Advances in Experimental Medicine and Biology 744

William S. Spielman
and Narayanan Parameswaran Editors

RAMPs

LANDES

BIOSCIENCE @ Springer



RAMPs



ADVANCES IN EXPERIMENTAL MEDICINE AND BIOLOGY

Editorial Board:

NATHAN BACK, State University of New York at Buffalo
IRUN R. COHEN, The Weizmann Institute of Science

ABEL LAJTHA, N.S. Kline Institute for Psychiatric Research
JOHN D. LAMBRIS, University of Pennsylvania

RODOLFO PAOLETTI, University of Milan

Recent Volumes in this Series

Volume 736
ADVANCES IN SYSTEMS BIOLOGY
Igor I. Goryanin and Andrew B. Goryachev

Volume 737

OXYGEN TRANSPORT TO TISSUE XXXIII
Martin Wolf, Hans Ulrich Bucher, Markus Rudin, Sabine Van Huffel, Ursula Wolf, Duane F.
Bruley, David K. Harrison

Volume 738
SELF AND NONSELF
Carlos Lépez-Larrea

Volume 739
SENSING IN NATURE
Carlos Lopez-Larrea

Volume 740
CALCIUM SIGNALING
Md. Shahidul Islam

Volume 741
STEM CELL TRANSPLANTATION
Carlos Lopez-Larrea, Antonio Lopez Vazquez and Beatriz Suarez Alvarez

Volume 742
ADVANCES IN MITROCHONDRIAL MEDICINE
Roberto Scatena

Volume 743
HUMAN IMMUNODEFICIENCY VIRUS TYPE 1 (HIV-1) AND BREASTFEEDING
Athena Kourtis and Marc Bulterys

Volume 744
RAMPs
William S. Spielman and Narayanan Parameswaran

A Continuation Order Plan is available for this series. A continuation order will bring delivery of each new volume
immediately upon publication. Volumes are billed only upon actual shipment. For further information please contact
the publisher.



RAMPs

Edited by

William S. Spielman, PhD
Department of Physiology, Michigan State University, East Lansing, Michigan, USA

Narayanan Parameswaran, PhD
Department of Physiology, Michigan State University, East Lansing, Michigan, USA

Springer Science+Business Media, LLL.C

Landes Bioscience



Springer Science+Business Media, LLC
Landes Bioscience

Copyright ©2012 Landes Bioscience and Springer Science+Business Media, LLC

All rights reserved.

No part of this book may be reproduced or transmitted in any form or by any means, electronic or mechanical,
including photocopy, recording, or any information storage and retrieval system, without permission in writing
from the publisher, with the exception of any material supplied specifically for the purpose of being entered
and executed on a computer system; for exclusive use by the Purchaser of the work.

Printed in the USA.

Springer Science+Business Media, LLC, 233 Spring Street, New York, New York 10013, USA
http://www.springer.com

Please address all inquiries to the publishers:

Landes Bioscience, 1806 Rio Grande, Austin, Texas 78701, USA
Phone: 512/ 637 6050; FAX: 512/ 637 6079
http://www.landesbioscience.com

The chapters in this book are available in the Madame Curie Bioscience Database.
http://www.landesbioscience.com/curie

RAMPs, edited by William S. Spielman and Narayanan Parameswaran. Landes Bioscience / Springer
Science+Business Media, LLC dual imprint/ Springer series: Advances in Experimental Medicine and Biology.

ISBN: 978-1-4614-2363-8

While the authors, editors and publisher believe that drug selection and dosage and the specifications and usage
of equipment and devices, as set forth in this book, are in accord with current recommendations and practice
at the time of publication, they make no warranty, expressed or implied, with respect to material described
in this book. In view of the ongoing research, equipment development, changes in governmental regulations
and the rapid accumulation of information relating to the biomedical sciences, the reader is urged to carefully
review and evaluate the information provided herein.

