


H A N D B O O K  
OF THE 

AGING B R A I N  



This Page Intentionally Left Blank



H A N D B O O K  
OF TH 

A G I N G  B R A I N  

EUGENIA  W A N G  
The Bloomfield Centre for Research in Aging 

Lady Davis Institute for Medical Research 
Jewish General Hospital, and 

Department of Medicine, McGill University 
MontMal, Qudbec, Canada 

D. S T E P H E N  SNYDER 
National Institute on Aging 

National Institutes of Health 
Bethesda, Maryland 

San Diego London 

ACADEMIC PRESS 
Boston New York Sydney Tokyo Toronto 



This book is printed on acid-free paper. ( ~  

Copyright �9 1998 by ACADEMIC PRESS 

All Rights Reserved. 
No part of this publication 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. 

Academic Press 
a division of Harcourt Brace & Company 
525 B Street, Suite 1900, San Diego, California 92101-4495, USA 
http://www.apnet.com 

Academic Press Limited 
24-28 Oval Road, London NWI 7DX, UK 
http://www.hbuk.co.uk/ap/ 

Library of Congress Catalog Card Number: 98-84430 

International Standard Book Number: 0-12-734610-4 

PRINTED IN THE UNITED STATES OF AMERICA 
98 99 00 01 02 03 BB 9 8 7 6 5 4 3 2 1 



C O N T E N T S  

CONTRIBUTORS Xl l l  
PREFACE XVl l  

N O R M A L  AND A B N O R M A L  MEMORY" AGING 
AND A L Z H E I M E R ' S  DISEASE 

MARILYN S. ALBERT 

Age-Related Changes in Memory 1 
Age-Related Changes in Brain Structure and Function 4 
Memory Changes in Early Alzheimer's Disease 7 
Changes in Brain Structure in Early Alzheimer's Disease 
Conclusion 13 
References 13 

!0 

2 
STRESS, GLUCOCORTICOIDS,  AND H IPPOCAMPAL 

AGING IN RAT AND H U M A N  

SONIA J. LUPIEN AND MICHAEL J. MEANEY 

HPA Axis 20 
Glucocorticoids and Aging 21 
Consequences of Elevated Glucocorticoid Levels 23 



V|  CONTENTS 

Glucocorticoids and Hippocampal Electrophysiology 23 
Glucocorticoids and Synaptic Plasticity Levels 25 
Consequences of Elevated Glucocorticoid Levels: Neuronal Survival 26 
Individual Differences in HPA Activity and Brain Aging 27 
Glucocorticoids and Human Aging 30 
Glucocorticoids and Age-Related Neuropathology in Humans 31 
Glucocorticoids and Human Cognition 32 
HPA Function and Hippocampal Aging in Humans 35 
Subgroups of Elderly Subjects with Regard to Patterns of Cortisol Secretion 

over Years 35 
Cognitive Deficits Related to Hippocampal Damage in Relation to 

Subgroups 40 
References 43 

3 
S P A T I A L  COGNIT ION AND F U N C T I O N A L  A L T E R A T I O N S  

OF AGED RAT HIPPOCAMPUS 

C. A. BARNES 

Technical Advances in Single Cell Recording Studies 52 
Do Old Rats Have Broader, Less Reliable Place Fields? 52 
Effects of Cue and Task Demand Manipulations on Place Cell Firing Properties 

of Young and Old Rats 54 
Differences between Studies That Remain Unexplained 56 
Spatial Selectivity: Interaction with Experience during a Recording 

Session 57 
Multistability of Place Cell Maps in Old Rats 59 
Summary and Conclusions 62 
References 63 

4 
IDENTIF ICATION OF M O L E C U L A R  AND 

C E L L U L A R  M E C H A N I S M S  OF LEARNING AND MEMORY: 
THE IMPACT OF GENE TARGETING 

ALClNO J. S ILVA,  KARL PETER GIESE, AND PAUL W. FRANKLAND 

LTP as a Cellular Mechanism for L&M 
Short-Term Plasticity and Learning 71 
Spiking and Learning 73 

68 



CONTENTS V ! ! 

