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Preface

Neural tissue damage may result in lifelong disabilities and represents a consider-
able public burden. Advances in therapeutic approaches during the past few decades 
offer hope for such victims. However, the limited functional improvement in in vivo 
studies hinders effective application of therapeutic strategies in clinical practice due 
to the complexity of the nervous system. Very little spontaneous regeneration, 
repair, or healing occurs in the central nervous system. Neural tissue engineering 
that combines treatments of cell therapy, transplantation of biomaterial scaffolds, 
genetic manipulation, and electrical stimulation is one of the most promising meth-
ods to restore function of nervous system.

Glia play a pivotal role in maintaining the structural integrity and physiological 
function of the neurons. Glia are a fundamental cell type for the control of several 
critical activities of nervous system, such as myelination, synaptic transmission, and 
homeostasis. They are also involved in all types of pathological processes of the 
nervous system, including acute lesions such as trauma or stroke and chronic neu-
rodegenerative disease. Glia transplantation may enhance functional recovery of a 
damaged nervous system by myelinating axons, providing trophic support, and pro-
moting endogenous regeneration.

This book summarizes the advance of the research of glia function in neural 
regeneration and glia–biomaterials interaction. This book also reviews a unique 
function of electric fields in axonal growth, neural cell migration and division, and 
stem cell differentiation. The major contents of this book include the following: 
advances in the research of astrocyte function in neural regeneration (Chapter 1, by 
Madhulika Srikanth, Li Yao, and Ramazan Asmatulu); enhancement of axonal 
myelination in wounded spinal cord using oligodendrocyte precursor cell transplan-
tation (Chapter 2, by Li Yao and Michael Skrebes); application of Schwann cells in 
neural tissue engineering (Chapter 3, by Li Yao and Priyanka Priyadarshani); stem 
cell- and biomaterial-based neural repair for enhancing spinal axonal regeneration 
(Chapter 4, by Pranita Kaphle, Li Yao, and Joshua Kehler); electric field-guided cell 
migration, polarization, and division: an emerging therapy in neural regeneration 
(Chapter 5, by Li Yao and Yongchao Li); vascularization in the spinal cord: the 
pathological process and therapeutic approach (Chapter 6, by Hien Tran and Li 
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Yao). I would like to acknowledge my laboratory members and colleagues for their 
contribution to this book.

Wichita, KS, USA Li Yao 

Preface



vii

Contents

 1  Advances in the Research of Astrocyte Function  
in Neural Regeneration . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   1
 1.1   Astrocytes in the Central Nervous System  . . . . . . . . . . . . . . . . . . . . .  1
 1.2   Types of Astrocytes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2
 1.3   Functions of Astrocytes in CNS  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3

 1.3.1   Control of Extracellular Homeostasis . . . . . . . . . . . . . . . . . . .  3
 1.3.2   Removal of Excess Glutamate . . . . . . . . . . . . . . . . . . . . . . . . .  4
 1.3.3   Maintenance of Glutamatergic Neurotransmission . . . . . . . . .  4
 1.3.4   Control of Local Blood Flow  

and Metabolic Support for Neurons . . . . . . . . . . . . . . . . . . . . .  4
 1.3.5   Control of Synaptogenesis and Its Maintenance . . . . . . . . . . .  4
 1.3.6   Tripartite Synapse  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5
 1.3.7   Signaling in Glial Syncytia  . . . . . . . . . . . . . . . . . . . . . . . . . . .  5
 1.3.8   Concept of Gliotransmission . . . . . . . . . . . . . . . . . . . . . . . . . .  6

 1.4   Role of Astrocytes in Neurodegenerative Diseases . . . . . . . . . . . . . . .  6
 1.5   Role of Astrocytes in Neural Injury . . . . . . . . . . . . . . . . . . . . . . . . . . .  7
 1.6   Importance of Astrocytes in Neural Regeneration . . . . . . . . . . . . . . . .  8
 1.7   Astrocyte Transplantation in Neural Regeneration . . . . . . . . . . . . . . .  9
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14

