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Preface to the sixth edition

Haematology continues to advance and change more rapidly
than most areas of medicine. This sixth edition of Postgraduate
Haematology includes much knowledge that has been gained in
the five years since the previous edition. Professor Tony Green
of the Department of Haematology, University of Cambridge
has joined the editors of the last edition to help cover malignant
diseases, where major changes have occurred in their classifica-
tion (WHO, 2008) and in diagnostic procedures and treatment
protocols. Haematological oncology now forms the major
workload for many consultant haematologists. Nevertheless,
benign conditions are a major source of work for the general
haematologist and chapters concerning all these conditions
have been extensively updated, often by new authors.

Despite increased understanding of the molecular basis of
haematological diseases and advances in their investigation and
management, we have kept the size of the book unchanged by
omitting ten chapters from the fifth edition and incorporating
their essential information into the remaining chapters.

As for previous editions, this book is aimed at providing
haematologists in training and consultants with up-to-date
knowledge of the aetiology of blood diseases combined with a
practical guide to their investigation and treatment. The views
expressed are those of the individual authors but relevant litera-
ture is listed at the end of each chapter to provide additional
reference material.

Many of our authors are based outside the UK, particularly
in Europe and the USA, and we hope this book will be used by
haematologists practising in the UK, Europe and internation-
ally. We are grateful to our publishers Wiley-Blackwell for their
unstinting help during the publishing process and particularly
to Rebecca Huxley and Jennifer Seward. We also thank Jane
Fallows who, as previously, has with great expertise drawn all
the scientific diagrams.

London and Cambridge, 2011
AVH, DC, EGDT, ARG

Xi



Preface to the first edition

In this book the authors combine an account of the physiologi-
cal and biochemical basis of haematological processes with
descriptions of the clinical and laboratory features and manage-
ment of blood disorders. Within this framework, each author
has dealt with the individual subjects as he or she thought
appropriate. Because this book is intended to provide a founda-
tion for the study of haematology and is not intended to be a
reference book, it reflects, to some extent, the views of the
individual authors rather than providing comprehensive detail
and a full bibliography. For these the reader is referred to the
selected reading given at the end of each chapter. It is hoped
that the book will prove of particular value to students taking
either the Primary or the Final Part of the examination for
Membership of the Royal College of Pathologists and the
Diplomas of Clinical Pathology. It should also prove useful to
physicians wishing to gain special knowledge of haematology
and to technicians taking the Advanced Diploma in Haematology
of the Institute of Medical Laboratory Technology, or the
Higher National Certificate in Medical Laboratory subjects.
We wish to acknowledge kind permission from the editors
and publishers of the British Journal of Haematology, the Journal

xii

of the Royal College of Physicians of London and the Quarterly
Journal of Medicine for permission to reproduce figures 4.1, 4.5,
4.10, 4.11, 4.12, 9.4 and 9.10, also the publishers of Progress in
Haematology for figure 7.2, and many other publishers who,
together with the authors, have been acknowledged in the text.
We are particularly grateful to Professor J.V. Dacie for provid-
ing material which formed the basis of many of the original
illustrations in Chapters 4-8. We are greatly indebted to Mrs T.
Charalambos, Mrs J. Cope and Mrs D. Haysome for secretarial
assistance and to Mrs P. Schilling and the Department of
Medical Ilustration for photomicrography, art work and
general photography.

Finally, we are grateful for the invaluable help and forbear-
ance we have received from Mr R. Emery and William
Heinemann Medical Books.

London, 1972
AVH
SML



CHAPTER 1

Stem cells and haemopoiesis

Elaine Dzierzak

Erasmus Stem Cell Institute, Erasmus Medical Centre, Rotterdam, The Netherlands
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Adult bone marrow microenvironment, 6

Microenvironments important for haemopoietic
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Haemopoietic regenerative and replacement
therapies, 8

Stem cell transplantation, 8

New sources of HSCs for transplantation, 8

Selected bibliography, 10

Introduction

Haemopoietic stem cells (HSCs) are the foundation of the adult
blood system and sustain the lifelong production of all blood
lineages. These rare cells are generally defined by their ability to
self-renew through a process of asymmetric cell division, the
outcome of which is an identical HSC and a differentiating cell.
Through a series of proliferation and differentiation events,
mature blood cells are produced. In health, HSCs provide
homeostatic maintenance of the system through their ability to
generate the hundreds of millions of erythrocytes and leuco-
cytes needed each day. In trauma and physiological stress, HSCs
are triggered to replace the lost or damaged blood cells. The
tight regulation of HSC self-renewal ensures the appropriate
balance of blood cell production. Perturbation of this regula-
tion and unchecked growth of HSCs and/or immature blood
cells results in leukaemia. Over the last 50 years, bone marrow
transplantation, and more recently cord blood transplantation,
have underscored the medical value of stem cell regenerative
therapy. However, insufficient numbers of HSCs are still a
major constraint in clinical applications. As the pivotal cells in
this essential tissue, HSCs are the focus of intense research to
further our understanding of their normal behaviour and the
basis of their dysfunction in haemopoietic disease and leukae-
mia, and to provide insights and new strategies into improved
clinical transplantation therapies. This chapter provides current
and historical information on the organization of the adult
haemopoietic cell differentiation hierarchy, the ontogeny of
HSCs, the stromal microenvironment supporting these cells,

