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Over the past decade, stem cell biology has been a domi-
nant theme in biomedical research. Its prominence is due
not only to the potential of employing stem cells in the
treatment of many otherwise intractable diseases, but also to
the public furor that has arisen because of the use of human
embryos as the source of many lines of stem cells. The
debate over the source and use of stem cells has been espe-
cially acrimonious in some political and religious circles,
but even as the debate has continued. new recent techno-
logical developments have altered its character. Beneath the
public aspect of the debate and discussion about stem cells,
intense research activity has been taking place in laborato-
ries throughout the world. The pace of progress in the field
of stem cell biology has been breath-taking, in part because
it is a new field, but also because of the relatively recent
development of tools in the fields of molecular and cell biol-
ogy that have direct application to stem cell research.

Despite the fact that in the field of hematology the exist-
ence of stem cells has been widely accepted for decades.
the biomedical research community was for many years
quite resistant to the notion. Since the major breakthroughs
of the 1990s and early years of this century, however, the
pendulum has swung the other way, and currently optimism
about the therapeutic applications of stem cells. and even
their existence in certain tissues and organs, has led to often
unrealistic expectations in the eyes of both the public and
the scientific community about the potential application of
stem cell therapy for the treatment of human disease in the
near future.

Within the past decade a new field, called regenerative
medicine, has been created. It is now represented by research
institutes or large interdisciplinary groups in almost all major
medical centers throughout the world. A prime goal of regen-
erative medicine is to restore damaged tissues and organs
through the applications of stem cell therapy. usually in com-
bination with techniques of tissue engineering, especially in
situations where natural biological regenerative processes are
not sufficiently well developed to produce effective repair.
The application of techniques of regenerative medicine typi-
cally involves the production of an artificial substrate or tis-
sue matrix by tissue engineers and then the seeding of that
matrix by stem cells before it is introduced into a patholog-
ical site within the body. In a number of cases, this is fol-
lowed by the reconstruction within the body of a regenerated
tissue that bears a remarkable similarity in both structure
and function to the original tissue that had been damaged. In
other cases, however, such faithful restitution does not occur,

but yet, e.g. in the heart, some functional improvement may
take place. Much yet remains to be learned about what hap-
pens after stem cells have been introduced into the body.

A major consideration in stem cell therapy is the source
of stem cells. Although embryonic stem cells have the poten-
tial to differentiate into a large variety of specialized cell
types, many biological issues, such as controlling the path-
way of differentiation both before and after implantation into
the body, face researchers. Naturally occurring stem cells
have been found in an increasing number of adult tissues and
organs, but other problems face those who wish to use these
as sources of stem cell therapy. These include obtaining suf-
ficient numbers of adult stem cells, as well as a relatively
limited repertoire for differentiation in most types of adult
stem cells.

Considerable research effort has gone into defining
at both a cellular and molecular level what makes a cell
behave as a stem cell. The results of this research have not
only allowed better definitions of stem cell characteristics
and better control over their behavior, but this information
has provided the basis for the recent reports of conversion
of certain types of adult cells into cells with many of the
characteristics of embryonic stem cells.

This volume is a collection of chapters by leaders in the
stem cell field. They place in perspective both the promise
and the potential limitations of stem cell biology and regen-
erative medicine. It is designed to provide both an introduc-
tion to the field of stem cell biology for the non-specialist
and an up-to-date summary of progress for those working in
the field. An introductory section (I) introduces the reader to
basic properties of stem cells and then describes in greater
detail the major types of stem cells in both embryos and
adults. This is followed by a practically-oriented section (II)
that provides technical laboratory detail for those who are
actually planning or carrying out stem cell research. Section
III comprises a collection of chapters that, in addition to
reviewing characteristics of a generic stem cell, discuss spe-
cific types of stem cells, their locations in the body and their
biological properties. Section IV concentrates on stem cell
biology as it applies to specific tissues and organs that seem
at present to be most amenable to the application of regen-
erative medicine to specific types of pathology. These chap-
ters are heavily oriented toward laboratory studies, because
in very few cases are the techniques sufficiently well devel-
oped for application to humans, but they do give a good
sense of perspective concerning the state of development
of the field overall. The final section (V) is a collection of
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chapters that outline major ethical and religious concerns, as
well as important regulatory considerations. Because of the
rapidly changing legal environment as of this writing, chap-
ters on the legal status of stem cells have not been included
in this anthology.

Few aspects of biomedical science over the past half-
century have captured the public imagination as much as

Introduction

stem cells. It is my hope that the chapters in this volume
will provide the reader an accurate and accessible over-
view of the present status of the field, as well as a realistic
depiction of the potential for the eventual clinical applica-
tion of regenerative medicine.

Bruce M. Carlson



