Essays in
Biochemistry

Other recent titles in the Essays in Biochemistry series:
Essays in Biochemistry volume 39: Programmed Cell Death
edited by T.G. Cotter
2003 ISBN 1 85578 148 4
Essays in Biochemistry volume 38: Proteases in Biology and Medicine
edited by N.M. Hooper
2002 ISBN 1 85578 147 6
Essays in Biochemistry volume 37: Regulation of Gene Expression
edited by K.E. Chapman and S. J. Higgins
2001 ISBN 1 85578 138 7
Essays in Biochemistry volume 36: Molecular Trafﬁcking
edited by P. Bernstein
2000 ISBN 1 85578 131 X
Essays in Biochemistry volume 35: Molecular Motors
edited by G. Banting and S.J. Higgins
2000 ISBN 1 85578 103 4
Essays in Biochemistry volume 34: Metalloproteins
edited by D.P. Ballou
1999 ISBN 1 85578 106 9
Essays in Biochemistry volume 33: Molecular Biology of the Brain
edited by S.J. Higgins
1998 ISBN 1 85578 086 0
Essays in Biochemistry volume 32: Cell Signalling
edited by D. Bowles
1997 ISBN 1 85578 071 2

volume 40 2004

Essays in
Biochemistry
The Nuclear Receptor
Superfamily
Edited by I.J. McEwan
Series Editor
T.G. Cotter (Ireland)

Advisory Board
G. Banting (U.K.)
E. Blair (U.K.)
C. Cooper (U.K.)
P. Ferré (France)
J. Gallagher (U.K.)
N. Hooper (U.K.)
J. Pearson (U. K.)
S. Shears (U.S.A.)
D. Sheehan (Ireland)
J. Tavaré (U.K.)

Portland Press

Essays in Biochemistry is published by Portland Press Ltd
on behalf of the Biochemical Society
Portland Press
59 Portland Place
London W1B 1QW, U.K.
Fax: 020 7323 1136;
e-mail: editorial@portlandpress.com
www.portlandpress.com
Copyright ©2004

The Biochemical Society, London

All rights reserved. Apart from any fair dealing for the purposes of research or
private study, or criticism or review, as permitted under the Copyright,
Designs and Patents Act, 1988, this publication may be reproduced, stored or
transmitted, in any forms or by any means, only with the prior permission in
writing of the publishers, or in the case of reprographic reproduction in accordance with the terms of the licences issued by the Copyright Licensing
Agency. Inquiries concerning reproduction outside those terms should be sent
to the publishers at the above-mentioned address.
Although, at the time of going to press, the information contained in this publication is believed to be correct, neither the authors nor the editors nor the
publisher assumes any responsibility for any errors or omissions herein contained. Opinions expressed in this book are those of the authors and are not
necessarily held by the Biochemical Society, the editors or the publisher.
All profits made from the sale of this publication are returned to the
Biochemical Society for the promotion of the molecular life sciences.
British Library Cataloguing-in-Publication Data
A catalogue record for this book is available from the British Library
ISBN
ISSN

1 85578 150 6
0071 1365

Typeset by Portland Press Ltd
Printed in Great Britain by Information Press Ltd, Oxford

© 2004 The Biochemical Society

Contents

Preface........................................................................................................................
Authors.......................................................................................................................
Abbreviations ..........................................................................................................

1

Sex, drugs and gene expression: signalling by members of the
nuclear receptor superfamily
Iain J. McEwan
Abstract ....................................................................................................................1
Introduction .............................................................................................................1
“Evolution… is a change from an indefinite, incoherent homogeneity, to a
deﬁned coherent heterogeneity” Herbert Spenser (First Principles).................2
“What is the character of a family to a hypothesis?”
Laurence Sterne (Tristram Shandy)......................................................................2
“Action is transitory, — a step, a blow…”
William Wordsworth (The Borders) ...................................................................6
“Accidents will occur in the best-regulated families”
Charles Dickens (David Copperﬁeld) ...................................................................7
Conclusions and future perspectives .................................................................8
Summary ...................................................................................................................9
References................................................................................................................9