 2  Enhancement of Axonal Myelination in Wounded  
Spinal Cord Using Oligodendrocyte Precursor  
Cell Transplantation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  19
 2.1   Axonal Myelination in Central Nervous System . . . . . . . . . . . . . . . . . 19
 2.2   Axon Demyelination Resulting from  

Spinal Cord Injury . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20
 2.3   Restoration of Axonal Myelination  

Post-Spinal Cord Injury . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21
 2.4   Transplantation of OPCs Enhancing Axon  

Remyelination in Spinal Cord Injury . . . . . . . . . . . . . . . . . . . . . . . . . . 24
 2.4.1   Transplantation of OPCs in Therapy of SCI . . . . . . . . . . . . . . 24

https://doi.org/10.1007/978-3-030-02104-7_1
https://doi.org/10.1007/978-3-030-02104-7_1
https://doi.org/10.1007/978-3-030-02104-7_1
https://doi.org/10.1007/978-3-030-02104-7_1#Sec1
https://doi.org/10.1007/978-3-030-02104-7_1#Sec2
https://doi.org/10.1007/978-3-030-02104-7_1#Sec3
https://doi.org/10.1007/978-3-030-02104-7_1#Sec4
https://doi.org/10.1007/978-3-030-02104-7_1#Sec5
https://doi.org/10.1007/978-3-030-02104-7_1#Sec6
https://doi.org/10.1007/978-3-030-02104-7_1#Sec7
https://doi.org/10.1007/978-3-030-02104-7_1#Sec7
https://doi.org/10.1007/978-3-030-02104-7_1#Sec8
https://doi.org/10.1007/978-3-030-02104-7_1#Sec9
https://doi.org/10.1007/978-3-030-02104-7_1#Sec10
https://doi.org/10.1007/978-3-030-02104-7_1#Sec11
https://doi.org/10.1007/978-3-030-02104-7_1#Sec12
https://doi.org/10.1007/978-3-030-02104-7_1#Sec13
https://doi.org/10.1007/978-3-030-02104-7_1#Sec14
https://doi.org/10.1007/978-3-030-02104-7_1#Sec15
https://doi.org/10.1007/978-3-030-02104-7_1#Bib1
https://doi.org/10.1007/978-3-030-02104-7_2
https://doi.org/10.1007/978-3-030-02104-7_2
https://doi.org/10.1007/978-3-030-02104-7_2
https://doi.org/10.1007/978-3-030-02104-7_2
https://doi.org/10.1007/978-3-030-02104-7_2#Sec1
https://doi.org/10.1007/978-3-030-02104-7_2#Sec2
https://doi.org/10.1007/978-3-030-02104-7_2#Sec2
https://doi.org/10.1007/978-3-030-02104-7_2#Sec3
https://doi.org/10.1007/978-3-030-02104-7_2#Sec3
https://doi.org/10.1007/978-3-030-02104-7_2#Sec4
https://doi.org/10.1007/978-3-030-02104-7_2#Sec4
https://doi.org/10.1007/978-3-030-02104-7_2#Sec5


viii

 2.4.2   Co-Transplantation of Biomaterial  
Scaffolds and OPCs for SCI Therapy  . . . . . . . . . . . . . . . . . . . 25

 2.5   Potential Application of Electrical Stimulation  
in Axonal Myelination . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31

 3  Application of Schwann Cells in Neural  
Tissue Engineering . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  37
 3.1   Origin of Schwann Cells  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37
 3.2   Peripheral Nerve Injury and Role of Schwann  

Cells in Nerve Regeneration  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38
 3.3   Autologous Nerve Grafting and Schwann Cell  

Transplantation for Nerve Repair. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40
 3.4   Synthetic and Biological Molecules  

for Promoting Nerve Repair . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44
 3.5   Stem Cell-Derived Schwann Cells  

for Neural Regeneration . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45
 3.6   Schwann Cells and Biomaterial  

for Neural Regeneration . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46
 3.7   Role of Schwann Cells in Spinal Cord Injury . . . . . . . . . . . . . . . . . . . 50
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52