Postgraduate Haematology: 6th edition. Edited by A. Victor Hoffbrand,
Daniel Catovsky, Edward G.D. Tuddenham, Anthony R. Green
© 2011 Blackwell Publishing Ltd.

and the molecular mechanisms involved in the regulation
of HSC:s.

Hierarchical organization and lineage
relationships in the adult haemopoietic
system

The haemopoietic system is the best-characterized cell lineage
differentiation hierarchy and, as such, has set the paradigm for
the growth and differentiation of tissue-specific stem cells
(Table 1.1). HSCs are defined by their high proliferative poten-
tial, ability to self-renew and potential to give rise to all haemo-
poietic lineages. HSCs produce immature progenitors that
gradually and progressively, through a series of proliferation
and differentiation events, become restricted in lineage differ-
entiation potential. Such restricted progenitors produce the
terminally differentiated functional blood cells.

The lineage relationships of the variety of cells within the
adult haemopoietic hierarchy (Figure 1.1) are based on results
of in vivo transplantation assays in radiation chimeric mice
and many in vitro differentiation assays that became available
following the identification of haemopoietic growth factors.
These assays facilitated measurement of the maturational pro-
gression of stem cells and progenitors, at or near the branch
points of lineage commitment. Clonal analyses, in the form of
colony-forming unit (CFU) assays, were developed to define the
lineage differentiation potential of the stem cell or progenitor,
and to quantitate the number/frequency of such cells in the
population as a whole. In general, the rarer a progenitor is and
the greater its lineage differentiation potential, the closer it is in
the hierarchy to the HSC. In vitro clonogenic assays measure
the most immature progenitor CFU-GEMM/Mix (granulocyte,
erythroid, macrophage, megakaryocyte), bipotent progenitors
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Table 1.1

Transcription factors involved in haemopoietic and
progenitor cell formation, survival and differentiation

Cell Transcription factors

SCL/TAL-1; LMO2/RBTN-2
RUNX-1/AML-1; TEL-1

Stem cells from mesoderm

Generate and/or maintain stem
cells

MLL; GATA2*

PU.1; C/EBPa, C/EBPe

GFI-1, EGR-1, NAB2

Myelopoiesis

Erythroid/megakaryocyte/mast GATA2
cells

Erythropoiesis, GATA2; GATA1; FOG1
megakaryopoeisis

Lymphopoiesis SCL; EKLF; p45NF-E2

IKAROS1

B E2A; EBF; PAX5

Plasma cell BLIMP1

T CSL; GATA3, T-BET, NFATc

Immunophenotype of haemopoietic stem cells

Positive Negative

CD34 CD33

Thyl CD38

AC133 Lineage markers
cKIT HLA DR

“Based on mouse studies.

CFU-GM (granulocyte, macrophage) and restricted progeni-
tors CFU-M (macrophage), CFU-G (granulocyte), CFU-E
(erythroid) and BFU-E (burst forming unit-erythroid). While
such in vitro clonogenic assays measure myeloid and erythroid
potential, lymphoid potential is revealed only in fetal thymic
organ cultures and stromal cell co-cultures in which the
appropriate microenvironment and growth factors are present.
Long-term culture assays (6-8 week duration), such as the
cobblestone-area forming cell (CAFC) and the long-term cul-
ture-initiating cell (LTC-IC) assays, reveal the most immature
of haemopoietic progenitors.

In vivo, the heterogeneity of the bone marrow population of
immature progenitors and HSCs is reflected in the time periods
at which different clones contribute to haemopoiesis. Short-
term in vivo repopulating haemopoietic progenitor cells such as
CFU-S (spleen) give rise to macroscopic erythromyeloid colo-
nies on the spleen within 14 days of injection. Bona fide HSCs
give rise to the long-term high-level engraftment of all haemo-
poietic lineages. Serial transplantations reveal the ability of the
long-term repopulating HSCs to self-renew. The clonal nature

of engraftment and the multilineage potential of HSCs has been
demonstrated through radiation and retroviral marking of bone
marrow cells. Moreover, such studies suggest that, at steady
state, only a few HSC clones contribute to the haemopoietic
system at any one time. Further analyses of bone marrow HSCs
show that this compartment consists of a limited number
of distinct HSC subsets, each with predict