ANDROGEN SIGNALLING IN NORMAL AND

MALIGNANT BREAST EPITHELIAL CELLS

A thesis submitted to the University of Adelaide in fulfilment of the

requirements for the degree of Doctor of Philosophy

Amelia Alice Peters B.Biotech (Hons)

Dame Roma Mitchell Cancer Research Laboratories,
Discipline of Medicine,
The University of Adelaide and

The Hanson Institute

August 2008




Table of Contents

SUIMIMATY cetiernrirssaressssnessssrsssssnsssssssssssssssssssssssssssssssssasssssssssssasssssassssssssssssssssssssssssssssssssssnsssssnss i
DeClaration ......ueccceeiiiseiiniseiinssnninssnnensniesssncsssncsssecssssssssssesssssessssssssssssssssssssssssssssssssssssesssns iii
ACKNOWICAZEMENLS.....uueiererriersnrcssnicsssricssnncsssnssssssssssssssssssssssssssssssssssssssssssssssssssnsssssnsssssnss iv
Publications arising from this Thesis .....ccccccceerivericiissnricssssnniccssssnnrcsssssnrecsssssssscssssassessnns vi
ADDIEVIALIONS...ciiiiueiirireicssseicnssnicsssnicssssicssssnsssssnsssssssssssssssssssssssssssssssssssssssssssssssssssnsssssnsssssnss ix

CHAPTER 1 - INTRODUCTION

1.1 — INErOAUCTION cuuueeeeeeiiiniiinneiinntiesineecsinnecsssnecssssecssssecssssncssssssssssssssssessssssssssssssssssssssasssses 2
1.1.1 - Structure of the mammary gland ...........ccccoeeviiiiiiiieiiieeeeee e 2
| BN o3 ¢ 1 A o7 1 Lo ) PSPPSRI 3
1.1.3 - Risk factors for breast CancCer.........uiuvvieeeiieeciie et 3
1.2 - Estrogen signalling in normal and malignant breast cells ........c.cceevueerueeisuecseecnnnn. 5
1.2.1 - Estrogen synthesis in females...........cccoerieiiienieiiiieiiecieeeceesee e 5
1.2.2 - Estrogen signalling in normal breast cells ............ccooivriiieniiniiiinieniieieceeee e, 6
1.2.3 - Estrogen receptor structure and function in the breast ...........ccccoeceeniiviniencnnennn. 6
1.2.4 - Estrogen signalling in breast cancer CellS..........coovvrriiriiieniiniiieniicieeieeeesre e, 8
1.2.5 - Hormonal therapies for breast Cancer ........c..ocevvereerieriienieneeeceeseee e 9
1.3 - Androgen signalling in normal and malignant breast cells ........ccceecuereerirnerecscnnnes 11
1.3.1 - Androgen synthesis in females ............cceccueeeiiieiiiieiiii e 11
1.3.2 - Androgen levels and breast cancer T1SK ........cceeecveeeiiieciiieeieeeiie e 13
1.3.3 - Androgen receptor structure and signalling............cccceeveiieeiiieniieesie e 14
1.3.4 - Androgen signalling in normal breast cells ...........cccovviiiiieeiiieiciieeee e, 16
1.3.5 - Androgen signalling in breast cancer Cells ..........cccoevvieiiiiieiiieeie e, 19
1.4 - Interaction between estrogen and androgen signalling............ccceeveeeescerccscenccsnneene 22
1.5 - Objectives of this ThesSiS.....ccuuurieerivrnriiiiissericssssnnicssssnnresssssssnesssssssssssssssssssssssssssssssass 24

CHAPTER 2 - MATERIALS AND METHODS

2.1 - MALETIALS couueeenerineiiiecnenstennensnecnessnesssessssscssessssesssessssesssassssesssnssssesssassssssssassssesssnses 27
2.1.1 - Chemicals, solutions and general reagents ............ccceeeeeieerieeiieenieeieeeie e 27
2.1.2 = ANTDOAICS ...ttt sttt 31
2.1.3 = CILIINES ottt sttt ettt 32
2.1.4 - Receptor agonists and antagoniSts ..........cceeeererueeriieeriienieeniiesieesiieeieeseeeeeeesieeens 33
2015 = IMIICE ottt e ettt b ettt et 33
2.1.6 - Oligonucleotide PIIMETS ......cccueeruiieriieriieeiieeieeieeeteetteereeteesreesteeebeesssesseesaeeans 34
2.1.7 - RESIIICLION @NZYIMES ....c.eveeniieeiiieiieetieniieeieeeeteeteesteettessseeseesseesseeenseenssesnseesnseans 34
2.1.8 - EXPIESSION VECLOTS ....vieivieiieeiiieiieeitenteeeteeseteeteessteesseessseenseesnseenseessseasssesseessseans 34
2.1.9 = EQUIPIMENL ....eiiiiiiiiieiieeiteeite ettt ettt et e et tee et e ebeessbeesaesnseessaeenbeessseenseesnsaans 35

