
Acetyl choline, 502
Acrosomal vesicle, 331
Actin α isoform, cardiac, 56
Actin α isoform, muscular, 55
Actin assembly, regulation, 59
Actin disassembly, regulation, 59
Actin β isoform, muscular, 55
Actin β isoform, nonmuscular, 55
Actin α isoform, skeletal, 56
Actin-biding proteins, 55
Actin capping protein, 60
Actin depolymerization, 55
Actin fi laments, 874
Actin fi lament-capping proteins, 59
Actin fi lament-crosslinking proteins, 59
Actin fi lament-severing proteins, 59
Actin fi laments, structure, 55
Actin γ isoform, nonmuscular, 55
Actin monomer-binding proteins, 57
Actin nucleation, 55
Actin nuclei, 55
Actin monomers, 55
Actin polymerization, 55
Actin-related protein-2, 60
Actin-related protein-3, 60
Actinin, 61
Action potential, 875
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Action potential, depolarization, 876
Action potential, polarization, 876
Activating transcription factor 2, 164
Adam 12, 886, 888
Adenine (Ala, A), 6
Adenylate cyclase, 219
Adeno-carcinoma, 1027
Adenosine, 15
Adrenergic receptors, 219, 709
Adult stem cells, 385
Aggrecan, 115, 117
Agrin, 888
Airway anatomy, 737
Air ventilation to blood perfusion ratio, 

739
Akt, 627
Alanine, 18
Aldosterone, 673
Alginates, 482
α-helix, 23
Alleles, 11
Alveolar epithelial cells, type I, 738
Alveolar epithelial cells, type II, 738
Alzheimer’s disease, 554
Amino acids, acidic, 20
Amino acids, basic, 19
Amino acids, charged, 19
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Amino acids, uncharged, 20
Amyloid β peptides, 555
Amyloid plaques, 556
Amnionic ectoderm, 341
Amnionic fl uid, 341
Amnionic sac, 341
Androgen receptor, 234
Angioblasts, 363
Angiogenesis, 363, 630
Angiopoietin-1, 803
Angiotensin I/II, 673, 675
Angiotensin-converting enzyme (ACE), 675
Angiotensin II type 1 receptor, 675, 710
Angiotensinogen, 710
Antisense oligonucleotide-based therapy, 448
Aortic valve regurgitation, 638
Aortic valve stenosis, 638
Apaf-1, 309
Apoptosis, 304
Apoptosis, regulation, 304
Apoptosis, assessment methods, 307
Arginine (Arg, R), 18
Arterial reconstruction, 686, 693
Asthma, conventional treatment, 745
Asthma, experimental models, 744
Asthma, molecular therapy, 745
Asthma, pathogenesis, 741
Asparagine (Asn, N), 18
Aspartic acid (Asp, D), 18
Astrocytes, 353
Atherosclerosis, conventional treatment, 684
Atherosclerosis, experimental models, 682
Atherosclerosis, infl uence of blood fl ow, 679
Atherosclerosis, molecular therapy, 687
Atherosclerosis, pathogenesis, 674
Atherosclerosis, prevention, 683
Atherosclerosis, tissue engineering, 693
Atk, 225
ATP synthesis, 90
Atrial natriuretic peptide, 707
Atrium, left, 585
Atrium, right, 585
Autocrine cell signaling, 149
Autonomic nerves, 511
Autophagy, 89
Autosomal dominant gene defects, 423
Autosomal recessive gene defects, 424
Axoneme, 331

B7.1, 1031
Basal cell carcinoma, 1017
Basement membrane, 108

Basophil precursor cells, 366
Bcl-2, 627
β-catenin, 230
β-cells, pancreas, 820, 827
β-galactosidase gene, 429, 445
β-glycan, 115, 118
β-sheet of protein, 23
Bid, 309
Biglycan, 118
Bioactive ceramics, 489
Biodegradable ceramics, 489
Bioinert ceramics, 489
Bioregenerative engineering, xxx
Blastocyst, 340
Blk, 181
Blood cell development, 364
Blood fl ow, 671
Blood pressure, 671
Blood pressure regulation, baroreceptor, 672
Blood pressure regulation, chemoreceptor, 

