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Introduction

J E GOUGH, University of Manchester, UK and
A R BOCCACCINI, Imperial College London, UK

The field of tissue engineering has advanced dramatically in the last 10 years,
offering the potential for regenerating almost every tissue and organ of the human
body. Tissue engineering and the related discipline of regenerative medicine
remain a flourishing area of research with potential new treatments for many more
disease states. The advances involve researchers in a multitude of disciplines,
including cell biology, biomaterials science, imaging and characterisation of
surfaces and cell-material interactions. In the field of biomaterials, for example,
many additional and novel processing techniques have been developed for the
construction of improved porous scaffolds and matrices, including a much wider
variety of polymers, ceramics and their composites with tailored micro- and
nanostructure, surface topography and chemistry as well as optimised properties
for the intended application in tissue engineering strategies. There are in fact many
more materials being investigated for potential scaffolds, including novel uses of
natural materials, combinations of natural and synthetic materials and new
structures designed to mimic extracellular matrix at all relevant scales (macro,
micro and nano), which are intended to provide scaffolds that are closer to the in
vivo cellular environment. There is also strong emphasis on biomechanics and the
effects of mechanical forces on the cell response and subsequent tissue formation,
again, aiming to mimic the conditions in vivo. Along with major advances in the
design of materials and control of their properties, there have been huge advances
in understanding the cell biology of the cell response to artificial environments,
substrates and scaffolds, with recent emphasis on the suitability of stem cells for
tissue regeneration and the restoration of function.

This book aims to combine some of the most recent innovative research with
reviews of specific aspects of tissue engineering to provide an up-to-date source
for undergraduate, postgraduate, academic and industrial readers. Advances in
the related areas of biomaterial science, cell biology and characterisation tech-
niques are reported, and the relevance of the chosen biomaterial (polymer,
ceramic) is highlighted.

Part I of this book contains chapters concerning the materials of choice for
tissue engineering — polymers, ceramics, bioactive ceramics and glasses and



XX Introduction

composites. It contains some general issues related to novel tissue engineering
strategies with emphasis on transplantation of engineered tissues, surface
modification of scaffolds and combined tissue engineering and drug delivery
approaches. Specific chapters on state-of-the-art characterisation techniques are
also included with particular reference to those techniques of major relevance to
tissue engineering: X-ray photoelectron spectroscopy and secondary ion mass
spectrometry, environmental scanning electron microscopy, confocal micro-
scopy and Raman spectroscopy.

Part 11 of this book focuses on some specific examples of organ and tissue
regeneration. It covers some of the highly challenging, more recent advances in
tissue engineering such as liver, kidney, bladder, intervertebral disc, lung,
cardiac tissue and intestine and also recent advances in nerve bioengineering.
Some of the largest, longer-standing areas of tissue engineering research
(including bone, skin and cartilage) which require new innovative approaches
are covered. There has been a great deal of activity in determining and optimis-
ing new cell sources for tissue engineering which is mentioned in various areas
of the book.

We hope this book will be a valuable source of information and an inspiration
to new and existing researchers in the field.



Part |

1.1
1:2
1.3
1.4
1.5
1.6
1.7
1.8

2.1
2.2
2.3
2.4
2.5

3.1
32
33

Contents

Contributor contact details

Introduction
General issues

Ceramic biomaterials
JHUANG, University College London, UK and
S M BEST, University of Cambridge, UK

Introduction
Characteristics of ceramics
Microstructure of ceramics
Properties of ceramics
Processing of ceramics
Conclusions

Future trends

References

Polymeric biomaterials
G WEI and P X MA, The University of Michigan, USA

Introduction

Polymeric scaffolds for tissue engineering
Polymeric scaffolds with controlled release capacity
Conclusions

References

Bioactive ceramics and glasses
J R JONES, Imperial College, London, UK

Introduction
Synthetic hydroxyapatite
Bioactive glass

Xiii

XIX

12
16
22
26
26
21

32

32
33
43
47
47

52

52
54
58



Vi

34
3.5
3.6

4.1
42
43
4.4
4.5
4.6
4.7

5.1
52
53
5.4

5.5
5.6
5.7
5.8
5.9

6.1
6.2
6.3
6.4
6.5
6.6
6.7

Contents

Glass-ceramics
Conclusions
References

Biodegradable and bioactive polymer/ceramic
composite scaffolds

S K MisrRA and A R BocCACCINI, Imperial College
London, UK

Introduction

Biodegradable polymers and bioactive ceramics
Composite material approach

Materials processing strategies for composite scaffolds
Case studies

Conclusions and future trends

References and further reading

Transplantation of engineered cells and tissues
J MANSBRIDGE, Tecellact LLC, USA

Introduction
Rejection of tissue-engineered products
Testing and regulatory consequences

