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Preface

Stem cells are of great interest to scientists and clinicians due to their unique
ability to differentiate into various tissues of the body. In addition to being a
promising source of cells for transplantation and regenerative medicine, they
also serve as an excellent model of vertebrate development. In the recent years,
the interest in stem cell research has spread beyond the scientific community to
the public at large as a result of heated political and ethical debate.

There are two broad categories of stem cells — “embryonic” and “adult.”
Embryonic stem cells — also known as “pluripotent” stem cells — are derived
from preimplantation-stage embryos and retain the capacity to grow in culture
indefinitely, as well as to differentiate into virtually all the tissues of the body.
Adult stem cells are found in most tissues of the adult organism; scientists are
beginning to learn how to isolate, culture, and differentiate them into a range of
tissue-specific types (and are thus considered multipotent).

Growing stem cells in culture and differentiating them on demand requires
specific skills and knowledge beyond basic cell culture techniques. We have
tried to assemble the most robust and current techniques (including both
conventional and novel methods) in the stem cell field and invited the world’s
leading scientists with hands-on expertise to write the chapters on methods they
are experts in or even established themselves. Volume 418, “Embryonic
Stem Cells,” offers a variety of know-how from derivation to differentiation
of embryonic stem cells, including such sought-after methods as human em-
bryonic stem cell derivation and maintenance, morula- and single blastomere-
derived ES cells, ES cells created via parthenogenesis and nuclear transfer, as
well as techniques for derivation of ES cells from other species, including
mouse, bovine, zebrafish, and avian. The second section of this volume covers
the recent advances in differentiation and maintenance of ES cell derivatives
from all three germ layers: cells of neural lineage, retinal pigment epithelium,
cardiomyocytes, haematopoietic and vascular cells, oocytes and male germ
cells, pulmonary and insulin-producing cells, among others.

Volume 419, “Adult Stem Cells,” covers stem cells of all three germ layers
and organ systems. The methods include isolation, maintenance, analysis, and
differentiation of a wide range of aduit stem cell types, including neural, retinal,
epithelial cells, dental, skeletal, and haematopoietic cells, as well as ovarian,
spermatogonial, lung, pancreatic, intestinal, throphoblast, germ, cord blood,
amniotic fluid, and placental stem cells.

xi
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Volume 420, “Tools for Stem Cell Research and Tissue Engineering,”

has collected specific stem cells applications as well as a variety of techniques,
" including gene trapping, gene expression profiling, RNAI and gene delivery,
embryo culture for human ES cell derivation, characterization and purifi-
cation of stem cells, and cellular reprogramming. The second section of this
volume addresses tissue engineering using derivatives of adult and embryonic
stem cells, including important issues such as immunogenicity and clinical
applications of stem cell derivatives.

Each chapter is written as a short review of the field followed by an easy-to-
follow set of protocols that enables even the least experienced researchers to
successfully establish the techniques in their laboratories.

We wish to thank the contributors to all three volumes for sharing their
invaluable expertise in comprehensive and easy to follow step-by-step proto-
cols. We also would like to acknowledge Cindy Minor at Elsevier for her
invaluable assistance assembling this three-volume series.

- IRINA KLIMANSKAYA
ROBERT LaNzA




Foreword

As stem cell researchers, we are frequently asked by politicians, patients,
reporters, and other non-scientists about the relative merits of studying em-
bryonic stem cells versus adult stem cells, and when stem cells will provide
novel therapies for human diseases. The persistence of these two questions and
the passion with which they are asked reveals the extent to which stem cells
have penetrated the vernacular, captured public attention, and become an icon
for the scientific, social, and political circumstances of our times.

Focusing first on the biological context of stem cells, it is clear that the
emergence of stem cells as a distinct research field is one of the most important
scientific initiatives of the ‘post-genomic’ era. Stem cell research is the con-
fluence between cell and developmental biology. It is shaped at every turn by
the maturing knowledge base of genetics and biochemistry and is accelerated
by the platform technologies of recombinant DNA, monoclonal antibodies,
and other biotechnologies. Stem cells are interesting and useful because of their
dual capacity to differentiate and to proliferate in an undifferentiated state.
Thus, they are expected to yield insights not only into pluripotency and differ-
entiation, but also into cell cycle regulation and other areas, thereby having an
impact on fields ranging from cancer to aging.

