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Preface to the fourth edition

The first edition of this book, published in 1985 was
a testimony to the dramatic molecular revolution
that was taking place in biology and consequently
in cancer research at that time. The book evolved
from a series of introductory lectures developed to
help new students and research fellows that came
to work at the Imperial Cancer Research Fund
Laboratories in London to assimilate the rapidly
evolving body of knowledge on cancer. These
popular talks were designed to give the non-expert
a background to related areas of research and were
given by experts from within the Imperial Cancer
Research Fund, many of whom subsequently con-
tributed chapters to the first edition of the book.
Twenty years later, the need for a comprehensive
introduction to this broad field is even more
apparent and the introductory lectures at what is
now the Cancer Research UK London Research
Institute continue and are as popular as ever.
Today, laboratory science has begun to have a real
impact on clinical medicine and it is of utmost
importance that scientists have not only a broad
view of laboratory cancer research but also a good
understanding of the most up to date treatment
options. Similarly, it is essential that clinicians
treating the various types of neoplastic disease are
aware of developments in basic science and can
apply these appropriately. It is our view that only
when determined attempts to bridge the gap
between the laboratory and clinic are made by both
clinicians and scientists that rapid translation will
take place. Our objective has been to facilitate
acquisition of basic information on all aspects of
cancer research to facilitate this process.
Inevitably over the years, many authors of this
book have changed, some topics have become less
relevant and new topics have been added. How-
ever, we are delighted that the initiator of the series
and one of the editors of the first three editions of
the book has given advice during the planning of
this fourth edition and has again contributed to the

first chapter of the book. Sammy Franks was Ph.D.
supervisor to one of us (MK) and throughout his
career has encouraged young scientists to look
beyond the topic of their personal Ph.D. or post-
doctoral project to encompass the wider picture.
His care in selection of topics and authors for the
earlier editions of the book generated a compre-
hensive and readable text that has been used
extensively. In preparing this new edition we have
tried to keep his original goals in mind.

Our task in updating this has not been easy, not
least because of the unprecedented developments
in many areas of biology. There are many more
relevant and indispensable topics than before and
this creates a conflict with the size limitations for a
textbook of this kind. Perhaps the most difficult
aspect of modern biology, however, is the com-
plexity of current knowledge that seems to defy
simplification to the level of the ‘non-expert'.
Inevitably, this is more apparent in some areas
than in others and we are aware that the factual
content of the book has increased enormously. The
modern cell or molecular biologist faces a challen-
ging initiation into the field of cancer research.
Ultimately, however, the dramatic increase in
knowledge provides young scientists today with
the power to understand and manipulate the fun-
damental processes of life as never before. We
believe, and hope, that the reader will find, that the
obvious benefits in understanding complex biolo-
gical problems far outweigh the effort required to
assimilate the increased information content of this
volume.

We have expanded the number of chapters from
22 to 30 to include chapters that cover some of the
new technologies such as global analyses of the
genome, transcriptome, and proteome and more
recent concepts and discoveries in cell biology
such as the process of apoptosis, the rapid advances
made in understanding the finite or infinite
proliferative capacity of somatic cells and the
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epigenome. Huge strides have been made in our
understanding of genomic alterations in cancer cells
and these are reflected in an extensively updated
chapter on molecular cytogenetics. All chapters
with similar titles to the previous edition have been
completely rewritten or extensively updated. On
reviewing the final content of the book, one of the
most striking changes is the general acceptance by
authors of the identity of the key genes affecting
the processes they seek to elucidate. No longer
is identification of genes a critical issue but the
(almost entire) sequence of the human genome now
allows biologists to focus on biological processes
rather than detective work designed to find genes.
One of the striking observations is the diversity of
types of genes involved in cancer development that
is reflected in several chapters. Similarly, develop-
ments in novel cancer therapies now draw on many
areas of molecular biology and several are now
represented as separate chapters. This is indeed a

period of plenty in terms of what is known and
what is possible and the scope for new scientists
and clinicians to draw on this is unprecedented.
Authorship for this edition continues to represent
experts in each field of research but this now
extends beyond the confines of a single organiza-
tion to draw on expertise from around the world.
The assembly of such an impressive group of
experts in such a fast-moving area of research
ensures that the content is as up-to-date as possible
and we are indebted to all contributors for their
efforts. Inevitably, there will be omissions and
imbalances that will be felt more acutely by some
readers than others and we encourage readers to
comment and make suggestions for any future
editions of the book.