2110 = SOTEWATE .o 36




2.2 - BUSTErS ANd SOLIULIONS ..veeeereereennieereneeeeerereecerseseecerssseescssssesscssssessessssssssssssssssssssssssasssses 36

2.3 - MEthOdS....uuuiinuiiiueiseiinensninsnensnicssesssnssssnssssecssnsssssssessssssssassssssssassssssssassssssssassssesssases 40
2.3.1 = Cell CUITUTE. ...ttt sttt ettt 40
2.3.1.1 - Cell passaging and S€eding .................cccccouceiviaiiiiiiaiiiiieie e 40
2.3.1.2 = COllfFOEZING ...t 41
2.3.1.3 = Clll tRAWIRG ..ottt 41
2.3.1.4 - Charcoal SIFIDPING ...........ccceeeieieeeie et 41
2.3.1.5 - Mycoplasma deteCtion .................ccc.cccoveeeuieeiiiasiiieeiiiee e e 42
2.3.2 - Preparation of steroid StOCKS........c.ceeiviiiriiieiie e 42
2.3.3 - Preparation of plasmid DINA ........cccoiiriiiiiiiiiieeeeeeeee e 42
2.3.4 - Estimation of DNA CONCENtIAtiON ......cc.eeruerieriieniirieniienieeie st 43
2.3.5 - Luciferase reporter ZENE aSSAY ........ceuerreeruerruerueeruerrereesieeeeseesseenseesesseensesseseens 43
2.3.6 - IMMUNODIOL. ...c..iiiiiiiiiieiee ettt et 44
2.3.6.1 - Preparation Of [ySALES .............cc.ocvuieeeeeeiiieeiiieeeee e 44
2.3.60.2 - IMMUNODBIOILING ..o 44
2.3.7 = CLOMING ...ttt ettt ettt e et et e et e e taeeseeesbeesbaeesseensaesasaensaeenseensseensaennsaans 45
2.3.7.1 - Polymerase chain reaction (PCR) ...........cccccccoueuiiiiiiiieeiiie e 45
2.3.7.2 - ReStriction enzyme digeSt................ccoccuvevueeceeaiieeieeeiee e 45
2.3.7.3 - Agarose gel electrophoresis Of DNA ...........cccocooovvieviiieiiiieiiieeeieeeeeeeiee 46
2.3.7.4 - Gel purification of PCR products and restriction enzyme digest fragments. 46
2.3.7.5 = LIGALION ...ttt e e et e e 46
2.3.7.6 - Preparation of DH50. competent Cells ..............cccccoeviviiiiniiaiiiniieiieeeenne 47
2.3.7.7 = TPANSFOFMALION ...ttt s 47
2.3.7.8 - DNA SEQUENCING .......cccueeeeieeeeee et 47
2.3.7.9 - Isopropanol precipitation of Sequencing reactions ...............ccceevveeeveeeeunenns 48
2.3.8 - Generation Of €XPIeSSION VECTOTS. ...cccuviiiriieeireeeiieeesieeesiieeeieeessreessseesseeesseeenes 48
2.3.8.1 - Generation of pCMV-AR-T707-23A0NAA.........cccceeveiiveiaiiaiiieiieeeeeieee 48
2.3.8.2 - Generation of pCMV-AR-T707-ADBD..............cccceevvuiemiiieiiieaiiieeeiiieeiieens 49
2.3.8.3 - Generation of pCMV-AR-T707-COI7Y....cccccovmvieiiiiiiiaiiaiieeieeeie e 49
2.3.8.4 - Generation of pSG5-HA-AR-DBD (amino acids 553-622) ............cccoeeuu... 50
2.3.9 - StAtISTICAL TESTS ..eeurietieiiiieiie ettt et st ettt et eas 50

