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FROM LOSS TO MEMORY

How do the billions of connections between neurons in our brain change as we

learn and remember? This is the story of the discovery and the discoverer of

synaptic pruning, the process of synapse elimination central tomaking uswho

we are. Through Professor Peter Huttenlocher’s childhood in wartime and

post-war Germany, his emigration to the US to reunite with his mother, and

the launch and progressive stages of a career in medicine and research, the

motivations and process of scientiûc discovery that led to an unexpected leap

in our understanding of the human brain are uncovered. Accessible examples

illustrate how, decades later, researchers are discovering the importance of

synaptic pruning in early learning, autism, schizophrenia and Alzheimer’s

disease.

Physician scientist AnnaHuttenlocher is a Professor at University ofWisconsin,

Madison and amember of the National Academy of Medicine. Her laboratory

studies cell migration in inûammation and cancer. She directed the MD-Ph.D.

program at UW-Madison and is a committed mentor to the next generation of

physicians and biomedical scientists.

www.cambridge.org/9781009267052
www.cambridge.org


Cambridge University Press & Assessment
978-1-009-26705-2 — From Loss to Memory
Anna Huttenlocher
Frontmatter
More Information

www.cambridge.org© in this web service Cambridge University Press & Assessment

From Loss to Memory
Behind the Discovery of Synaptic Pruning

ANNA HUTTENLOCHER

University of Wisconsin, Madison

www.cambridge.org/9781009267052
www.cambridge.org


Cambridge University Press & Assessment
978-1-009-26705-2 — From Loss to Memory
Anna Huttenlocher
Frontmatter
More Information

www.cambridge.org© in this web service Cambridge University Press & Assessment

Shaftesbury Road, Cambridge CB2 8EA, United Kingdom

One Liberty Plaza, 20th Floor, New York, NY 10006, USA

477 Williamstown Road, Port Melbourne, VIC 3207, Australia

314–321, 3rd Floor, Plot 3, Splendor Forum, Jasola District Centre,
New Delhi – 110025, India

103 Penang Road, #05–06/07, Visioncrest Commercial, Singapore 238467

Cambridge University Press is part of Cambridge University Press & Assessment,
a department of the University of Cambridge.

We share the University’s mission to contribute to society through the pursuit of
education, learning and research at the highest international levels of excellence.

www.cambridge.org
Information on this title: www.cambridge.org/9781009267052

DOI: 10.1017/9781009267038

© Anna Huttenlocher 2023

This publication is in copyright. Subject to statutory exception and to the provisions
of relevant collective licensing agreements, no reproduction of any part may take
place without the written permission of Cambridge University Press & Assessment.

First published 2023

A catalogue record for this publication is available from the British Library.

Library of Congress Cataloging-in-Publication Data
Names: Huttenlocher, Anna, author.
Title: From loss to memory : behind the discovery of synaptic pruning / Anna Huttenlocher.
Description: Cambridge, United Kingdom ;NewYork, NY : CambridgeUniversity Press, 2023. |
Includes bibliographical references and index.
Identiûers: LCCN 2023000666 | ISBN 9781009267052 (hardback) | ISBN 9781009267069
(paperback) | ISBN 9781009267038 (ebook)
Subjects: MESH: Huttenlocher, Peter R. | Physicians | Neurologists | Neuronal Plasticity |
Emigrants and Immigrants | Germany | United States | Biography
Classiûcation: LCC R690 | NLM WZ 100 | DDC 610.92 [B]–dc23/eng/20230317
LC record available at https://lccn.loc.gov/2023000666

ISBN 978-1-009-26705-2 Hardback

Cambridge University Press & Assessment has no responsibility for the persistence
or accuracy of URLs for external or third-party internet websites referred to in this
publication and does not guarantee that any content on such websites is, or will remain,
accurate or appropriate.
...............................................................................................................................................

Every effort has been made in preparing this book to provide accurate and up-to-date
information that is in accord with accepted standards and practice at the time of
publication. Although case histories are drawn from actual cases, every effort has been
made to disguise the identities of the individuals involved. Nevertheless, the authors,
editors, and publishers can make no warranties that the information contained herein is
totally free from error, not least because clinical standards are constantly changing
through research and regulation. The authors, editors, andpublishers therefore disclaimall
liability for direct or consequential damages resulting from the use ofmaterial contained in
this book. Readers are strongly advised to pay careful attention to information provided by
the manufacturer of any drugs or equipment that they plan to use.

www.cambridge.org/9781009267052
www.cambridge.org


Cambridge University Press & Assessment
978-1-009-26705-2 — From Loss to Memory
Anna Huttenlocher
Frontmatter
More Information

www.cambridge.org© in this web service Cambridge University Press & Assessment

For Peter

www.cambridge.org/9781009267052
www.cambridge.org


Cambridge University Press & Assessment
978-1-009-26705-2 — From Loss to Memory
Anna Huttenlocher
Frontmatter
More Information

www.cambridge.org© in this web service Cambridge University Press & Assessment

CONTENTS

Preface page ix

Acknowledgments xi

1 COUNTING SYNAPSES 1

2 DISCOVERING SYNAPTIC PRUNING 5

3 ELSE, PETER’S MOTHER 13

4 RICHARD, PETER’S FATHER, AND PETER’S UNCLE FRITZ 24

5 GREIZ: KRIEGSKINDER (CHILDREN OF WAR) 28

6 IN BRAUBACH, AFTER THE WAR 37

7 ARRIVAL IN AMERICA 46

8 HARVARD MEDICAL SCHOOL 52

9 UNDERSTANDING SLEEP AND CONSCIOUSNESS:

RESEARCH AT THE NATIONAL INSTITUTES

OF HEALTH 57

10 ENTERING THE COGNITIVE REVOLUTION:

NEUROSCIENCE AND COGNITIVE PSYCHOLOGY 64

11 PHYSICIAN FIRST, SCIENTIST SECOND? 69

12 COMPARATIVE BRAIN REGIONS AND SYNAPSE

FORMATION 77

13 STIMULATING PROGRESS ON DEVELOPMENTAL

BRAIN DISORDERS 88

www.cambridge.org/9781009267052
www.cambridge.org


Cambridge University Press & Assessment
978-1-009-26705-2 — From Loss to Memory
Anna Huttenlocher
Frontmatter
More Information