Leeds

January 2005 P.J.S.



Preface to the third edition

Successive editions of this book have mirrored
developments in cancer research and we hope that
this new edition will achieve our original objective
of providing a relatively brief but comprehensive
introduction to the initiation, development, and
treatment of cancer. On this background we have
tried to provide an introduction to the results and
new developments in the field using the current
techniques of cell and molecular biology. A fuller
understanding of the detail in some chapters needs
a basic knowledge of molecular biology which can
be found in several textbooks (e.g. Lodish et al.,
1995) but the general principles in each chapter
should be comprehensible without this. This edi-
tion has allowed us to bring up-to-date information
in fields in which there has been great activity and
even some achievement. In particular, the chapters
concerned with epidemiology, genetic and chro-
mosome changes, oncogenes, chemical and radia-
tion carcinogenesis, growth factors, the biology of
human leukaemia, and hormones and cancer, and
the Glossary have been rewritten or extensively
revised. Other chapters have been brought up-to-
date and new chapters on cytokines and cancer, the
molecular pathology of cancer, cancer prevention,
and screening have been added.

Gene nomenclature may cause some confusion
since although there is now a standardized format
it is not yet generally accepted by all workers in the
field. Many of the genes and oncogenes described
by some earlier workers have retained their origi-
nal format for historical reasons. Some genes were
discovered in mouse cells, others in humans, and
still others in viruses, and different names were
given to genes which are now known to be essen-
tially the same. Genes described for human cells are

* He was complaining to his wife about his porridge. She
hit him on the head.

now usually written in upper case, italic type and
their protein products in roman type. Mouse genes
are often given in lower case italic type, their pro-
ducts as for those of human genes; those from
Drosophilia are italicized with only the first letter
capitalized. Specific oncogenes may be cited by a
lower case first letter (c for cellular, v for viral),
followed by a hyphen, and then the gene name in
italic type. However, there may be further modifier
terms. For the most part, we have tried to maintain
some degree of consistency but in some chapters
we have retained the original format if this is still
used by many workers.

The apparently inevitable increase in girth that
seems to accompany middle age has had its effect
on the book which is somewhat larger than its
predecessors but we hope that the increase in
information will compensate.

As one of the philosophers in The Crock of Gold
(Stephens 1931) commented ‘Perfection is finality;
finality is death. Nothing is perfect. There are
lumps in it.”* No doubt there are lumps, and errors,
and omissions in this new edition. We should be
pleased to have comments and suggestions for
their correction.

References

Lodish, H., Baltimore, D., Berk, A., Zipursky, S. L.,
Matsudaira, P., Darnell, J. (1995). Molecular Cell Biology.
Scientific American Books, W. H. Freeman, New York.

Stephens, J. (1931). The Crock of Gold. Macmillan, London.

London

L.M.F.
June 1996 N.M.T.



Preface to the second edition

The second edition of this book—prepared sooner
than we had expected—has given us an opportu-
nity to correct some of the faults and errors pointed
out by our readers and reviewers, as well as
allowing us to bring the book up-to-date in a
number of areas in which there have been rapid
developments. In particular the chapters on the
genetic and chromosomal changes, growth factors,
immunotherapy, and epidemiology have been
expanded and more information on viral and che-
mical carcinogenesis added to the appropriate
sections. We have also clarified and added new
information to most of the other chapters.

At some stage all authors and editors of intro-
ductory textbooks are faced with the awful choice
of deciding what to leave out. When does com-
pleteness conflict with comprehension? Is the

omission of this and that piece of information really
a mortal sin or could the distinguished reviewer
who pointed it out just happen to have been told
about it by a passing graduate student? In the end
of course we did what all editors must do and
made our own choice.

We hope that this second edition will continue to
be of use to its readers as an introduction to cancer
studies and as a source of further information
either in key references or in specialized reviews
such as Cancer Surveys.

We should still appreciate comments and sug-
gestions for further improvement.

