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Preface

This book represents one of the next steps in the development of the
field of regenerative engineering. Beginning with the view that we can
achieve human regeneration through the convergence of developmental
biology and engineering, this new field has moved forward as evidenced
in publications, birth of the new journal Regenerative Engineering and
Translational Medicine, and the establishment of the new Regenerative
Engineering Society as part of the American Institute of Chemical
Engineers. Collectively, these activities embrace the view of the impor-
tance of integrating developmental biology and tissue engineering to be
successful moving beyond repairing damage to body parts in order to
regenerate tissues and organs.

This new book is envisioned as the next step beyond the seminal text-
book Regenerative Engineering” that was written for an advanced
undergraduate audience of biomedical engineering students. Unlike this
book that laid out the broad range of topics and scientific disciplines to
be integrated into regenerative engineering, Regenerative Engineering
and Developmental Biology: Principles and Applications focuses on
one of the core scientific disciplines, developmental biology. This is
part of a series of books in the Regenerative Engineering Series with
Dr. Cato Laurencin as the series editor. Collectively, these books will
focus on one or multiples of the five legs of the field of regenerative
engineering: materials, developmental biology, stem cells, physics, and
clinical translation. The chapters within this book were written by leading
developmental biologists who were challenged to think about how the
processes that they study could be controlled by using the tools available
through tissue engineering/biomaterials. Rather than discussing a list of
genes and developmental pathways, the authors approached their topics
more broadly, and provided insights and speculations about how to take
the next step toward proregenerative therapies. For each chapter, there is
enough detail to support these conclusions and thoughts about what to
do next, along with references to guide the reader as to where to go for
more details.

" Laurencin, C. T. and Khan, Y. (2013). Regenerative Engineering. CRC Press, Taylor &
Francis Group. Boca Raton, FL.
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This book is intended to achieve two goals. First, for the developmental
biology audience, I encourage everyone to begin thinking about how
inducing regeneration is an engineering problem. Historically, develop-
mental biology has been about the discovery of how things work, and it
is time to take that knowledge and use it to make something work. This
is what engineers do; they build things that work. For the engineering
audience, I encourage you to recognize that developmental biologists
have discovered a lot about how embryos develop and animals regener-
ate, and have identified a number of key properties and processes that
need to be engineered in order to regenerate body parts. At the end of
this book, I have attempted to synthesize the major themes that were
addressed repeatedly by the authors. I see this book as an experiment in
which leading researchers in developmental biology were asked to write
about what is most important from their perspective of how regeneration
works. I assume that the important points are those that were written
about the most.

Beyond the complexity and diversity of the biology of the many dif-
ferent model organisms discussed, three unifying principles emerged.
The first is the recognition that the underlying cellular and molecular
mechanisms of embryonic and regenerative development are highly con-
served. When thinking about regeneration in a broad sense, it is evident
the mechanisms for regeneration (mitosis, migration, and differentia-
tion) evolved very early in the history of life on earth. Thus, it follows
that all animals can regenerate to some degree, and that some can do it
very well. Historically, developmental genetics has allowed us to dis-
cover the signals and pathways that regulate these cellular behaviors.
Today, with advances in genomics and tools for genetic manipulation,
we can study these mechanisms in an unlimited variety of organisms
beyond the traditional, genetically amenable model organisms. We thus
are able to revisit the classic models of regeneration in order to tease
apart the sequence of events that begin with injury and lead eventually
to regeneration of damaged or lost structures.

Equally important is the second principle that the pathways for mak-
ing an organ in the embryo can be reused for remaking it (regenera-
tion) in the adult. Although there might be differences in the details of
controlling these mechanisms in embryos or adults, the developmental
pathways worked at least once (during embryonic development), even in
animals that do not regenerate well as adults. Therefore, accessing and
controlling these developmental pathways are essential, and viable, for
engineering regeneration. The conservation of pathways is the remark-
able discovery of modern developmental genetics, and the key to regen-
eration is discovering how to regulate the pathways after injury.

Finally, and most importantly for what actually needs to be engineered,
is the principle that we need both the building blocks (the cells) and the
instruction manual for how to put the blocks together in order to rebuild
X a lost or damaged structure. A focus of several of the chapters is on what



cells can do (proliferate, migrate, and differentiate/dedifferentiate) lead-
ing to the production of a population of regeneration-competent cells.
But we know that you need more than just the cells; you also need the
information that tells the cells where to go and what to make. This is
the regeneration blueprint that we now refer to as the Information Grid.
In the end, regeneration is about the replacement of the lost function
and not just the structure. Function is an emergent property that is cre-
ated when different cells become appropriately organized into a func-
tional structure, and it is this information for organizing the cells that is
encoded in the Information Grid.

Regenerating the Information Grid by necessity is the goal of regen-
erative engineering. Advances in how to make regeneration-competent
cells (e.g., stem cells, the topic of one of the books in the Regenerative
Engineering Series) will almost certainly take care of the challenge of
getting the building blocks for regeneration in the near future. However,
without the information required to orchestrate the behaviors of these
cells and their progeny, we will not be able to regenerate structures that
restore the lost function. The challenge lies in learning how to provide
the necessary information, and I argue that this information has to come
from the regeneration engineers. There may come a day in the distant
future when it will be possible to induce regeneration of the Information
Grid endogenous, but we need to remember the urgency for patients
today in need of effective regeneration therapies. The challenge today is
twofold; we need to understand what the information is and we need to
use the engineering toolbox to provide and to control that information.

Preface
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