This directs us to why it is necessary to study different types of stem cells,
including those whose origins from early stages of development confers ethical
complexity (embryonic stem cells) and those that are difficult to find, grow, or
maintain as undifferentiated populations (most types of adult stem cells). The
question itself veils a deeper purpose for studying the biology of stem cells,
which is to gain a fundamental understanding of the nature of cell fate decisions
during development. We still have a relatively shallow understanding of how
stem cells maintain their undifferentiated state for prolonged periods and then
‘choose’ to specialize along the pathways they are competent to pursue.
Achieving a precise understanding of such ‘stemness’ and of differentiation
will require information from as wide a variety of sources as possible. This
process of triangulation could be compared to how global positioning satellites
enable us 1o locate ourselves: signal from a single satellite tells us relatively
little, and precision is achieved only when we acquire signals from three or
more. Similarly, it is necessary to study multiple types of stem cells and their
progeny if we are to evaluate the outcome of cellular development in vitro in
comparison with normal development.

xiii




Xiv FOREWORD

An answer to the question of when stem cells will yield novel clinical out-
comes requires us to define the likely therapeutic achievements. Of course,
adult and neonatal blood stem cells have been used in transplantation for many
years, and it is likely that new sources and applications for them will emerge
from current studies. It is less likely, however, that transplantation will be the
first application of research on other adult stem cell types or of research on the
differentiated progeny of embryonic stem cells. This reflects in part the degree
of characterization of such progeny that will be needed to ensure their long-
term safety and efficacy when transplanted to humans. It is their use as in vitro
cellular models that is more likely to pioneer novel clinical applications of the
specialized human cell types that can be derived from stem cells. These cells,
including cultured neurons, cardiomyocytes, kidney cells, lung cells, and nu-
merous others, will imminently provide a novel platform technology for drug
discovery and testing. The applications of such cellular models are likely to be
extensive, leading to development of new medicines for a myriad of human
health problems. The wide availability of these specialized human cells will also
provide an opportunity to evaluate the stability and function of stem cell
progeny in the Petri dish well before they are used in transplantation. Finally,
we should not overlook the importance of stem cells and their progeny as
models for understanding human developmental processes. While we cannot
foresee the impact of a profound understanding of human cellular differentia-
tion, it has the potential of transcending even the most remarkable applications
that we can imagine involving transplantation.

Despite the links of stem cell research to other fields of biology and to
established technologies, growing and differentiating stem cells systematically
in culture requires specific skills and knowledge beyond basic cell and devel-
opmental biology techniques. These Methods in Enzymology volumes include
the most current techniques in the stem cell field, written by leading scientists
with hands-on expertise in methods they have developed or in which they are
recognized as experts. Each chapter is written as a short review of outcomes
from the particular method, with an easy-to-follow set of protocols that should
enable less experienced researchers to successfully establish the method in
their laboratories. Together, the three volumes cover the spectrum of both
embryonic and adult stem cells and provide tools for extending the uses of stem
cells to tissue engineering. It is hoped that the availability and wide dissemina-
tion of these methods will provide wider access to the stem cell field, thereby
accelerating acquisition of the knowledge needed to apply stem cell research in
novel ways to improve our understanding of human biology and health.

ROGER A. PEDERSEN, PH.D.
PROFESSOR OF REGENERATIVE MEDICINE
UNIVERSITY OF CAMBRIDGE
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to be involved in insulin receptor signaling (GO:0008286). Predictions were made at a
precision of 25% or greater as described (Zhang, 2004). Of the nine predicted genes
(indicated by colored boxes in the left column), three have been trapped by members of the
IGTC (arrows). The genomic structure of these three genes, together with the position of gene
trap sequence tags are illustrated in the bottom panel.