 4  Stem Cell- and Biomaterial-Based Neural  
Repair for Enhancing Spinal Axonal Regeneration. . . . . . . . . . . . . . . .  59
 4.1   Stem Cell Therapy for Axonal  

Regeneration in Spinal Cord Repair  . . . . . . . . . . . . . . . . . . . . . . . . . . 59
 4.1.1   Embryonic Stem Cells . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60
 4.1.2   Neural Stem Cells  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66
 4.1.3   Induced Pluripotent Stem Cells . . . . . . . . . . . . . . . . . . . . . . . . 68
 4.1.4   Mesenchymal Stem Cells . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69

 4.2   Biomaterial and Stem Co-Transplantation  
in Neural Regeneration  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 75

 5  Electric Field-Guided Cell Migration,  
Polarization, and Division: An Emerging  
Therapy in Neural Regeneration . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  85
 5.1   Electric Field Directing Axonal Growth  . . . . . . . . . . . . . . . . . . . . . . . 85
 5.2   Electric Fields Directing Neuron Migration  . . . . . . . . . . . . . . . . . . . . 88
 5.3   EF-Guided Migration of Stem Cells and Stem  

Cell–Derived Neural Cells . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 89
 5.4   Oriented Cell Division in EFs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 92
 5.5   Regulation of EF-directed Neuronal Migration . . . . . . . . . . . . . . . . . . 93

 5.5.1   Cell Polarization in EFs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 93
 5.5.2   Calcium Signals Growth Cone Navigation  

and Neuron Migration in Applied EF  . . . . . . . . . . . . . . . . . . . 96

Contents

https://doi.org/10.1007/978-3-030-02104-7_2#Sec6
https://doi.org/10.1007/978-3-030-02104-7_2#Sec6
https://doi.org/10.1007/978-3-030-02104-7_2#Sec7
https://doi.org/10.1007/978-3-030-02104-7_2#Sec7
https://doi.org/10.1007/978-3-030-02104-7_2#Bib1
https://doi.org/10.1007/978-3-030-02104-7_3
https://doi.org/10.1007/978-3-030-02104-7_3
https://doi.org/10.1007/978-3-030-02104-7_3
https://doi.org/10.1007/978-3-030-02104-7_3#Sec1
https://doi.org/10.1007/978-3-030-02104-7_3#Sec2
https://doi.org/10.1007/978-3-030-02104-7_3#Sec2
https://doi.org/10.1007/978-3-030-02104-7_3#Sec3
https://doi.org/10.1007/978-3-030-02104-7_3#Sec3
https://doi.org/10.1007/978-3-030-02104-7_3#Sec4
https://doi.org/10.1007/978-3-030-02104-7_3#Sec4
https://doi.org/10.1007/978-3-030-02104-7_3#Sec5
https://doi.org/10.1007/978-3-030-02104-7_3#Sec5
https://doi.org/10.1007/978-3-030-02104-7_3#Sec6
https://doi.org/10.1007/978-3-030-02104-7_3#Sec6
https://doi.org/10.1007/978-3-030-02104-7_3#Sec7
https://doi.org/10.1007/978-3-030-02104-7_3#Bib1
https://doi.org/10.1007/978-3-030-02104-7_4
https://doi.org/10.1007/978-3-030-02104-7_4
https://doi.org/10.1007/978-3-030-02104-7_4
https://doi.org/10.1007/978-3-030-02104-7_4#Sec1
https://doi.org/10.1007/978-3-030-02104-7_4#Sec1
https://doi.org/10.1007/978-3-030-02104-7_4#Sec2
https://doi.org/10.1007/978-3-030-02104-7_4#Sec3
https://doi.org/10.1007/978-3-030-02104-7_4#Sec4
https://doi.org/10.1007/978-3-030-02104-7_4#Sec5
https://doi.org/10.1007/978-3-030-02104-7_4#Sec6
https://doi.org/10.1007/978-3-030-02104-7_4#Sec6
https://doi.org/10.1007/978-3-030-02104-7_4#Bib1
https://doi.org/10.1007/978-3-030-02104-7_5
https://doi.org/10.1007/978-3-030-02104-7_5
https://doi.org/10.1007/978-3-030-02104-7_5
https://doi.org/10.1007/978-3-030-02104-7_5
https://doi.org/10.1007/978-3-030-02104-7_5#Sec1
https://doi.org/10.1007/978-3-030-02104-7_5#Sec2
https://doi.org/10.1007/978-3-030-02104-7_5#Sec3
https://doi.org/10.1007/978-3-030-02104-7_5#Sec3
https://doi.org/10.1007/978-3-030-02104-7_5#Sec4
https://doi.org/10.1007/978-3-030-02104-7_5#Sec5
https://doi.org/10.1007/978-3-030-02104-7_5#Sec6
https://doi.org/10.1007/978-3-030-02104-7_5#Sec7
https://doi.org/10.1007/978-3-030-02104-7_5#Sec7


