 

environment induces squamous metaplasia and the characteristic transformation 

zone emerges, between the ectocervical squamous epithelium, and the 

endocervical columnar epithelium (figure 3.1c) (Stevens and Lowe 1995, Buckley, 

1994). At this juncture, the important cervical diseases can arise. These include 

chronic cervicitis, cervical polyp, microglandular endocervical hyperplasia, 

condyloma acuminatum^ intraepithélial neoplasia, cervical invasive carcinoma 

and cervical adenocarcinoma. Amongst these diseases, the last four are associated 

with HPV (Stevens and Lowe 1995, Buckley, 1994).

Importantly, gynaecological cancer is not only restricted to adults, but can also 

occur in children whose average age is as low as 7 years (Grundy and Pritchard 

1992). Gynaecological carcinomas represent about 15% of all the malignancies 

described in girls under 16, the majority being that of cervical and ovarian 

origin, the former is generally known as cervical malignant epithelial tumour or 

as cervical carcinoma to equate it to the adult form (Edmonds 1989). Although 

both types of carcinoma are attributed to hormonal changes during menarche, it 

is important to note that exogenous factors, such as HPV are potent etiological 

agents in cervical tumourgenesis (Grundy and Pritchard 1992, Buckley 1994, 

Vousden 1994).
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Prior to cervical cancer, the tissues usually undergo various morphological 

changes that ultimately give rise to a broad spectrum of intraepithélial 

abnormalities (Reagan et aL, 1953). One end of this spectrum, comprises mild 

lesions formally known as squamous dysplasia, and the other end consist of 

severe lesions, initially termed squamous carcinoma in situ (Reagan et n/., 1953). 

This two-tier system of nomenclature is now known as the cervical intraepithélial 

neoplasia or squamous intraepithélial neoplasia (CIN or SDL), and by taking into 

consideration HPV typing and nuclear DNA ploidy pattern, the Bethesda system 

was universally and formally adopted (Solomon 1989). This system suggests a 

division between low grade cervical squamous intraepithélial neoplasia (CTVl), 

and high grade cervical squamous intraepithélial neoplasia (C1N2 and CIN3). 

However, Robertson and colleagues suggested that, the low grade cervical 

intraepithélial neoplasia should include both CINl and CIN2 while, the high 

grade should consist of only CIN3 (Robertson 1989).

A normal cervical squamous epithelium is typically made up of an intact basal 

layer, consisting of palisade basal cells with small uniform nuclei situated 

perpendicularly to the basement membrane. Above the basal cells are a stratified 

layer of parabasal cells. They have the propensity to continuously undergo 

mitosis. In a normal epithelium however, both the immature basal and parabasal 

cells are limited to the lower third of the epithelium. Hence, the grading of 

cervical intraepithélial neoplasia could be based on the level of the immature 

cells. For instance, if the immature cells are confined to the lower third of the 

epithelium, then it is classified as CINl and if the migration reaches the upper 

third, then it is CIN3 (Burkley 1994, Fu et a/., 1996).
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In contrast to the average age of individuals affected by other gynaecological 

cancers such as breast malignancy (Chapter 5), the majority of invasive cervical 

carcinoma cases typically appears to have a relative young median age of about 

40. This is mainly ascribed to the association of HPV infection with the 

development of this malignancy, which was demonstrated by employing 

molecular, virological, genetic and epidemiological methods (Durst et a/., 1983, 

Ngan et uA, 1994, Munoz et uA, 1994).

Thus, HPV-associated cervical cancer is one of the major causes of cancer deaths 

in women worldwide, with over 340,000 deaths yearly (Sawaya and Michelle 

1996). It is therefore important to note that an estimated 19000 new cervical 

cancers and 6000 cervical cancer deaths occur in the United Kingdom and the 

United States yearly. Also an additional 720,000 women are also diagnosed yearly 

with the premalignant cervical intraepithélial neoplasia in both countries (Parker 

et uA, 1996). The major risk factor which predisposes women to develop invasive 

cervical carcinoma is HPV, which is transmitted sexually with a very high 

morbidity (Bosch et aA, 1992, Herrero et aA, 1990, La Vecchia 1986, Brinton et 

uA, 1987).

Although there are various types of HPV, the most potent types associated with 

cervical intraepithélial neoplasia (CIN), are the sub-types 16 and 18 (HPV-16 and 

HPV-18) (Wells 1992). Thus in contrast to condylomatous warts, where HPV 

subtypes 6 and 11 are the main cause, the changes that occur in the metaplastic 

epithelium of the transformation zone of the cervix, are usually associated with 

HPV-16 and HPV-18 (Buckley 1994). However, HPV prevalence studies carried 

out by Jan et al. (1994), established not only that HPV-16 is present in a small 

proportion of normal cervical squamous epithelium, but also that HPV-16 could 

also be detected in a small proportion of cytomorphologically normal cervical
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smears. In addition, Cox et al. (1986) and Meanwell (1987) also detected HPV-16 

and HPV-18 in women with undetected or minimal cervical abnormality. This 

therefore implies that if some proportion of the human population could be 

infected with HPV-16 and/or HPV-18 and not develop cervical cancer, then there 

could be variability in the expression pattern of cellular factors that can affect 

the transcription of the viral oncogenes. It is unclear however, what cellular 

factors trigger HPV-16 or HPV-18 to express the oncoproteins that are crucial 

for the intitiation and propagation of cellular transformation.

Nevertheless, the upstream regulatory region (ÜRR) of the HPV-16 and HPV-18 

is thought to be preferentially active in cells of cervical origin, where it has been 

shown to mediate the regulation of the oncogenic E6 and £7 protein products 

(Cripe et at., 1987, Gloss et a/., 1987). The majority of cellular transcription 

factors which bind URR, such as the nuclear factor (NFl) (Gloss et a/., 1989) and 

the glucocorticoid receptor (Chan et a/., 1989) are ubiquitously expressed, and 

could not fully address the cervical cell-specificity activity of the URR or its 

activation leading to the initiation and propagation of cervical neoplasia in vivo. 

In the oncogenic HPV-16 and HPV-18, the URR contains an octamer related 

binding site which is located adjacent to the binding site of the ubiquitous 

transcription factor (nuclear factor) NFl (Morris et at., 1993 and Dent et al 

.,1991, Smotkin et a/., 1989) (Figure 3.2). Numerous studies have documented 

binding of several octamer related binding transcription factors to the URR. 

Interestingly, Dent et al. (1991), and Morris et al. (1993), showed that a cervical 

cell-specific regulatory activator was able to bind to the ATGCAATT motif in the 

URR of HPV-16 and HPV-18, and to specifically activate their expression in cell 

lines of cervical origin. In contrast, the URR of the nononcogenic HPV-6 and 

HPV-11 lacks this octamer binding site although the adjacent NFl is conserved 

(Morris et al., 1993 and Dent et a l ., 1991, Smotkin et al., 1989).
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N F l
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Figure 3.2. A schemotic representation of the genomic arrangement of HPV-16 

DNA.

The early open readmg frame genes are designated by ‘E’, and the late open reading frame 

genes are designated by ‘ L’. The upstream regulatory region (URR) is between LI and the 

promoter which is designated with a red arrow just upstream from the E6 coding sequence. 

The octamer binding site is located adjacent the nuclear factor 1 (N F l) binding she.

Modified from Berg and Singer 1997 with additional information 
from Morris e/a/., 1993
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Interestingly, it was subsequently shown that, the functionally antagonistic Brn-3 

transcription factors, Brn-3a and Brn-3h, could specifically mediate via the URR 

of HPV-16 and HPV-18, the transcription of the oncogenic E6 and E7 genes 

products (Morris et aL, 1993). While Brn-3a activates transcription via the 

octamer related motif (ATGCAATT), Brn-3h represses such transcription and 

inhibits the activating activity of Brn-3a (Morris et fl/.,1994). This indicates that 

the closely related transcription factors Brn-3a and Brn-3h have antagonistic 

effects on the oncogenic HPV URR. Moreover, an initial study (Lillycrop et a/., 

1992h) indicates that these factors are specifically expressed in cervical material. 

Hence, they may play an important role in regulating the expression of the £6 

and £7 oncoproteins.

This study therefore aims to investigate the expression pattern of the Brn-3a and 

Brn-3h cellular transcription factors, and the HPV early open reading frame 

(£ORF) £6 and £7 gene products in normal and transformed cervical material, 

and thus try to understand the role of the Brn-3 factors in cervical 

tumourgenesis.
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3.1.1 Bm-3a is overexpressed in high grade Cervical 
inhaepithelial Neoplasias (CIN)

I report here the results obtained from semi-quantitative polymerase chain 

reaction (PCR), using cDNA reverse transcribed from RNA obtained from 

normal and various grades of neoplastic cervical material. The biopsies were 

histologically classified as either high grade or low grade Cervical Intraepithélial 

Neoplasias (CIN) and normal. The high grade biopsies were made up of CIN3, 

while the low grades biopsies were mostly CINl and the normal samples were 

from healthy individuals. Moreover, the samples coded NCIN were obtained 

from normal cervical regions adjacent to CIN3 lesions. RNA used in all cases was 

isolated using the guanidinium thiocyanate method as described in materials and 

methods. Specific primers for BrnSa and Brn-Sb flanking the coding regions 

outside the POU domain were used as primers for the RT PCR procedures. The 

levels of the Brn-3a and Brn-3b mRNAs were compared to that of the mRNA 

encoding cyclophilin which was amplified in the same samples using specific 

primers. Since the cyclophilin mRNA is expressed at similar levels in all cell 

types, it was used to control for any differences between samples in the amount of 

RNA added, the efficiency of cDNA production or PCR amplification.

Equal amounts of each PCR product was run on a 2% agarose gel, with the 

corresponding cyclophilin controls. This was followed by Southern hybridisation 

with respective homologous probes as described in section (2.2.9.2). The resultant 

autoradiographs were then subjected to densitometric analysis as described in 

materials and methods (figure 33). The results are shown in tables 3.1 and 

figures 3.4.
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Figure 3.4o, depicts the mean mRNA level of Bm-3a,from samples histologically 

classified as having high grade cervical Intraepithélial neoplasia (CIN3) and 

from normal Individuals who ore healthy (Normal). The NCIN samples were 

obtained from normal cervical regions adjacent to a CIN3 lesion.

The mean Brn-3a mRNA level in the two category o f samples obtained from the high grade 

C1N3 patients is significantly greater than that obtained from normal healthy individuals.
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Figure 3.4b depicts th a t  the mean Bm-3b mRNA ievel in the normaL 

CiN3 and NCiN sam ples is approximately the some.
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Table 3.1 depicts the mean mRNA levels o f  Brn-3a and Brn-3b; in the cervix of 

individuals with high grade CIN3 lesions; regions adjacent to CIN3 (NCIN) lesions and

Brn-3a Brn-3b Brn-3a/Bm-3b Sample size
CIN3 0.44+/- 0.30 0.10+/-0.18 4.2 __________16__________

N-CIN 0.41+/- 0.31 0.06 +/- 0.09 5.9 21
Normal 0.001 +/- 0.003 0.10+/-0.11 0.01 16

Evidently, Table 3.1 and figure 3.4a, show that, the mean mRNA level of Brn-3a 

in the individual samples histologically classified as having high grade cervical 

intraepithélial neoplasia CIN3, is more than 300 times the levels in normal 

material from individuals with no dysplasia. Since the mean Brn-3b level is 

approximately the same (figure 3.4b), this therefore implies that the ratio of these 

cellular antagonistic transcription factors, may be of importance for the 

transformation of normal cervical cells to neoplastic ones. Interestingly, Morris 

et al. (1993) showed that, the ratio between the Brn-3a activator and the Brn-3b 

repressors critically determines the activity of the HPV URR, which regulates 

the expression of the oncogenic E6 and E7 early open reading frame genes in 

HPV. The results presented here therefore, show for the first time that, in 

neoplastic cervical tissue, Brn-3a is highly elevated, whilst the level of Brn-3b 

appears to be unchanged. Thus, taking the results together this suggests that, this 

elevated Brn-3a:Brn-3b ratio, may therefore have implications in HPV- 

associated cervical tumourgenesis.

To determine whether the elevation of Brn-3a was either confined to the CIN3 

lesions of these patients, or could represent a more widespread elevation in the 

cervix of the CIN3 patients, the levels of Brn-3a and Brn-3b were determined in 

further cervical material obtained from regions adjacent to CIN3 lesions 

(NCIN).
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The NCIN samples were histologically classified as normal and they had no 

detectable HPV E6 and E7 mRNA or HPV DNA. In these experiments, the 

samples registered a mean level of Brn-3a mRNA that was only marginally lower 

than that of the CIN3 region, and was significantly more than that detected in the 

normal samples obtained from healthy individuals (figure 3.4a and table 3.1).

Interestingly, the ratio of the mean values of Brn-3a to Brn-3b of the NCIN 

samples, is about 1.5 times that of the CIN3 samples and about 600 times that of 

the normal, whilst the value of ratio of Brn-3a:Brn-3b in CIN3 is about 400 times 

that of the normal (table 3.1, figure 3.4a, b, c). This suggest that the elevated Brn- 

3a and hence, the high Brn-3a:Brn-3b ratio appears to be a characteristic of the 

CIN3 area and the adjacent area of the cervix of individuals with CIN3 when 

compared with the normal cervix. Thus, the Brn-3a mRNA elevation is not only 

confined to the CIN3 region of the cervix, but this elevation appears to be 

widespread in the cervix of CIN3 patients.
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Figure 3.4c depicts that, the  ratio of Bm-3a:Bm-3b in CiN3 and NCiN 

sam ples is significantly greater than  th a t of the normal samples.
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Hence, the mean values of these factors as depicted in table 3.1 and figures 3.4 

suggests that, Brn-3a could co-operate with other exogenous/endognous elements 

in the cervix to became a potent tumourgenic factor. Thus, the over-expression of 

Brn-3a in the cervix could trigger a transcriptional response, that could directly 

or indirectly initiate the cervical metaplastic cells in the zone of transformation 

to undergo a characteristic neoplastic metamorphosis.