www.cambridge.org© in this web service Cambridge University Press & Assessment

14 NEURODEVELOPMENTAL DISORDERS AND

SCHIZOPHRENIA: A ROLE FOR SYNAPTIC PRUNING? 92

15 EARLY CHILDHOOD EDUCATION 100

16 PETER AND JANELLEN’S COLLABORATION 104

17 MICROGLIAL CELLS AND THE MECHANISMS

OF SYNAPTIC PRUNING 109

18 LOOKING FORWARD: BEING A PHYSICIAN

AND A SCIENTIST 116

19 PARKINSON’S DISEASE AND BERLIN 121

20 AUF DEUTSCH: BACK TO GERMAN 126

21 MEMORIES AND REFLECTIONS AT THE END:

A RETURN TRIP TO GREIZ 129

Glossary 135

Index 140

viii Contents

www.cambridge.org/9781009267052
www.cambridge.org


Cambridge University Press & Assessment
978-1-009-26705-2 — From Loss to Memory
Anna Huttenlocher
Frontmatter
More Information

www.cambridge.org© in this web service Cambridge University Press & Assessment

PREFACE

This book is the story of the life of Peter Huttenlocher, the pediatric neurologist

and physician scientist who discovered synaptic pruning. The book carries

interlaced themes – provocative examples of the career path of a physician

scientist and the process of scientiûc discovery, discussion of a surprisingly

broad set of social and medical ûelds that are being impacted by our know-

ledge of synaptic pruning and a biography of a child of wartimeGermanywho

emerged, through complex twists and turns, to live an engaging life.

I write this book from the perspective of a physician scientist, but also as

Peter Huttenlocher’s daughter. I would like to acknowledge this inherent bias.

Many objective sources were utilized to provide balance in this presentation of

Peter Huttenlocher’s life and work. The letters and other documents are from

Peter Huttenlocher’s personal collection. Many of the letters and other docu-

ments are translated from German. Other sources include published docu-

ments, personal conversations and interviews with neuroscientists and

neurologists.

The idea to write this book arose after I attended a conference in Sicily in

2016. My own research focuses on the cell biology of inûammation. The

conference was entitled “A Hundred Years of the Phagocyte,” in recognition

of the “father” of innate immunity, Elie Metchnikoff. At this meeting I was

startled to see a slide from my father’s 1979 paper ûrst describing synaptic

pruning. Professor Beth Stevens (Harvard Medical School) discussed his work

as a key inspiration for her subsequent work focused on microglial cells and

synaptic pruning. After her talk my puzzled colleagues asked: was that your

work on synapses? My response: “Umm . . . I was a kid when that work was

done – by my father.” It is unusual to see decades-old ûgures presented at

current-day scientiûc conferences. This tends to be done only for truly ground-

breaking studies. It made me realize the long-lasting impact of my father’s

work, and how the signiûcance of these ûndings had only gained broader

recognition in the ûnal years of his life and after his passing. Seeing the work

on synaptic pruning presented at a conference 35 years after it was ûrst

published – and subsequently learning that his ûgures are often shown at

neuroscience conferences – provided the motivation for writing this book

about my father’s life and work.
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Peter was driven throughout his career to understand how the human brain

develops in health and disease. A witness to human atrocity during his child-

hood in wartime Germany, he also was intrigued by the way the environment

inûuences the development of the human brain during childhood. He took on

the old question of “nature versus nurture” during brain development. This

question became a particular focus for Peter later in his career, at the end of

which hewrote a book entitledNeural Plasticity: The Effects of Environment on the

Development of the Cerebral Cortex (Harvard University Press, 2002). This is

particularly interesting because, throughout much of his life, he hid his own

painful childhood memories, even as he worked to understand how the

human brain develops and discovered a process, synapse elimination, that is

central to the formation of human memory.

The present book is written to make the science accessible. The ûelds of

synapse biology and cognitive neuroscience are broad and exhaustive. The

bookhas beenwritten for awide-ranging audience and focused on only certain

aspects of the ûeld of synaptic pruning, such as recent developments in the

area of microglia-mediated synapse elimination. There are multiple exciting

areas of neuroscience, which I do not cover, that have signiûcant relevance to

synaptic pruning. These include rapid progress in understanding the cell

biology of the synapse, the biology of astrocytes, the chemistry of synaptic

transmission and work related to synaptic potentiation and depression critical

for the formation of human memories. Relevant topics regarding the role of

synaptic pruning inmedical neurology, psychiatry, psychology and education

are discussed. However, the scope of these ûelds is vast, with many additional

areas of rapid and exciting discovery.

My hope is that this telling will be understandable for the student, scientist,

physician, psychologist and any persons interested in German history, medi-

cine or science more broadly. This book interweaves science and history to

provide insight into the career of a unique pediatric neurologist and cognitive

neuroscientist. A number of chapters explore where the discovery of synaptic

pruning has taken us four decades later. More centrally, the book tells of the

discoverer: the uncommon route through which a child grew into a physician

scientist and followed his curiosity to understand the human brain. It is the

story of a physician and scientist who, between seeing patients, “dabbled” in

the laboratory and, more than once, made fundamental discoveries about

how the human brain works.

x Preface
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