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Dedication

dedicate this second edition, as the first one, to my dear wife, Amy Shulman

Weinberg, who endured long hours of inattention, hearing from me repeatedly the
claim that the writing of this edition was almost complete, when in fact years of work
lay ahead. She deserved much better! With much love.
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Preface

C ompared with other areas of biological research, the science of molecular oncol-
ogy is a recent arrival; its beginning can be traced with some precision to a mile-
stone discovery in 1975. In that year, the laboratory of Harold Varmus and J. Michael
Bishop in San Francisco, California demonstrated that normal cell genomes carry a
gene—they called it a proto-oncogene—that has the potential, following alteration,
to incite cancer. Before that time, we knew essentially nothing about the molecular
mechanisms underlying cancer formation; since that time an abundance of informa-
tion has accumulated that now reveals in outline and fine detail how normal cells
become transformed into tumor cells, and how these neoplastic cells collaborate to
form life-threatening tumors.

The scientific literature on cancer pathogenesis has grown explosively and today
encompasses millions of research publications. So much information would seem to
be a pure blessing. After all, knowing more is always better than knowing less. In truth,
it represents an embarrassment of riches. By now, we seem to know too much, mak-
ing it difficult to conceptualize cancer research as a single coherent body of science
rather than a patchwork quilt of discoveries that bear only a vague relationship with
one another.

This book is written in a far more positive frame of mind, which holds that this patch-
work quilt is indeed a manifestation of a body of science that has some simple, under-
lying principles that unify these diverse discoveries. Cancer research is indeed a field
with conceptual integrity, much like other areas of biomedical research and even sci-
ences like physics and chemistry, and the bewildering diversity of the cancer research
literature can indeed be understood through these underlying principles.

Prior to the pioneering findings of 1975, we knew almost nothing about the molecular
and cellular mechanisms that create tumors. There were some intriguing clues lying
around: We knew that carcinogenic agents often, but not always, operate as mutagens;
this suggested that mutant genes are involved in some fashion in programming the
abnormal proliferation of cancer cells. We knew that the development of cancer is
often a long, protracted process. And we knew that individual cancer cells extracted
from tumors behave very differently than their counterparts in normal tissues.

Now, almost four decades later, we understand how mutant genes govern the diverse
traits of cancer cells and how the traits of these individual cells determine the behav-
ior of tumors. Many of these advances can be traced to the stunning improvements in
experimental tools. The techniques of genetic analysis, which were quite primitive at
the beginning of this period, have advanced to the stage where we can sequence entire
tumor cell genomes in several days. (This is in sharp contrast to the state of affairs in
1975, when the sequencing of oligonucleotides represented a formidable task!) Given
the critical role of genotype in determining phenotype, we now understand, as least in
outline, why cancer cells behave the way that they do. On the one hand, the molecular
differences among individual cancers suggest hundreds of distinct types of human
cancer. On the other, molecular and biochemical analyses reveal that this bewildering
diversity really manifests a small number of underlying common biochemical traits
and molecular processes.
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Amusingly, much of this unification was preordained by decisions made 600 million
years ago. Once the laws and mechanisms of organismic development were estab-
lished, they governed all that followed, including the behavior of both normal and
neoplastic cells. Modern cancer researchers continue to benefit from this rigid adher-
ence to the fundamental, evolutionarily conserved rules of life. As is evident repeat-
edly throughout this book, much of what we understand about cancer cells, and thus
about the disease of cancer, has been learned by studying the cells of worms and fruit
flies and frogs. These laws and principles are invoked repeatedly to explain the com-
plex behaviors of human tumors. By providing context and perspective, they can be
used to help us understand all types of human cancer.

While these basic principles are now in clear view, critical details continue to elude
us. This explains why modern cancer research is still in active ferment, and why new,
fascinating discoveries are being reported every month. While they create new per-
spectives, they do not threaten the solidity of the enduring truths, which this book
attempts to lay out. These principles were already apparent seven years ago when the
first edition of this book appeared and, reassuringly, their credibility has not been
undermined by all that has followed.

In part, this book has been written as a recruiting pamphlet, as new generations of
researchers are needed to move cancer research forward. They are so important
because the lessons about cancer’s origins, laid out extensively in this book, have not
yet been successfully applied to make major inroads into the prevention and cure of
this disease. This represents the major frustration of contemporary cancer research:
the lessons of disease causation have rarely been followed, as day follows night, by the
development of definitive cures.

And yes, there are still major questions that remain murky and poorly resolved. We
still do not understand how cancer cells create the metastases that are responsible
for 90% of cancer-associated mortality. We understand rather little of the role of the
immune system in preventing cancer development. And while we know much about
the individual signaling molecules operating inside individual human cells, we lack
a clear understanding of how the complex signaling circuitry formed by these mol-
ecules makes the life-and-death decisions that determine the fate of individual cells
within our body. Those decisions ultimately determine whether or not one of our cells
begins the journey down the long road leading to cancerous proliferation and, finally,
to a life-threatening tumor.

Contemporary cancer research has enriched numerous other areas of modern bio-
medical research. Consequently, much of what you will learn from this book will be
useful in understanding many aspects of immunology, neurobiology, developmental
biology, and a dozen other biomedical research fields. Enjoy the ride!

Robert A. Weinberg
Cambridge, Massachusetts
March 2013



A Note to the Reader

he second edition of this book is organized, like the first, into 16 chapters of quite

different lengths. The conceptual structure that was established in the first edition
still seemed to be highly appropriate for the second, and so it was retained. What has
changed are the contents of these chapters: some have changed substantially since
their first appearance seven years ago, while others—largely early chapters—have
changed little. The unchanging nature of the latter is actually reassuring, since these
chapters deal with early conceptual foundations of current molecular oncology; it
would be most unsettling if these foundational chapters had undergone radical revi-
sion, which would indicate that the earlier edition was a castle built on sand, with little
that could be embraced as well-established, unchanging certainties.