One candidate that could initiate cervical cells to undergo neoplastic 

transformation in concert with the Brn-3a factor in cervical tissues, is the 

Human Papillomavirus (HPV). The role of Brn-3a in the expression of the HPV 

oncogenic products £6 and E7 is discussed in the next section.

3.1.2 Bm-3 and HPV octamer motif
As mentioned previously, Brn-3a and Brn-3b are differentially expressed in the 

development of specific neurons, where they appears to be transcription 

regulators of specific neuronal gene transcription. However, these functional 

antagonistic transcription factors were also identified in certain tumours and in 

cell lines originating from these tumours, as well as in cervical tissues and cell 

lines of cervical carcinoma origins. Moreover, the long form of Brn-3a was 

shown to have oncogenic activity. Interestingly, the Upstream stream Regulatory 

Regions (URR) of HPV-16 and HPV-18 also contains an octamer related motif 

(ATGCAATT) (figure 3.2), and the URR is preferentially active in cells of 

cervical origin, where it has been shown to mediate the expression of the 

oncogenic E6 and E7 proteins (Cripe et a l ., 1987, Gloss et aL, 1987). Here, while 

the Bm-3a factor activates transcription via this canonical related octamer motif, 

Brn-3b represses such transcription and inhibits the activating activity of Brn-3a 

(Morris et al,, 1994).
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To detemine whether the ratio of the Brn-3 cellular antagonistic transcription 

factors regulate transcription of the HPV genome, the levels of HPV nucleic acid 

in each cervical sample, was simultaneously quantified with the mRNA levels of 

the Brn-3 factors as described in materials and methods (figure 3.5). Hence, the 

ratio of the HPV RNA and the HPV DNA for each of the samples was deduced, 

and thus compared with the ratio of the Brn-3b repressor and the Brn-3a 

activator (figure 3.5a). In this experiment, there was a correlation between the 

ratio of the HPV RNA: HPV DNA and the ratio of Brn-3b:Brn-3a in most of the 

CIN3 samples, since individual samples with high Brn-3b:Bm-3a ratio had 

corresponding low HPV RNA: HPV DNA ratio, whilst the reciprocal was also 

true for most of the samples.

Interestingly, a patient in whom four adjacent CIN3 sections had different levels 

of Brn-3a was identified, including one section having the lowest Brn-3a level 

detected in a CIN3 sample (table 3.2). This section with the lowest Brn-3a level 

also had one of the highest Brn-3b levels. Importantly, all the four sections of this 

patient had a similar level of HPV DNA, but the HPV £6 and £7 RNA 

transcripts detected was different in each case. The section with the lowest Brn- 

3a level and hence a high Brn-3b:Bm-3a ratio did not have any detectable level 

of the HPV £6 and £7 RNA (figure 3.5, table 3.2). When taken together with the 

data on the different samples, this finding therefore suggests that the ratio of the 

Brn-3 cellular antagonistic factors may regulate the transcription of the HPV 

genome in cervical material.

117



HPV DNA

NORMAL

HPV RNA

HPV DNA

CIN3

HPV RNA

?  ?

(i) (ii)

Figure 3.5(i) Shows the fractionation results (on a 2% agarose gel containing ethidium bromide) 

of RT-PCR and PCR amplification products of HPV RNA and the HPV DNA respectively in 

samples derived from patients histologically classified as having high grade cervical 

intraepithélial neoplasia (CIN3), and individuals with no histologically detectable cervical 

abnormality (Normal). The HPV-16 DNA was used as a positive control (+), while 

neuroblastoma was used as negative control(-). The resultant autoradiograph (ii) obtained after 

Southern hybidization is shown on the right.

118



0 . 5 0

0 . 4 0

0 .3 5

0 . 3 0

K  0 .2 5

0.20

0.10

0 . 0 5

0.00
*1 If II *J J s  J t  J f  *K Kf Ki Ki «L Lf Lfi *N N Nj  N 

WM Brn-3b:Bm-3a WM wpy RNAzHPV

* The coded sam ples w ith the sam e capital letter 
designates individuals from  w hom  the cervical 
sections w ere taken, w hile the small letters after 
the capital letters, dep ic ts  d ifferen t adjacen t 
sections o f  the sam e c e r v i v

Figure 3.5a shows the ratio of Brn-3b:Brn-3a and the ratio of the H PV 

RNA:HPV DNA in cervical m aterial derived from CIN3 patients.

High B rn-3b:B rn-3a ratio tends to co rrespond  to a low H P \ RNA;HPV DNA, w hile the 

reciprocal is true fo r low Brn-3b:Bm -3a.
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Table 3.2 depicts the levels o f Brn-3a mRNA HPV DNA and RNA expression o f a 
particular individual 'N' with C1N3. Values are in arbitrary densitometric units

Sections Bm-3a mRNA HPV E6 E7 RNA levels HPV DNA
No 0.075 Undetectable 0.87
Ng 0.72 0.31 0.8
Nj 0.3 0.04 0.9

Nm 0.63 0.3 0.8

The results in this study taking together, shows not only that, Brn-3a and Brn-3b 

are differentially expressed in normal and neoplastic cervical tissues, but also 

that the human papilloma virus DNA and RNA transcripts, are also expressed in 

normal and neoplastic cervical tissues though in different proportion (figure 3.5a 

and 3.5b). This is in agreement with previous studies that have shown the 

presence of HPV DNA in normal cervical material (Jan 1994, Arrand 1994). The 

data presented in this report also shows that, the level of Brn-3a in a normal 

cervix is substantially lower than in a CIN3 cervix, however the level of Brn-3b is 

seemingly constant. Furthermore, HPV nucleic acid was predominantly found in 

the cervix of women classified as high grade CIN3, although a small proportion of 

the normal cervix did have HPV nucleic acid. Interestingly, only one of the 

normal samples with HPV DNA was seen to express the viral RNA transcript. 

Significantly, while its Brn-3a level was amongst the highest, the ratio of its Brn- 

3b:Brn-3a level was amongst the lowest within the normal population size. It 

would be interesting to re-examine this sample cytologicaly to check its ’normal' 

classification. Moreover, amongst the high grade samples with HPV DNA, more 

than 70% were seen to transcribe the viral RNA, though at different levels that 

appears to depend directly on the level of Brn-3a, but inversely on the ratio of 

Brn-3b:Brn-3a.
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F ig u re  3 3 b  sh o w s th e  r a t io  o f  B rm -3b:B rn-3o o n d  th e  ro tio  o f  th e  HPV RNA:HPV DNA in 

n o rm a l c e rv ic a l m a te r ia l  d e r iv e d  from  h e a l th y  in d iv id u a ls .

The low Brn-3b:Brn-3a ratio seen in sample ‘D’ corresponds to an elevated HPV RNA:HPV  

DNA ratio. Samples ‘Ha’ and ‘Gf’ have a significantly low HPV RNArHPV DNA.ratio. The 

rest of the normal samples had no detectable level of HPV nucleic acid.
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Since the above findings are based on the regulatory properties of the Brn-3 

factors on the HPV URR octamer motif, and due to the fact that Brn-3 factors 

could be subjected to post-transcriptional modifications (Tbeil et n/., 1995), 

involving for example, translational regulation, it is important therefore to 

measure the protein levels of these factors. Thus, Western blotting analysis was 

carried out on further cervical biopsies as explained below.
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3.W The protein levels of the Bm-3 factors parallel 
the mRNA levels

Total protein was extracted from the samples, using the freeze thaw method and 

equalised using the BCA based assay as described in materials and methods. 

Thus, equal amount of samples were fractionated on duplicate 10% SDS 

polyacrylamide gels, and subsequently transferred onto nylon membranes by 

Western blotting. The membranes were treated and probed with either human 

Brn-3a or Brn-3b antibodies as described in section (2.2.13.0). The results are 

shown in fîgures 3.6 ,3.7 and 3.8.

Evidently, by considering the mean values of the protein levels of the normal, 

CIN3 and NCIN samples, as shown in table 3.3 and figures 3.7, the level of Brn- 

3a protein in the high grade CIN3 samples, and the samples adjacent to CIN3 is 

seen to be significantly greater than the Brn-3a protein levels in the normal 

samples (figure 3.7a). Moreover, the Brn-3b level in the normal, CIN3 and NCIN 

samples is about the same (figure 3.7b). Furthermore, by taking the ratio of the 

protein levels of Brn-3a and Brn-3b in all three categories of samples, a pattern 

similar to that observed with the mRNA levels emerges.

Table 3.3 depicts the mean protein levels of Brn-3a and Brn-3b; in the cervix of 
individuals with high grade CIN3 lesions; regions adjacent to CIN3 (NCIN) 
lesions and normal individuals with no detectable cervical abnormality (Normal)
1 Normal |CIN3 N-CIN
Bm-3a 0.06+/0.03 b.62+/-0.23 0.54+/-0.23
Bm-3b 0.15+/0.05 |0.15+/-0.09 0.16+/0.07
Bm-3a/3b 0.71 ! 4.5 4.17
1 Sample size 13 1 11 10
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Figure 3.6 The results o f Western analysis using Bm-3a antibody (Santa Cruz) on protein 

samples obtained from patients histologically classified as having high grade cervical 

intraepithélial neoplasia (3) or from individuals with no histologically detectable cervical 

abnormality (N). The arrow indicate the specific Bm-3 a 43kDa band. The upper band is non

specific antibody cross-reactivity. The Rainbow protein marker is also indicated (M) 

(Promega).
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Figure 3.7a shows the mean protein level (bar) of Bm-3a, from cervical 

sam ples histologically classified a s  having high g rade  cervical 

intraepithélial neoplasia (CIN3) and from normal individuals who are 

healthy (Normal). The NCIN sam ples were obtained from normal regions 

ad jacen t to CIN3 lesions.
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Figure 3.7b shows, the mean Bm-3b protein levels (bor) in the normal, CIN3 and NCIN 
cervical samples
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Figure 3.7c shows tha t the ratio of Brn-3a:Brn-3bJnCIN3 and NCIN cervical samples is 

significantly greater than that of the normal cervical samples.
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As in the case of the mRNA, figure 3.8 shows that, the level of Bm-3a in the 

normal samples is significantly smaller as compared to the high grade CIN3 

samples or the samples adjacent to CEV3 (NCIN). In contrast, the net Brn-3b 

protein levels in the normal, high grade CIN3 or NCIN samples are 

approximately the same.

Hence, the results obtained at the protein level for all three categories of cervical 

samples, parallel the results obtained at the mRNA level. Thus, it could be 

suggested that in the cervical materials so far examined, the high Brn-3a:Brn-3b 

ratio, tends to facilitate the transcription of the HPV EORF transcripts, whereas 

the low Brn-3b:Brn-3a ratio appears to inhibit the HPV RNA synthesis., which is 

in agreement with earlier reports using transfection (Morris et a/., 1993, Morris 

el a/., 1994).
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Figure 3.8a The relative expression of Bm-3a and  Bm-3b proteins in 

normal cervical biopsies obtained from healthy individuals.
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131



3.W Bm-3a expression In the cervix of patients with HPV- 

dependent cervical cancer
The results of NCIN samples obtained from adjacent CIN3 cone biopsies showed 

that, the Brn-3a level is significantly higher than in the normal samples (figure 

3.4a). Interestingly, the HPV DNA or RNA was not detected in the NCIN samples 

in accordance with previous results (Ho et a/., 1994). From these findings, the 

level of Brn-3a in the NCIN samples was seen to be elevated irrespective of the 

presence of HPV, as compared to the CIN3 samples. However, it is not very clear 

if the elevated Brn-3a level in the NCIN normal samples is due to the adjacent 

CIN3 lesion, or would occur throughout the cervix of affected individuals.

To test the possibility of a widespread elevation of Brn-3a in the cervix of patients 

with CIN3, and to quantify the level of Brn-3a in the cervix, beyond the 

maximum distance so far achieved, which is between the NCIN and CIN3 

sections, serial colposcopy sections were obtained from the cervix of patients 

classified as having high grade CIN3. Each patient contributed three consecutive 

5mm sections. The first sections were taken from the immediate vicinity of the 

CIN3 lesion, and the subsequent ones were 5mm apart in the normal region of the 

cervix. The biopsies were then used to prepare mRNA as previously described. 

Thus figure 3.9 shows the expression of Brn-3a in the serial colposcopy sections.

As illustrated in figure 3.9b, the serial sections of the first two patients do have a 

marginal but greater Brn-3a mRNA values at the immediate vicinity of the lesion 

(that is at the 5mm mark), than the subsequent segments obtained beyond the 

5mm mark. Howerver, in all the sections the level of Brn-3a was elevated over 

the normal level.
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Figure 3.9a Shows the outoradiograph obtained from Southern 

hybridization using homologous Bm-3a, Bm-3band cydophiiinprobes,on 

serial colposcopy segments *C looped 5mm apart from the cervix of 

patients with QN3 lesion.

Samples derived from individuals histological classified as normal ‘N’ or having either CIN2 

‘2’ or CIN3 ‘3 ’ are also shown. The first colposcopy segments designated by ‘C3’ were 

taken in the immediate vicinity adjacent to a CIN3 lesion ‘3 and the subsequent ones ‘C2’ 

were taken 5mm from ‘C3’, while the last segments ‘ C l ’ were also taken 5mm from ‘C2’. 

Tte arrow points towards the normal region o f the covix
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Figure 3.9b. Colposcopy sections from four different patients showing the 

distance in millimetres (mm) (abscissa-axis) and the levels of Bm-3a In 

arbitrary units (ordinate axis), fron high grade (CIN3) regions towards 

normal tissues 15mm away. The mean Bm-3a value for normal cervical 

material derived from healthy Individuals Is denoted by *N*

The level o f  Brn-3a in the cervix o f  the CIN3 patients is sign ificantly  elevated far 

beyond the CIN3 lesion , to an approxim ate d istan ce o f  about 15mm from the  

d ysp lasia , w hen com pared to the mean B rn-3a value seen  am on gst the cervix  of 

norm al individuals (N) w ith no cervical abnorm ality.
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The segments from the other two patients display a similar elevated Bm-3a 

expression pattern, although there is a slight decrease in the Brn-3a value just 

after the 10mm mark. This therefore indicates that, in most parts of the cervix 

with a CIN3 lesion, the level of Brn-3a is elevated as compared to the low level of 

Brn-3a seen amongst normal cervical material derived from healthy individuals 

(figure 3.9b and figure 3.4a).

