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Foreword

The health of human ES cell
research

James A. Thomson

Thereports of the derivation of human Embryonic Stem (ES) cells (Thomson et al.,
1998) and of human embryonic germ (EG) cells (Shamblott et al., 1998) in late
1998 sparked both a wave of scientific enthusiasm and a political controversy that
remains incompletely resolved. A partial resolution of that controversy in the
United States was made by President George W. Bush when he restricted federal
funding to human ES cell lines derived before August 9, 2001. As of this writing
(April 8, 2003), only 11 human ES cell lines are listed as available by the National
Institutes of Health Embryonic Stem Cell Registry. How damaging to human ES
cell research have this and other compromises been over the last four years? A
comparison to the early years of mouse ES cell work is useful. Two groups first
reported the derivation of mouse ES cells in 1981 (Evans and Kaufman, 1981;
Martin, 1981). An informal search of PubMed from July 1981 through November
1985 revealed 14 citations (excluding reviews) involving mouse ES cells. A search
covering a similar period (November 1998 through March 2003) revealed 35 non-
review articles involving human ES cells. By this superficial measure, at least,
human ES cell research appears to be progressing at a reasonable rate.

However, this enumeration of citations ignores significant differences between
the initial derivation of mouse and human ES cells. At the time of the initial
derivation of mouse ES cells, the mouse experimental embryology community was
a small, tightly knit group with only a handful of laboratories having the required
expertise to work with mouse embryos or ES cells. To the few members of that
small community, the idea of making knock-out mice with ES cells was just a
dream, little appreciated by outside researchers. The development of homologous
recombination for mouse ES cells and the resulting ability to make knock-out mice
spawned an intense interest in mouse ES cells that was no longer restricted to the
mouse embryology community. What started with a handful of mouse embryolo-
gists now involves most universities and institutes with significant biomedical
research programs.
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Against this backdrop, the current progress of human ES cell research is
somewhat disappointing. Unlike the initial mouse ES cell derivations, there was
an almost immediate appreciation that human ES cell research would be broadly
important across biomedical research disciplines. This appreciation was due, in
part, to the two decades of previous experience by the scientific community with
mouse ES cells and to the intense media coverage that made the cells widely
known to the scientific community. Yet the rate at which investigators have
joined the field has been slower than might have been predicted given the level of
interest. There are multiple contributing explanations for this. In the USA, there
was no federally funded human ES cell research prior to President Bush’s August
9, 2001 announcement restricting federal funding to those ES cell lines derived
prior to that date. The initial lack of federal funding and the political uncertainty
surrounding the work made investigators hesitant to enter the field. Ignoring the
dubious public policy merit of President Bush’s compromise, it did have the
effect of giving investigators confidence that this work would go forward and be
supported. However, the restricted number of existing cell lines created a bottle-
neck as the investigators involved with the initial derivation scrambled to set up
the necessary infrastructure to meet the demand. An even more significant
bottleneck was the limited number of groups with the expertise to use human ES
cells effectively. Although a number of training courses for human ES cell
culture have now been set up to address this need, there remains a significant,
inherent time lag between this initial training and the emergence of quality publi-
cations. Indeed, the inherent cycle times of graduate and postdoctoral studies are
likely to have the most significant long-term effects on the growth curve of the
field.

The diversity of investigators contributing to the chapters in this volume
suggests that the initial lag phase for the human ES cell field is already coming to an
end and that an exponential growth phase is beginning. During the next year or
two, it is likely that therapeutically useful human ES cell derivatives will be purified,
and that defined culture conditions eliminating the need both for feeder layers and
for non-human proteins will be developed. When these events occur, there will be
intense pressure for public policy to go beyond President Bush’s compromise and
for multiple groups to derive new cell lines. Although the political controversy has
certainly increased the time lag, the growth curve of the human ES cell field
ultimately will be driven primarily by the scientific and medical merit of the cells.
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Preface

