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Preface

New discoveries in the field of stem cells increasingly dominate
the news and scientific literature. Wave upon wave of papers
has led to an avalanche of new knowledge and research tools
that may soon lead to new therapies for cancer, heart disease,
diabetes, and a wide variety of other diseases that afflict
humanity. The Handbook of Stem Cells integrates this exciting
area of biology, combining in two volumes the prerequisites
for a general understanding of adult and embryonic stem cells;
the tools, methods, and experimental protocols needed to study
and characterize stem cells and progenitor populations; as well as
a presentation by the world’s experts of what is currently known
about each specific organ system. No topic in the field of stem
cells is left uncovered, including basic biology/mechanisms,
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early development, ectoderm, mesoderm, endoderm, methods
(such as detailed descriptions of how to derive and maintain
animal and human embryonic stem cells), application of stem
cells to specific human diseases, regulation and ethics, and
patient perspectives from Mary Tyler Moore (diabetes) and
Christopher Reeve (spinal cord injury). The result is a com-
prehensive two-volume reference that will be useful for stu-
dents and experts alike. It represents the combined effort of
12 editors and more than 300 scholars and scientists whose
pioneering work has defined our understanding of stem cells.

Robert Lanza, MD
Boston, Massachusetts
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Foreword

What can usefully be said about stem cells in a foreword to a
collection of definitive articles by the world’s experts, inasmuch
as this volume already covers every conceivable aspect of the
subject? In response to this question, T shall attempt to place the
work described here in the broader context of science—and of
modern cell and developmental biology specifically.

My view of the science in this book comes from the per-
spective of someone who spent 30 years in universities prob-
ing the molecular details of basic cell processes. Over this
time, our understanding of cells increased at a rate that star-
tled even those most closely involved in the wave upon wave
of new discoveries. This increase in knowledge was catalytic:
As our understanding of cells advanced, it allowed new
research tools to be developed that directly sped further
advances in understanding, which in turn led to new tools, and
so on. Consider, for example, the DNA chip technology
described in Chapter 58 of Volume one and Chapter three of
Volume two, which allows an investigator to examine the
expression of tens of thousands of genes simuitaneously.
Because hundreds of small steps were needed to move from the
striking initial discovery of DNA hybridization in 1961! to this
new technology, its development was unpredictable in advance.

It is the same for the advance of science itself, as empha-
sized repeatedly in the “Beyond Discovery” series of brief
articles from the National Academy of Sciences.? Designed to
explain science to the general public, each of these eight-page
documents traces the path leading to a breakthrough of great
human benefit—such as the global positioning system (GPS)
or the cure for childhood leukemia. In every case, the final
discovery depended on knowledge developed over decades
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through the efforts of a large number of independent scientists
and engineers. Each piece of knowledge, often seemingly
useless on its own, was combined in unexpected ways with
other knowledge to produce a final result whose power seems
almost magical.

The great enterprise of science, sparked simply by human
curiosity about how the world works—for example, an
attempt to account for the motions of the planets in the
night sky—has transformed our world. And because new
knowledge builds on old knowledge, the pace continually
accelerates as the amount of old knowledge increases. Thus,
we should expect the inventions that benefit humans in this
new century to be even more dramatic than those of the last
century. But we can be equally sure of the futility of attempting
to predict what they will be in advance.

What does all this have to do with stem cells? Personally,
I become uncomfortable whenever I hear claims that describe
the precise benefits to be derived from this research—especially
when they are associated with a timeline. Nevertheless, the
history of science makes it certain that the knowledge derived
from research on stem cells will eventually lead to enormous
benefits for human health, even if they are unpredictable.
Eventually, we will be able to use our profound understanding
of biology to grow new organs that can be safely transplanted
into human patients, and the work with stem cells will no
doubt make important contributions to this breakthrough.
But the research outlined in this volume is equally certain to
contribute to cures for cancer and for a large number of other
less famous diseases—many of mysterious origin—that are
terrible afflictions for humanity.



Foreword

Bert Vogelstein, the chairman of the National Academies
committee that produced the report “Stem Cells and the
Future of Regenerative Medicine” reminds us that “The stem
cell debate has led scientists and nonscientists alike to con-
template profound issues, such as who we are and what makes
us human.”® The debate has also made it clear that the success
of modern societies will depend on education systems that
place a much higher value on conveying an understanding of
the nature of science to everyone.

Accomplishing such a goal will require new recognition
by scientists of their teaching responsibilities at the college
level as well as of their different but critical roles in the sup-
port of inquiry-based science education for students from 5 to
18 years old.* We must all face the realization that, even under
the best of circumstances, the transitions to the science-
centered education systems that our nations need will
require decades. In the end, the life of a scientist must change—
incorporating a much broader view of what it means to be a
scientist and changing the way that most of us apportion
our time. In a sense, therefore, we scientists should view

the controversy over stem cell research as a healthy wake-up
call—a call to action in a new century in which our startling
discoveries will increasingly dominate the news.

Bruce Alberts, PhD
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