Interestingly, Abdul-Karim et aL (1982), attempts to establish the critical 

dimensions of the various grades of CIN in their morphometric study of 

intraepithélial neoplasia of the uterine cervix. In this study, Abdul-Karim et al, 

(1982), show that, the dimensions of CIN, are closely related to the cellular 

proliferation and severity of the neoplasia (Abdul-Karim et at., 1982, Fu and Ko 

1996 ). Moreover, the mean length of CIN along the long axis of the cervical 

canal was shown to be 4.1 mm for CINl, 5.8 mm for CIN2 and 7.6mm for CIN3, 

while the mean depth were shown to be respectively 0.42, 0.93 and 1.35mm for 

CINl, CIN2 and CIN3 (Abdul-Karim et a/., 1982), These dimensions thus 

suggested that, to effective eradicate 98% of CIN3 lesion by surgery it is 

imperative to destroy 5mm in depth of the tissues (Abdul-Karim et al, ,1982, Fu 

and Ko 1996 ).

It could however be argued that, since Brn-3a is elevated far beyond the 5mm 

mark, then to effectivly eradicate more than 98% of CIN3 lesion by surgery, it 

would be necessary therefore to extend the distance beyond 10mm. Thus, 

enabling the eradication of not only the lesion containing HPV, but also normal 

tissues containing elevated levels of the oncogenic Brn-3a factor, that may 

subsequently habour HPV.
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3.1.5 Discussion
The data presented here shows for the first time that, the class IV POU domain 

transcription factor Bm-3a is over-expressed in HPV-associated cervicai 

neoplasias, with implications in the aetiology of cervical tumourgenesis. Thus, 

this study shows that, the relative expression of Bm-3b is seemingly constant in 

both normal and high grade CIN3 biopsies as compared to the significantly 

elevated Brn-3a levels seen mostly in high grade CIN3 samples. In this study, the 

cervical samples used were taken from women histologically diagnosed as having 

premalignant changes, referred to as squamous intraepithélial lesion (SIL) or 

cervical intraepithélial neoplasia (CIN) in all three categories plus normal. 

Premalignant changes do form a continuum divided into normal, low or high 

grade-SIL or CIN 1,2, and 3 which reflects increasingly abnormal maturation of 

the affected epithelium. These lesions can persist, regress, or progress to an 

invasive malignancy. The high-grade (CIN 2 and 3), have the propensity to 

persist or progress and unlike the low-grade CINl, rarely regresses 

spontaneously. However, there a few patients with low grade lesions that appear 

to progress rapidly to invasive cancer (Barron and Richart 1970, Buckley, 1994).

The class IV POU domain transcription factor Brn-3a has been shown not only to 

co-operate with the ras oncogene to transform primary cells (Theil et a/., 1993), 

but interestingly recent results have shown that Brn-3a not only appears to 

protect cells from programmed cell death (apoptosis), but also appears to 

compromise the activity of the tumour-suppressor factor p53 in vitro and in vivo 

(Budhram-Mahadeo et a/., 1999). Most interestingly, the results presented here, 

also tends to establish Brn-3a factor as an oncoprotein, whose over-production is 

sufficient to trigger a transcriptional response, that could directly or indirectly 

initiate the metaplastic cells in the zone of transformation to undergo neoplastic 

metamorphosis.

136



One positive candidate that could indirectly initiate cervical cells to undergo 

neoplastic transformation in concert with the Brn-3a factor in cervical tissues, is 

the Human Papillomavirus (HPV). This virus has been established as a potential 

causative agent in cervical tumourgenesis. According to past findings, HPV sub- 

types 16 and 18 have been linked with the development of anoginical cancer, and 

in most cases of cervical carcinoma in human (Brinton, 1992, Ley et aL, 1991, 

Buckley, 1994).

Although, the regulatory mechanisms involved are still to be unravelled, there 

are some suggestions that, there might exist a functional interplay in the cervix 

between Bm-3a and other POU factors, probably the Oct-2.1 transactivator 

which can also activate via the HPV URR (Morris et aL, 1994). It was thought 

that, the activating effect of these factors would be sufficient to nullify the 

repressive tendency of both Brn-3b and Oct-1, with a net effect of upregulating 

the octamer motif in HPV promoter (Morris et aL, 1994). Interestingly, the 

upstream regulatory region (URR) of the HPV genome is thought to be 

preferentially active in cells of cervical origin, where it mediates the regulation of 

the oncogenetic E6 and E7 protein products (Cripe et aL, 1987, Gloss et aL, 1987). 

Interestingly, Morris et aL (1993) and Dent et aL (1991) demonstrated that 

cervical-cell-specific regulatory factors were able to bind to, and have a net 

stimulatory effect on the URR of HPV-16/18 via its octamer consensus 

ATGCAATT. Furthermore, these cervical-cell-specific factors were subsequently 

shown to be the Brn-3a and Brn-3b transcription factors, while Brn3a activates 

transcription via this motif (ATGCAATT), Brn-3b represses such transcription 

and interferes with activation by Brn-3a (Morris et aL, 1994). Significantly, this 

octamer motif is not present in the similar URR of the non-oncogenic HPV-6 and 

HPV-11. Moreover, in agreement with other published results, the latter types of
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HPV nucleic acid were also detected in some normal cervical samples (Cox et a/., 

1986, Meanwell, 1987). Interestingly, Brn-3a and Brn-3b were shown to be 

differentially expressed in normal and neoplastic cervical tissues, while the HPV 

RNA was shown to be expressed in parallel with the Brn-3a cellular transcription 

factor.

The results in this study further indicates that, HPV DNA is predominantly 

present in the cervix of women with high grade CIN3. In contrast HPV was only 

detected in a small proportion of the normal samples obtained from healthy 

individuals. In addition, the viral RNA transcript was detected in only one of the 

normal samples with HPV DNA. Interestingly, the Bm-3a level of this sample 

was shown to be amongst the highest in the normal population size of 16, and the 

ratio of Brn-3b:Brn-3a value was amongst the lowest within the normal samples. 

It would be useful if further cytological analysis is carried out on this assumed 

normal sample so as to ascertained unerringly its pathological status.

Importantly, previous studies have shown that, Brn-3b represses similar octamer 

promoters that are activated by Brn-3a (Theil et a/., 1993, Morris et a/., 1994, 

Morris et a/., 1993). Thus, this increase in Brn-3b:Brn-3a is sufficient to directly 

or indirectly compromise the transcription of the viral RNA via the octamer 

ATGCAATT mortif. Furthermore, more than 70% of the high grade samples 

with HPV genome, do transcribe the viral RNA at different levels, which was 

shown to parallel the expression of Brn-3a in these samples. Thus, the data tends 

to indicate that, the HPV EORF E6 and E7 transcripts, are expressed in unison 

with the oncogenic Brn-3a factor along the CIN continuum. Moreover, the data 

obtained using both cone and colposcopy segments suggests that, the HPV 

genome is found predominantly at the immediate vicinity of the lesions, which is 

in agreement with other reports (Ho et u/., 1994). Interestingly, however, Brn-3a
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levels appear to be elevated throughout the cervix in individuals with CBV3. 

Thus, these individuals may have high cervical Brn-3a levels throughout the 

cervix due to genetic or environmental factors. Neoplastic transformation would 

then occur in the transformation zone where both Brn-3a and HPV DNA are 

present

The widespread Brn-3a expression in the cervix of individuals with CIN3 could 

be genetically determined. For instance, genetic polymorphism in the p53 gene 

has been shown to be responsible for production of two p53 variants, with either 

a proline or arginine at position 72. The latter form of p53 is efficiently degraded 

by the HPV E6, hence predisposes individuals with the p53-arginine amino acid 

to a higher risk group in developing cervical cancers, than those with the former 

type of p53 (Storey et a/., 1998). Thus, individuals with widespread Brn-3a in 

their cervix, could occur as a consequence of genetic variations, in turn this 

would affect HPV transcription following infection, and hence predisposes them 

to a higher risk group in developing cervical cancers.

Finally, the results presented here, show for the first time that, the oncogenic 

HPV E6/E7 early open reading frame gene products could be regulated by the 

Brn-3a cellular transcription factor. The data also suggest that, the cellular 

transcription factor Brn-3b abrogates directly, Brn-3a's activating potential. 

Hence, the implication of this finding suggests a possible role for Bm-3b as one of 

the unidentified tumour suppressor genes in cervical carcinogenesis, since both 

cytogenetic and molecular studies have also demonstrated that chromosomal 

deletion and allele loss frequently occurs in cervical cancer (Mitra et a/., 1994). 

However, thus far no decreases of Brn-3b expression or deletion of its gene has 

been observed in cervical cancers.
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CHAPTER FOUR

Manipulation of Bm-3a and Bm-3b expression

4.1.0 Introduction
The Brn-3a POU domain transcription factor is expressed at elevated levels in 

the cervix of women histologically classified as having high grade cervical 

intraepithélial neoplasia CEV3, and significantly lower levels in both normal and 

low grade CINl (Ndisang et al, 1998 ). Interestingly, the activating effect of the 

Brn-3a factor is antagonised by the class IV POU domain transcription factor 

Brn-3b on promoters that contain the classical octamer ATGCAAAT motif and 

on the ATGCAATT motif in the HPV URR (Morris et a l, 1993, Morris et al,, 

1994, Dent et a l, 1991). Hence, the Brn-3 factors Bm-3a and Brn-3b, are 

independent variables that may control the transcription of EORF E6 and E7 

viral oncogenic products, in the infected metaplastic cells at the zone of 

transformation. It is important therefore to test this possibility, in an appropriate 

cell line model. Thus, by manipulating the expression of the Bm-3 factors in an 

HPV-containing cervical carcinoma derived cell line, and an appropriate cervical 

carcinoma derived cell line lacking HPV acting as a control, the critical role 

played by these factors in regulating HPV-dependent cellular growth and 

transformation could be understood. Hence, the following human cervical 

carcinoma cell lines; Caski (Smotkin and Wettstein 1986), SiHa (Yee et a l, 1985), 

and C33 (Auersperg 1964), containing respectively 600, 3 and zero copies of 

integrated HPV-16 genomes per cell were utilised (Auersperg 1964, Friedl et a l, 

1970, Yee 1985).
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4.1.1 Bm-3a is differently expressed in three cervical 
carcinoma cell lines

I report here the results obtained from semi-quantitative RT-PCR using cDNA 

obtained from the following human cervical carcinoma cell lines Caski, SiHa, and 

C33, with specific Brn-3a and Bm-3b primers as explained in materials and 

methods. Total RNA used as a template for cDNA manufacture was isolated from 

about IxlO^cells, using the guanidinium thiocyanate method explained in section 

(2.2.8.0). The results are shown in figure 4.1.

Interestingly, of the three cervical carcinoma derived cell lines, Caski is seen to 

have the highest Brn-3a mRNA level. In contrast, C33 is seen to have the least 

Brn-3a mRNA level, which is about 2.5 times lower than that of Caski. The SiHa 

cells have an intermediate Brn-3a mRNA level which is only marginally smaller 

than that of the Caski cells, but about two times greater than that of C33. Thus, 

the expression of Brn-3a in all three cervical carcinoma cell line, appears to be 

distinct. Moreover, the level of Brn-3b mRNA for both the Caski and C33 cell 

lines is approximately the same, while the level for SiHa is about four times that 

of the other cell lines (figures 4.1b). Most importantly, all the cell lines had 

measurable levels of both Bm-3a and Brn-3b mRNAs.
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To determine the level of Brn-3a protein in the cervical carcinoma cell lines, the 

total protein was extracted from the cells, using the freeze thaw method and 

equalised using the BCA based assay as previously described in materials and 

methods. Equal amounts of the samples were then fractionated in 10% SDS 

polyacrylamide gel and subsequently transferred onto a hybond-C nylon 

membrane by Western blotting as explained in section (2.2.13.1).

The membranes were treated and probed with human Bm-3a antibody. The 

expression of Brn-3a protein is shown in figure 4.2. Thus, the Brn-3a protein 

level in the Caski and the SiHa cells is higher than that of C33 cells, which 

parallels the expression pattern observed at the mRNA level.

The level of HPV nucleic acid was further determined in all three cell lines, 

notwithstanding the fact that Caski has been reported to have 600 copies of HPV 

genome per cell, and SiHa three copies of HPV per cell whilst C33 was reported 

to be totally free of HPV (ATTC catalogue suppliers instruction, 1998).

Thus, using similar procedures as described previously, except with the addition 

of HPV primers, the PCR was carried out as shown in table 2.2. The resultant 

products were treated as previously described, but with hybridization to HPV 

homologous probes. The results are shown in figure 4.3.
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a) b)

Phi 174

Figure 4.3 Shows the RT-PCR and PCR products of SiHa and C33 using HPV 

primers

(a) Ethidium bromide stained gel with phi 174 marker and the PCR and RT-PCR products 

using HPV primers with SiHa DNA (lane 1), SiHa RNA (lane 2), C33 RNA (lane 3) and C33 

DNA (lane 4). Subsequent Southern hybridization analysis on the resultant PCR and RT-PCR 

products using homologous HPV probe is shown in the autoradiograph (b). This Southern 

hybridization analysis shows that the HPV genome is not present in the C33 cells (lanes 3 and 

4), while the level of HPV nucleic acid detected in the SiHa cells (lanes 1 and 2) is significantly 

high.
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The result shows that the C33 cell line lacks HPV, while the level of HPV nucleic 

acid in the SiHa cells is significantly high as expected. Thus the high Brn-3a level 

in the SiHa cells is paralleled by high HPV RNA and HPV DNA.