London

L.M.F.
January 1990 N.M.T.



Preface to the first edition

Cancer holds a strange place in modern mythology.
Although it is a common disease and it is true to
say that one person in five will die of cancer, it
is equally true to say that four out of five die of
some other disease. Heart disease, for example, a
much more common cause of death, does not seem
to carry with it the gloomy overtones, not always
justifiable, of a diagnosis of cancer. This seems to
stem largely from the fact that we had so little
knowledge of the cause of a disease which
seemed to appear almost at random and proceed
inexorably. At the turn of the century, when the
ICRF was founded (in 1902), the clinical behaviour
and pathology of the more common tumours was
known but little else. Over the years clinicians,
laboratory scientists and epidemiologists estab-
lished a firm database. The behaviour patterns of
many tumours, and in some cases even the causal
agents, were known but how these agents trans-
formed normal cells and influenced tumour cell
behaviour remained a mystery.

The development of molecular biology opened
up a major new approach to the molecular analysis
of normal and tumour cells. We can now ask and
begin to answer questions particularly about the
genetic control of cell growth and behaviour that
have a bearing on our understanding not only of
the family of diseases that we know as cancer but of
the whole process of life itself. It is this, as much as
finding a cause and cure for the disease, that gives
cancer research its importance.

The initiating event which ultimately led to the
publication of this book was the realization that
many graduate students and research fellows who
came to work in our Institute, although highly
specialized in their own fields, had relatively little
knowledge of cancer and there were few suitable
textbooks to which they could be referred. Con-
sequently, regular introductory courses were orga-
nized for new staff members at which ‘experts’
were asked to give a general introduction to their

particular field of study. The talks were designed to
give a background for the non-expert, as for example,
molecular biology for the morphologist or cell biol-
ogy for the protein chemist. The courses proved to be
very popular. This book follows a similar pattern and
has many of the same contributors—hence the fact
that most are, or have been, connected with the
Imperial Cancer Research Fund.

After a general introduction describing the
pathology and natural history of the disease, each
section gives a more detailed, but nevertheless
general, survey of its particular area. We have tried
to present principles rather than a mass of infor-
mation, but inevitably some chapters are more
detailed than others. Each chapter gives a short list
of recommended reading which provides a source
for seekers of further knowledge.

The topics covered have been selected with some
care. Although some, particularly those concerned
with treatment, may not at first glance appear to be
directly related to cell and molecular biology, we
feel that a knowledge of the methods used must
give a wider understanding of the practical pro-
blems which may ultimately prove to be solvable
by the application of modern scientific technology.
On the other hand, knowledge of inherent cell
behaviour (e.g. radiosensitivity, cell cycling,
development of drug resistance, etc.) is important
for the design of novel therapeutic approaches that
rely less on empirical considerations.

Despite differences in the levels of technical
details presented in some chapters, we hope that all
are comprehensible. We have provided a fairly
comprehensive glossary so that if some terms are
not explained adequately in the text, do try the
glossary. Finally, the editors would appreciate any
comments, suggestions or corrections should a
second edition prove desirable.

London L.M.F.
December 1985 N.M.T.
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CHAPTER 1

What is cancer?