Future of Genetic Techniques 
Conclusions 78 
References 79 

76 

5 
N O R M A L  AGING AND A L Z H E I M E R ' S  D ISEASE 

BRADLEY T. HYMAN AND TERESA GOMEZ- ISLA  

Text 83 
References 89 

6 
TRANSGENIC  MOUSE MODELS WITH 

N E U R O F I L A M E N T - I N D U C E D  PATHOLOGIES  

J E A N - P I E R R E  J U L I E N  

Neurofilament Structure and Function 93 
Perturbations of Neurofilament Metabolism in Neurodegenerative Diseases and 

in Aging 94 
Mouse Models with Neurofilament Pathologies 95 
Interference of Axonal Transport by Disorganized Neurofilaments 98 
NF-H Mutations in Amyotrophic Lateral Sclerosis 100 
A Link between Neurofilaments and Oxidative Stress? 100 
Future Directions 101 
References 102 

7 
TRANSGENIC  MODELS OF AMYOTROPHIC  L A T E R A L  

SCLEROSIS AND A L Z H E I M E R ' S  DISEASE 

PHIL IP  C. WONG, DAVID R. BORCHELT,  M I C H A E L  K. LEE,  
GOPAL T H I N A K A R A N ,  SANGRAM S. SISODIA,  AND DONALD L. PRICE 

Transgenic Approaches 108 
Amyotrophic Lateral Sclerosis and Transgenic Mice with SOD 1 

Mutations 108 
Alzheimer's Disease and Transgenic Mice with APP or PS 1 Mutations 
Conclusions 115 
References 116 

111 



V l I 1 CONTENTS 

8 
T O W A R D  A G E N E T I C  A N A L Y S I S  O F  U N U S U A L L Y  

S U C C E S S F U L  N E U R A L  A G I N G  

GEORGE M. MARTIN 

A Brief Primer of Evolutionary Biological Aspects of Relevant Gene 
Action 126 

Some Implications of the Evolutionary Biological Theory of Aging for Human 
Neurobiology 128 

Nature-Nurture Interactions 130 
Approaches to the Genetic Analysis of Unusually Well-Preserved Cognitive 

Function 131 
Which Phenotypes Deserve Our Initial Attention? 131 
Conclusions 133 
Further Readings 133 
References 134 

9 
T H E  R O L E  O F  T H E  P R E S E N I L I N S  IN 

A L Z H E I M E R ' S  D I S E A S E  

RUDOLPH E. TANZI 

Presenilin Metabolism and Function 136 
Presenilin Mutations and APP Metabolism 136 
A Role for the Presenilins in Apoptosis 137 
Summary 138 
References 139 

IO 
M E C H A N I S M S  O F  N E U R O N  D E A T H  IN 

N E U R O D E G E N E R A T l V E  D I S E A S E S  O F  T H E  E L D E R L Y :  

R O L E  O F  T H E  L E W Y  B O D Y  

JOHN Q. TROJANOWSKI, JAMES E. GALVlN, M. LUISE SCHMIDT, 
PANG-HSIEN TU, TAKESHI IWATSUBO, AND VIRGINIA M.-Y. LEE 

Morphological and Immunohistochemical Studies of LBs 144 
Generation and Characterization of MAbs to Purified LBs 145 



CONTENTS IX 

Insight into the Pathobiology of LBs from Transgenic Mice 
Summary 147 
References 148 

146 

11 
M I C R O T U B U L E - A S S O C I A T E D  P R O T E I N  TAU:  B I O C H E M I C A L  

M O D I F I C A T I O N S ,  D E G R A D A T I O N ,  AND A L Z H E I M E R ' S  
D ISEASE 

SHU-HUI  YEN, PARIMALA NACHARAJU, L I -WEN KO, 
AGNES KENESSEY, AND WAN-KYNG LIU 

Phosphorylation 155 
Degradation of Tau 157 
Glycation 163 
Summary 165 
References 165 