Hence, by manipulating the expression of Brn-3a in these HPV-associated 

cervical carcinoma derived cell lines, and with the C33 cell line acting as a ideal 

control, the critical role played by Brn-3a and Brn-3b in regulating HPV- 

dependent cellular growth and transformation, could be studied, during which 

the molecular mechanism that governs the aetiology of cervical tumourgenesis 

might be understood.
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4.1.2 Mammalian expression vectors with Bm-3a, Bm-3b 
and anti-sense Bm-3a inserts

In preliminary transfection experiments, recombinant vectors containing Brn-3a, 

Brn-3b and the anti-sense Brn-3a under the control of the strong human CMV 

immediate early promoter were seen to promote formation of colonies after 

calcium phosphate mediated transfection into Caski, SiHa and C33 cells, but the 

number of the colonies decreased progressively over a period of about 4 days and 

all the colonies finally died. This was attributed to the strong promoter activity, 

since the transfected empty cassette pCi-neo vector also did not promote the 

formation of colonies. It is possible that, the CMV promoter was sufficiently 

strong to stimulate endogenous genes downstream of the integrated plasmid 

inserts, whose overproduction could have damaged the cells (Boshart et aL, 1988).

Hence, the pLTRpoly was the alternative expression vector of choice, owing to 

the relatively low basal activity of the Moloney Murine Leukaemia Virus 

(MoMuLV) promoter in this vector, and since it has previously been used to 

over-express the Brn-3a factor in neuronal cells (Smith et aL, 1997). The 

pLTRpoly expression vectors containing the class IV POU domain transcription 

factors Brn-3a, Brn-3b and an empty pLTRpoly cassette, under the influence of 

the MoMuLV promoter, were therefore co-transfected with pCi-neo plasimd 

carrying the neomycin resistance gene, into the human cervical carcinoma cell 

lines, Caski, SiHa and C33 as described in section (2.2.12.0).

Furthermore, to reduce the level of Brn-3a in these cell lines, we used a 

recombinant steriod inducible expression vector containing the insert under the 

control of the glucocorticoid inducible Mouse Mammary Tumour Virus promoter 

(MMTV). This system has previously been used to reduce Brn-3a levels in 

neuronal cells (Lakin et at,, 1995).
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This construct was co-transfected with the neomycin resistance pCi-neo vector, 

into the cervical carcinoma cell lines Caski, SiHa and C33 as explained in 

materials and methods. Similar cell lines were simultaneously transfected with 

the neomycin resistance plasmid alone as a control. The Brn-3a fragment used to 

construct the vector was double digested from the bluescript plasmid, then cloned 

subsequently in the anti-sense orientation within the polylinker of the pJ5 vector, 

thus placing the insert under the influence of the glucocorticoid inducible MMTV 

promoter (Lakin et a/., 1995).

4.W The anti-sense Bm-3a construct produces 
morphological alterations in the SiHa cells

Typically, 15/£g of the respective recombinants plus 3/zg of the neomycin resistant 

plasmid as described in section (2.3.2.0), were used for co-transfecting 80% 

subconfluent, Caski, SiHa and €33 cells in 10cm plates. After two washes of 

about 16 hours interval, the media were supplemented subsequently with G418 to 

a final concentration of 800^g/ml. On all occasions the putative clones began 

emerging after about 10 days, were subsequently isolated with cloning rings and 

cultured in medium supplemented with 800ug/ml G418. Anti-sense and control 

clones were treated subsequently with \fiM  dexamethasone 24 hours prior to any 

given assay or before nucleic acid or protein extraction procedures.

There were many SiHa and €33 Brn-3a putative clones, as compared to the SiHa 

and €33 Brn-3b and anti-sense putative clones. On both occasions however, the 

€33 putative clones out numbered the SiHa putative clones. Furthermore, the 

SiHa Brn-3b putative clones were slightly more in number than the anti-sense 

clones. The Bm-3a and Brn-3b transfected €aski cells did produce a few clones 

that grew for a short while and then died. Therefore the transfection of the €aski 

cells was not pursued further.
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Interestingly, morphological alterations were observed in some of the SiHa Brn- 

3a over-expressing clones, but not with the C33 Brn-3a over-expressing clones, in 

comparison to the corresponding wild type untransfected cells or control putative 

clones carrying only the empty cassette of the vectors. Morphological alterations 

were also well pronounced for some of the SiHa anti-sense Brn-3a putative 

clones. For instance two different Brn-3a anti-sense clones (SiHaBrn-3a3) and 

(SiHaBrn-3a5) were seen to display morphological alterations when compared to 

the wild type or parental control SiHa. The colonies formed by the anti-sense 

SiHa clones were broader and less compact with no defined edges, while the 

colonies formed by the control SiHa cells were smaller and more compact, but 

with well defined acute pointed edges. However, none of the putative Brn-3a or 

Brn-3b C33 clones showed any change in their morphology. Hence, the altered 

morphology observed, particularly in some of the anti-sense clones, could indicate 

that, Brn-3a is an upstream regulator in the cervical carcinoma cell line, whose 

abrogation appears to affect the ability of the cells to grow on top of each other, 

and also appears to alter the original wild-type features.

Interestingly in previous studies, morphological alterations were observed in C4- 

1 HPV-integrated cervical carcinoma cells, upon transfection with an anti-sense 

HPV EORF E6 and E7 RNA (Knebel Doeberitz et a/., 1988). Thus, it could 

therefore be suggested on the basis of these preliminary results that, the 

reduction of Brn-3a in a given HPV-integrated cervical cell may affect the 

expression of the HPV oncogenic products, which in turn may influence the 

physiological and morphological characteristics of the cells as seen in the anti

sense putative SiHa clones, but not in the anti-sense putative C33 clones.
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To determine if the respective isolated putative clones, whether morphologically 

altered or not, were expressing the respective exogenous factors relative to their 

corresponding controls. Western blotting assays with the respective Bm-3a and 

Brn-3b specific antibodies were carried out as explained in section (2.2.13.0).

4.1.4 Protein onaiysls on the putative SlHo dones
Independent putative SiHa and C33 clones were grown in 80cm square flasks to 

confluence. To determine the level of Brn-3a protein in the respective 

recombinant cell lines, total protein was extracted from the samples using the 

freeze thaw method and equalised using the BCA based assay as described in the 

materials and methods. Equal amounts of samples were fractionated on 10% SDS 

polyacrylamide gel and subsequently transferred to duplicate hybond-C nylon 

membranes by Western blotting as described in section (2.2.13.1). The 

membranes were treated and respectively probed with Brn-3a and Brn-3b 

antibodies. The results are shown in figures 4.4 to 4.7 for at least three 

independently isolated SiHa and C33 clones of each type.

Thus in figure 4.6a, the Brn-3a level of the SiHa clones transfected with Brn-3a, 

(SiHaBrn-3a) is seen to be higher than the Bm-3a level of the wild type 

untransfected SiHa cells (SiHa) or the transfected control (SiHa-neo). Similarly, 

the SiHaBm-3b clones showed the highest level of Bm-3b as portrayed in figure 

4.6b.
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Figure 4.4a shows the autoradiograph obtained from Western analysis on 
independent clonal SiHa cell lines (4 to 6 Brn-3b clones, 7 to 11 Brn-3a clones and 
13 anti-sense Brn-3a clone) and wild-type SiHa cells (1 to 3), using Brn-3a *A' 
(transduction laboratory) and actin 'a* (Santa Cruz) antibodies.

1 3

Brn-3a

Actin

(b) shows the autoradiograph obtained from Western analysis on putative SiHa 
anti-sense Brn-3a clones induced with 0.1/iM dexamethasone for 24 hours (lanes 
1 and 2) or uninduced (lanes 3 and 4)

1 4  7 10 15 17

B

(c) shows Western blotting analysis on clonal SiHa cell lines (1 to 4 anti-sense 
Brn-3a clones, 7 to 10 Brn-3b clones, 11 to 14 Brn-3a clones) and wild type SiHa 
cells (15 to 17) using Brn-3b ’B’ antibody (Santa Cruz)

152



1 2 3 4 5 6 7

Bm-3a

Bm-3b
. f I

Figure 4.5(a) shows the autoradiograph obtained from Western analysis on clonal C33 cell 
lines (1 and 2 Bm-3b clones, 6 and 7 Bm-3a) and wild type (3 to 5) C33 cells, using Bm-3a 
(transduction laboratory), and Bm-3b (Santa Cruz) antibodies.

Bm-3b

(b) shows the autoradiograph obtained from Western analysis on putative anti-sense Bm-3a 
C33 clones grown in the absence of dexamethasone (5 to 8) or induced with O.l^M  
dexamethasone for 24 hours (1 to 4), using Bm-3a antibody (Santa Cruz)
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Furthermore, the uninduced anti-sense Bm-3a clones, have a mean Brn-3a 

protein value of about 0.8 arbitrary units, which is lower than the Brn-3a values 

of the control SiHa cells (figure 4.6a). However, the corresponding Bm-3b 

protein values are just about the same level as the untransfected or transfected 

SiHa control cells (figure 4.6b).

The anti-sense Brn-3a inserts were under the control of pJ5 MMTV-steriod 

inducible promoter as previously stated. Interestingly, when the clones were 

induced with 0.1/^M dexamethasone for 24 hours, the level of the Brn-3a protein 

depleted to a much lower value (figure 4.6a), while the corresponding Brn-3b 

protein level of some of the clones increases (figures 4.6b). In contrast to the 

depleted Brn-3a level observed with some of the putative anti-sense clones, the 

control SiHa cells Brn-3a level was not affected upon dexamethasone treatment 

as shown in figure 4.8. Interestingly, the anti-sense clone with the lowest induced 

and un-induced Brn-3a protein levels also had the most pronounced 

morphological alterations, compared to the rest of the putative anti-sense 

SiHaBrn-3a clones. This clone was termed SiHaBrn-3a5 to distinguish it from the 

SiHaBrn-3a3 clone.

Thus, the Bm-3a protein levels illustrated in figures 4.6 show that, when the 

HPV-associated cervical carcinoma cell line SiHa, is transfected with the Brn-3a 

factor, the level of Bm-3a rises, contrary to the observation seen when the same 

cell line is transfected with the anti-sense Brn-3a or Brn-3b recombinant 

plasmids (figure 4.6a). Interestingly, similar observations were seen in parallel 

transfection experiments using the non HPV-associated cervical cell line C33  as 

illustrated in figure 4.7.
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Figure 4.6a. Shows the protein anaiysis of independent cionol and wide- 

type (Siha) SiHa celis, obtained from Western biotting using Brn-3o 

antibody. The anti-sense Bm-3a dones were treated with with OJp 
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‘n ’ is the number of independent clones analysed.
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Figure 4.6b. Shows the protein analysis of clonal and wide-type (Siha) 

SIHa cells, obtained from Western blotting using Bm-3b antibody. The 

anti-sense Bm-3a clones were treated with 0.1//M dexamethasone for 24 

hours (Slha-3odex) or not treated (Siha-3anodex)

‘n ’ is the number o f independent clones analysed.
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‘n’ is the number of independent clones analysed.
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To confirm that the steriod-induced changes in Brn-3a levels in the anti-sense 

cells were a specific effect, the control SiHa and C33 cell lines were treated with 

0.1/fM dexamethasone 24 hours prior to Western blotting analysis with specific 

Brn-3a and Brn-3b antibodies. In both cases, dexamethasone is seen not to have 

any significant effect on the endogenous Brn-3a or Brn-3b levels of the control 

SiHa and C33 cells (Figure 4.8). Similarly, dexamethasone had no significant 

effect on the Brn-3a or Bm-3b levels of the putative clones transfected with the 

expression vector contracts lacking any inserts (Figure 4.8). Hence, the 

discrepancies observed between the Bm-3a and Bm-3b levels of the putative 

anti-sense clones and control cells, were bona fides specific changes.

In addition, the difference between the Bm-3a protein values of the putative 

SiHa clones and the control SiHa cells, not only appears to affect colony sizes, but 

also appears to be responsible for the observed morphological alterations. For 

instance, the colony size of the Brn-3a putative SiHa clones tends to be larger 

than those of the Brn-3b or anti-sense Brn-3a recombinants. Moreover, none of 

the non HPV-associated cervical cell line C33 putative clones displayed any 

morphological alteration, nor did they show alterations in their colony sizes. It is 

imperative therefore, to determine whether the engineered exogenous Brn-3 

factors do affect the expression of the E6 and E7 oncoproteins and hence may 

produce cellular changes in this manner.
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(Sl-neo) recombinants.
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Thus, Western blotting analysis using the putative clones with the specific HPV 

E6, Brn-3a and Brn-3b antibodies was carried out as before, and the results are 

shown in figures 4.9 and 4.10. In figure 4.10, the putative Bm-3a clones are seen 

to record the highest E6 protein level, while the Brn-3b clones and the uninduced 

anti-sense Brn-3a clones registered lower E6 protein values. Moreover, the 

dexamethasone treated anti-sense clones were seen to have the lowest E6 values.

The slightly increased E6 protein value observed when the parental SlHa was 

treated with dexamethasone, suggests that EORF gene products could be slightly 

activated by steroid hormones. Interestingly, the net difference between the 

parental SiHa and dexamethasone treated SiHa (SiHadex) E6 value is just about 

0.09, while the net difference between the anti-sense Brn-3a clones and the anti

sense Brn-3a clones treated with dexamethasone, E6 values is about 0.4. This 

suggests that, although the endogenous E6 product could be affected by 

dexamethasone, the effect is exceedingly small as compared to the specific effect 

that significantly modulates the expression of the E6 protein product in the anti

sense clones.