CHAPTER 3 - ANDROGEN SIGNALLING IN NORMAL MOUSE
MAMMARY GLANDS

3.1 - INErOAUCHION .uuceueeieeecteniticnenseecsnessnecsseessscssnssnesssessssnsssassssssssassssesssassssssssassssesssases 52
3.2 - MEtROAS.cccouueriicsinnnicnsssnnricssssssnecsssnssessssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnssass 54
3.2.1 - Mice and treatmMENtS.......cccueeeiuiieeiiiieeitieeeiieeeiteeeteeesteeesaaeesseeesssneesssneessseeessseeenns 54
3.2.2 - Pellet IMplantation .........cccueeeeiieiiiieeieecee ettt eiee e tee e saee e sree e seaeeeseneeenes 55
3.2.3 - Blood collection and measurement of serum E2 ...........ccccooeiiiiiiiiiniiiiniieeiees 56
3.2.4 - Dissection of the 4™ inguinal mouse mammary gland..............cccoeeieeriieenieenen. 56
3.2.5 - Paraffin embedding tISSUES .......cccuieeiuiieeiiieeie et ee e eree e svee e 56
3.2.6 - Whole mount carmine alum Staining...........cccueereuveereieeeniiieeniiieeeieeeeieeesveeesneeenns 56
3.2.7 - ImmUNONIStOChEMISIIY ...vviiiiiieeiiieciie e e e e snee e 57
3.2.8 = StAtISTICAL TESES .eevuvvieeiiieeiiieeiee ettt et e e et e e et e e s tae e s aeeessbeeeesaeeeenbeeennneeenns 58
3.3 - RESUILS c.cuueeriiniiininiicninnicssnticnsnnicssssncssssncssssecsssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssns 58

o421 4 UG SRS 58



3.3.2 — Effect of DHT and flutamide treatment on breast epithelial cell proliferation.... 59

3.3.3 — Effect of DHT and flutamide treatment on apoptosiS .........cceeercveeerveeerveeesneeenns 60
3.3.4 — Effect of DHT and flutamide treatment on serum E2 levels............cccccoevernnennne 60
3.3.5 - Flutamide treatment inhibits androgen signalling ............cccoeoeevveiiiiniienineeene. 61
3.4 - DISCUSSION cucceueiinecsencsnecsnissaecsessssnssnssssnsssessssessssssssesssasssssssssssssessssssssassssssssassssesssnses 62

CHAPTER 4 — AR INHIBITS ERa ACTIVITY

4.1 - INErOAUCTION . cccceeeiiineiiiinnieisneecssnnecsssnecsssseessssesssssesssssesssssessssssssssssssssssssssssssssasssssnssssns 69
4.2 - MEthOdS....uuuienueinsueisniinensnnnsneisnicssnsssnesssnssssecssnsssesssessssssssassssssssassssssssassssssssassssesssases 71
4.2.1 - Luciferase repOrter ZENEe ASSAY ... .eerurerrreerreerreerreeriveerseesreenseessseesseessseesssessseesseans 71
4.2.2 - IMMUNODIOL. ...ttt ettt 71
4.3 = RESUILS c.cuvreeeeiiiiciniinsssnnnseiecossssessssssssssecsssssssssssssssessssssssssssssssssssssssssssssssssesssssssssssssssssess 72
4.3.1 - Establishment of an assay to measure the transactivation activity of ERa.......... 72
4.3.2 - Inhibition of ERa transactivation activity by AR.........cccceeiiiiiiiiiiieeeeeee, 72
4.3.3 - Inhibition of ERa activity by AR does not require the AR N-C interaction........ 73
4.3.4 - Characterisation of the constitutively active AR variant AR-T707...........c.......... 74
4.3.5 - Inhibition of ERa activity by AR-T707 .....cccoovviiiiiiriieiieiieeieeee et 74
4.3.6 - AR-T707 has no effect on expression of luciferase...........ccccceveevveeecieencieeencneeens 75
4.4 - DISCUSSION «uceeuerisneisnecsrenssnnssaessnssssessnssssnsssassssnssssssssessssssssassssssssassssssssassssssssassssessaases 76