Library of Congress Cataloging-in-Publication Data

RAMPs / edited by William S. Spielman, Narayanan Parameswaran.

p- ; cm. -- (Advances in experimental medicine and biology ; 744)
Includes bibliographical references and index.
ISBN 978-1-4614-2363-8
1. Spielman, William S., 1947- II. Parameswaran, Narayanan, 1970- III. Series: Advances in experimental
medicine and biology ; 744. 0065-2598
[DNLM: 1. Receptor Activity-Moditfying Proteins. W1 AD559 v.744 2012 / QU 55.7]
LC classification not assigned
572°.65--dc23

2011046154



PREFACE

G-protein coupled receptors (GPCRs) comprise one of the largest families of receptors
studied by receptor biologists across the globe. It is also the largest family of receptors that
is targeted by the pharmaceutical industry for treating various disease conditions. In this
respect, questioning how GPCRs function is one of the most critical questions not only
in the endeavor of drug development but also in understanding the basic physiological
processes. Among the many GPCRs discovered, the calcitonin family of receptors
comprise of members that regulate a number of physiological processes and are involved
in many pathological conditions. Therefore, understanding how these receptors function
is a critical question in the field. When Foord and his colleagues discovered that a single
transmembrane protein called Receptor Activity Modifying Proteins (RAMPs) could
modulate the surface expression of GPCRs of the calcitonin family, it widely opened
the field of receptor life cycle. Hundreds of studies have confirmed the importance of
RAMPs in the life cycle of this receptor family. This volume is intended to be a source
of these basic studies that range from biochemistry to molecular biology to receptor
pharmacology and physiology. The authors who have contributed to the chapters in
the book are well known in the RAMPs field. This book is intended to be a source of
information for scientists at different stages of their career including graduate students,
post-doctoral fellows and senior scientists who are new to the RAMPs field. The chapters
are also organized in a way that makes it easy to navigate through the book.

The first chapter provides a general introduction to RAMPs including its discovery.
The second chapter (by Poyner and colleagues) and the third chapter (by Bomberger
and colleagues) are intended to provide in depth discussion on how the different RAMP
isoforms can regulate various aspects of receptor signaling especially stimulated with
calcitonin gene related peptide (CGRP) and adrenomedullin. In addition, in the third
chapter, Bomberger et al discuss the differences in RAMP2 and -3 with regard to their
role in receptor trafficking.

Initial discovery of RAMPs suggested that they regulate GPCRs of the Class II
family. Subsequent research by Dr. Henley’s group demonstrated a role for RAMPs in
the surface expression of Class III GPCRs. Dr. Henley and his colleagues in Chapter 4
discuss this novel feature of RAMPs.
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A crucial aspect to the advancement of the RAMP field has been the generation of
RAMP transgenic/knockout mice. These RAMP transgenic/knockout mice have greatly
facilitated our understanding of the physiological role of these proteins. Dr. Caron’s
group, which pioneered many of these experiments, discusses the studies in Chapter 5.
From a therapeutic point of view, it is important to consider whether RAMPs are potential
drug targets. Sexton and colleagues discuss in Chapter 6, the usefulness of RAMPs as
drug targets.

Subsequent to the discovery of RAMPs, scientists working on other receptors realized
there could be proteins similar to RAMPs regulating their receptor of interest. In one
particular case, Dr. Matsunami’s group discovered RAMP-like proteins that regulate
odorant receptors. Dr. Matsunami and his colleague discuss, in Chapter 7, this novel role
of RAMP-like proteins in the regulation of odorant receptors.

RAMP expression is modulated in various diseases and Dr. Wang and his group
discuss this in Chapter 8. Finally, in Chapter 9, we discuss some of the recent high impact
studies that will help provide a perspective on the role of RAMPs in diseases such as
cancer, hypertension and asthma.

We thank all the authors for their insightful and comprehensive contributions to this
work. We also thank the publisher for their patience and suggestions in bringing R4 MPs
together in a timely manner. Editing this volume has been a rewarding experience for us,
especially in terms of learning further about the functions of these single transmembrane
proteins. Receptor biology is a rapidly expanding field and with the advances in cell and
molecular biology and in vivo techniques, it is very likely that the field of RAMPs will
explode further and many unanswered questions will be answered with in the next few
years. We hope this book will serve as a useful resource for those scientists interested in
not only the field of RAMPs but also in the general field of GPCR biology.

William S. Spielman, PhD
Narayanan Parameswaran, PhD



ABOUT THE EDITORS...

WILLIAM S. SPIELMAN is a Professor of Physiology and former Chairperson of the
Department of Physiology, Michigan State University, East Lansing, Michigan, USA. His
research interests include receptor biology and signal transduction and renal physiology. He
is a member of many national and international scientific societies including the American
Physiological Society. Spielman earned the BS degree in Biology from Westminister College
and the PhD degree in Physiology from the University of Missouri.

vii



ABOUT THE EDITORS...