672
B-lymphocyte progenitor cells, 365
BMP2 (Bone morphogenetic protein 2), 352
BMP4 (Bone morphogenetic protein 4), 352
BMP6 (Bone morphogenetic protein 6), 352
Bone anatomy, 907
Bone cancer, 930
Bone, compact, 907
Bone formation, 909
Bone injury, 939
Bone injury, cell regenerative engineering, 

942
Bone injury, conventional treatment, 940
Bone injury, molecular therapy, 940
Bone injury, tissue engineering, 942
Bone marrow, 908
Bone marrow stem cells, 388
Bone morphogenetic protein 2 (BMP2), 352
Bone morphogenetic protein 4 (BMP4), 352
Bone morphogenetic protein 6 (BMP6), 352
Bone, periosteum, 907
Bone regenerative engineering, 923
Bone resorption, 909
Brain-derived neurotrophic factors, 521, 984
Brain injury, 514
Brainstem, 505
BrdU (5′-bromodeoxyuridine), 269
5′-bromodeoxyuridine (BrdU), 269
Bronchodilators, 748

Cadherins, 292
Calcitonin, 921
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Calcium-dependent protein kinase (PKC), 183, 
185, 189

Calpastatin, 888
cAMP-dependent protein kinase (PKA), 183, 

185, 187
cAMP response element-binding protein 

(CREB), 162
Cancer, classifi cation, 1026
Cancer, conventional treatment, 1029
Cancer, molecular therapy, 1029
Cancer, pathogenesis, 1027
Carcinoembryonic antigen, 1031
Carcinoma, 1027
Cardiac cycle, 587
Cardiac formation, 361
Cardiac infarction, antioxidant molecules, 625
Cardiac infarction, cell regenerative 

engineering, 630
Cardiac infarction, conventional treatment, 599
Cardiac infarction, growth factors, 600
Cardiac infarction, molecular therapy, 600
Cardiac infarction, pathogenesis, 598
Cardiac injury, prevention, 624
Cardiogenic mesodermal clusters, 361
Cardiomyopathy, conventional treatment, 595
Cardiomyopathy, experimental models, 595
Cardiomyopathy, molecular therapy, 595
Cardiomyopathy, pathogenesis, 594
Cardiomyopathy, tissue regenerative 

engineering, 596
Cartilage anatomy, 917
Cartilage injury, cell regenerative engineering, 

942
Cartilage injury, conventional treatment, 940
Cartilage injury, molecular therapy, 940
Cartilage injury, tissue engineering, 942
Caspase 3, 309
Caspase 8, 309
Caspase 9, 309
Cataract, conventional treatment, 983
Cataract, molecular therapy, 983
Cataract, pathogenesis, 983
CAT gene, 446
CD9, 338
CD28, 970
CD80, 969
CD86, 969
CD152, 969
Cdc42, 62, 303
Cell adhesion, 274
Cell adhesion molecules, immunoglobulin-like 