ix

 5.5.3   Cell Membrane Receptors and Intracellular  
Signaling Pathways . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 96

 5.6   Electrical Activity in CNS Development  
and Regenerating Tissues . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 99

 5.7   Electric Fields Enhance Nerve and Spinal  
Cord Regeneration In Vivo  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100

 5.8   Potential of Applying Electric Fields to Guide  
Cell Migration in Neurogenesis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 101

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 102

 6  Vascularization in the Spinal  
Cord: The Pathological Process in Spinal  
Cord Injury and Therapeutic Approach  . . . . . . . . . . . . . . . . . . . . . . . . 111
 6.1   Vascular Structure of Spinal Cord . . . . . . . . . . . . . . . . . . . . . . . . . . . 111
 6.2   Damage of Vasculature in Spinal Cord Injury . . . . . . . . . . . . . . . . . . 113
 6.3   Natural Process of Revascularization  

and Remedies Post–SCI . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 114
 6.4   Therapeutic Approaches to Reconstruction  

of Vascular Structure Following SCI . . . . . . . . . . . . . . . . . . . . . . . . . 116
 6.4.1   Therapeutic Molecules . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 116
 6.4.2   Biomaterial Scaffolds . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 120
 6.4.3   Extracorporeal Shock Wave Therapy . . . . . . . . . . . . . . . . . . . 121
 6.4.4   Hypothermia  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 122

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 123

 Index . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 127

Contents

https://doi.org/10.1007/978-3-030-02104-7_5#Sec8
https://doi.org/10.1007/978-3-030-02104-7_5#Sec8
https://doi.org/10.1007/978-3-030-02104-7_5#Sec9
https://doi.org/10.1007/978-3-030-02104-7_5#Sec9
https://doi.org/10.1007/978-3-030-02104-7_5#Sec10
https://doi.org/10.1007/978-3-030-02104-7_5#Sec10
https://doi.org/10.1007/978-3-030-02104-7_5#Sec11
https://doi.org/10.1007/978-3-030-02104-7_5#Sec11
https://doi.org/10.1007/978-3-030-02104-7_5#Bib1
https://doi.org/10.1007/978-3-030-02104-7_6
https://doi.org/10.1007/978-3-030-02104-7_6
https://doi.org/10.1007/978-3-030-02104-7_6
https://doi.org/10.1007/978-3-030-02104-7_6
https://doi.org/10.1007/978-3-030-02104-7_6#Sec1
https://doi.org/10.1007/978-3-030-02104-7_6#Sec2
https://doi.org/10.1007/978-3-030-02104-7_6#Sec3
https://doi.org/10.1007/978-3-030-02104-7_6#Sec3
https://doi.org/10.1007/978-3-030-02104-7_6#Sec4
https://doi.org/10.1007/978-3-030-02104-7_6#Sec4
https://doi.org/10.1007/978-3-030-02104-7_6#Sec5
https://doi.org/10.1007/978-3-030-02104-7_6#Sec6
https://doi.org/10.1007/978-3-030-02104-7_6#Sec7
https://doi.org/10.1007/978-3-030-02104-7_6#Sec8
https://doi.org/10.1007/978-3-030-02104-7_6#Bib1
https://doi.org/10.1007/978-3-030-02104-7_0004204595

	Preface
	Contents