Leonard M. Franks and Margaret A. Knowles
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1.2 Normal cells and tisSUBS. . . . . . o oottt e 2
1.3 Control of growth in normal tissues . . ... ... ... e 3
1.4 The cell aycle. . ..o e e 4
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1.6 The process of CarCiNOgENESIS . . . . . . .ottt e e e e e e e e e e e e 5
1.6.1  Genes involved in carCinOgENESIS . . . . . ottt e 6
1.7 Factors influencing the development of cancers .. ........ ... ... ... . ... . . . 7
1.8 Genetic instability, clonal selection, and tumour evolution . ......... ... ... . ... .. . . . . 9
1.8.1 Selection of altered clones . . . .. ... 10
1.8.2  Tumour clonality. . ... ... 12
1.9 TUMOUN diagnosis . . . . oottt et e e e e e e e e e e e e 15
1.9.17  Benign tUmOUIS . . . .. oot e e e 15
1.9.2  Malignant tumoOUTS. . . . . .. e e 16
1.10  Tumour NomMeENClature. . . . ... e 16
1.10.1 Tumours of epithelium . . . . . ... .. e 17
1.10.2 Tumours of mesenchyme . . . ... ... 19
1.10.3 Tumours of the haemato-lymphoid system . . . ... ... ... . . . . . 19
1.10.4 Tumours of the Nervous system . . . . .. ... e 19
1.10.5 Germ cell tUMOUrS . . . . 20
1.10.6 Tumours showing divergent differentiation . . ....... ... ... ... .. . . . . . 20
1.10.7 Tumour staging and the spread of tumours (metastasis). . ... ........ ... .. 21
1.11 How tumours present: some effects of tumoursonthebody. ... ... ... ... ... ... ... ... ...... ... 21
1.12 How does cancer Kill? . .. ... e 21
1,13 Treatment Of CanCer . . . ..o e 22
1.14 Cancer prevention and SCreENING. . . . . o oo e e e e e e e e e e e 22
1.15 Experimental methods in cancer research . .. ... .. .. e 23
116 CONCIUSIONS . . . . e e e 23

1.1 Introduction

Cancer has been known since human societies first
recorded their activities. It was well known to the
ancient Egyptians and to succeeding civilizations
but, as most cancers develop in the latter decades of
life, until the expectation of life began to increase
from the middle of the nineteenth century onwards,
the number of people surviving to this age was
relatively small. Now that the infectious diseases,
the major causes of death in the past, have been

controlled by improvements in public health and
medical care, the proportion of the population at
risk of cancer has increased dramatically. Although
diseases of the heart and blood vessels are still the
main cause of death in our ageing population,
cancer is now a major problem. At least one in three
will develop cancer and one in four men and one in
five women will die from it. For this reason, cancer
prevention and control are major health issues.
However, cancer research has wider significance.
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Cancer is not confined to man and the higher
mammals but affects almost all multicellular organ-
isms, plants as well as animals. Since it involves dis-
turbances in cell proliferation, differentiation, and
development, knowledge of the processes under-
lying this disease help us to understand the very
basic mechanisms of life.

About 140 years ago a German microscopist,
Johannes Mueller, showed that cancers were made
up of cells, a discovery which began the search for
changes which would help to pinpoint the specific
differences between normal and cancer cells. In the
intervening period a huge amount of information
has been acquired about the cancer cell. In the past
two decades in particular, rapid technological
progress has allowed us to begin to dissect the
cancer genome, transcriptome, and proteome in
unprecedented detail and today there seems no
limit to the amount of information that can be
obtained. However, this does not naturally answer
all of the questions posed by those early cancer
biologists. Some fundamental questions remain
unanswered, despite our technical prowess and the
availability of commercial ‘kits" for most basic
assays. Even the most advanced technology is of no
value if it is not applied appropriately and it is still
too early for the benefits of some recent technical
advances to be clear. In the past, some of the major
questions for the cancer biologist concerned what
types of experiments were possible and the develop-
ment of new techniques to extend these possibil-
ities formed a major part of the work done. Now
that almost anything seems technically possible, the
key issue for the twenty-first century biologist is to
identify the right questions to ask. This can make
the difference between a deluge of uninterpretable
data and a real improvement in understanding.
This book does not aim to identify what these
‘right’ questions are but to provide an introduction
to current understanding of cancer, its causes,
biology, and treatment. However, we do indicate
areas in which new and exciting discoveries are
being made and those in which key questions
remain unanswered.

Cancer is a disorder of cells and although it
usually appears as a tumour (a swelling) made up
of a mass of cells, the visible tumour is the end
result of a whole series of changes which may have
taken many years to develop. In this chapter, we
discuss in general terms what is known about the
changes that take place during the process of
tumour development, consider tumour diagnosis

and nomenclature, and provide some definitions.
Succeeding chapters deal with specific aspects in
more detail.