2

The evolution of the nuclear receptor superfamily
Héctor Escriva, Stéphanie Bertrand and Vincent Laudet
Abstract ..................................................................................................................11
Introduction...........................................................................................................11
Appearance and diversiﬁcation of the NR superfamily ...............................13
Evolution of the NRs functional characteristics ............................................17
Comparative genomics of NRs .........................................................................20
Conclusions and perspectives ...........................................................................22
Summary.................................................................................................................23
References..............................................................................................................24

v

Contents

3

© 2004 The Biochemical Society

Overview of the structural basis for transcription regulation
by nuclear hormone receptors
Raj Kumar, Betty H. Johnson, and E. Brad Thompson
Abstract ..................................................................................................................27
Introduction...........................................................................................................28
NTD ........................................................................................................................30
DBD.........................................................................................................................33
LBD..........................................................................................................................34
NHRs and co-regulatory proteins....................................................................36
Conclusions ...........................................................................................................37
Summary.................................................................................................................37
References..............................................................................................................38

4

Role of molecular chaperones in steroid receptor action
William B. Pratt, Mario D. Galigniana, Yoshihiro Morishima and
Patrick J. M. Murphy
Abstract ..................................................................................................................41
Introduction...........................................................................................................41
Hsp90 acts on the ligand-binding domain (LBD) of steroid receptors....42
Assembly of receptor–hsp90 heterocomplexes ...........................................44
Mechanism of cleft opening................................................................................47
Hsp90 and GR function in vivo...................................................................................50
Conclusion .............................................................................................................56
Summary.................................................................................................................56
References..............................................................................................................57

5

DNA recognition by nuclear receptors
Frank Claessens and Daniel T. Gewirth
Abstract ..................................................................................................................59
Introduction...........................................................................................................60
The HREs ...............................................................................................................61
The DBDs ..............................................................................................................63
Discrimination of the core hexamers..............................................................63
Dimerization controls speciﬁcity......................................................................66
Exceptions to the rules .......................................................................................67
Allosteric effects of HREs...................................................................................68
Other functions of the DBD..............................................................................69
General conclusions.............................................................................................69
Summary.................................................................................................................70
References..............................................................................................................70

vi

Contents

© 2004 The Biochemical Society

6

Transcriptional activation by nuclear receptors
Mari Luz Acevedo and W. Lee Kraus
Abstract ..................................................................................................................73
Introduction...........................................................................................................73
Chromatin: the physiological template for NR-dependent transcription74
The RNA pol II transcriptional machinery .....................................................74
NR co-activators: distinct classes with multiple activities ..........................76
Histone modiﬁcations and the histone code .................................................80
Cofactor recruitment and activity at NR-regulated promoters................81
Shutting off NR-dependent transcription: factor modiﬁcation, recycling,
redistribution and turnover.............................................................................84
Cell-type-speciﬁcity and co-integration of multiple signalling pathways..85
Conclusion .............................................................................................................86
Summary.................................................................................................................86
References..............................................................................................................87

7

Gene repression by nuclear hormone receptors
Udo Moehren, Maren Eckey and Aria Baniahmad
Abstract ..................................................................................................................89
Introduction...........................................................................................................90
Gene-silencing by co-repressors ......................................................................90
NHR action on chromatin..................................................................................94
Gene silencing by NHRs through interference with the basal
transcription machinery....................................................................................96
Hormone receptor inactivation by anti-hormones ......................................96
Negative response elements..............................................................................97
Transcriptional repression by NHR through inhibition of signalling
pathways via crosstalk.......................................................................................98
Impact of gene repression by NHRs on development and disease........100
Conclusions .........................................................................................................101
Summary...............................................................................................................101
References ...........................................................................................................101