Evidently, the level of the HPV E6 protein in most of the putative clones appears 

to parallel the corresponding Brn-3a values, while the reciprocal is seen to be 

true for the corresponding Brn-3b values. This suggests that, Brn-3a could 

regulate the expression of the E6 oncogenic protein in the HPV-integrated SiHa 

cervical carcinoma cell line. Furthermore, pronounced morphological alterations 

were observed in most of the SiHa clones, whose endogenous Brn-3a levels were 

reduced artificially. In contrast, no morphological alterations were observed 

with the C33 clones, whose Brn-3a levels were artificially reduced. Hence, to 

quantify these effects, the growth properties of the clonal and control cells were 

studied to determine the cellular growth rate and the saturation density.
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Figure 4.9 shows the autoradiograph obtained from W estern analysis on clonal Siha 
cells;SihaB lane 1, SihaA Iane2, anti-sense Brn-3a [dexam ethasone uninduced Si(-3A3) 
lane 3 , Si(-3A5) lane 6 and induced SK-3A3)dex lane 4, Si(-3A5)dex lane 7 j, as well as wild 
type SiHa cells; dexam ethasone treated Sihadex lane 8 and untreated lane 5, using HPV- 
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I
Figure 4.10 .W estern blotting results using Brn-3o antibody on w ild-type (Slho) and  
putative Slho clones; transfected with Bm-3a (SIhaAL Brn-3b (SlhaB), anti-sense Brn-3a 
either subjected to  dexam ethasone treatm ent or not [Sl(-3A3)de)^ Sl(-3A5)dex and SI(-3A3), 
SI(-3A5)L as  well as dexam ethasone trea ted  wild-type Siha (Sihadex).
Note Si(-3 A3), Si(-3 A5) are two independent clones.
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4.1.5 Analysis of cellular growth rate
To analyse the growth rate of clonal and control cells, a basic method of counting 

the amount of viable cells in a haemacytometer chamber using a light microscope 

was employed as described in materials and methods. In this procedure, the 

clonal and control cells were seeded with an initial density of lxl(H cells in three 

groups of eight, at regular intervals of between 8,16, and 24 hours. Subsequent 

groups of three were trypsinized, washed, resuspended in appropriate percentage 

of trypan blue medium and then counted, and the results over 72 hours are 

shown in figures 4.11 and 4.12. For the saturation density, the same method was 

used, except for the longer time interval of about 3 days, during which the cells 

were allowed to proliferate freely without passage. The results obtained are 

shown in figures 4.13 and 4.14.

The results in figure 4.11a suggests that, the control SiHa cells appear to have 

very similar rate of growth, which is comparatively lower than that of the Brn-3a 

over-expressing clones, but greater than that of the Brn-3b clones. Moreover, the 

cellular growth rate of the control C33 cells is similar to the rate observed with 

the control SiHa cells, though a little lower. Interestingly, the putative 

transfected C33 Brn-3a and C33 Brn-3b cells did not display any significant 

alterations in their growth rate (figure 4.12a).

Furthermore, figure 4.11b shows that, the rate of growth of the dexamethasone 

induced anti-sense Brn-3a SiHa cells is lower than the growth rate of the control 

cells and, the growth rate of these anti-sense cells is greatly reduced by 

dexamethasone treatment. In contrast, the dexamethasone treated anti-sense 

Brn-3a C33 cells growth rate is seen to be unaffected by the dexamethasone 

treatment, nor is there any significant difference between the growth rate of the 

clonal and control C33 cells (figures 4.12).
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Figure 4.11o. Shows the growth rote of cionol and wild-type Siha cells.
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Figure 4.11b. Shows the growth rote of onti-sense Bm-3o cionol cells,

dexomethosone treoted (SI(-SA)dex) or nottreoted (SI(-3A)), ond wild-type

Slho cells treoted(Slhodex) or not treated with dexomethosone (Slho).
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Figure 4.12b. Shows the growth rate of anti-sense Bm-3a clonal cells,

dexamethasone treated (C33(-3A)dex) ornottreated (C33(-3A)), and wild-

type Siha cells treated (C33dex) or nottreoted with dexamethasone (C33).
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Interestingly, the growth rate of the control SiHa and C33 cells Induced with 

dexamethasone was only marginally higher than that of the uninduced control 

SiHa and C33 cells. This implies that, the effect of dexamethasone on the growth 

rate of either the SiHa or C33 cells is insignificant, as compared to the specific 

cues that significantly alters the cellular growth rate of the SiHa anti-sense 

clones, which do not occur in the anti-sense C33 cells. This, suggests not only that 

the HPV oncoproteins which are absent in the C33 cells, are an important 

contributory factor in the regulation of growth and proliferation in the SiHa 

cells, but also that anti-sense Brn-3a regulates the HPV oncoproteins and hence 

cellular growth rate in the SiHa cells.

4.1.6 Putative onti-sense Bm-3a clones and Bm-3b over
expressing clones are not contact inhibited or 
density-dependent.

Cellular growth rate and morphological alterations are not sufficient parameters 

to determine and quantify the behaviour of a given oncogenic cell type. Hence, 

the contact and density-dependent inhibition phenomenon (saturation density) 

was employed as an alternative step, towards a better understanding of the 

tumourgenicity of these different oncogenic cell types. To quantify this 

phenomenon in the SiHa and C33 putative clones, the cells were allowed to 

proliferate freely in normal medium, then counted periodically after a time 

interval of 3 days as described in section (2.2.14.0) The results are shown in 

figures 4.13 and 4.14.
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Figure 4.13b. Shows the saturation density of anti-sense Brn-3a clonal cells, 
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Interestingly, the Brn-3a clones and the control cells appear to proliferate freely 

without any significant inhibition by either contact or density as the population 

increases as shown in figure 4.13a. Here, the cells adhere to the substratum as 

they grow to saturation, before growing on top of each other. Moreover, the Brn- 

3a clones growing at the epicentre appear to be less differentiated than those at 

the periphery. In contrast, the Brn-3b clones were seen to attain a critical 

population size and then cease actively dividing, after about 6 days of normal 

proliferation (figures 4.13). Hence, the increased cell contact, produced by the 

high density, tends to inhibit the Brn-3b recombinants from proliferating 

perpetually as shown in figure 4.13a.

Most interestingly, similar saturation density inhibition was observed with the 

anti-sense Brn-3a recombinants (figure 4.13b). This effect was seen to be more 

pronounced for the SiHaBrn-3a5 clone than the SiHaBrn-3a3 clone upon 

dexamethasone treatment. In contrast, the control SiHa cells treated with 

dexamethasone proliferated at approximately the same rate as do the 

dexamethasone untreated control cells (figure 4.13b). Interestingly, the C33 

putative Brn-3a, Brn-3b, dexamethasone induced and un-induced anti-sense 

clones, plus the control C33 cells, were seen to proliferate similarly with no 

obvious saturation density inhibition as shown in figures 4.14a and 4.14b. This 

result therefore suggests that, the HPV-16 oncoprotein, absent in the C33 cells is 

an important contributory factor in regulating growth and proliferation in the 

SiHa cells. Thus, the artificial reduction of Brn-3a in the SiHa cells, 

simultaneously reduces the HPV EORF oncogenic products, and tends to 

abrogate the tumourgenic properties of the SiHa cells.
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To be able to appreciate the Bm-3a stimulatory effect on the HPV EORF gene 

products, and the tumourgenic propensity of HPV in cervical cell types, it is 

imperative therefore to extend these findings.

Thus, the ability to form colonies in a three dimensional interface, needs to be 

tested and quantified for both clonal and control cells. Therefore, to determine 

the ability of the clonal and control cells to proliferate independently from the 

substratum, their anchorage independent proliferation potential was thus 

measured and subsequently quantified.
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4 .U  Anti-sense Bm-3a clones ond Bm-3b over-expressing 
clones exhibit reduced Anchorage Independent 
Proliferation (AlP)

Determination of anchorage independent proliferation was established by 

growing the cells in soft agar. 3ml of 1x10  ̂ clonal or parental cells were 

resuspended in low melting point agarose, dissolved in G418 supplemented media 

with or without dexamethasone to a final constitution of 0.33%. The slurry was 

subsequently overlaid in triplicate 60mm plates containing 0.5% low melting 

point agarose, dissolved in the appropriate medium. The plates were immediately 

incubated at 37"C and the colonies scored after 10 days. Emergent colonies were 

incubated overnight at 5*C, before being counted under the light microscope. The 

results were subsequently expressed as the colony formation efficiency (CF£) as 

shown in figure 4.15 and figure 4.16.

The result shows that, the non HPV-associated cervical carcinoma cell line C33 

recombinants and control cells, treated with or without dexamethasone do exhibit 

Anchorage Independent Proliferation (AlP) in soft agar. In addition, only the 

HPV-associated cervical carcinoma cell line SiHa Brn-3a recombinants and 

control cells, treated with or without dexamethasone do exhibit AIP in soft agar.
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Furthermore, the quantified AIP based on the calculated colony formation 

efficiency (CFE) as shown in figure 4.15 and figure 4.16, illustrated that, the Brn- 

3a clones do have the highest AIP relative to that of the control SiHa cells. 

Interestingly, the Brn-3b clones are seen to have a significantly reduced AIP. 

Most interestingly, the two different SiHa anti-sense clones appear to have very 

low CFE prior to the dexamethasone treatment, after which the CFE 

significantly reduces further.

The quantified AIP observed in all of the different cell types as judged by the 

CFE levels, appears to parallel the observations deduced from the growth and 

saturation experiments. Thus, taking the results together this suggests that, the 

artificial reduction of Brn-3a, and hence the HPV oncoproteins produces 

phenotypic alterations in the SiHa cells, alters their growth dynamics, and 

abrogates their anchorage independent proliferation potential in soft agar. This 

ability of the SiHa cells to proliferate independently from the substratum is 

dramatically inhibited by the exogenous reduction of Brn-3a, an observation not 

seen amongst the artificially reduced Brn-3a non HPV-associated C33 

recombinants.
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4.1.8 Discussion
Cell line models initially used to study the Brn-3 factors have proven to be a 

powerful tool in understanding the central role played by these functionally 

antagonistic class IV POU domain transcription factors, in regulating neuronal 

growth and differentiation. An ideal cell line model used in most of these 

experiments was the ND7 cell line, a derivative of sensory neurons made by 

fusing rat dorsal root ganglion neurons with the C1300 mouse neuroblastoma cell 

line (Wood et u/., 1990). In one such experiment, it was shown that, when ND7 

cells were induced to differentiate by serum free media, the level of Brn-3a 

increases while that of Brn-3b falls (Lillycrop et fl/.,1992). In similar studies, 

Budhram-Mahadeo et al. (1994), established similar effects by inducing 

differentiation in ND7 cells with cyclic AMP (cAMP). In this study, the level of 

Brn-3a was seen to increase, whilst that of Brn-3b was seen to decrease. 

Furthermore, Turner and colleagues showed similar reciprocal fluctuations in 

the levels of these factors in retinoic- or cAMP-induced differentiated 

neuroblastoma cell lines (Turner et a/., 1994). Moreover, studies carried out by 

Smith et at. (1996), shows that the ratio of Brn-3b to Brn-3a in human 

neuroblastoma cell lines is higher than in other tumours, and when human 

neuroblastoma cell lines were induced to differentiate, the levels of Brn-3a was 

shown to increase whilst that of Brn-3b decreases (for review see Latchman,

1997). In addition, it has previously been reported that, Brn-3a appears to induce 

neuronal process out growth by stimulating the activation of the presynaptic 

nerve terminal protein (SNAP-25) gene (Lakin et at., 1995). Interestingly, the 

artificially over-expression of Brn-3a in ND7 cells was also shown to induce 

neurite outgrowth and the activation of the SNAP-25 genes (Smith et n/., 1997a). 

In contrast the over-expression of Brn-3b in these cells reduces neurite process 

outgrowth and SNAP-25 gene expression (Smith et uA, 1997b).
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The differential pattern of expression exhibited by Brn-3a and Brn-3b as 

illustrated by the above results, suggested that Brn-3a and Brn-3b do play 

important roles in cellular growth and differentiation in cell types of neuronal 

and malignant origins. Moreover, in chapter 3, it was demonstrated for the first 

time that, the over-expression of HPV RNA in high grade cervical intraepithélial 

neoplasia parallels the over-expression of Brn-3a in these tissues.

Hence, by manipulating the expression of Brn-3a in these cervical carcinoma 

derived cell lines, morphological alterations were observed particularly, with 

some of the SiHa anti-sense clones. Thus, the morphological alterations tends to 

indicate that, Brn-3a is an upstream regulator in HPV-associated cervical 

carcinoma cell lines, whose reduction not only affects the ability of the cells to 

grow on top of each other, but also affects the cell structure. In contrast, 

morphological alterations were not observed in any of the putative C33 clones, 

even though the total level of Brn-3 factors was similarly manipulated.

In addition, similar morphological alterations have been reported in an HPV- 

integrated cervical carcinoma cell line C4-1, upon transfection with anti-sense 

HPV EORF E6 and E7 RNA (Knebel Doeberitz, 1988). Thus the results taken 

together suggest that, the reduction of Brn-3a in the HPV-integrated cervical cell 

line SiHa, unequivocally reduces the HPV oncoproteins, and hence the cells 

revert to non-tumorigenic characteristics.

Furthermore, from protein analysis it was revealed that, the level of the E6 

product in all of the putative clones, appears to parallel the corresponding Brn-3a 

values, while the reciprocal was seen to be true for most of the corresponding 

Brn-3b values, thus reiterating that, Brn-3a could directly regulate the
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expression of the HPV EORF oncoproteins in the HPV-integrated cervical 

carcinoma cell line.

To validate these observations, the growth properties of the putative clones were 

used as a measurable parameter to quantify the cellular growth rate and 

saturation density in the clonal and parental SiHa and C33 cells. The data 

obtained shows that, the putative C33 clones growth rate, relative to the controls 

were unchanged, whilst the SiHa anti-sense Brn-3a and Brn-3h clones growth 

rates were reduced as compared to either the SiHa Brn-3a clones or the parental 

SiHa controls. Hence, from the presented results, it could therefore be suggested 

that, there exist specific stimuli that significantly alters the cellular growth rate 

in only the anti-sense Brn-3a and Brn-3b SiHa clones, but absent in all of the C33 

clones with unaltered growth characteristics. This study further shows that, the 

oncogenic E6 and E7 proteins absent in the C33 cells, as well as the Brn-3a 

cellular transcription factor present in both the SiHa and the C33 cells, are 

important players in modulating the growth characteristics in HPV-associated 

cervical carcinomas.