1.2 Normal cells and tissues

The tissues of the body can be divided into four
main groups: the general supporting tissues col-
lectively known as mesenchyme; the tissue-specific
cells—epithelium; the ‘defence’ cells—the haemato-
lymphoid system; and the nervous system. The
mesenchyme consists of connective tissue—
fibroblasts which make collagen fibres and asso-
ciated proteins, bone, cartilage, muscle, blood
vessels, and lymphatics. The epithelial cells are the
specific, specialized cells of the different organs, for
example, skin, intestine, liver, glands, etc. The
haemato-lymphoid system consists of a wide group
of cells, mostly derived from precursor cells in the
bone marrow which give rise to all the red and
white blood cells. In addition, some of these cells
(Iymphocytes and macrophages) are distributed
throughout the body either as free cells or as fixed
constituents of other organs, for example, in the
liver, or as separate organs such as the spleen and
lymph nodes. Lymph nodes are specialized
nodules of lymphoid cells, which are distributed
throughout the body and act as filters to remove
cells, bacteria, and other foreign matter. The nerv-
ous system is made up of the central nervous sys-
tem (the brain and spinal cord and their coverings)
and the peripheral nervous system, which is com-
prised of nerves leading from these central struc-
tures. Thus, each tissue has its own specific cells,
usually several different types, which maintain the
structure and function of the individual tissue.
Bone, for example, has one group of cells respons-
ible for bone formation and a second group
responsible for bone resorption and remodelling
when the need arises, as in the repair of fractures.
The intestinal tract has many different epithelial
cell types responsible for the different functions of
the bowel, and so on.

The specific cells are grouped in organs which
have a standard pattern (Figure 1.1). There is a layer
of epithelium, the tissue-specific cells, separated
from the supporting mesenchyme by a semi-
permeable basement membrane. The supporting
tissues (or stroma) are made up of connective tissue
(collagen fibres) and fibroblasts (which make
collagen), which may be supported on a layer of
muscle and/or bone depending on the organ. Blood
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Figure 1.1 A typical tissue showing epithelial and mesenchymal components.

vessels, lymphatic vessels, and nerves pass through
the connective tissue and provide nutrients and
nervous control among other things for the specific
tissue cells. In some instances, for example, the skin
and intestinal tract, the epithelium which may be
one or more cells thick depending on the tissue,
covers surfaces. In others it may form a system of
tubes (e.g. in the lung or kidney), or solid cords (e.g.
liver), but the basic pattern remains the same. Dif-
ferent organs differ in structure only in the nature of
the specific cells and the arrangement and distri-
bution of the supporting mesenchyme.

1.3 Control of growth in normal
tissues

The mechanism of control of cell growth and pro-
liferation is one of the most intensively studied
areas in biology. It is important to make the dis-
tinction between the terms ‘growth” and ‘prolifera-
tion’. Growth is used here to refer to an increase in
size of a cell, organ, tissue, or tumour and prolif-
eration to an increase in the number of cells by
division. ‘Growth’ is often used as a loose term
for both of these processes but the distinction is
particularly important now that factors controlling
both of these processes are becoming clear. In nor-
mal development and growth there is a very precise
mechanism that allows individual organs to reach a
fixed size, which for all practical purposes, is never
exceeded. If a tissue is injured, the surviving cells in
most organs begin to divide to replace the damaged
cells. When this has been completed, the process
stops, that is, the normal control mechanisms

persist throughout life. Although most cells in the
embryo can proliferate, not all adult cells retain this
ability. In most organs there are special reserve or
stem cells, which are capable of dividing in
response to a stimulus such as an injury to replace
organ-specific cells. The more highly differentiated
a cell is, for example, muscle or nerve cells, the more
likely it is to have lost its capacity to divide. In some
organs, particularly the brain, the most highly dif-
ferentiated cells, the nerve cells, can only proliferate
in the embryo, although the special supporting
cells in the brain continue to be able to proliferate.
A consequence of this, as we shall see later, is that
tumours of nerve cells are only found in the very
young and tumours of the brain in adults are
derived from the supporting cells.

In other tissues there is a rapid turnover of cells,
particularly in the small intestine and the blood and
immune system. A great deal of work has been
done on the control of stem cell growth in the red
and white cells (haemopoietic system), and the
relationship of the factors involved in this process
to tumour development (Chapter 18). For reasons
that are still unclear, rapid cell division itself is not
necessarily associated with an increased risk of
tumour development, for example, tumours of the
small intestine are very rare.