12 
A N O V E L  G E N E  IN THE A R M A D I L L O  F A M I L Y  

INTERACTS WITH P R E S E N I L I N  I 

KENNETH S. KOSIK, CAROLE HO, UDAYA LIYANGE, CYNTHIA LEMERE, 
MIGUEL MEDINA, AND J IANHUA ZHOU 

Discovery of ~5-Catenin 175 
References 177 

13 
P U T A T I V E  L I N K S  B E T W E E N  

S O M E  OF THE KEY  P A T H O L O G I C A L  F E A T U R E S  
OF THE A L Z H E I M E R ' S  B R A I N  

R~MI QUIRION, DANIEL AULD, UWE BEFFERT, JUDES POIRIER, 
AND SATYABRATA KAR 

Cholinergic Deficits and All Peptides 182 
Cholinergic Deficits and the ApoE 4 Gene 190 



X CONTENTS 

Possible Links between the ApoE 4 Genotype and [~-Amyloid Peptides 
Concluding Remarks 196 
References 196 

194 

14  
UNRAVEL ING THE CONTROVERSY OF HUMAN 

PRION PROTEIN DISEASES 

ANDREA L E B L A N C  

Three Manners to Contract Prion Protein Diseases: Inheritance, Iatrogenic 
Transmission, and Sporadic Manifestation 202 

Clinical Features of Human Prion Protein Diseases 202 
Pathological Features of Human Prion Protein Diseases 203 
Molecular Biology of Prion Protein Disease 204 
Biochemical Hallmarks of Human Prion Protein in Normal and Affected 

Brains 206 
Molecular Signature of Prion Protein Diseases 207 
Functions of the Normal Prion Protein 208 
Transmissibility Models for Prion Protein Diseases 210 
Conclusions 214 
References 214 

15  
T R A N S L A T I O N A L  CONTROL,  APOPTOSIS, AND 

THE AGING BRAIN 

EUGENIA WANG 

Cloning, Sequencing, and Analyzing Full-Length Human, Rat, and Mouse EF- 
1~ and S 1 cDNA Clones and Rat S 1 Genomic Clones 223 

Characterization of Tissue Specificity and Age-Dependent Changes of S 1 
Expression 224 

S 1 is Found in Neurons Only, Not in Astrocytes or Microglia 225 
EF-I~/S 1 Supergene Family 225 
Multiple Functional Involvement of EF- lc~ 226 
General Principles for Translation Regulation 226 
Apoptosis, Cell Cycle Traverse, and Cytoskeletal Organization 227 
Apoptosis, Cell Cycle Traverse, Protein Translation, and Signal 

Transduction 228 



CONTENTS X l  

Reentry to Cell Cycle Traverse, Apoptosis Susceptibility, and Resistance 228 
Control of Long-Lived Phenotypes and Neuronal Survival 229 
Signal Transduction and Chaos Theory 230 
Signal Transduction and Neuronal Network Function 232 
Signal Transduction, Apoptosis, and Functional Impairment in Neurons 233 
Signal Transduction and Translational Control 234 
Translational Control and Neuronal Repair 236 
Neuronal Functionality, Translational Control, and the Aging Brain's Revisiting 

of Embryonic Gene Expression 237 
Summary 237 
References 238 

16  
A S T R O C Y T E  S E N E S C E N C E  A N D  T H E  P A T H O G E N E S I S  

OF P A R K I N S O N ' S  D I S E A S E  

HYMAN M. SCHIPPER 

Parkinson's Disease 243 
Oxidative Stress Hypothesis of Parkinson's Disease 245 
Iron Deposition in Parkinson's Disease 247 
Astrocytes in Health and Disease 248 
Peroxidase-Positive Subcortical Glial System 249 
Peroxidase-Positive Astrocytes in Primary Culture 250 
Subcellular Precursors of Peroxidase-Positive Astroglial Inclusions 
Astrocyte Granule Biogenesis and the Cellular Stress Response 
Iron Sequestration in Aging Astroglia 252 
Role of HO-1 in Brain Iron Deposition 253 
Protoxin B ioactivation by Aging Astroglia 254 
Pathological Neuronal-Glial Interaction in Parkinson's Disease 
Further Readings 257 

251 
251 

255 

INDEX 2 5 9  



This Page Intentionally Left Blank



C O N T R I B U T O R S  

Numbers in parentheses indicate the pages on which the authors'contributions begin. 