8

Receptor mechanisms of rapid extranuclear signalling initiated
by steroid hormones
Viroj Boonyaratanakornkit and Dean P. Edwards
Abstract................................................................................................................105
Introduction.........................................................................................................106
Extranuclear signalling actions of progesterone: classical intracellular
progesterone receptor (PR)..........................................................................107

vii

Contents

© 2004 The Biochemical Society

Extranuclear progesterone signalling: role of a novel mPR......................110
Extranuclear signalling of oestrogen: role of the classical ER ..................112
Extranuclear signalling actions of oestrogen: role of novel membrane
receptors?..........................................................................................................113
Cell-membrane localization of a subpopulation of classical ERs .............114
The role of extranuclear ER signalling in vivo....................................................115
Conclusions .........................................................................................................116
Summary...............................................................................................................117
References ...........................................................................................................118

9

Nuclear receptors and disease: androgen receptor
Bruce Gottlieb, Lenore K. Beitel, Jianhui Wu, Youssef A. Elhaji
and Mark Triﬁro
Abstract................................................................................................................121
Introduction.........................................................................................................122
Structure–function relationships of the AR protein and gene ................122
Diseases as a result of mutations in the AR gene ......................................125
Diseases directly associated with AR CAG repeat-length variation:
spinobulbar muscular atrophy (SBMA; Kennedy disease).....................130
AR CAG tract-length variation as a risk factor for disease ......................131
Conclusions .........................................................................................................134
Summary...............................................................................................................134
References ...........................................................................................................135

10

Glucocorticoid and mineralocorticoid receptors and
associated diseases
Tomoshige Kino and George P. Chrousos
Abstract................................................................................................................137
Introduction.........................................................................................................138
Structure and actions of GRs and MRs.........................................................139
Natural physiological steroid hormone ‘resistance’ in animals ...............143
Pathological changes of GR and MR activities in humans .........................144
Conclusions .........................................................................................................152
Summary...............................................................................................................153
References ...........................................................................................................153

viii

Contents

© 2004 The Biochemical Society

11

Nuclear receptors in disease: the oestrogen receptors
Maria Nilsson, Karin Dahlman-Wright and Jan-Åke Gustafsson
Abstract................................................................................................................157
The oestrogen receptors (ERs) ......................................................................158
ER modulators in physiology and disease.....................................................159
ERs and breast cancer.......................................................................................159
ERs and prostate cancer...................................................................................160
ERs and cardiovascular disease .......................................................................161
ERs and osteoporosis........................................................................................161
ERs and diseases of the central nervous system (CNS) ...........................162
ERs and diseases of the immune system.......................................................162
ER polymorphisms and mutations in relation to disease..........................162
Conclusion...........................................................................................................164
Summary...............................................................................................................165
References ...........................................................................................................165

12

Nuclear receptors and human disease: thyroid receptor ␤,
peroxisome-proliferator-activated receptor ␥ and orphan
receptors
Mark Gurnell and V. Krishna K. Chatterjee
Abstract................................................................................................................169
Introduction.........................................................................................................170
TR␤ and the syndrome of resistance to thyroid hormone (RTH) ........173
PPAR␥ and the syndrome of PPAR␥ ligand resistance (PLR) .................177
HNF4␣ and MODY1.........................................................................................181
SHP and obesity..................................................................................................182
SF1 and DAX1 in disorders of gonadal and adrenal development.........183
PNR and enhanced S-cone syndrome (ESCS) .............................................184
NURR1 and abnormalities of dopaminergic neurotransmission: familial
Parkinson’s disease and schizophrenia/manic-depressive disorder......185
Conclusions .........................................................................................................186
Summary...............................................................................................................186
References ...........................................................................................................187

Subject index ..........................................................................................................191