In the embryo there is a range of stem cells, some
cells capable of reproducing almost any type of cell
and others with a limited potential for producing
more specific cells, for example, liver or kidney. In
the adult, there is now unequivocal evidence for
the existence of stem cells capable of perpetuat-
ing themselves through self-renewal to generate
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specialized cells of particular tissues. Striking par-
allels exist between the properties of stem cells and
cancer cells. This, together with the potential for the
use of human stem cells in various types of regen-
erative medicine, makes this a very active area of
research (Reya et al., 2001).

Control of organ or tissue size is achieved via
a fine balance between stimulatory and inhibitory
stimuli. When the balance is shifted, for example,
when the tissue is damaged and repair is needed,
when a specific physiological stimulus is appl-
ied, for example, hormonal stimulation or because
extra work is required from an organ, the compon-
ent cells may respond in one of two ways to achieve
these objectives. This may be by hypertrophy, that
is, an increase in size of individual components,
usually of cells which do not normally divide. An
example is the increase in size of particular muscles
in athletes. The alternative is hyperplasia, that is, an
increase in number of the cells. When the stimulus
is removed, commonly the situation returns to
the status quo as exemplified by the rapid loss of
muscle mass in the lapsed athlete. Some of the
stimuli that lead to these compensatory responses
are well-known growth factors and hormones
that are discussed in more detail in Chapters 11, 14,
and 15. Recent work on the insulin/IGF (insulin-
like growth factor) system, particularly in the
fruit fly Drosophila, has demonstrated that this
plays a pivotal role in the control of organ and
organism size (Oldham and Hafen, 2003). It is of
note that several molecules involved in these
processes are known to act as oncogenes or to be
dysregulated in cancer. For example, IGFs are
commonly overexpressed and the phosphoinosi-
tide 3-kinase (PI3K) pathway, which is activated
by insulin/IGF signalling, is functionally disrupted
in various ways in cancer cells (Vivanco and
Sawyers, 2002).

1.4 The cell cycle

The way in which cells increase in number is sim-
ilar for all somatic cells and involves the growth of
all cell components (increase in cell mass) followed
by division to generate two daughter cells.
Although the structural changes which take place
during this process, the cell cycle, have been known
for many years, our current detailed knowledge of
the molecular basis of the process has only been
acquired in the past two decades. Four stages

are recognized: G1, S, G2, and M. Following a
proliferative stimulus, G1 is a gap or pause after
stimulation where little seems to be happening.
However, if the cell is destined to divide, there is
much biochemical activity in G1 in preparation for
DNA replication. S is the phase of DNA synthesis,
where the chromosomes are replicated and other
cell components also increase. G2 is a second gap
period following DNA synthesis and M is the stage
of mitosis in which the nuclear membrane breaks
down and the condensed chromosomes can be
visualized as they pair and divide prior to division
of the cytoplasm to generate two daughter cells.
A further cell cycle phase is recognized, GO, which
is a resting phase in which non-cycling cells rest
with a G1 DNA content. Progression through the
cell cycle is now known to be restricted at specific
checkpoints, one in G1 and others in S and G2/M.
These provide an opportunity for cells to be
diverted out of the cycle or to programmed cell
death (apoptosis) if, for example, there is DNA
damage or inappropriate expression of oncogenic
proteins. Disruption of these cell cycle checkpoints
or alterations to key cell cycle proteins are found
in many, if not all, cancers. A detailed discussion
of the cell cycle, its regulation and disruption in
cancer is given in Chapter 9.

1.5 Tumour growth or neoplasia

It is not possible to define a tumour cell in absolute
terms. Tumours are usually recognized by the fact
that the cells have shown abnormal proliferation,
so that a reasonably acceptable definition is that
tumour cells differ from normal cells in their lack of
response to normal control mechanisms. Since
there are almost certainly many different factors
involved, the altered cells may still respond to some
but not to others. A further complication is that
some tumour cells, especially soon after the cells
have been transformed from the normal, may not
be dividing at all. In the present state of knowledge
any definition must be ‘operational’. Given these
qualifications we can classify tumours into three
main groups:

(1) Benign tumours may arise in any tissue, grow
locally, and cause damage by local pressure or
obstruction. However, the common feature is that
they do not spread to distant sites.

