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The technique of microencapsulation was introduced approximately eight decades ago, and 
its potential application in cell therapy was described almost 50 years later. The technique 
offers a wide range of applications in both industry and medicine. Cell microencapsulation 
comes under the broader field of bioencapsulation and in most cases involves the immobi-
lization of therapeutic cells in polymeric scaffolds or semipermeable hydrogel capsules that 
provide the cells with a favorable protective environment allowing the exchange of nutri-
ents and oxygen and protecting them from the host’s immune system by blocking the entry 
of antibodies and cytotoxic immune cells. Thus, the technology has been widely used in 
various efforts to develop transplantable bioartificial organs without the need to immuno-
suppress transplant recipients, to expand donor cell sources, and in cancer cell therapy. 
More recently, this technique has received attention for applications in stem cell therapy, 
and the encapsulation of bacterial cells and other cell types for drug delivery. In stem cell 
therapy, cell microencapsulation has the potential to be used for the restriction of migratory 
mesenchymal stromal cells within a defective target tissue/organ to induce tissue repair.

The purpose of this book is to provide a unique forum to review the promise of cell 
microencapsulation in a broad sense that encompasses various cell types that have been 
encapsulated for different purposes, the different approaches/devices used for microencap-
sulation, the biomaterials used in cell microencapsulation, the challenges to the technology, 
and the current status of its application in different clinical situations. To achieve this pur-
pose, the book is divided into five parts. Part I is the introductory part of the book that 
discusses historical developments of the technology and the current challenges facing it, as 
well as the various applications of cell microencapsulation. Part II discusses the main 
approaches and devices currently used in cell microencapsulation while Part III presents an 
overview of the various polymeric materials currently in use for cell microencapsulation, 
procedures for assessment of the quality of microcapsules used for cell encapsulation, and 
the enabling technologies to either monitor or enhance encapsulated cell function. In Part 
IV, specific examples of the methods used to encapsulate various cell types are discussed 
while Part V provides an overview of the different clinical situations in which cell microen-
capsulation has been applied.

Cell Microencapsulation is intended to be a reference handbook for researchers, engi-
neers, clinicians, and other health-care professionals, as well as food technologists, who will 
find in the book detailed descriptions of methods for the microencapsulation of specific cell 
types and their current or potential clinical and industrial applications. The book also 
includes detailed information about the design and manufacture of different devices includ-
ing large-scale production devices for use in cell microencapsulation. Furthermore, indi-
viduals or family members of individuals afflicted with certain diseases for which cell 
microencapsulation has potential application will find the book to be a good source of 
information as they research new therapeutic options in cell therapy for those disease states. 
In addition, entrepreneurs/investors and the scientists that work with them in Biotechnology 
will find this book to be a great resource for assessment of the promise of the cell 
microencapsulation technology to enable them make informed decisions about where to 
make rewarding investments.
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I would like to express my sincere gratitude to certain individuals with whom I have 
interacted personally since I have been working on the microencapsulation technology. 
First, I would like to thank Dr. Gerrit H. J. Wolters, formerly of the University of Groningen, 
Groningen, The Netherlands, who provided me with a copy of his published article on the 
instrumentation for the air-syringe-pump droplet generator that enabled my research team 
at the Duke University Medical Center to build our first apparatus for cell microencapsula-
tion in 1995. The key members of that research team who worked with the gifted engineers 
and technicians at the Duke Instrument Shop to build that first device were Marc 
R. Garfinkel, M.D., and Robert C. Harland, M.D., to whom I am greatly indebted. The 
contributions of some of my former students and fellows at Duke, most notably, William 
F. Kendall Jr., M.D., and Marcus D. Darrabie, M.D., to the development and perfection of 
the technique in my lab at Duke deserve my eternal gratitude. I am also indebted to my 
long-term collaborator, Dr. M.K.  Ramasubramanian, the D.W.  Reynolds Distinguished 
Professor and Department Chair, Department of Mechanical Engineering at Clemson 
University in South Carolina, USA, and two former students, Dr. Sameer Tendulkar and 
Dr. John Patrick McQuilling, who worked with us on the first generation of our microflu-
idic devices for cell microencapsulation. In addition, I am deeply grateful to Dr. Joel Stitzel, 
Professor and Chair of Biomedical Engineering at the Wake Forest School of Medicine, for 
offering me the opportunity to serve as the Graduate Program Director at the Wake Forest 
campus of the joint Virginia Tech-Wake Forest School of Biomedical Engineering & 
Sciences (SBES), and for providing me what has turned out to be the best working relation-
ship experience of my entire academic career. In addition, I appreciate immensely the moral 
support of some friends, including Engr. and Mrs. Ben Akah, Dr. and. Mrs. Nnaemeka 
J. Ojukwu, Dr. and. Mrs. Obiora Ogbuawa, and Rev. Dr. Donatus N. Nwachukwu, as it has 
been a continuous source of inspiration in my career.

Finally, I would like to acknowledge the great patience, personal sacrifice, and unquali-
fied support of my lovely wife, Clarice, and our children, Ogechi, Chiedu, Chucky, and Ike, 
in my career. I am grateful to each and every one of them for giving me the luxury of long 
periods of absence from home as I vigorously pursued my research efforts. For their sup-
port, I would like to dedicate this book to all my family and my lifelong mentor, Vay Liang 
W.  Go, M.D., currently Distinguished University Professor of Medicine and Director, 
UCLA Center for Excellence in Pancreatic Diseases, who gave me the opportunity to work 
with him at the National Institutes of Health, Bethesda, Maryland, where I started my 
research in islet biology that set the stage for the development of my interest and expertise 
in cell microencapsulation.

Winston-Salem, NC� Emmanuel C. Opara 
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