Th¢ derivation of human embryonic stem cells in 1998 was a landmark discovery
that will ultimately allow us to more profoundly comprehend human develop-
mental processes, and which in the future could provide medical therapies for
diseases characterized by the failure or destruction of specialized cells. Human
embryonic stem cell research crosses many disciplines, including stem cell biology,
reproductive biology, molecular biology, immunology, ethics, policy, embryology,
neurobiology, oncology, and transplantation. Several chapters in this monograph
illustrate the potential for cross-fertilization of ideas and technologies, such as
proteomics, gene expression profiling, gene therapy, somatic cell nuclear transfer,
prenatal genetic diagnosis, and tissue engineering. It was our goal as editors to
stimulate a possible bridging of these disciplines in a fruitful way in future human
embryonic stem cell research. In planning this text as a resource for scientists and
students with a basic understanding of the principles of cell biology, we felt we
should cover the unique biological properties of the cells and present this material
in the greater context of other stem cell populations that are present in fetuses and
adult organisms. These topics are discussed in the first five chapters. Much has
been made of the possibility of generating medically useful cell-based therapies
from human embryonic stem cells and the editors felt that an essential part of this
text was a discussion of the current status of research towards generating cell
therapies for treatment of diseases such as diabetes, Parkinson’s disease and heart
failure, among others. In Chapter 14 and several chapters that deal with differ-
entiation into specific lineages, experts present recent achievements, current
controversies, and future challenges as scientists develop and refine strategies to
produce purified populations of functional cells for transplantation. Given the
intense public and ethical debate surrounding human embryonic stem cell
research, important social, moral, ethical and policy issues as they pertain to
research in this field and therapeutic cloning are also presented. However, most
would admit we are presently in the ‘morula’ phase of development of such
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therapies, and much work still needs to be done. It is clear that we are only at the
end of the beginning, but already human embryonic stem cells have catalyzed the
emerging field of regenerative medicine and will likely impact it for many years.

There are two underlying themes of human embryonic stem cell research that
deserve mention and which the editors feel do not receive enough attention in the
public debate about current research and the merits of these cells. In presenting
their respective topics, the editors asked each of the contributors to address both of
these themes. First, human embryonic stem cells provide a unique and important
window to study early human development. Second, and in turn, a better under-
standing of developmental mechanisms and how tissues form will help achieve
directed differentiation of desired lineages and facilitate effective transplantation
therapies (Figure 1).

Human embryonic stem cells

Greater understanding of the
mechanisms of development

—_— Transplantation therapy

Figure 1: The impact of human embryonic stem cells on biology and medicine.

Although we have learned a great deal about the genetic control of development
in many lower species such as frogs, chickens, zebrafish, and mice, we know very
little about how and if this knowledge holds true for human development. Despite
our understanding of the morphology of organogenesis in human development,
there is a major gap in our knowledge of the molecular events that control these
processes. Consequently, there is a significant ‘species gap’ in developmental
biology and we are profoundly ignorant about our own, particularly the very
earliest stages. For the first time, we have a means to study how the diversity of cell
types that make up the human body form emerge, that is, which transcription
factors are involved, what other cell types or tissues are inductive, and what signal-
ing pathways regulate these processes in a human context. In areas of study such as
placentogenesis, where there are no good small animal models, human embryonic
stem cells will provide an insightful supplemental model system. Even if human
embryonic stem cells were to fall short of their therapeutic promise, we believe
future studies using human embryonic stem cells to study developmental
mechanisms will have lasting impact on our understanding of both normal and
abnormal human development. In turn, a better understanding of developmental
mechanisms and signaling pathways will facilitate the development of effective cell-
culture protocols for differentiating human embryonic stem cells into the desired
specific cell lineages and will most likely drive the establishment of effective trans-
plantation therapies. The editors hope that the reader will appreciate these two
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important and unique aspects of this text and that these themes will stimulate
many new and exciting experiments.

We apologize to our many colleagues whose work was not included. Because
this is a rapidly moving field, some aspects of the science, technology and policy
may have evolved significantly since the chapters were initially written; for this we
also apologize to the reader. However, while some details may evolve, we believe
that the overarching themes of this book will remain important principles as the
science moves forward.

The expertise required to generate this text far exceeds that of its editors. For
the superb contributions of each of the authors we owe our sincerest gratitude.
Moreover, his book would not have been possible without the assistance of our
support staff. We are indebted to Janet Fox, Karen Heim, Kathy Worrall and Liz
Cadman. We would also like to express our appreciation for the staff at the Taylor
& Francis Group, including Nigel Farrar and Andrew Watts, for their outstanding
technical support. Finally, we are grateful for the patience and support of our
families during this project.

We hope that this book will provide students and scientists with a greater
appreciation of the truly unique properties of human embryonic stem cells. We
also hope it will entice new outstanding scientists to enter the field, that it will
engender many new experiments among existing stem-cell researchers, and will
stimulate focused and redoubled efforts towards generating stem cell-based
therapies. At the minimum, we hope that it conveys the important impact this
rapidly emerging, but young field can have on our understanding of human
development.

Jon S. Odorico, M.D.
Su-Chun Zhang, Ph.D.
Roger A. Pedersen, Ph.D.
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