
Contents

1 Central Nervous System and Dedifferentiation......................................  1
1 Central Nervous Stem Regeneration, Stem Cell,

and Dedifferentiation............................................................................  1
1.1 Central Nervous System Injury and Regeneration..................  1

2 Astrocyte Dedifferentiation In Vivo and In V itro .............................. 5
2.1 Astrocyte Dedifferentiation In Vivo........................................  5
2.2 Astrocyte Dedifferentiation In V itro ......................................  7

3 Direct Reprogramming of Astrocytes into Mature Neurons
or Neural Precursors In Vitro and In Vivo..........................................  10
3.1 Reprogramming of Astrocytes into Mature Neurons

In Vitro....................................................................................... 10
3.2 Reprogramming of Astrocytes into Mature Neurons

In Vivo....................................................................................... 12
3.3 Reprogramming of Astrocytes into Neural Precursor

In Vitro and In Vivo.................................................................. 12
4 Dedifferentiation of Other Cells in C N S............................................  13
5 Conclusions and Perspectives.............................................................  14
References........................................................................................................ 15

2 Peripheral Nerve Regeneration and Dedifferentiation.........................  19
1 Peripheral Nerve Regeneration...........................................................  19
2 Overview of the Regeneration Process of Peripheral Nerve............. 20
3 Schwann Cell Dedifferentiation After Nerve In ju ry .........................  21
4 Molecular Mechanisms Underlying Schwann

Cell Dedifferentiation..........................................................................  23
4.1 Transcription Factors...............................................................  23
4.2 Signaling Pathway Responsible for Schwann Cell

Dedifferentiation (Fig. 2 .3 ) .....................................................  24
4.3 Other Factors Involved in Schwann

Cell Dedifferentiation.............................................................  31
5 MiRNA in Schwann Cell Dedifferentiation........................................  31
6 Potentiating Schwann Cells to Promote Nerve Regeneration........... 34
References........................................................................................................ 35

http://d-nb.info/1141247496


3 Dedifferentiation and the H eart..................................................................  39
1 Heart Disease.........................................................................................  39
2 Historical and Current Perspectives

on Human Heart Regeneration.............................................................. 40
3 Heart Regeneration M odels..................................................................  42

3.1 Heart Regeneration in Lower Vertebrates.............................. 42
3.2 Limited Regeneration in Rodent H earts ................................  42

4 Cardiomyocyte Dedifferentiation and Proliferation Contribute
to Heart Regeneration........................................................................... 43
4.1 Zebrafish Cardiomyocyte Dedifferentiation.......................... 44
4.2 Murine Cardiomyocyte Dedifferentiation.............................. 46
4.3 Human Cardiomyocyte Dedifferentiation..............................  46

5 The Barrier for Mammalian Heart Regeneration................................  47
5.1 Small-Sized, Mononucleated, and Diploid Cardiomyocytes

with Ease of Proliferation................................................   47
5.2 Cell Cycle Regulators.............................................................. 49
5.3 Epigenetic Barrier for Cardiomyocyte Proliferation............. 50

6 Harnessing the Power of Cardiac Regeneration................................  52
6.1 Promoting Heart Regeneration by Cell Cycle Regulation. . .  52
6.2 Regulating Signaling Pathway Involved in Cardiomyocyte

Proliferation............................................................................... 53
6.3 Increasing Cardiomyocyte Proliferation by miRNA............. 56

7 Other Cell Sources Involved in Heart Regeneration.......................... 57
7.1 Cardiac Progenitor C e lls .........................................................  57
7.2 Heart Repair by Direct Reprogramming................................  58

References........................................................................................................  59

4 Dedifferentiation and Kidney System.......................................................  65
1 Introduction of Kidney Development.................................................  66
2 Proximal Renal Tubular Cell Dedifferentiation and Kidney

Regeneration.........................................................................................  67
2.1 Introduction of Acute Kidney Injury......................................  67
2.2 Epidemiology of Acute Kidney In ju ry ..................................  67
2.3 Tubular Cell Injuries Are Involved in the Pathogenesis

of Acute Kidney In ju ry ............................................................ 67
2.4 Repair of Kidney Injury and Regeneration............................ 68
2.5 Renal Proximal Tubular Cells Dedifferentiation...................  69
2.6 Changes of Proximal Tubular Epithelial Cells During

Dedifferentiation......................................................................  69
2.7 Redifferentiation of Dedifferentiated Tubular C e lls ............. 71
2.8 Molecular Mechanisms of Renal Proximal

Tubular Cell Renewal................................................................ 72
2.9 Other Stem Cells Associated with Kidney Regeneration

and Their Contribution to Regeneration................................  75
2.10 Future Work............................................................................... 79



Contents ix

3 Podocyte Dedifferentiation and Kidney Diseases..............................  79
3.1 HIV-Associated Nephropathy (HIVAN)

and Podocyte Dedifferentiation............................................... 79
3.2 Diabetic Nephropathy and Podocyte Dedifferentiation......... 83