It could however he argued that, cellular growth rate and morphological 

alterations are not sufficient parameters to determine, and thus quantify, the 

tumourgenicity of a given oncogenic cell type. Hence, density-dependent 

inhibition was thus studied, as an alternative step towards a better understanding 

of the tumourgenicity of these different oncogenic cell types. Interestingly, the 

results obtained, established that, the HPV E6 and E7 oncogenic products absent 

in the C33 cells, as well as the Brn-3a present in both the SiHa and C33 cells, are 

important players in modulating the perpetual proliferation of the HPV- 

associated cervical carcinoma cells, beyond the saturation density threshold.
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This indicates that, the reduction of Brn-3a in the SiHa cells, as observed in the 

engineered anti-sense Brn-3a and the Brn-3b over-expressing clones, 

simultaneously reduces the EORF protein products, which unequivocally 

abrogates the tumorigenic characteristics of the SiHa cells.

Furthermore, to be able to establish the effect of Brn-3a on the HPV-integrated 

cervical carcinoma cell lines, as an important factor in regulating the viral E6 

and E7 oncogenic products, and hence the tumourgenicity, it is essential 

therefore to be able to extrapolate these effects in vivo. Thus, it is crucial to test if 

the growth characteristics and hence, the ability to form colonies in a three 

dimensional interface are altered in both the clonal and control cell lines. 

Interestingly the data shows that, the quantified AIP which was determined by 

the value of CFE, tends to parallel similar observations deduced from the growth 

and saturation experiments. The results taken together in this study indicate that, 

Brn-3a acting via the viral E6 and E7 oncoproteins, is an important parameter 

responsible for regulating phenotypic and growth alterations. Furthermore, the 

ability of SiHa cells to proliferate independently from the substratum is 

dramatically abrogated by the exogenous reduction of Brn-3a, which in turn 

affects the expression of the viral EORF oncogenic products, as the ratio of Brn- 

3b:Brn3a rises. Thus, the increased Bm-3b:Brn-3a ratio as earlier observed in 

chapter 3, plays a significant role in inhibiting the HPV-dependent 

tumourgenicity observed in the SiHa cells but not in the C33 cells.

In chapter three, it was argured that, the repressive propensity of the POU 

domain transcription factor Brn-3b, was sufficient to down regulate the level of 

HPV oncoproteins, via the inhibition of the oncogenic cellular transcription 

factor Brn-3a. Thus, in conjunction with the present findings, that an increased 

Brn-3b:Brn-3a ratio brought about by the exogenously reduction of Brn-3a in the
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cervical carcinoma ceil lines, reduces both cellular growth rate and AIP as well 

as induces the formation of revertants, is in accordance with the possibility that 

Brn-3b might act as a tumour suppressor gene in cervical carcinogenesis (Atkin et 

aL, 1990, Mitra et a/., 1994).

It is likely therefore that, the Brn-3 factors could be potential pharmaceutical 

targets for future therapeutic drugs against HPV-dependent cervical cancer, and 

measurement of their expression levels may be of use as a potential diagnostic 

tool for screening for HPV-dependent cervical cancer.
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CHAPTER FIVE

Expression of Brn-3a, Brn-3b and BRCA-1 in mammary cancer

5.1.0 Introduction
Breast cancer is not a modern disease, records describing some features of this 

disease, were found as far back as the ancient Egyptians, as well as in the 

writings of Hippocrates and Celsius. Today breast cancer is the most common 

cancer in women in the developed world (Dixon and Sainsbury 1998, Miller 

1996). In the UK, one in 12 women are affected, and with 21000 deaths yearly, it 

causes 20% of all female deaths from cancer (Dixon and Sainsbury 1998, Miller 

1996). In the United States, about 34000 women die of breast cancer each year, 

that is about one woman every 13 minutes (Miller 1996). Men have also been 

shown to develop breast cancer. However, this is much rarer, with a factor of 

about a 100-fold less than that in women. Interestingly, less than 0.1% of all 

breast cancers occur in children under the age of 15 with a greater probability of 

the breast lump not progressing to be malignant but remaining benign 

(Greydanus 1989). Paradoxically however, 15% of juvenile breast cancers occur 

in boys as opposed to the 1% prevalence in adult male (Grundy and Pritchard 

1992). Although breast cancer normally increases with age as in most adult 

cancers, its prevalence tends to drop slightly during the menopausal years, thus 

suggesting a hormonal influence.

The mammary gland or breast is situated between the second and sixth ribs and 

between the sternal edge and the mid axillary line on the horizontal axis in 

humans (Dixon and Sainsbury 1998). The functional unit of the breast is the 

terminal-duct lobular units (TDLU), which drains into several smaller ducts to 

form a major ducts that opens onto the nipple (figure 5.1) (Dixon and Sainsbury 

1998, Hughes et a/., 1989).
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ETD

itD ITDETD

Figure 5.1. Schem atic cross-section  o f th e  b rea s t expanded  to 

show  th e  term ina l-duct lobu lar units (TDLU), which com prise 

th e  term inal ductules an d  lobules. It is a t  th e  TDLU th a t  m ost 

b rea s t cancercom m ences. ETD = exhralobularterm inal ductule; 

ITD = in tra lobu lar term inal ductule

M odified  fro m  H u g h e s  m f a !^  1989
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In a broader perspective however, there are two major histological components 

of the breast: the epithelial component consisting of ductal and alveolar 

epithelium, and the stromal component, consisting of a loose cellular fibrous 

tissue surrounding the epithelial areas (Stevens and Lowe, 1995, Hughes et a/., 

1989).

Breast cancers generally emerge from the terminal-duct lobular units (TDLU) 

shown in figure 5.1. These units consist of terminal ductules and acini embedded 

in groups in connective tissue (Anderson 1991, Hughes et «/., 1989). Classically, it 

is thought that, malignant growth is accelerated if the lobules are functionally 

active. Hence, the normal breast undergoes metamorphosis via several 

transitional stages to the characteristic overt phenotype of the invasive 

carcinoma shown in figure 5.2 (Miller 1996, Hughes et a/., 1989), which is 

generally known as the invasive or in situ ductal breast cancer. The invasive 

carcinoma usually metastasises to other tissues and organs. Furthermore, a 

number of studies based on nucleic acid analysis of the in situ ductal breast 

carcinomas, yielded information on the prognosis of breast cancers, in that, 

genetic alterations and DNA heterogeneity are amongst the major players in 

breast tumourgenesis (Miller 1996, Hughes et a/., 1989).

As in cervical cancer, breast cancer is also graded, based on the grading system 

established by Bloom and Richardson. This system places breast tumours into 

three groups, depending on the severity of the following; the nuclear 

pleomorphism, the nuclear DNA ploidy pattern and the tubular differentiation, 

which all reflects the degree of the tumour's differentiation (Dixon and Sainsbury

1998). Therefore, the higher the score, for example in grade HI, the less well 

differentiated the tumour is, and hence amofe aggressive and advanced tumour as 

opposed to a grade H or I tumour.

181



Hyperplasia

AAetastatic cells f Invasive cancer

Figure 5 ^  dep icts th e  schem atic  progression o f norm al b re a s t cells 

th rough  hyperp lasia , a typ ia , ducta l carcinom a in situ  (DCIS) to  

invasive can cer bearing  m etasta tic  cells.

H yperplasia is th e  term  used w hen ep ithelia l cells lining th e  TDLU 

pro lifera te  an d  becom e several layers thick. Atypia is w hen th e  

ep ith e lia l hyperp lasia  becom es excessive a n d  th e  cells  d isp lay  

abnorm al fea tu res.

A d o p ted  o n d  M od ified  f ro m  M iller 1996
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Moreover, unlike in cervical pre-cancer, the grading is an important independent 

indicator of survival. For instance, patients with grade I lesion have a 5 year 

survival rate of about 85% as opposed to only 45% of those with a grade lH 

tumour (Dixon and Sainsbury 1998). This grading system is designed only to be 

used with ductal carcinoma which is the most common type of breast cancer, 

accounting for about 85% of all breast cancers (Stevens and Lowe 1994). The 

next common type of breast cancer is the lobular carcinoma, whose degree of 

severity is described as either a high or a low grade lesion.

The majority of breast cancer is thought to be sporadic, occuring as a results of 

spontaneous mutation (Boyd 1998). There is however evidence of some 

proportion of breast cancers that emerges as a result of inherited predisposition. 

For instance, mutations in the BRCA-1 and BRCA-2 genes have been shown to 

respectively produce a familial predisposition of early-onset and late-onset breast 

as well as ovarian cancers (Miki et a/., 1994, Warren et a/., 1992, Hughes et aL, 

1989). Thus, breast cancer susceptibility is generally inherited as autosomal 

dominant. It therefore implies that it can be transmitted through either sex and 

some family members may transmit the abnormal genes without developing 

breast cancer themselves (Dixon and Sainsbury 1998). Women most likely to be 

carrying an inherited gene are those who develop breast cancer at an early age. 

For instance, most breast cancers that are due to a genetic mutation occur before 

the age of 65, though the risk increases if a first-degree relative develops the 

disease before the age of 50, and the younger the relative the much greater is the 

risk (Dixon and Sainsbury 1998). Moreover, there are some specific BRCA-1 and 

BRCA-2 mutations, that have been shown to occur within specific population 

groups. For example a mutational deletion of position 185 of the BRCA-1 gene, 

and a single mutation of the BRCA-2 gene were found in about 1% and 1.4% of 

the Ashkenazi Jewish population respectively (Struewing et a l ., 1997).
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BRCA-1 is not only a tumour suppressor gene but also a transcription factor 

whose mutational inactivation have been shown to affect the expression of other 

genes involved in the regulation of growth and differentiation in breast and 

ovarian epithelium (Marquis et a/., 1995, Thompson et a/., 1995). Studies on the 

role of BRCA-1 and BRCA-2 in mouse development indicate that loss of these 

proteins confers radiation hypersensitivity (Boyd 1998). In addition BRCA-1 and 

BRCA-2 are thought to interact with RAD51 to repair damaged DNA and hence 

promote the maintenance of genomic stability (Boyd 1998).

The BRCA-1 gene is made up of a lOOkb genomic DNA region located on 

chromosome 17q21. The encoded product of this gene as judged by multiple 

BRCA-1 specific antibodies is a 220kDa protein (Chen et a/., 1996), although due 

to alternative splicing, a 190kDa of protein can also be detected (Chen et a/., 

1996, Scully et a/., 1996). Important functional domains of BRCA-1 include an N- 

terminal ring-finger domain, a negatively charged region in the C-terminus, and 

C-terminal sequences partially homologous to yeast RAD9 and a p53-binding 

protein, consistent with the ability of BRCA-1 to activate gene transcription 

(Dixon and Sainsbury 1998).

Moreover, studies carried out by Merajver et al. (1995) and Thompson et at. 

(1995) using single-strand conformation polymorphism and RT-PCR, as well as 

anti-sense inhibition techniques, prompted the suggestion that, BRCA-1 gene 

could also be involved in most sporadic breast and ovarian cancers (Boyd 1998). 

Thus, using RT-PCR and anti-sense inhibition techniques, Thompson et at. (1995) 

showed that, BRCA-1 is expressed at higher levels in normal mammary cells than 

in breast cancer cells. They also showed that diminished expression of BRCA-1 

increases the proliferative rate of both benign and malignant mammary breast 

cells.

184



However, the diminished expression of BRCA-1 was shown not to have any effect 

on non-mammary epithelial cells. This suggests that, BRCA-1 is a negative 

regulator of mammary epithelial cell growth, whose function is compromised in 

breast cancer by direct mutation as in most familial cases, or alterations in 

expression as in most sporadic cases. Furthermore, it is thought that BRCA-1 is 

structurally and functionally similar to the granins, these are secreted proteins 

whose expressions are regulated by estrogen (Macdonald and Ford 1997).

Interestingly, different studies have also established that BRCA-1 is regulated by 

estrogen in mammary cells (Gudas et a/., 1995, Marquis et a/., 1995, Boyd 1998). 

Moreover, studies carried out in our lab shows that, the POU domain of Brn-3a 

and Brn-3b could interact with the DNA binding domain of estrogen receptor 

(ER) (Budhram-Mahadeo et a/., 1998). Thus, the complex of Brn-3a-ER, was 

shown to have an inhibitory effect on an estrogen receptor element (ERE) 

containing promoter, whereas the Brn-3b-ER complex had a strong activating 

stimulation on the same promoter (Budhram-Mahadeo et al 1998).

Most interestingly, in our laboratory, we co-transfected mammary cancer cells 

(MCF7) with expression vectors encoding Brn-3a or Brn-3b, and a construct in 

which a four kilo-base fragment of BRCA-1 promoter drives the expression of a 

reporter gene (Budhram-Mahadeo et at,, 1999b). In this experiment, the activity 

of the promoter co-transfected with the Brn-3b construct was shown to be 

reduced to about 5% of its basal activity, whilst the BRCA-1 promoter co

transfected with Brn-3a constructs was shown to have reduced to only about 

50% of its original activity (Budhram-Mahadeo et aL, 1999b).
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Similar results were also obtained with a reporter construct containing only 400 

base pairs of BRCA-1 promoter indicating that this effect was dependent on this 

short region. This effect was specific for the BRCA-1 promoter, since 

transfection of the same Brn-3b expression vector with reporters containing an 

estrogen response element resulted in a strong stimulatory effect on the 

promoter as explained above (Budhram-Mahadeo et a/., 1998). These findings 

therefore raise the possibility that the Brn-3b transcription factor may regulate 

the expression of the tumour suppressor transcription factor BRCA-1 in 

mammary material. Thus, to address the potential role of the Brn-3 factors in 

breast tumourgenesis, the mRNA and protein expression levels of Brn-3a and 

Brn-3b was compared with that of BRCA-1, in normal and malignant mammary 

material as shown below.
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5.1.1 Nudeic add analysis reveals that Bm-3b and BRCA-1 

are redprocally expressed in nralignant breast tissues

To established the pattern of expression of Bm-3a, Brn-3b and BRCA-1 in breast 

material derived from pre-malignant and post-malignant patients, as well as from 

normal individuals, semi-quantitative RT-PCR was carried out as described in 

materials and methods. The results are shown in figures 5.3 to 5.7. Figure 5.6 

shows that in the malignant samples, there exists an opposite relationship 

between the expression levels of the Brn-3b trascription factor and BRCA-1. This 

correlation is more pronounced for Bm-3b and BRCA-1 (figures 5.6a and 5.6b), 

than Brn-3a and BRCA-1 (figures 5.7a and 5.7b). Thus high levels of Brn-3b 

mRNA in the malignant samples correspond to low levels of BRCA-1 mRNA, and 

high BRCA-1 mRNA levels correspond to low levels of Brn-3b mRNA (figure 

5.6a and 5.6h). In most of the normal samples, the expression pattern of Bm-3a 

and BRCA-1 is very similar to that of Brn-3b and BRCA-1. In contrast to the 

malignant samples, the normal samples tend to have low levels of the Bm-3 

factors but high levels of BRCA-1, which is in accordance with the results of 

Thompson et al, (1995), who earlier demonstrated that the level of BRCA-1 in the 

normal mammay material is higher than in malignant mammary material.
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N onnol/Benign MCF7

Bm-3a
o  o

BRCA-1

Cyclophilin

Figure 5.3 shows the autoradiograph obtained from Southern hybidization, using 
homologous Bm-3a, Bm-3b, BRCA-1 and cyclophilin probes on the RT-PCR amplification 
products using mRNA obtained from mammary cancer cell line (MCF7) and normal 
/benign mammary material.
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Figure 5.4 shows the autoradiograph obtained from Southern hybidization, using homologous 
Bm 3a, BRCA-1 and cyclophilin probes on the RT-PCR amplification products using mRNA 
obtained from malignant mammary material.
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BRCA-1
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Figure 5.5a show s the autoradiograph obtained from Southern hybidization, using 
hom ologous B rn-3b , B R C A -1 and cyclophilin probes on the RT-PCR amplification 
products using mRNA obtained from pre/post-m enopausal m alignant m am m ary m aterial.