(2) In situ tumours usually develop in epithelium
and are usually but not invariably, small. The cells



have the morphological appearance of cancer cells
but remain in the epithelial layer. They do not
invade the basement membrane and supporting
mesenchyme. Various degrees of dysplasia, that is,
epithelial irregularity but not identifiable as cancer
in situ are recognized in some tissues and these
may sometimes precede cancer in situ. Theoretic-
ally, cancers in situ may arise also in mesenchymal,
haemato-lymphoid, or nervous tissue but they
have not been recognized.

(3) Cancersare fully developed (malignant) tumours
with a specific capacity to invade and destroy the
underlying mesenchyme (local invasion). The
tumour cells need nutrients via the bloodstream
and produce a range of proteins that stimulate the
growth of blood vessels into the tumour, thus
allowing continuous growth to occur (Chapter 17).
The new vessels are not well formed and are easily
damaged so that the invading tumour cells may
penetrate these and lymphatic vessels. Tumour
fragments may be carried in these vessels to local
lymph nodes or to distant organs where they
may produce secondary tumours (metastases)
(Chapter 16). Cancers may arise in any tissue.
Although there may be a progression from benign
to malignant, this is far from invariable. Many benign
tumours never become malignant. Some of these
problems of definition may be more easily under-
stood if we consider the whole process of tumour
induction and development (carcinogenesis).
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1.6 The process of carcinogenesis

Carcinogenesis (the process of cancer develop-
ment) is a multistage process (Figure 1.2). In an
animal, the application of a cancer-producing agent
(carcinogen) does not lead to the immediate produc-
tion of a tumour. Cancers arise after a long latent
period and multiple carcinogen treatments are more
effective than a single application. Experiments
carried out on mouse skin in the 1940s by Berenblum
and Shubik (reviewed by Yuspa, 1994) indicated
that at least three major stages are involved. The
first was termed initiation and was found to involve
mutagenic effects of the carcinogen on skin stem
cells. The second stage, which can be induced by a
variety of agents that are not directly carcinogenic
in their own right, was termed promotion. Fol-
lowing chronic treatment of carcinogen-initiated
mouse skin with promoting agents, papillomas
(benign skin tumours) arise. The major effect of
promoters seems to be their ability to promote
clonal expansion of initiated cells. Finally in the
third stage, progression, some of these benign
tumours either spontaneously or following addi-
tional treatment with carcinogens, progress to
invasive tumours. The terms coined to describe this
animal model are still commonly applied to describe
the process of carcinogenesis in man.

The mouse skin model indicated that carcino-
genesis is a multistep process and clearly this is
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Figure 1.2 Tumour development showing progression from normal to invasive tumour via accumulation of heritable changes over a long
period of time. The rate of acquisition of these changes will be influenced by environmental exposures and host response.



6 CELLULAR AND MOLECULAR BIOLOGY OF CANCER

also the case for human cancer. For example, most
solid tumours of adults arise in the later decades of
life, usually a long time after exposure to a specific
carcinogenic insult or after a long period of con-
tinuous exposure and this can be explained in
terms of the requirement for several distinct herit-
able changes. The nature of some of these changes
is now known in detail and is discussed at length in
several of the following chapters. These include
genetic alterations to proto-oncogenes and tumour
suppressor genes (Chapters 7 and 8) and epigenetic
alterations (Chapter 5). Histopathological observa-
tions also provide evidence for a long preneoplastic
period, sometimes with morphologically identifi-
able lesions such as benign tumours or in situ
dysplasia, which may persist for many years and
within which a malignant tumour eventually
arises.

The latent period between initiation and the
appearance of tumours is great. In man, after
exposure to industrial carcinogens, it may take over
20 years before tumours develop. Even in animals
given massive doses of carcinogens, it may take up
to a quarter or more of the total lifespan before
tumours appear. The requirement for acquisition of
multiple events is the likely explanation for this. In
the tumour that finally emerges, most of the genetic
and epigenetic changes seen are clonal, that is they
are present in the entire population of cells. It is
likely that a series of selective phases of clonal
expansion takes place in the tumour such that after
each event, there is outgrowth of a clone of cells
with a selective advantage. Evidence for this has
come from studies on many tissues