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FOREWORD

The advancement of science is ever more contingent upon the interaction of experts 
�������##������	���$�&'��&�����	�������#��*'������
�������������������$��������$���#�����
vast amount of scientific information being gathered every day that exceeds the ability 
of any one scientist to acquire. As an illustration of the frantic pace of scientific discov-
��	��������%���&���$����������%����������������=��'��'���������������"��������=������%��
�������#������	�����̀ ��q�����&����������$������#����������$�'����
������$������%������"���
more acute in the case of scientific fields at the interface of different and seemingly 
distant areas of study. Amidst these, the field of cell encapsulation brings together an 
array of diverse disciplines such as molecular biology and biopolymers, gene therapy 
and inorganic membranes, stem cell biology and physicochemistry, immunology and 
nanotechnology. Clearly, such range of topics is too broad for any individual scientist 
���$�"����������##�$�������'��
�����#���������*'�����$��%���$������&��=�����������#�
%�������������%������'������������$�����	����=��'����������#�����$�������=������%�
�
��������=������&������'��"����%���������������������������������'����������$$������#�
the state-of-the-art in the field of cell encapsulation.

At the core of this technology, there is an interaction of physicochemical and 
biological elements forming three distinct layers of complexity. First, the chemistry 
of the biopolymer dictates the degree of protein adsorption, vascularization, toxic-
ity and biocompatibility of the microcapsules. Advances in biopolymer science are 
providing solutions to overcome existing challenges and to improve microcapsules 
as delivery vehicles. Second, the choice of cells, and more precisely the plethora of 
&��������������	���$�����������������	�������$�����������'��	&���������������������=�	�
in determining the immune response elicited by the host to implanted microcapsules. 
Adequate cell viability is crucial to achieve long-term therapeutic delivery. Finally, 
most microcapsule applications are aimed at delivering a given therapeutic product 
that is missing or deficient in the host, and thus it is recognized as foreign by the im-
mune system. In response to this insult, the host often generates a vigorous immune 
response that can seriously compromise the therapeutic delivery. This immune response 
is antigen-dependent, it is not necessarily identical for all transgenes, and thus must be 
considered independently for every medical application. Adding to this complexity, 
changes in one of the above-mentioned layers may also affect the other layers. As an 
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�*�&'��������$���$���#���$�'��������$�����&�	������&�������������������������&&����
response against the secretable transgene. Similarly, the purity of the polymer may 
influence the viability of the encapsulated cells. Therefore, it is imperative to consider 
and study the interaction of all three layers.

�	'��`���������������'��������������������������#�����#�����&�����''��$��������#�
$������$�'��������
�����"����������������'��&�����#��������&����#���������������������
imposes such a tremendous burden on both patients and health care system has not 
yet fully materialized. Despite these shortcomings, recent findings have provided us 
�������&�������������$����$������������#������&&�������'�������%��������$�'��������
�������������������'��$���������'�������������#���&�����##�$��"�������&����������'����%
�
Beyond diabetes, applications of cell encapsulation have been expanded to multiple 
human disorders. The initial exploration of intrathecal implantation of encapsulated 
$���������������^>����"�������#���������	����������������������&��������"���'��%�'�-
tential applications to very serious medical conditions, such as Parkinson, Alzheimer’s, 
and stroke. Similarly, there are efforts to exploit cell encapsulation as a treatment for 
cancer, blood diseases and metabolic disorders. The maturity of the field is reflected 
in the various clinical trials that have explored the application of cell microencapsula-
tion in medicine. 

Recent developments in cell encapsulation have improved the outlook of this tech-
����%	������"�����������&����#���&���$�����������
�����=������%����������%�#��&�����
$����$�������������%����������������������������$�������������$�'�	��$�$��&�$����������-
��%�$���$����$�������$���#�$������$�'������������������&����	������&��������#���������	
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PREFACE

The main objective of this book has been to analyze in depth and discuss the 
different aspects related to the design and elaboration of cell-enclosing microcapsules, 
even the regulatory features and clinical trials under development. These improve-
&������������������'��%���������������������'����$��''���$�����$��&�	���$�&������
day closer to a realistic proposal for clinical application.

������"��$���������%�����"��	���$�����%	���"���������������������#����%����-
covery and development. In this regard, cell microencapsulation is a technology that 
�'��������"����������'����������������������&�������������#������$��"��'���$�'����
and may be the key to solve several issues related to the correct administration of 
���������'����$��%��������#�����	���$$�����������$����$���������%


The editors believe that this technology may have important applicability not 
only in the field of drug delivery (to treat diseases such as cancer, neurodegenerative 
disorders, metabolic diseases etc.) but also in cellular therapy and tissue regenera-
tion among others.

Due to the organization of the chapters, this book can be read at different levels 
and readers may analyze from basic aspects of encapsulation, biomaterials, clini-
cal applications and regulatory and industrial issues of this technology. This book 
is useful for both graduate and PhD students in the pharmaceutical, engineering 
�������&���$���#�����
�^�"����������������'���������������=������������#�������*'����
������$���������&�	�#������#��&������������������������������$����&�$����$�'��-
lation area.

The general aspects of the technology are analyzed in Chapter 1. The main issues 
related to the use and selection of biomaterials employed in this type of technology 
are discussed in Chapter 2. The importance of microcapsule size and the possibility 
of reducing it through different approaches are discussed in Chapter 3.

In order to succeed in the clinical setting, it is of great importance to take into 
consideration all the regulatory aspects that may determine the therapeutic applica-
bility of this technology. These issues are discussed in Chapter 4.

�������#�������%�$��'����������������'�$���&��#�'������%���������&�	������������
using cell microencapsulation technology are discussed. Chapter 5 presents the 
advances achieved in the treatment of diabetes using microencapsulated islets of 
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Langerhans. The use of microencapsulated cells for the treatment of diseases related 
to the haematopoyetic system are discussed in Chapter 6. Chapter 7 describes the 
latest advances achieved in the field of regenerative medicine and cell therapy using 
$����&�$����$�'�����������$�����%	�����$�����������	��%�����%�������������������%�
considered a very relevant and promising strategy for the area. Other pathologies 
���$����������������=�����'�����������������������������������%�������"��'��$������
in the central nervous system and the approaches currently under study for the treat-
ment of cancer (Chapter 9).

Chapters 10 and 11 examine the advances achieved in the field of inorganic 
����'������&�&�����������������'�$������������������&��������#�������#�������	'��
of technology. Finally, Chapter 12 examines a very important issue related to the 
commercial applicability of cell microencapsulation.

���������������������������������������=�����%�����	�����=���������'����$�'����%�
��������#�������������$�����$�������������������'�����$����"�������$��$�������&�=��
the publication of this book possible.

José Luis Pedraz, PhD
Laboratory of Pharmacy and Pharmaceutical Technology
University of the Basque Country, Vitoria-Gasteiz, Spain

Gorka Orive, PhD
Laboratory of Pharmacy and Pharmaceutical Technology
University of the Basque Country, Vitoria-Gasteiz, Spain
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