CHAPTER 5 - FUNCTIONAL EFFECTS OF AR SIGNALLING IN
BREAST CANCER CELLS

5.1 - INrOAUCHION...ccueeeeeiueiiniiiteinnenseecsnensnesssessssesssnssssesssnssssesssassssessssssssssssassssassssessanses 82
5.2 - MEEROAS..ccocuueiiinneiinnnicineiisneeiineensnncssnncssneesssseessssesssssessssssssssssssssssssssssssssssssssassssanee 83
5.2.1 - Luciferase repOorter ZENE aSSAY .......ueeuierureriueeriierieenieeeieesieeereesieesseesaeeeseeseseseeas 83
5.2.1.1 - Immunoblot with lysates from luciferase reporter gene assay ...................... 84
5.2.2 - Preparation of lysates for immunoblot..............cccceeviiiiiieniiiniiiieeee e, 84
5.2.2.1 - Cells treated With StFOIdS ..............ccccccouiiiiiiiiiiiiiiieiieieese e 84
5.2.2.2 - Cells transiently transfected with tet-regulated vectors .................cc..c........ 84
5.2.3 - Generation of a tet-inducible T-47D breast cancer subline...........c.cccceeevveenerennen. 85
5.2.3.1 - Cloning pBI-EGFP-ART707 .......cccooiiiaiiaeeiee e 85
5.2.3.2 - ELeCtFOPOTALION ...ttt 85
5.2.3.3 = SeleCtion Of CLONES ............cccoocueiiiiieeiieecee et 86
5.2.3.4 - Testing expression of EGFP and AR-T707 in the stable clones.................... 86
5.2.4 - Cell proliferation @SSAYS .........cceereerriierieeiienieeieenieeieeseteereeseaeeseesseeeseessneensees 87
5.2.4.1 - Treatment of stable cell [INes ..................ccooueevvveeiiiieiiiieeiieeecee e 87
5.2.4.2 - Counting viable Cells ..............ccccoovviiiiiiiiiiiiieiie e 87
5.2.5 - Adenoviral tranSAUCHION. .........ccuieriieiiierieeiieeie ettt 87
5.2.5.1 - Cloning PAD-ART707 .......ccocoieaeiieie ettt 87
5.2.5.2 - Amplification of Qdenovirus................cc.cccovveeiieiiieiieiieecieee e 88
5.2.5.3 - Preparation of adenovirus StOCK...............ccc.ccooveiviieeiiieeiiieeiieeccie e 89
5.2.5.4 - CsCl purification of Qdenovirus................ccccooveeeciencieaiieiieeiieee e 89
5.2.5.5 - Titration of adenoviral StOCK..................ccccueevvveiiiiiiiiieiie e 90

5.2.5.6 - Determining the ratio of infectious particles/total viral particles................. 90



5.2.5.7 - Transduction of T-47D breast cancer cells with adenovirus......................... 91

5.2.5.8 - XoGAl SEAIN ... 91
5.2.5.9 - Immunoblot with lysates from the cell proliferation assay............................ 91
5.2.5.10 - Immunoblot with lysates from cells transduced with adenovirus................ 92
5.3 = RESUILS uuueeireriiiiiiirinitninitnesintecsnnnesssncssssnessssesssssesssssesssssssssssssssssssssssssssssssssssssssase 92
5.3.1 - AR inhibits endogenous ER transactivation activity in T-47D breast cancer cells
.............................................................................................................................. 92
5.3.2 - A comparison of T-47D and T-47D tet-on breast cancer cell lines...................... 93
5.3.3 - Doxycycline induces expression of AR-T707 transiently expressed in T-47D tet-
OML CRIIS .t sttt 94
5.3.4 - Characterisation of T-47D tet-0n Clones.........cccceevvereeiiirienieiieereeeeeceeen 95
5.3.5 - Optimisation of adenoviral transduction in T-47D breast cancer cells ................ 96
5.3.6 - Adenoviral mediated expression of AR-T707 inhibits the proliferation of T-47D
breast CanCer CELIS .....oouiiiiiiiiii e 97
5.3.7 - Adenoviral mediated expression of AR-T707 inhibits expression of an estrogen
regulated gene in T-47D breast cancer CellS........c.coovvvevieriieniieniieieeieeeeeeene 98
5.3.8 - Adenoviral mediated expression of AR-T707 inhibits E2-induced proliferation of
T-47D breast cancer CelIS .........ooiuiiiiiiiiiiiie e 98
5.3.9 - Effects of AR-T707 on E2-induced expression of estrogen regulated genes in T-
47D breast Cancer CEIIS ........uuriiiiiiiiiiierieeee e 99
5.4 - DISCUSSION cuuueriereriisnnicssenesssnnessseessssnsssssecsssssessssesssssesssssessssssssssssssssssssssssssssssssssasssssnee 99