Bm -3b

BRCA-1

Figure 5.5b show s the autoradiograph obtained from Southern hybidization, using 
hom ologous B rn-3b and BRCA-1 p rob es on the RT-PCR amplification products using 
mRNA obtained from further samples of pre m enopausal m alignant m am m ary material.
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Figure 5.6o deplete th e  re la tive expression of Bm -3b and  BRCA-1 In pre-m enopausal

m alignan t b re a s t tissues.
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Figure 5.6b depicts th e  relative expression of Brn-3b an d  BRCA-1 in post m enopausal 

m alignan t b re a s t tissues.

0 .9

0.8

0.7̂
0.6<

Z  0.5

1o.«
0.3
0.2

0.1

0.0

i  '

il Il 1111
B r n - 3 b CZI B reo -1

Figure 5.6c depicts ttie relative expression of Bm-3b and  BRCA-1 in normal b reast tissues.
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Figure 5.7o depicts th e  relotive expression of Bm-3o and  BRCA-1 in p re-m enopausa l

m alignan t b re as t tissues.
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Figure 5.7b depicts the relative expression of Bm-3o and  BRCA-1 in post m enopausal 

m alignan t b reas t tissues.
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Figure S J c  depicts the relative expression of Brn-3o and BRCA-1 in normal b reast tissues.
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Interestingly, comparison of the mean level of Brn-3a and Brn-3b in both the pre- 

and post menopausal malignant samples, with the mean level obtained from the 

normal samples indicates that, Brn-3b mRNA levels in the pre-menopausal 

tumours are significantly higher than in the normal breast tissues with P<0.05 

(figure 5.8a). Moreover, a similar observation is also true for the post

menopausal tumours (P<0.05). The mean Brn-3a pre-menopausal and post

menopausal tumour mRNA is also greater than the mean Brn-3a normal mRNA 

with P<0.05 (figure 5.8b). This observation reiterates that, there is a significant 

alteration in the expression pattern of the Brn-3 factors in both the pre

menopausal and post menopausal tumours.
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Figure5.8a The mean level of Brn-3b mRNA In pre-menopausal and post-menopausal 

nralignontand normol/benign breast samples. Bordesignotes the meonwith standard 

deviation (SD) and population size *n*.

194



1.0

0 . 9

0.8

0 . 7

^0.6
z
E
(ü
(?cL_
m

0 . 5  - -

0 . 4

0 . 3

0.2

0.1 - -

0.0
1 2 

• P r e - 3 a

M o l i g n o n t  
( P r e - m e n o p o u s o l )  

n = Z 1 ; S O = O l2 2

3  4
P  o s t - 3 a

M o l i g n o n t  
( P o s t - m e n o p o u s o l )  

n= 20;  5 0 = 0 . 2

S
N / B - 3 0

N o n n o l / B e n i g n  

n=10; 50=0.15

Figure5.8b. The mean level of Brn-3a mRNA in pre-menopausal and post-menopausal 

malignant and normol/benign breast samples. Bor designates the mean standard 

deviation (SD) and population size *n’:
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Interestingly, Brn-3b expression is seen to exhibit a characteristic bipartite 

distribution pattern in both categories of tumours (figure 5.8a), whilst Brn-3a 

appears to exhibit a continuous distribution (figure 5.8b). To further investigate 

the relationship of Brn-3b and BRCA-1 expression in the tumour samples, the 

median of the Brn-3b values was used to demarcate the bipartite distribution 

shown in figures 5.8b, and to divide the samples into those with high and low 

Brn-3b expression (figure 5.9). The BRCA-1 expression levels in each group of 

samples was then compared. Thus, the tumour samples with the high values of 

Brn-3b have low levels of BRCA-1, whilst the reverse is seen in the tumour 

samples with low Brn-3b, whose BRCA-1 levels are highly elevated (figure 5.9). 

Interestingly, this relationship was shown to be statistically significant (P<0.001). 

This suggests that, Brn-3b and BRCA-1 obey a simple reciprocal relationship, in 

which the latter appears to depend on the former for the regulation of its 

expression. In accordance with this, Budhram-Mahadeo et aU (1999b), have 

shown that, the BRCA-1 promoter was strongly inhibited by Brn-3b in 

cotransfection using the breast cancer cell line (MCF-7). Hence, by taking the 

results together, it could therefore be said that, Brn-3b appears to regulate the 

expression of BRCA-1 in mammary tissues.
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5.1.2 Protein Analysis of Bm-3b and BRCA-1 in malignant 

breast tissues

It is important to measure the protein levels of both BRCA-1 and Brn-3b, so as to 

ascertain if the observed changes in mRNA were translated into protein. Thus, 

protein was extracted from pre-menopausal, post-menopausal and normal breast 

tissues as described in section (2.2.11.0). Prior to Western blotting analysis, with
I antibodies (Santa Cruz)

specific Bm-3b and BRCA-1, the resultant protein samples were equalised using 

the BCA based assay as described in materials and methods. The results are 

shown in figures 5.10 and 5.11.

As shown in figure 5.11a, both isoforms of Brn-3b were detected (Theil et aL, 

1994). The level of the 46kDa Bm-3b(l) and 35kDa Brn-3b(s) were significantly 

lower in most of the normal and benign samples, whilst high BRCA-1 levels were 

seen in these samples. Interestingly, the protein level of Brn-3b and BRCA-1 

appears to follow the reciprocal pattern of expression observed with the mRNAs 

of Brn-3b and BRCA-1 as illustrated in figure 5.11b, where in the malignant 

mammary material, the level of Brn-3b was seen to be significantly higher than 

in normal samples, and the level of BRCA-1 is significantly lower.
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Figure 5.10a shows the autoradiograph obtained from Western analysis, using Bm-3h antibody 

on normal/benign breast (lanes 11 to l4)and malignant breast (lanes 1 to 10) material. The arrow 

shows the 46kDa Bm-3b(l) band, while the upper band is due to non-specific antibody 

cross-re activity.The 33kDa Bm-3b(s) is also shown.
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Figure 5.10b shows the autoradiograph obtained from W estern analysis, using  
BRCA-1 antibody on normal/benign (lanes 4 to 7)and m alignant (lanes 1 to 3) 
mammary material. The upper band is due to non-specific antibody cross reactivity
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202



Interestingly, for the tumour samples so far examined, there appears to be a 

threshold Brn-3b protein value, that only becomes apparent after summing up 

the short and long form protein levels as shown in figure 5.1 Id. Just below this 

value of Brn-3b, the level of BRCA-1 is higher, whilst just beyond this value of 

Brn-3b BRCA-1 expression is much lower. In contrast however, the summation 

of the Brn-3b values for the normal and benign samples depicted in figure 5.11c, 

reveals very little difference from the initial expression pattern shown in figure 

5.11a. Interestingly, while all of the benign samples expressed in varying degrees 

the long isoform of Brn-3b, only two of these samples, did express marginal levels 

of the shorter isoform (Brn-3b(s)). Most interestingly, none of the normal samples 

had any detectable amounts of the short isoform of Brn-3b. In contrast, the short 

form was present in all the malignant samples.

To study this relationship between Brn-3b and BRCA-1 further at the protein

level, more malignant samples were analysed and this data is shown in figures

5.12. Interestingly, figure 5.12a and figure 5.12b shows a similar correlation

between Brn-3b and BRCA-1 observed as at the mRNA level. Thus, figure 5.12b
|inverse levels of

shows a distinct but statistically significant relationship between Brn-3b and

BRCA-1 (P< 0.001).
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Figure 5.12a Immonoblotting analysis using Bm-3b and BRCA-1 

antibodies on malignant breast tissues, depicting the reciprocal 

relationship between total Bm-3b protein and BRCA-1 protein
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5.W Protein Analysis reveals Bm-3b(s) in malignant 

breast tissues but not in normal breast tissues

Interestingly, the short form of Brn-3b was found in all the malignant samples. 

Hence, the absence of the short form of Brn-3b in all of the normal samples, and 

its presence in only 2 of the benign samples as depicted in figures 5.11a, may have 

implications in the tumourgenesis of breast cancer. Interestingly, it was the short 

form of Brn-3b that was shown by Budhram-Mahadeo et a/., (1999b) to down 

regulate the expression of BRCA-1. The long form of Brn-3b was not tested in 

these experiments. Thus, it could be suggested that, Brn-3b(s)'s ability to form 

heterodimeric: complexes with other POU factors such as Brn-3a is an essential 

prerequisite during the metamorphosis of normal mammary tissues to malignant 

ones (Theil et a/., 1995). Such formation of heterodimers is not uncommon within 

members of the POU family (Theil et n/., 1995, Xue et a/., 1993). It could be 

argued therefore that, Brn-3b short, could contribute to the tumorigenic 

environment in the malignant breast samples. Moreover, Brn-3b short form 

could play a significant role in breast tumourgenesis, owing to its ability to form 

a complex with the estrogen receptor and thus stimulate strongly an estrogen 

response element-containing promoter as previously demonstrated by Budhram- 

Mahadeo et fl/., (1998).
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5.W Discussion
The data linking the BRCA-1 tumour suppressor gene, to most hereditary breast 

and ovarian cancers is now unequivocal (Boyd 1998, Macdonald and Ford 1977, 

Dixon and Sainsbury 1998). It has been shown that BRCA-1 is involved in the 

regulation of growth and differentiation in breast and ovarian epithelium 

(Marquis et n/., 1995). Moreover, it has also been shown that, the over-expression 

of BRCA-1 not only initiates growth inhibition in breast and ovarian cells, but 

also initates the inhibition of tumour cell progession when implanted in athymic 

mice (Holt et at. ,1996). Interestingly, BRCA-1 is also thought to be involved in 

the same biochemical pathway, which is mediated by the RAD51 factor, to repair 

damaged DNA, a characteristic of several tumour suppressor proteins (Berg and 

Singer 1997). Hence, BRCA-1 has the ability to mediate genomic integrity, and 

also to regulate the maintenance of genomic stability, a role crucial in preventing 

the activation of potential proto-oncogenes (Berg and Singer 1997, Boyd 1998).

This therefore implies that, BRCA-1 may play a pivotal role in repressing the 

proliferation of mammary cells, since its inactivation by either mutation or loss of 

expression might contribute to the formation of malignant cells (Thompson et a/.,

1995) Furthermore, work carried out by Merajver et at. (1995), and Thompson 

et al. (1995), also helps to suggest that BRCA-1 is a negative regulator of 

mammary epithelial cell growth, whose function is compromised in breast cancer 

by either direct mutation as in most familial cancers or by alterations in 

expression as in sporadic cancers. Interestingly, thdincreasedBRCA-1 expression 

observed by Thompson et at. (1995), in the normal mammary samples as opposed 

to the malignant ones, were not due to a regulatory mutation in one copy of the 

gene, since these samples, did not show allele-specific differences in expression 

from the two copies of the BRCA-1 gene.
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This therefore implies that, in these sporadic breast cancer cases, the altered 

BRCA-1 expression is caused by changes in the activity of specific transcription 

factors which regulate the expression of BRCA-1. The data presented here, taken 

together with the results obtained from recent studies carried out in our 

laboratory by Budhram-Mahadeo et aL (1998), and Budhram-Mahadeo et at. 

(1999b), indicates that, Brn-3b transcription factor is potentially capable of 

regulating the expression of BRCA-1 in sporadic breast cancers. Thus, elevated 

levels of BRCA-1 were observed in the normal and benign breast tissues, and also 

in tumours whose corresponding Brn-3b level is significantly low, which is in 

accordance with the results obtained by Thompson et at, (1995), where malignant 

breast material were seen to have low expression of BRCA-1 when compared to 

elevated levels seen in normal breast material. The results taken together 

indicates the involvement of a transcription factor that may be regulating the 

expression of BRCA-1 in mammary material. Interestingly, since the short 

isoform of Brn-3b transcription factor was not detected in all of the normal 

breast samples, and only at low levels in the benign samples, it may play a key 

role in the expression of BRCA-1.