The chapters are meant to be read in the order that they appear, in that each builds on
the ideas that have been presented in the chapters before it. The first chapter is a con-
densed refresher course for undergraduate biology majors and pre-doctoral students;
itlays out many of the background concepts that are assumed in the subsequent chap-
ters.

The driving force of these two editions has been a belief that modern cancer research
represents a conceptually coherent field of science that can be presented as a clear,
logical progression. Embedded in these discussions is an anticipation that much of
this information will one day prove useful in devising novel diagnostic and therapeutic
strategies that can be deployed in oncology clinics. Some experiments are described
in detail to indicate the logic supporting many of these concepts. You will find numer-
ous schematic drawings, often coupled with micrographs, that will help you to appre-
ciate how experimental results have been assembled, piece-by-piece, generating the
syntheses that underlie molecular oncology.

Scattered about the text are “Sidebars,” which consist of commentaries that represent
detours from the main thrust of the discussion. Often these Sidebars contain anec-
dotes or elaborate on ideas presented in the main text. Read them if you are inter-
ested, or skip over them if you find them too distracting. They are presented to provide
additional interest—a bit of extra seasoning in the rich stew of ideas that constitutes
contemporary research in this area. The same can be said about the “Supplementary
Sidebars,” which have been relegated to the DVD-ROM that accompanies this book.
These also elaborate upon topics that are laid out in the main text and are cross-refer-
enced throughout the book. Space constraints dictated that the Supplementary Side-
bars could not be included in the hardcopy version of the textbook.

Throughout the main text you will find extensive cross-references whenever topics
under discussion have been introduced or described elsewhere. Many of these have
been inserted in the event that you read the chapters in an order different from their
presentation here. These cross-references should not provoke you to continually leaf
through other chapters in order to track down cited sections or figures. If you feel that
you will benefit from earlier introductions to a topic, use these cross-references; oth-
erwise, ignore them.

Each chapter ends with a forward-looking summary entitled “Synopsis and Pros-
pects.” This section synthesizes the main concepts of the chapter and often addresses
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ideas that remain matters of contention. It also considers where research might go in
the future. This overview is extended by a list of key concepts and a set of questions.
Some of the questions are deliberately challenging and we hope they will provoke you
to think more deeply about many of the issues and concepts developed. Finally, most
chapters have an extensive list of articles from research journals. These will be useful
if you wish to explore a particular topic in detail. Almost all of the cited references are
review articles, and many contain detailed discussions of various subfields of research
as well as recent findings. In addition, there are occasional references to older publica-
tions that will clarify how certain lines of research developed.

Perhaps the most important goal of this book is to enable you to move beyond the text-
book and jump directly into the primary research literature. This explains why some of
the text is directed toward teaching the elaborate, specialized vocabulary of the cancer
research literature, and many of its terms are defined in the glossary. Boldface type
has been used throughout to highlight key terms that you should understand. Cancer
research, like most areas of contemporary biomedical research, is plagued by numer-
ous abbreviations and acronyms that pepper the text of many published reports. The
book provides a key to deciphering this alphabet soup by defining these acronyms.
You will find a list of such abbreviations in the back.

Also contained in the book is a newly compiled List of Key Techniques. This list will
assist you in locating techniques and experimental strategies used in contemporary
cancer research.

The DVD-ROM that accompanies the book also contains a PowerPoint® presentation
for each chapter, as well as a companion folder that contains individual JPEG files of
the book images including figures, tables, and micrographs. In addition, you will find
on this disc a variety of media for students and instructors: movies and audio record-
ings. There is a selection of movies that will aid in understanding some of the processes
discussed; these movies are referenced on the first page of the corresponding chapter
in a blue box. The movies are available in QuickTime and WMV formats, and can be
used on a computer or transferred to a mobile device. The author has also recorded
mini-lectures on the following topics for students and instructors: Mutations and the
Origin of Cancer, Growth Factors, p53 and Apoptosis, Metastasis, Inmunology and
Cancer, and Cancer Therapies. These are available in MP3 format and, like the mov-
ies, are easy to transfer to other devices. These media items, as well as future media
updates, are available to students and instructors at: http://www.garlandscience.com.
On the website, qualified instructors will be able to access a newly created Question
Bank. The questions are written to test various levels of understanding within each
chapter. The instructor’s website also offers access to instructional resources from all
of the Garland Science textbooks. For access to instructor’s resources please contact
your Garland Science sales representative or e-mail science@garland.com.

The poster entitled “The Pathways of Human Cancer” summarizes many of the intra-
cellular signaling pathways implicated in tumor development. This poster has been
produced and updated for the Second Edition by Cell Signaling Technology.

Because this book describes an area of research in which new and exciting findings
are being announced all the time, some of the details and interpretations presented
here may become outdated (or, equally likely, proven to be wrong) once this book is
in print. Still, the primary concepts presented here will remain, as they rest on solid
foundations of experimental results.

The author and the publisher would greatly appreciate your feedback. Every effort has
been made to minimize errors. Nonetheless, you may find them here and there, and
it would be of great benefit if you took the trouble to communicate them. Even more
importantly, much of the science described herein will require reinterpretation in
coming years as new discoveries are made. Please email us at science@garland.com
with your suggestions, which will be considered for incorporation into future editions.

PowerPoint is a registered trademark of the Microsoft Corporation in the United States
and/or other countries.
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