CHAPTER 6 - MECHANISM OF INHIBITION OF ERa ACTIVITY BY
AR

6.1 - INErOdUCHION....cuueeiineeiinneiinneinineessneeissnecsssseesssseessssesssssesssssesssssessssssssssssssssssssssasssses 105
0.2 - MEEROAS...cccouriennriisnninssnnesssnncsssnnsssssncssssnssssssssssnsssssssssssssssssssssssssssssssssssssssssssssssssnns 107
6.2.1 - Co-immunoprecipitation assay (CoIP) .......cccoocveviiiiiiiieniieieeeeee e 107
6.2.2 - Luciferase reporter SENE ASSAY.......c.eerueerreerrueerrreeireenreeireenseeeseesseeesseesseessseesseans 108
6.2.3 - Immunoblot of samples from reporter Zene assays ........cccceeeeveerueeeereenveeiveenneenns 108
6.2.4 - MODIlity Shift @SSAY....cceieiiieriiieiieiieeiiee ettt e et ee 108
6.2.4.1 - Preparation of RUCLEAr eXIFACLS .............cc..cccveeecueeeiiieeiieeeeiee e 108
6.2.4.2 - Hybridisation of oligonucleotides.....................ccccoeevevoiiiiieiiiiiiianiiaeeen 109
6.2.4.3 - Labelling oligonucleotides.....................cccoovvieviiiiiiiiiiiiiiiiieecieeeie e 109
6.2.4.4 - MODility SRHift ASSAY .......cceoeeieiiiiiieeiieee et 109
6.2.5 - Molecular modelling and molecular dynamic simulation ..........c..cccceveeeveennenee. 110
6.2.6 - Chromatin immunoprecipitation (ChIP)...........cccooeiiiiiiiniiiiiiiiieeeeee 111
0.3 = RESUILS auveeeiiiiiiiiiiicnnnnnntiicecsiisssssnesssiscesssssssssssssssscsssssssssssssssssssssssssssssssssssssssssssssasssssssss 112
6.3.1 - Interaction between ERocand AR .........ocoviiiiiiiiiieceeeeee e 112
6.3.2 - The regions of AR required for inhibition of ERa activity by AR .................... 113
6.3.3 - The DBD of AR is required for inhibition of ERa activity by AR .................... 114
6.3.4 - The AR-DBD inhibits EROL @CtIVILY ....coovieiiieeiiiiieeieeie e 116
6.3.5 - AR binds to a consensus estrogen response element...........cceeeveveeeeieeenreeennnenn. 116
6.3.6 - AR is recruited to the promoters of endogenous estrogen regulated genes........ 118

0.4 - DISCUSSION c..uueeeereeennneeceeeeeereesesseesscssssssssssssssssssssssssssssssssssssasssssssssssssssasssssssssssssssassasses 118



CHAPTER 7 - GENERAL DISCUSSION

7.1 - Androgen signalling in breast epithelial cells........couieevviiciseiissnicsseeicssenecssenecnns 126
7.2 - Major findings of this thesis.......ccuicrvvereirveinisninssninssnicssnicssnnissssnsssssnesssssesssnssnns 126
7.2.1 - Androgen signalling inhibits the growth of normal mammary glands............... 126
7.2.2 - AR inhibits breast cancer cell proliferation by inhibiting ERa activity............. 127
7.2.3 - Mechanism by which AR inhibits ERa activity in breast cancer cells .............. 129
7.3 - FUture direCtiOnsS . .....ccceverecsserecssaressssrcsssnncsssnsssssssssssssssssssssssssssssssssssssssnsssssssssssssssssns 132
7.3.1 - Further investigation of the effect of AR in breast cells in vitro and in vivo...... 132
7.3.2 - Further investigation of the mechanism by which AR inhibits ERa activity..... 133
7.3.3 - Investigation into the role of androgen signalling in human breast cells in vivo 134
7.3.4 - Use of the AR as a therapeutic treatment for breast cancer..............cccceeuveeenneen. 135
7.4 - Summary and CONCIUSIONS....ccccueirrveiiirsrreissnncsssnicssnissssicssssissssssssssssssssssssssssssssssssnns 136
Appendix 1 - Plasmid CONSEIUCES ...cccovvvuriicrissnrrecssssnniecsssnssesssssssessssssssssssssssssssssssssssssssass 138