ix

Preface

© 2004 The Biochemical Society

Communication between cells is of central importance in multicellular organisms. Indeed, it could be argued that it is one of the deﬁning features of multicellularity, as it allows for cell specialization and cell organization into tissues
in a controlled and regulated manner. Nuclear receptors are a large family of
signalling proteins that play crucial roles during embryonic development and
in the regulation of reproductive and metabolic functions in the adult.
Nuclear receptors share a common architecture at the protein level, but a
remarkable diversity is observed in terms of natural ligands and xenobiotics that
bind to and regulate receptor function. The deﬁning feature of the ligands is
that they are small, lipophilic molecules that are thought to diffuse across the
plasma membrane. Nuclear receptors act by regulating the patterns of gene
expression in target cells and can be thought of as ‘ligand-activated’ transcription factors. However, a signiﬁcant proportion of family members have been
described as ‘orphans’ as the natural ligand, if it exists, remains to be identiﬁed.
This volume of Essays in Biochemistry focuses on recent exciting developments
in nuclear receptor action, as well as highlighting future research goals. It is
timely, as it is almost 20 years since the first steroid receptor cDNAs were
cloned, and over 45 years since the ﬁrst clues were uncovered as to the molecular actions of what turned out to be a large family of diverse signalling proteins.
After a brief overview of the area, the volume starts with a discussion on
the evolution of the functional diversity that is found within the nuclear receptor superfamily by Laudet and colleagues. These authors also consider what
information can be gained from comparative genome-wide analysis. There
then follows two essays that examine the structure–function relationships, by
Thompson and colleagues, and by Claessens and Gewirth. The latter authors
focus on the DNA-binding properties of family members. The distinct roles
that protein–protein interactions play in nuclear receptor action are considered
by essays on molecular chaperone complexes (Pratt and colleagues), co-activator complexes (Acevedo and Kraus), co-repressor complexes (Baniahmad and
colleagues) and the extranuclear actions of progesterone and oestradiol receptors (Boonyaratanakornkit and Edwards). The preceding discussions on the
structure and biochemical properties of nuclear receptors lead into the final
four essays on the androgen receptor (Triﬁro and colleagues), glucocorticoid
and mineralocorticoid receptors (Kino and Chrousos), oestrogen receptors
(Gustafsson and colleagues), and thyroid hormone receptors, peroxisome-proliferator-activated receptors and orphan receptors (Gurnell and Chatterjee).
These essays address the question of the physiological roles of different
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nuclear receptors and how genetic alterations in receptor proteins disrupts signalling and underpins a diverse range of pathological conditions, including
cancers, reproductive and developmental defects, and metabolic disorders,
such as diabetes and obesity.
I would like to express my sincere thanks to the authors for their excellent
contributions and discussing their individual areas of expertise in a clear and
erudite manner. I am also grateful to the many reviewers for their constructive
comments and suggestions on the submitted manuscripts. It was my aim at the
beginning of this enterprise that this volume would be accessible and of beneﬁt
to both undergraduate and postgraduate students, as well as their teachers, in
the biological and medical science disciplines, who wish to learn about nuclear
receptors. Now that it is complete, I hope those already working in nuclear
receptor research will also ﬁnd the topics covered of interest and stimulating.
My thanks also go to Mike Cunningham and Portland Press Ltd for their hard
work and diligence in ensuring the high quality of this book.
Iain J. McEwan
Aberdeen, UK
April 2004
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photoreceptor-speciﬁc nuclear receptor
peroxisome-proliferator-activated receptor
peptidylprolyl isomerase
protein phosphatase 1 regulatory subunit 3A
progesterone receptor
protein arginine methyltransferase
pituitary resistance to thyroid hormone
retinoic acid receptor
receptor-interacting protein 140
RNA polymerase II
retinoid-related orphan receptor
resistance to thyroid hormone
retenoid X receptor (9-cis-retinoic acid receptor)
Sin3A–Sin-associated protein
spinobulbar muscular atrophy
selective oestrogen receptor modulator
steroidogenic factor 1
Src homology domain
sex-hormone-binding globulin
small heterodimer partner
silencing mediator for retinoic acid receptor and
thyroid hormone receptor
silencing mediator of repressed transcription
single-nucleotide polymorphism
steroid receptor co-activator
signal transducer and activator of transcription
Type II diabetes mellitus
TATA-box-binding-protein-associated factor
TATA-box-binding protein
transcription factor
trimethylamine N-oxide
tetratricopeptide repeat
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Abbreviations

TR
TZD
USP
VDR
WT
XPR
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thyroid hormone receptor
thiazolidinedione
ultraspiracle
vitamin D receptor
wild-type
Xenopus homologue of mammalian nuclear
progesterone receptor
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