Most interestingly, the short form of Brn-3b was also shown to have a strong 

inhibitory effect on the BRCA-1 promoter as opposed to Brn-3a on the same
constructs

BRCA-1 promoter (Budhram-Mahadeo et aL, (1999b). In this study, the activity 

of the BRCA-1 promoter co-transfected with the Brn-3b construct, was seen to be 

reduced to 5% of its original activity, whilst the promoter co-transfected with 

Brn-3a construct was seen to be reduced to only 50% of its original activity 

(Budhram-Mahadeo et aL, 199b). This therefore indicates that, the Brn-3 factors 

could directly affect the expression of BRCA-1.
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Furthermore, Brn-3b has been shown to have a stimulatory effect on the 

promoters containing an oestrogen response element in mammary cancer cells 

MCF-7 (Budhram-Mahadeo et a/., 1998). In this study, it was shown that, the 

POU domain of Brn-3a and Brn-3b, could interact with the DNA binding domain 

of estrogen receptor (ER). Thus Brn-3b was shown to have a stronger activating 

stimulation on an ER promoter (Budhram-Mahadeo et n/., 1998). Interestingly, 

many other studies have shown that BRCA-1 is regulated by estrogen in 

mammary cells (Gudas et a/., 1995, Marquis et a/., 1995, Boyd 1998). Hence, the 

co-expression of the Brn-3 factors in mammary cells, could have implications in 

the hormone-dependent regulation of BRCA-1 during breast development and 

tumourgenesis.

Importantly, taken together these results, indicate for the first time, that BRCA-1 

is regulated by the Brn-3b cellular transcription factor, in non-familial sporadic 

breast tumours. It could therefore be suggested that, Brn-3b could play a 

significant role in changing normal breast tissue to malignancy, owing to the fact 

that, in the malignant breast tissues, the expression pattern of Brn-3b in 

particular, is higher than in normal or benign mammary tissues.

Interestingly, it is not fully understood why in malignant breast tissues, the level 

of Brn-3b is dramatically elevated in most of the tumours so far examined, and 

why the short form of Brn-3b is only expressed in the malignant tissues but 

undetected in the normal mammary tissues. However, it could be ascribed in part 

to alternative splicing. As explained previously, alternative splicing has been 

shown to be used by the POU factors to control cell-specific and promoter- 

dependent regulations (section 1.3.0). Thus, the co-expression of both Brn-3h 

isoforms might result in a much stronger repression of the expression of BRCA-1 

in the mammary tissues (figure 5.11b).
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This therefore implies that in any given population of women with non-familial 

sporadic breast carcinoma, it is possible that an elevated Brn-3b level, would lead 

to a depleted level of BRCA-1, and thus an increased risk of the development of 

invasive breast cancer.
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CHAPTER SIX 

General discussion and future work
6.1.1 General discussion
The differential expression of Brn-3a and Brn-3b factors in cervical and 

mammary tissues, in response to endogenous and/or exogenous stimuli has 

profound clinical implications. Although the Brn-3 factors have been reported to 

be differentially expressed in childhood cancers, such as neoroblastoma and 

Ewings sarcoma (reviewed by Latch man 1997, Collum et a/., 1992, Smith et a/.,

1996), this is the first time in which these cellular antagonistic class IV POU 

domain transcription factors, have been implicated in two important 

gynaecological cancers, notably HPV-dependent cervical and sporadic breast 

cancers (Ndisang et a/., 1998 , Ndisang et a/., 1999, Budhram-Mahadeo et aL , 

1999b). It is of great significance therefore, to understand the roles played by 

Brn-3a and Brn-3b factors either independently, or in concordance with other 

stimuli during breast and cervical malignancy.

The data presented in this thesis, and in conjunction with other results obtained 

in our laboratory, attempts to address Brn-3a's versatile transcriptional 

activating and tumorigenic tendency, as studied in HPV-associated cervical 

carcinoma derived cell lines, and in high grade CIN3 cervical material, where 

Brn-3a is ectopically over-expressed. This expression pattern was shown to 

parallel the expression of the HPV-16/18 EORF oncogenic E6 and E7 products 

(Ndisang et a/.,1998 , Ndisang et aL, 1999, Morris et aL, 1993, Theil et aL, 1993). 

Moreover, the results in chapter three suggested that, in HPV-associated cervical 

cancer, the elevated Brn-3a levels in the cervix may be important in activating 

HPV expression and hence cervical tumourgenesis.
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Thus, Brn-3a not only appears to activate the expression of the viral EORF 

oncogenic E6 and E7 products in transfection assays (Morris et aL, 1993), but is 

also over-expressed in the cervix of patients with cervical intraepithélial 

neoplasia (Ndisang et a/.,1998 .

Interestingly, recent studies have shown that, the tumour suppressor protein p53 

suppresses the activation of the oncogenic Bcl-2 promoter by the Brn-3a factor 

(Budhram-Mahadeo et aL, 1999a). Moreover, in cervical materials associated 

with HPV, it could be possible that, the HPV E6 oncogenic protein binds to, and 

thus antagonises the tumour suppressor activity of p53 (Vousden 1994). The net 

effect will be the depletion of the concentration of free p53 in the cervical 

material. Hence, less p53 will then be available to bind to the oncogenic Brn-3a 

factor (Budhram-Mahadeo et aL, 1999a), which in turn activates via the viral 

URR the expression of more oncogenic E6 and E7 proteins. However, in the non 

HPV-associated cervical tissues from healthy individuals, the tumour suppressor 

protein p53 could bind Brn-3a unimpeded by the viral E6 oncogenic protein. 

This suggests that HPV-16/18 may depend on the activating and oncogenic 

tendency of Brn-3a in the cervix to orchestrate and perpetuate cervical 

tumourgenesis.

To appreciate the roles played by Brn-3a in regulating HPV-dependent cellular 

growth and differentiation, the expression of the Brn-3 factors was manipulated 

in the HPV-associated cervical carcinoma cell line SiHa, and the non HPV- 

associated cervical carcinoma cell line C33. In this study the results obtained 

indicated that, the artificial reduction of Brn-3a, and hence the viral E6 and E7 

protein products, led to morphological and growth rate alterations, as well as the 

abrogation of anchorage independent proliferation potential in the cells.
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Thus, the exogenous reduction of Brn-3a in the HPV-associated cervical 

carcinoma cell line SiHa, downregulates the expression of the viral EORF 

oncogenic products, which in turn antagonises the ability of the cells to 

proliferate independently from the substratum. Thus, the decreased Brn-3a levels 

and hence an increased Brn-3b:Brn-3a ratio as earlier observed in CIN3 plays a 

significant role in modulating HPV-dependent tumourgenicity.

This results further attemps to address the implication of Brn-3a and Brn-3b in 

cervical tumourgenesis. Thus, in HPV-associated cervical carcinoma cells, the 

artificial reduction of Brn-3a down regulates the expression of the viral E6 

oncoprotein. Thus less E6 will be present to complex and degrade the wild-type 

p53 (see section 1.4.1).

Hence, the possible effect is a net abundance of p53 protein available to mediate 

the suppression of the tumourgenicity in the SiHa cells. In contrast, the artificial 

reduction of Brn-3a in the non HPV-associated cervical carcinoma cells, did not 

alter the tumourgenicity of the C33 cells. This could be attributed to other 

intrinsic factors beside Brn-3a, that governs the perpetuation of the 

tumourgenicity in this cells. Thus, in BTV-associated cervical cells, the growth, 

differentiation and proliferation mechanisms appears to have been surrendered 

to, or captured by the tumorigenic HPV-16/18 virus.

Hence, the obliterating of the activity of the viral EORF gene products, as in the 

case of the C4-1 cells (upon transfection with anti-sense HPV EORF E6 and E7 

RNA Knebel Doeberitz et aL, 1988), and now with the SiHa cells, dramatically 

revert the tumourgenicity of these cells, but not on the C33 cells which lacks 

HPV. Thus, by taking this findings together, suggest that HPV may co-operate 

with certain potential cellular proto-oncogenes such as the Brn-3a cellular 

transcription factor for its replication and transformation.
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In addressing the above, the data so far presented, portrayed Brn-3a as an 

important contributory oncogenic factor in HPV-associated cervical cancer, and 

Brn-3b, though it antagonises the tumorigenic activities of Brn-3a by inhibiting 

HPV gene expression, is nevertheless significant in regulating the mammary 

tumour suppressor transcription factor BRCA-1 in breast tumourgenesis.

The data linking BRCA-1 to most hereditary breast and ovarian cancers is now 

unequivocal (Boyd 1998, Thompson et n/., 1995, Marquis el a/., 1995, Miki et a/., 

1994). Many studies have shown that, BRCA-1 plays an important role in 

repressing the proliferation of mammary cells, where its inactivation by either 

mutation or loss of expression was shown to contribute to the formation of 

malignant cells, as in most sporadic ovarian and breast cancers (Merajver, 1995 

and Thompson et al, ,1995). Thus, in many sporadic breast cancer cases, altered 

BRCA-1 expression is observed and is likely to be caused by changes in the 

activity of specific transcription factors which regulate the expression of BRCAl.

Thus, part of the data presented in this thesis, aims to address the implication of 

the Brn-3 transcription factors in breast tumourgenesis, by comparing the 

mRNA and protein expression levels of Brn-3a and Brn-3b with that of BRCA-1, 

in normal, benign and malignant breast tissues. The data from this study taken 

together with the results obtained from recent studies carried out in our 

laboratory by Budhram-Mahadeo et at, (1998), and Budhram-Mahadeo et at, 

(1999b), indicates for the first time that, the Bm-3b transcription factor regulates 

the expression of BRCA-1 in sporadic breast cancers. Thus, elevated levels of 

BRCA-1 was also observed in most of the normal and benign breast tissues 

examined, which is in accordance with the results obtained by Thompson et al, 

(1995). Moreover, high level of BRCA-1 was also seen in tumours whose 

corresponding Brn-3b level was significantly low
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Interestingly, the short isoform of Brn-3b was not detected in ail of the normal 

breast samples, and only at low levels in the benign samples. In contrast, elevated 

levels were detected in most of the tumour samples. This therefore indicates that, 

the short form of Brn-3b is predominantly expressed at high levels only in 

mammary malignant tissues, where together with the long form of Brn-3b it may 

mediate a much stronger repression of the expression of BRCA-1 in malignant 

mammary tissues. Thus, it is possible that an elevated Brn-3b level in mammary 

tissue, produces decreased expression of BRCA-1, and hence an increased risk of 

the development of invasive breast cancer.

Furthermore, in our laboratory, we co-transfected MCF7 cells with expression 

vectors encoding Brn-3a or Brn-3b, and a construct in which a BRCA-1 

promoter drives the expression of a reporter gene (Budhram-Mahadeo et a/., 

1999b). In this experiment, the activity of the promoter co-transfected with the 

Brn-3b construct was shown to be reduced to about 5%, whilst the BRCA-1 

promoter co-transfected with Brn-3a constructs was shown to be reduced to only 

about 50% of its original activity.

Interestingly, different studies have also established that BRCA-1 is regulated by 

estrogen in mammary cells (Gudas et n/., 1995, Marquis et n/., 1995, Boyd 1998). 

Moreover, studies carried out in our lab show that, the POU domain of Brn-3a 

and Brn-3b could interact with the DNA binding domain of the estrogen receptor 

(ER) (Budhram-Mahadeo et at., 1998). Thus, the complex of Brn-3a-ER, was 

shown to have an inhibitory effect on the estrogen receptor element ERE 

containing promoter, whereas the Brn-3b-ER complex, had a strong activating 

stimulation on the same promoter (Budhram-Mahadeo et aL, 1998).
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This, indicates a possible process by which the estrogen receptor and Brn-3 

factors could mediate gene regulation, since the interaction of the Brn-3 factors 

with ER affects transcription in the mammary cells, and may hence modulate 

BRCA-1 expression.

6.1.2 Future work
Having established that, growth rate is reduced when HPV-associated cervical 

carcinoma cell lines are artificially manipulated to alter endogenous Brn-3 levels, 

and also that the anchorage independent proliferation potential in soft agar is 

similarly reduced, it is imperative therefore to test for the tumourgenicity of the 

clonal cells in nude mice. Interestingly, preliminary findings using athymic mice 

show that, alteration of Brn-3a expression can modify the growth of tumour in 

these mice. Thus about 1x10(6) SiHa clonal cells cultured in our laboratory was 

injected subcutaneously in nude mice by Dr. Barbara Fed ley in the Department 

of Oncology, Royal Free and University College Hospital Medical School. The 

results shows that, all of the control SiHa cells formed tumours which were seen 

to grow for more than 60 days. Interestingly, those clones in which Brn-3a has 

been reduced artificially, either did not form tumours, or formed very small 

tumours. Moreover, clones transfected with Brn-3b do form tumours, but unlike 

the control clones the tumour begins to shrink after about 21days. Thus, future 

work should be to repeat the present study, using duplicate or triplicate mice for 

the respective clonal injections. In addition viral vectors expressing the anti-sense 

strand of the Brn-3a gene can be used to manipulate the growth rate of an 

established cervical tumour or it would be possible to use a tetracycline inducible 

anti-sense Brn-3a system. In addition, detailed immunohistochemistry studies still 

need to be carried out using the Brn-3a, Brn-3b and HPV E6/E7 antibodies to 

determine their distribution in cervical material.
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The results so far presented in chapters 3 and 4 in this thesis, suggest therefore 

that, the Brn-3 factors could have implications as potential targets for 

therapeutic drugs against HPV-dependent cervical cancer, and as a potential 

diagnostic tool for screening HPV-associated cervical cancers.

Furthermore, similar in vitro and in vivo studies manipulating Brn-3a and Brn-3b 

levels using the breast cancer derived cell line (MCF-7), may also be useful in 

providing a better understanding of the roles played by Brn-3a and Brn-3b 

transcription factors in regulating BRCA-1 expression and breast tumourgenesis. 

In addition, it will be of interest to study further, the reciprocal relationship 

observed between Brn-3b and BRCA-1 in normal mammary gland development, 

to determine whether the Brn-3b expression shows an inverse pattern to that of 

BRCA-1. Moreover, further detailed studies of the BRCA-1 promoter in breast 

tissues still need to be carried out, so as to determine the exact target sequences 

and the mechanisms by which Brn-3b regulates BRCA-1. Immunohistochemistry 

studies carried out in normal and malignant mammary materials could surely 

provide a better understanding of the cell types in which the Brn-3 factors, 

BRCA-1 and ER are expressed. It will also be of interest to carry out similar 

studies using the second breast cancer gene BRCA-2, so as to determine whether 

the Brn-3 factors do exhibit the same effects on BRCA-2.
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