Marilyn S. Albert (1) Massachusetts General Hospital, Charlestown, 
Massachusetts 02129 

Daniel Auld (181) Douglas Hospital Research Centre, McGill Center for Studies 
on Aging and Department of Psychiatry, McGill University, Montrdal, Qu6bec, 
Canada H4H 1R3 

C. A. Barnes (51) Departments of Psychology and Neurology and Arizona 
Research Laboratories Division of Neural Systems, Memory and Aging, 
University of Arizona, Tucson, Arizona 85724 

Uwe Beffert (18 l) Douglas Hospital Research Centre, McGill Center for Studies 
on Aging and Department of Psychiatry, McGill University, Montr6al, Qu6bec, 
Canada H4H 1R3 

David R. Borchelt (107) Department of Pathology and the Division of 
Neuropathology, The Johns Hopkins University School of Medicine, 
Baltimore, Maryland 21205 

Paul W. Frankland (67) Cold Spring Harbor Laboratory, Cold Spring Harbor, 
New York 11724 

James E. Galvin (143) Center for Neurodegenerative Disease Research, 
Department of Pathology and Laboratory Medicine, University of 
Pennsylvania School of Medicine, and Department of Neurology, Allegheny 
University of the Health Sciences, Philadelphia, Pennsylvania 19104 

Karl Peter Giese (67) Cold Spring Harbor Laboratory, Cold Spring Harbor, New 
York 11724 

Teresa G6mez-Isla (83) Neurology Department, Massachusetts General 
Hospital, Boston, Massachusetts 02114 

Carole I-Io (171) Center for Neurologic Diseases, Brigham and Women's 
Hospital and Harvard Medical School, Boston, Massachusetts 02115 

X I I I  



X I V CONTRI BUTORS 

Bradley T. Hyman (83) Neurology Department, Massachusetts General 
Hospital, Boston, Massachusetts 02114 

Takeshi lwatsubo (143) Department of Neuropathology and Neuroscience, 
University of Tokyo, 113-0052 Tokyo, Japan 

Jean-Pierre Julien (93) Centre for Research in Neuroscience, McGill 
University, The Montr6al General Hospital Research Institute, Montr6al, 
Qu6bec, Canada H3G 1A4 

Satyabrata Kar (181) Douglas Hospital Research Centre, McGill Center for 
Studies on Aging and Department of Psychiatry, McGill University, Montr6al, 
Qu6bec, Canada H4H 1R3 

Agnes Kenessey (153) Department of Pathology, Albert Einstein College of 
Medicine, Bronx, New York 10461 

Li-wen Ko (153) Department of Pathology, Albert Einstein College of Medicine, 
Bronx, New York 10461 

Kenneth S. Kosik (171) Center for Neurologic Diseases, Brigham and 
Women's Hospital and Harvard Medical School, Boston, Massachusetts 
02115 

Andr6a LeBlanc (201) The Bloomfield Center for Research in Aging, Lady 
Davis Institute for Medical Research, Sir Mortimer B. Davis Jewish General 
Hospital, and Department of Neurology and Neurosurgery, McGill University, 
Montr6al, Qu6bec, Canada H3T 1E2 

Michael K. Lee (107) Department of Pathology and the Division of 
Neuropathology, The Johns Hopkins University School of Medicine, 
Baltimore, Maryland 21205 

Virginia M.-Y. Lee (143) Center for Neurodegenerative Disease Research, 
Department of Pathology and Laboratory Medicine, University of 
Pennsylvania School of Medicine, Philadelphia, Pennsylvania 19104 

Cynthia Lemere (171) Center for Neurologic Diseases, Brigham and Women's 
Hospital and Harvard Medical School, Boston, Massachusetts 02115 

Wan-Kyng Liu (153) Department of Pathology, Albert Einstein College of 
Medicine, Bronx, New York 10461 

Udaya Liyange (171) Center for Neurologic Diseases, Brigham and Women's 
Hospital and Harvard Medical School, Boston, Massachusetts 02115 

Sonia J. Lupien (19) Aging Research Center, Douglas Hospital Research Center, 
McGill University, Montr6al, Qu6bec, Canada H4H 1R3 

George M. Martin (125) Departments of Pathology and Genetics and the 
Alzheimer's Disease Research Center, University of Washington, Seattle, 
Washington 98195 

Michael J. Meaney (19) Aging Research Center, Douglas Hospital Research 
Center, McGill University, Montr6al, Qu6bec, Canada H3W 1W5 