BiDLIOZrapRY ..ccciciviiiiiiiciinicnsnicssnncssnicsssncssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssasssss 139



Summary

The growth and survival of normal breast epithelial cells and breast cancer cells is promoted
by estrogens. In contrast, androgens inhibit the proliferation of normal and malignant breast
epithelial cells. While this effect of androgens on breast cells appears to be androgen receptor
(AR) dependent, the precise mechanism of inhibition and its functional significance are
unknown. The aims of this thesis were to investigate the effect of androgen signalling on
growth of normal and malignant breast epithelial cells, and to assess the interactions between

androgen and estrogen signalling in the breast.

To investigate the role of androgen signalling in the growth and development of the normal
mammary gland, female mice were treated with either the native androgen So-
dihydrotestosterone (DHT) or the antiandrogen, flutamide. Analysis of the mammary glands
at the end of the treatment period demonstrated that DHT reduced ductal branching and
mammary epithelial cell proliferation when treatment commenced mid-puberty. Conversely,
flutamide treatment that commenced post-puberty significantly increased ductal branching
and proliferation of mammary epithelial cells. This data demonstrates that androgen signalling
inhibits proliferation in the normal mammary gland, and may therefore oppose to the growth

stimulatory effects of estrogen signalling to regulate breast growth and development.

The antiproliferative effects of androgens on breast epithelial cells may be due in part to direct
AR-mediated activation of androgen regulated genes, or alternatively, androgens could act
indirectly through AR to inhibit estrogen receptor alpha (ERa) activity. Expression of full-
length AR or a truncated, constitutively active AR (AR-T707) significantly inhibited the
activity of ectopically expressed ERa in MDA-MB-231 breast cancer cells (ERa- and AR-
negative), in a dose-dependent manner. The functional consequences of inhibition of estrogen
signalling by overexpressing AR were investigated in the T-47D breast cancer cell line (ERa-

and AR-positive). Expression of AR-T707 in T-47D cells resulted in inhibition of both basal
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and estradiol-induced cell proliferation and a marked reduction in the steady-state protein

levels of the estrogen regulated gene, PR.

The final chapter investigated the mechanism by which AR inhibits ERa activity. A co-
immunoprecipitation assay demonstrated an interaction between ectopically expressed AR
and ERa in COS-1 cells, but not endogenous AR and ERa in a breast cancer cell line. To
delineate the regions of AR required for inhibition of ERa signalling, various functional
domains of the AR were mutated or deleted. Reporter gene assays showed that the inhibitory
effects of AR were abrogated by deletion or mutation of the DNA binding domain (DBD).
Furthermore, overexpression of the AR-DBD alone was sufficient to inhibit ERa activity.
Consistent with a requirement for the DBD of AR to inhibit ERa activity, mobility shift
assays demonstrated binding of AR to the Xenopus vitellogenin A2 consensus estrogen
response element (cERE); however AR/ERa heterodimers were not detected on a cERE.
Consistent with these findings, molecular modelling demonstrated that it is feasible for the
DBD of AR to bind to a cERE and that it is unlikely that AR/ERa heterodimers could bind.
Chromatin immunoprecipitation demonstrated recruitment of AR to the promoters of
endogenous estrogen regulated genes. The findings suggest that the inhibitory effect of AR on
ERa activity may occur either via formation of non-functional AR/ERa heterodimers that are
unable to bind to EREs, or AR homodimers competing effectively for binding to EREs, in

ERa target genes.