References........................................................................................................  86

5 Dedifferentiation and Musculoskeletal Repair and Regeneration. . . .  91
1 Articular Cartilage Repair and Chondrocyte Dedifferentiation........  92

1.1 Introduction of Articular Cartilage Injury and Repair
and Chondrocyte Dedifferentiation........................................  92

1.2 Chondrocyte Dedifferentiation in Monolayer Culture........... 93
1.3 Chondrocyte Dedifferentiation-Induced Mediators

Associated with OA.................................................................. 94
1.4 Mechanisms Responsible

for Chondrocyte Dedifferentiation........................................... 94
2 Bone Regeneration and Dedifferentiation........................................... 98

2.1 Zebrafish Bone Regeneration
and Osteoblast Dedifferentiation............................................. 98

2.2 Bone Regeneration in Mammal
and Dedifferentiation................................................................ 99

3 Skeletal Muscle Regeneration and Dedifferentiation..........................100
3.1 Mammalian Skeletal Muscle Regeneration.............................. 100
3.2 The Amphibian Muscle Regeneration.......................................101
3.3 Mammalian Myotube Dedifferentiation.................................. 102

References.......................................................................................................... I l l

6 Dedifferentiation and Skin Regeneration................................................... 117
1 Skin, Homeostasis, and Epidermal Stem C ells .................................... 117
2 Epidermal Cell Dedifferentiation into Epidermal Stem Cells

or Precursors............................................................................................118
3 Molecular Mechanisms Underlying Epidermal Keratinocyte

Dedifferentiation..................................................................................... 120
4 Reprogramming Keratinocytes to Pluripotent C e lls ............................122
5 Patient-Specific iPSCs from Keratinocytes...........................................124
6 Epidermal Melanocyte and Dedifferentiation.......................................127

6.1 Melanocyte Development and Pigment..................................... 127
6.2 Melanocyte and Dedifferentiation.............................................127

References...............................................................  129

7 Dedifferentiation and Vision System............................................................133
1 Dedifferentiation and Retinal Regeneration......................................... 133

1.1 Introduction of Retinal Regeneration..........................................133
1.2 Retinal Development and Structure...........................................135
1.3 Retinal Pigmented Epithelial Cell-Dependent Retinal

Regeneration...............................................................................136
1.4 Müller Glia-Dependent Retinal Regeneration..........................141



2 Dedifferentiation and Lens Regeneration.............................................. 150
2.1 Introduction of Lens Regeneration...........................................150
2.2 Lens Development and Structures.............................................150
2.3 Lens Regeneration M odels ....................................................... 151
2.4 Molecular Mechanisms of Lens Regeneration........................152
2.5 Prospective................................................................................... 157

References...........................................................................................................158

8 Blood Vessel Repair, Atherosclerosis, and D edifferentiation...................163
1 Introduction..............................................................................................163
2 Differentiation Process of SM Cs............................................................164
3 Transcriptional Control of SMC Differentiation.................................. 164
4 SMC: Phenotypic Modulation, Switching, or Dedifferentiation. . . .  165
5 SMC Phenotypic Modulation, Vascular Repair,

and Atherosclerosis................................................................................. 166
6 Molecular Mechanisms Underlying the SMC

Phenotypic M odulation...........................................................................167
6.1 Factors Responsible for SMC Phenotypic Modulation.........167
6.2 Transcription Factor K L F 4 ........................................................168
6.3 Epigenetic Mechanisms Underlying

the SMC Phenotypic Switching................................................. 169
6.4 MiRNAs....................................................................................... 170

References...........................................................................................................172

9 Dedifferentiation and Adipose Tissue...........................................................175
1 Introduction of Adipose Tissue and Adipocyte Dedifferentiation. . .  175
2 The Dedifferentiation Methods of Mature Adipocytes........................176
3 Gene Expression Changes During Adipocyte Dedifferentiation. . . .  179
4 The Advantages of DFAT Cells as Sources

for Cell-Based Therapy...........................................................................180
5 The Signaling Mechanism Underlying Dedifferentiation

of Adipocytes............................................................................................181
6 Multilineage Differentiation Potential of DFAT Cells

and Application....................................................................................... 182
6.1 Adipogenesis...............................................................................182
6.2 Osteogenesis and Chondrogenesis.............................................182
6.3 M yogenesis................................................................................. 184
6.4 Angiogenesis...............................................................................185
6.5 Neurogenesis...............................................................................188

7 Comparison Between DFAT Cells, ASCs, and M SCs..........................189
8 Conclusions and Perspectives................................................................ 190
References...........................................................................................................190

10 Dedifferentiation and Organ R egeneration............................................... 195
1 Introduction..............................................................................................195
2 Model Systems for Regeneration S tu d y ............................................... 196

2.1 Planarian Regeneration..............................................................197
2.2 Hydra Regeneration.................................................................... 198