domain-containing, 274

Cell differentiation, 257
Cell division, 257
Cell division, anaphase, 260
Cell division, control, 260, 263
Cell division, G0 phase, 261
Cell division, G1 phase, 258
Cell division, G2 phase, 258
Cell division, G2 phase checkpoints, 261
Cell division, inhibition, 265
Cell division, M phase, 258
Cell division, M phase checkpoints, 261
Cell division, prometaphase, 258
Cell division, metaphase, 258
Cell division, restriction points, 261
Cell division, telophase, 260
Cell division, S phase, 258
Cell division, S phase checkpoints, 261
Cell division cycle (CDC) 2, 266
Cell division cycle (CDC) 25, 264
Cell transplantation, 460
Cell proliferation, 257
Cell membrane, lipid bilayer, 53
Cell membrane protrusion, 270
Cell migration, 270
Cell migration, regulation, 273
Cell polarity, 80
Cell regenerative engineering, xxxi, 456
Cell signaling, autocrine, 149
Cell signaling, endocrine, 149
Cell signaling, paracrine, 149
Cell signaling, long-range, 149
Cell signaling, short range, 149
Cell signaling, synapse, 149
Cell traction, 271
Cellulose, 481
Centrioles, 79
Centromere, 10
Centrosome, 79
Cerebellum, 504
Cerebral circulation, 506
Cerebral ventricles, 507
Cerebrum, 503
Cerebellum formation, 354
Cerebrum formation, 354
Cortisol, 232
c-Fos, 155, 161
Chemoreceptors, 510
Chemotherapy, 1029
Chitin, 483
Chitosan, 483
Choline, 26
Cholesterol, 28
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Chondroblasts, 918
Chondrocytes, 918
Chondroitin sulfate, 114, 115
Chorion, 342
Chromatin, 10
Chromosomal cross over, 268
Chromosomal defects, 423
Chromosome organization, 9
Chylomicron, 28
Ciliary neurotrophic factor, 526, 984
Cirrhosis, conventional treatment, 787
Cirrhosis, molecular therapy, 787
Cirrhosis, pathogenesis, 785
Cis-acting elements, 37
c-Jun, 159
Cleavage, 340
Co-Cr alloys, 487
Cofi lin, 58
Colcemid, 78
Colchicine, 78
Collagen matrix, 479
Collagen type Iα1, 104, 920
Collagen type Iα2, 104, 920
Collagen type II, 104
Collagen type III, 104
Collagen type IVα1, 104
Collagen type IVα2, 104
Collagen type Vα1, 104
Collagen type Vα2, 104
Collagen type VI, 105
Collagen type VII, 105
Collagen type VIII, 105
Collagen type IX, 105
Collagen type X, 105
Collagen type XI, 105
Collagen type XII, 105
Collagen type XIII, 105
Collagen type XIV, 106
Collagen type XV, 106
Collagen type XVI, 106
Collagen type XVII, 106
Collagen type XVIII, 106, 854
Collagen type XIX, 106
Colony-stimulating factor, 631
Cornea, 965
Corneal injury, 967
Corneal injury, conventional treatment, 968
Corneal injury, molecular therapy, 968
Corneal injury, reconstruction, 973, 977
Corneal injury, regenerative engineering, 

971
Corpus striatum, 503

Cranial nerves, 506
Cranial nerve injury, 515
CREB (cAMP response element-binding 

protein), 162
Crk, 156
Cyclin A, 266
Cyclin B, 266
Cyclin D, 262, 264
Cyclin E, 262, 264
Cyclin G1, 971
Cyclin-dependent kinase 2 (CDK2), 262, 264
Cyclin-dependent kinase 4 (CDK4), 262, 264
Cyclin-dependent kinase 6 (CDK6), 262, 264
Cysteine (Cys, C), 18
Cystic fi brosis, conventional treatment, 752
Cystic fi brosis, experimental models, 750
Cystic fi brosis, molecular therapy, 753
Cystic fi brosis, pathogenesis, 750
Cytidine, 15
Cytochrome C, 309
Cytokines, 207, 629, 745
Cytokenesis, 260
Cytosine mutation, 421
Cytoskeleton, 55
Cytosine, 6
Cytosine methylation, 42
Cytotrophoblast, 342