NARAYANAN PARAMESWARAN is an Associate Professor in the Department
of Physiology and Division of Pathology at Michigan State University, East Lansing,
Michigan, USA. His main research interests include receptor biology, cell signaling,
inflammation and inflammatory diseases. He is a member of the American Association
of Immunology, Society of Leukocyte Biology and the Shock Society. Dr. Parameswaran
received a Veterinary Medicine degree from Madras Veterinary College (India), a Master’s
degree in Veterinary Physiology and Pharmacology from The Ohio State University and
a PhD in Physiology from Michigan State University.

ix



PARTICIPANTS

James Barwell

School of Life and Health Sciences
Aston University

Birmingham

UK

Jennifer M. Bomberger
Department of Physiology
Michigan State University
East Lansing, Michigan
USA

Tristan Bouschet

Institut de Génomique Fonctionnelle
INSERM U661-CNRS UMRS5203
Montpellier

France

Kathleen M. Caron

Department of Cell and Molecular
Physiology

and

Department of Genetics

The University of North Carolina
at Chapel Hill

Chapel Hill, North Carolina

USA

Arthur Christopoulos

Drug Discovery Biology Laboratory

Monash Institute of Pharmaceutical
Sciences

and

Department of Pharmacology

Monash University

Victoria

Australia

Kimberly L. Fritz-Six

Department of Cell and Molecular
Physiology

and

Department of Genetics

The University of North Carolina
at Chapel Hill

Chapel Hill, North Carolina

USA

Debbie L. Hay

School of Biological Sciences
University of Auckland
Auckland

New Zealand

xi



xii

Jeremy M. Henley
School of Biochemistry
University of Bristol
Bristol

UK

Asha Jacob
Laboratory of Surgical Research
The Feinstein Institute
of Medical Research
and
Department of Surgery
North Shore University Hospital
and
Long Island Jewish Medical Center
Manhasset, New York
USA

Mahita Kadmiel

Department of Cell and Molecular
Physiology

and

Department of Genetics

The University of North Carolina
at Chapel Hill

Chapel Hill, North Carolina

USA

Joel Mainland

Department of Molecular Genetics
and Microbiology

and

Department of Neurobiology

Duke University Medical Center

Durham, North Carolina

and

Monell Chemical Senses Center

Philadelphia, Pennsylvania

USA

Stéphane Martin

Centre National de la Recherche
Scientifique

Institut de Pharmacologie Moléculaire
et Cellulaire

UMR-6097

Valbonne

France

PARTICIPANTS

Hiroaki Matsunami

Department of Molecular Genetics
and Microbiology

and

Department of Neurobiology

Duke University Medical Center

Durham, North Carolina

USA

Narayanan Parameswaran
Department of Physiology
Michigan State University
East Lansing, Michigan
USA

David R. Poyner

School of Life and Health Sciences
Aston University

Birmingham

UK

Patrick M. Sexton

Drug Discovery Biology Laboratory

Monash Institute of Pharmaceutical
Sciences

and

Department of Pharmacology

Monash University

Victoria

Australia

John Simms

Drug Discovery Biology Laboratory

Monash Institute of Pharmaceutical
Sciences

and

Department of Pharmacology

Monash University

Clayton, Victoria

Australia

William S. Spielman
Department of Physiology
Michigan State University
East Lansing, Michigan
USA



PARTICIPANTS

Ping Wang
Laboratory of Surgical Research
The Feinstein Institute
of Medical Research
and
Department of Surgery
North Shore University Hospital
and
Long Island Jewish Medical Center
Manhasset, New York
USA

Denise Wootten

School of Life and Health Sciences
Aston University

Birmingham

UK

xiii

Ronggian Wu
Laboratory of Surgical Research
The Feinstein Institute
of Medical Research
and
Department of Surgery
North Shore University Hospital
and
Long Island Jewish Medical Center
Manhasset, New York
USA



CONTENTS

1. INTRODUCTION TO RAMPs 1
Narayanan Parameswaran and William S. Spielman

Abstract 1
Introduction 2
Regulation of CGRP Responsiveness by RAMP1 5
Regulation of CLR Life-Cycle by RAMPs 5
RAMPs and Calcium Sensing Receptor 5
Animals Models and RAMPs 6
RAMPs as Drug Targets 6
RTP and REEP 7
Regulation of RAMPs Expression 7
Conclusion 9
2. RAMPs AND CGRP RECEPTORS 13
James Barwell, Denise Wootten, John Simms, Debbie L. Hay and David R. Poyner
Abstract 13
Introduction 14
RAMP1 and CGRP Receptor Pharmacology 15
Other Roles of RAMP1 in the CGRP Receptor 19
RAMP Expression and CGRP Function 21
Conclusion 21
Note Added After Proofs 22

XV