Generality of the resistance of tissue-engineered products to

immune rejection

Manufacturing consequences

Conclusions and future trends

Sources of further information and advice
Acknowledgements

References

Surface modification to tailor the biological
response

K SHAKESHEFF and G TSOURPAS, University of
Nottingham, UK

Introduction

The biochemistry of cell interactions with the ECM
The need for surface modification of scaffolds
General strategies for surface modification
Examples from the literature

Future trends

References

67
67
68

72

72
74
78
80
83
87
89

93

93
95
102

102
103
104
105
105
105

108

108
108
114
115
116
123
124



7.1
72
7.3
7.4
1.5
7.6

8.1
8.2
8.3
8.4
8.5
8.6
8.7
8.8

9.1
9.2
9.3
9.4
9.5
9.6
9.7
9.8

10

10.1
10.2
10.3
10.4

Contents

Combining tissue engineering and drug delivery
N TIRELLI and F CELLESI, University of Manchester, UK

Introduction

Growth factor (GF) delivery

Signalling molecules in solution (parenteral administration)
Signalling molecules physically entrapped in a matrix
Signalling molecules released from a bound state
References

Carrier systems and biosensors for biomedical
applications
F DaVvis and S P J HIGSON, Cranfield University, UK

Introduction

Carrier systems
Commercial systems
Biosensors

Continuous monitoring
Future trends
Conclusions
References

Characterisation using X-ray photoelectron
spectroscopy (XPS) and secondary ion

mass spectrometry (SIMS)

A JURQUHART and M R ALEXANDER, University of
Nottingham, UK

Introduction

X-ray photoelectron spectroscopy (XPS)

Static secondary ion mass spectrometry (SIMS)
Specific sample preparation and acquisition procedures
Conclusions

Future trends

Acknowledgement

References

Characterisation using environmental scanning
electron microscopy (ESEM)
A M DONALD, University of Cambridge, UK

Introduction

The instrument: a comparison with CSEM
Static experiments

Dynamic experiments

Vil
129

129
131
135
136
147
149

153

153
153
161
162
167
169
170
171

175

175
177
187
193
197
198
199
199

204

204
204
210
212



viii

10.5
10.6
10.7
10.8

"

11.1
11.2
11.3
11.4
11.5
11.6

12

12.1
12.2
12.3
12.4
12.5
12.6

Part Il

13

13.1
13.2
13.3
13.4
13.5
13.6
13.6
13.7

Contents

Dual beam instruments — an emerging technique
Potential and limitations

Conclusions

References

Characterisation of cells on tissue engineered
construsts using imaging techniques/microscopy
S T ANDERSON, University of Nottingham, UK

Introduction

General considerations and experimental design
CLSM

Combining techniques

Future trends

References

Characterisation using Raman micro-spectroscopy
I NOTINGHER, University of Nottingham, UK

Introduction

Principles of Raman spectroscopy
Characterisation of living cells
Characterisation of tissue engineering scaffolds
Conclusions and future trends

References

Tissue and organ generation

Engineering of tissues and organs
A ATALA, Wake Forest University, USA

Introduction

Native cells

Biomaterials

Alternate cell sources: stem cells and nuclear transfer
Tissue engineering of specific structures

Cellular therapies

Conclusions and future trends

References

218
219
221
221

226

226
226
228
241
244
245

248

248
251
254
259
263
264

269

269
270
271
273
277
284
288
289



14

14.1
14.2
143
14.4
14.5
14.6
14.7

15

15.1
15.2
153
154
15.5

16

16.1
16.2
16.3
16.4
16.5
16.6

17

17.1
17.2

17.3
17.4
17.5
17.6

17.7

Contents

Bone regeneration and repair using tissue
engineering

P WOZNI1AK, Medical University of Warsaw, Poland and
A T EL HAJ, Keele University Medical School, UK

Introduction

Principles of bone biology

Basics of bone remodelling

Skeletal tissue reconstruction — a tissue engineering approach
Conclusions

Acknowledgements

References

Bone tissue engineering and biomineralization
L D1 SiLvI1o, Kings College London, UK

Introduction

Tissue engineering

Scaffolds and biomineralization
Conclusions and future trends
References

Cardiac tissue engineering
Q Z CHEN, S E HARDING, NN ALI, HJAWAD and
A R BoccAccCINI, Imperial College London, UK

Introduction

Cell sources

Construct-based strategies in myocardial tissue engineering
Conclusions and future trends

Acknowledgement

References and further reading

Intervertebral disc tissue engineering
JHOYLAND and T FREEMONT, University of Manchester,
UK

Introduction

The impact of disorders of the intervertebral disc (IVD) on
modern society

The normal anatomy, function and cell biology of the IVD
The pathobiology of IVD degeneration

Treatment of degeneration of the IVD

The place of biomaterials in proposed strategies for managing
IVD degeneration

Tissue regeneration and the IVD

294

294
294
299
304
314
315
815

319

319
320
327
330
331

335

335
336
343
350
352
352

357

357

357
358
359
364

366
371