Contents xi

2.3 Salamander Limb Regeneration.................................................198
2.4 Xenopus Tadpole Tail Regeneration........................................ 199
2.5 Zebrafish Heart Regeneration

and Fin Regeneration..................................................................199
2.6 Mammalian Liver Regeneration...............................................200

3 The Cellular Basis for Regeneration.....................................................201
3.1 Pluripotent “Neoblasts” and Planarian Regeneration...........202
3.2 Multipotent Adult Stem Cells

and Hydra Regeneration........................................................... 203
3.3 Lineage-Restricted Progenitors and Xenopus

Tadpole Tail Regeneration......................................................... 203
3.4 Cardiomyocyte Dedifferentiation

and Zebrafish Regeneration.......................................................204
3.5 Cell Dedifferentiation, Stem Cell, and Regeneration

of Salamander Limb or Zebrafish F in ...................................... 204
3.6 Mature Hepatocytes, Liver Stem Cells,

and Mammalian Liver Regeneration........................................ 205
4 Growth Factors for Regeneration........................................................... 207

4.1 Epidermal Growth Factors (EG Fs).......................................... 207
4.2 Fibroblast Growth Factors (FGFs)............................................ 208
4.3 Insulin-Like Growth Factors (IG Fs)........................................ 211
4.4 Vascular Endothelial Growth Factors (VEGFs)....................... 211
4.5 Platelet-Derived Growth Factors (PDGFs)..............................212
4.6 Bone Morphogenetic Proteins (BM Ps)....................................212

5 The Molecular Basis for Regeneration.................................................213
5.1 Signaling Pathways (Fig. 10.2).................................................213
5.2 Epigenetic Mechanism Underlying Regeneration................... 222

6 What Controls the Difference in Regenerative A bility ....................... 225
6.1 Resident Stem/Progenitor Cells.................................................225
6.2 Dedifferentiation Potential......................................................... 226
6.3 Transdifferentiation Potential.....................................................227
6.4 Specific Regeneration Genes.....................................................228
6.5 Epigenetic Modification Difference.......................................... 228
6.6 Immune Response and Inflammation........................................ 230

7 Regenerative Medicine............................................................................ 232
7.1 Stem Cell-Based Therapy......................................................... 232
7.2 Tissue Engineering......................................................................233
7.3 Proteins and Small Molecules...................................................233

8 Perspectives............................................................................................. 234
References..........................................................................................................236

11 Dedifferentiation and Regenerative Medicine:
The Past and the Future................................................................................ 247
1 Dedifferentiation and Cellular Plasticity............................................... 247

1.1 General Understanding of Differentiation.................................248
1.2 Cellular Identity and Plasticity...................................................249
1.3 Dedifferentiation in Broad and Narrow Sense......................... 253



2 Present Situation and Emerging Trends in Dedifferentiation
and Regenerative M edicine.................................................................... 256
2.1 Bibliometric Analysis of Regenerative M edicine................... 256
2.2 Bibliometric Analysis of Cellular Dedifferentiation.............257

3 Dedifferentiation Studies in Botany....................................................... 259
4 Perspectives of Cellular Dedifferentiation.............................................263

4.1 Dedifferentiation and Noncoding RNAs.................................. 263
4.2 Dedifferentiation and Extracellular Vesicles............................265
4.3 Vistas of Dedifferentiation in Regenerative Medicine...........266

References.......................................................................................................... 266

12 Authors’ Related Publications...................................................................... 273
1 Authors’ Related Publication 1: Dedifferentiation

of Epidermal Cells to Stem Cells In V ivo...........................................273
2 Authors’ Related Publication 2: Dedifferentiation:

A New Approach in Stem Cell Research.............................................274
3 Authors’ Related Publication 3: Cutaneous Stem Cells:

Something New and Something Borrowed .........................................274
4 Authors’ Related Publication 4: Can Hematopoietic Stem Cells

Be an Alternative Source for Skin Regeneration?................................275
5 Authors’ Related Publication 5: Acclimatized Induction 

Reveals the Multipotency of Adult Human
Undifferentiated Keratinocytes..............................................................276

6 Authors’ Related Publication 6: Induced Pluripotent Stem Cells:
The Dragon Awakens....................................  276

7 Authors’ Related Publication 7: How Far Are Induced Pluripotent
Stem Cells from the Clinic?.................................................................... 277

8 Authors’ Related Publication 8: Can Controlled Cellular
Reprogramming Be Achieved Using MicroRNAs?..............................277

9 Authors’ Related Publication 9: Epidermal Stem Cells:
An Update on Their Potential in Regenerative M edicine................... 278

10 Authors’ Related Publication 10: Oriented Cell Division:
New Roles in Guiding Skin Wound Repair
and Regeneration.....................................................................................279

11 Authors’ Related Publication 11: Epigenetic Control 
of Reprogramming and Transdifferentiation
by Histone Modifications........................................................................ 279

12 Authors’ Related Publication 12: What Determines
the Regenerative Capacity in Animals?.................................................280

Index........................................................................................................................... 281