The results in this thesis demonstrate an inhibitory effect of androgen signalling on growth of
normal and malignant breast epithelial cells. Additionally, the inhibition of breast epithelial
cell proliferation by androgen signalling can be attributed, at least in part, to inhibition of
ERa activity. These studies have provided insight into androgen action in the breast, and
support a model whereby androgens balance the stimulatory effects of estrogen signalling in

normal and malignant breast epithelial cells.
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Abbreviations

178-HSD
30-HSD
3B-HSD
A

Ab
Ad-ART707
Ad-LacZ
AF

Al

ALU
APS

AR

ARA 70
ARE
AR-T707
ATAC
BRCAI
BRCA2
BrdU
BSA

C

cARE
cDNA
cERE
ChIP
cHRT
ColP
COUP-TF

CPE
CTSD
DAB
DBD
DCC
DHEA

17B-hydroxysteroid dehydrogenase
3a-hydroxysteroid dehydrogenase
3B-hydroxysteroid dehydrogenase
adenine

antibody

adenovirus expressing AR-T707
adenovirus expressing LacZ

activation function

aromatase inhibitor

arbitrary light units

ammonium persulphate

androgen receptor

androgen receptor coactivator 70
androgen response element

AR construct truncated at amino acid 707
Arimidex, Tamoxifen Alone or in Combination trial
breast cancer susceptibility gene 1

breast cancer susceptibility gene 2
5-bromo-2’deoxyuridine

bovine serum albumin

cytosine

consensus androgen response element
complementary DNA

consensus estrogen response element
chromatin immunoprecipitation
combined estradiol and progestin hormonal replacement therapy
co-immunoprecipitation

orphan nuclear receptor chicken ovalbumin upstream promoter-transcription
factor

cytopathic effect
cathepsin D gene
3,3'-Diaminobenzidine
DNA binding domain
dextran coated charcoal

dehydroepiandrosterone
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DHEA-S dehydroepiandrosterone sulphate

DHT Sa-dihydrotestosterone

DMEM Dulbecco’s modified eagle medium

DMSO dimethyl sulphoxide

DNA deoxyribonucleic acid

dNTPs deoxyribonucleotide triphosphates

dox doxycycline

DTT dithiothreitol

E2 17B-estradiol

ECL enhanced chemiluminescence

EDTA ethylenediamine tetra-acetic acid

EGFP enhanced green fluorescent protein

ER estrogen receptor alpha and estrogen receptor beta

ERa estrogen receptor alpha

ERE estrogen response element

ERp estrogen receptor beta

FBS fetal bovine serum

FSH follicle-stimulating hormone

G guanine

GR glucocorticoid receptor

GU genitourinary

H hinge region

HRP horseradish peroxidase

HRT hormone replacement therapy

Hsp heat shock protein

IgG immunoglobulin

IMPACT IMmediate Preoperative Anastrozole, Tamoxifen or Combined with
Tamoxifen

KO knockout

LB luria broth

LBD ligand binding domain

LH luteinising hormone

Luc luciferase

MMTV mouse-mammary tumour virus

MOIs multiplicity of infections

MPA medroxyprogesterone acetate

MR mineralocorticoid receptor

n any nucleotide
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NTD
OD
PAGE
PBS
PCR
PGR
PMSF
PR
PRF
PROACT
PSA
RAR
RNA
RPMI
rtTA
RXR
SD
SDS
SEM
SERM
SHBG
T
TAE
Tam
TBE
TBS
TBST
TE
TEMED
tk
TRa
TR4
TRE
Uuv
WHI
wt

X

amino-terminal transactivation domain
optical density

polyacrylamide gel electrophoresis
phosphate buffered saline

polymerase chain reaction
progesterone receptor gene
phenylmethylsulphonyl fluoride
progesterone receptor

phenol red free

Preoperative Arimidex Compared with Tamoxifen
prostate-specific antigen

retinoic acid receptor

ribonucleic acid

Roswell Park Memorial Institute
reverse tetracycline controlled transactivator
retinoid X receptor

standard deviation

sodium dodecyl sulfate

standard error of the mean

selective estrogen receptor modulator
sex hormone-binding globulin
thymine

tris acetate EDTA

tamoxifen

tris borate EDTA

tris buffered saline

tris buffered saline tween 20
tris-EDTA
N,N,N’,N’-tetramethylethylenediamine
thymidine kinase

thyroid hormone receptor alpha
testicular orphan receptor 4
tetracycline response element

ultra violet light

Women'’s Health Initiative

wild-type

any amino acid
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X-gal

Units:

cpm
Ci
°C
Da

kDa
kb

min

5-bromo-4-chloro-3-indolyl -D-galactopyranoside

deletion

base pairs

counts per minute
curie(s)

degrees Celsius
Dalton(s)

gram(s)

relative centrifugal force
kilo Dalton

kilobases

litre

minute(s)

molar (moles per litre)
milliampere
revolutions per minute
seconds(s)

units

volts
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