Decorin, 115, 117
Deoxyadenosine, 6
Deoxycytidine, 6
Deoxyguanosine, 6
Deoxyribose, 6
Deoxyribonucleic acids (DNA), 5
Deoxythymidine, 6
Dermal stem cells, 387
Dermatan sulfate, 114
Dermis, 1008
Desmin fi laments, 84
Desmocollin, 293, 295
Desmoglein 1, 293, 295
Desmoglein 2, 295
Desmosine, 111
Desmosomes, 84, 295
D-galactose, 114
D-glucuronic acid, 114
Diacylglycerol, 223
Diabetes, conventional treatment, 825
Diabetes, experimental models, 825
Diabetes mellitus, pathogenesis, 822
Diabetes, molecular therapy, 825
Diabetes, primary, 822
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Diabetes, secondary, 822
Diabetes type I, 823
Diabetes type II, 823
Diencephalon, 353, 504
Digestive tract development, 366
DNA analysis, 433
DNA engineering, 421
DNA extraction, 428
DNA digestion, 428
DNA fragmentation, 309
DNA library, 430
DNA methylation, 42
DNA methyltransferase, 42
DNA modifi cation, 42
DNA proofreading, 14
DNA recombination, 429
DNA replication, initiation, 12
DNA replication, extension, 13
DNA sequencing, 433
DNA strands, 9
Double-stranded RNA (dsRNA), 46
dsRNA (double-stranded RNA), 46
Dynein, 80
Dynein cytoplasmic heavy chain, 82
Dynein cytoplasmic intermediate chain, 82
Dynein cytoplasmic light chain, 82
Dystroglycan, 879
Dystrophin, 879

Early growth response 1 (Egr-1), 162
E-cadherin, 293
E. coli, 430
Ectoderm, 343
EGF (Epidermal growth factor), 152
EGFR (Epidermal growth factor receptor), 

152
Egg, 333
Egr-1 (Early growth response 1), 162
Elastic fi bers, 109, 480
Elastic laminae, 109, 480
Elk-1, 162
Embryonic circulation, 362
Embryonic development, 329
Embryonic epiblast, 341
Embryonic stem cells, 381
Endocardial cushion, 361
Endocardial primordia, 361
Endocrine cell signaling, 149
Endocytosis, 89
Endoderm, 343
Endoderm development, 366
Endoplasmic reticulum (ER), 87

Endosomes, 89
Endothelial cells, 661
Endothelial function, 661
Endothelin, 666
Endothelin receptor, 666
Eosinophil precursor cells, 366
Epidermal growth factor (EGF), 604
Epidermal stem cells, 386
Epinephrine, 188
Epiblast, 341, 381
Epidermal development, 347
Epidermal growth factor (EGF), 152
Epidermal growth factor receptor (EGFR), 

153
Epidermis, 1008
ER (endoplasmic reticulum), 87
ER, rough, 87
ER, smooth, 87
ERK1/2 (Extracellular signal-regulated protein 

kinase 1/2), 155
ERKK (Extracellular signal-regulated protein 

kinase kinase), 159
Erythroblasts, 365
Erythrocytes, 365
Erythroid precursor cells (CFU-E), 365
Erythropoietin, 631
E-selectin, 289
Estrogen, 232
Estrogen receptor, 233, 921
Euchromatin, 10
Excitation-contraction coupling, 877
Exons, 8, 17
Exteroreceptors, 509
Extracellular matrix, 103, 670
Extracellular signal-regulated protein kinase 

1/2 (ERK1/2), 155, 161
Extracellular signal-regulated protein kinase 

kinase (ERKK), 159
Extraembryonic endoderm, 341
Eyes, choroid, 965
Eyes, ciliary processes, 965
Eyes, nervous tunica, 966
Eyes, sclera, 965
Eyes, vascular tunica, 965

FADD (Fas-associated protein with death 
domain), 308

FAK (Focal adhesion kinase), 183
Fas-associated protein with death domain 

(FADD), 308
Fas ligand, 308
Fas receptor, 308
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Fertilization, 329
Fetal stem cells, 383
FGF (Fibroblast growth factor), 152
FGFR (Fibroblast growth factor receptor), 153
Fgr, 181
Fibrillin 1, 110
Fibrillin 2, 110
Fibrillin 3, 110
Fibrinogen, 665
Fibroblast growth factor (FGF), 152, 601
Fibroblast growth factor receptor (FGFR), 153, 

603
Fibronectin, 107
Filamin A, 61
Filamin B, 61
Fimbrin, 61
Flagellum, 331
Focal adhesion kinase (FAK), 183, 303
Formin, 58
Fragmin, 59
Fyn, 181

GAGs, (glycosaminoglycans), 113
Ganciclovir, 690
GAP (GTPase-activating protein), 157
Gas exchange, 739, 740
Gastrointestinal anatomy, 799
Gastrointestinal cancer, 805
Gastrointestinal regenerative engineering, 

806
Gastrointestinal reconstruction, 807
Gastrointestinal transplantation, 806
Gas ventilation, 739, 740
Gastrulation, 341
Gelsolin, 59
Gene amplifi cation, 432
Gene cloning vectors, 429
Gene expression, regulation, 37
Gene knock out, 435
Gene locus, 11
Gene microarray analysis, 426
Gene mutation, 421
Gene sequencing, 433
Gene therapy, 436
Gene transcription, regulation, 38
Gene transfer, 436
Gene transfer, adenovirus-mediated, 440
Gene transfer, adeno-associated virus-

mediated, 440
Gene transfer, calcium phosphate-mediated, 

443
Gene transfer, electroporation-mediated, 444

Gene transfer, embryonic, 437
Gene transfer, gene gun-mediated, 444
Gene transfer, herpes simplex virus-mediated, 

442
Gene transfer, liposome-mediated, 443
Gene transfer, receptor-mediated, 442
Gene transfer, retrovirus-mediated, 439
Gene transfer, somatic, 438
Gene transfer, virus-mediated, 438
Genotypes, 8
GFP gene, 446
Glaucoma, conventional treatment, 980
Glaucoma, molecular therapy, 980
Glaucoma, pathogenesis, 979
Glial cell line-derived neurotrophic factor, 

526, 854, 984
Glial fi laments, 84
Glomerulonephritis, acute, pathogenesis, 859
Glomerulonephritis, acute, treatment, 859
Glomerulonephritis, chronic, pathogenesis, 860
Glomerulonephritis, chronic, treatment, 861
Glucagon, 776, 821
Glucocorticoid receptor, 233, 748
Glucokinase, 826
Glucose-6-phosphatase, 828
Glutamic acid (Glu, E), 18
Glutathione peroxidase (GPX), 626
Glutathione peroxidase 1, 628
Glutathione peroxidase 2, 628
Glutathione peroxidase 3, 628
Glutathione peroxidase 4, 628
Glutathione peroxidase 5, 628
Glutathione peroxidase 6, 628
Glutamine (Gln, Q), 18
Glycerol, 26
Glycine (Gly, G), 18
Glycogen synthase kinase 3, 561
Glycolipids, 27
Glycosaminoglycans (GAGs), 113, 114, 

486
Glycosylation, 88
Glypican, 298
G-proteins (guanine nucleotide binding 

proteins), 218, 220
Golgi apparatus, 88
Golgi, cis-cisterna, 88
Golgi, medial cisterna, 88
Golgi, trans-cisterna, 88
Golgi network, cis-, 88
Golgi network, trans-, 88
Granulocyte-macrophage colony-stimulating 

factor, 1016
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Grb-2 (growth factor receptor-bound protein 
2), 156

Green fl uorescence protein (GFP) gene, 
446

Guanine, 6
Guanosine, 15
Guanine nucleotide binding proteins 

(G-proteins), 218, 220

Heparan sulfate proteoglycans, 296
Hck, 181
Heart failure, conventional treatment, 595
Heart failure, molecular therapy, 595
Heart failure, experimental models, 593
Heart failure, pathogenesis, 589
Heart failure, tissue regenerative engineering, 

596
Heatshock proteins (HSPs), 626, 628
Hemangioblasts, 363
Hematopoiesis, 364
Hematopoietic stem cells, 363, 388
Heparan sulfate, 114
Heparin, 114, 115
Hepatitis A virus, 772
Hepatitis, acute, 771
Hepatitis B virus, 772
Hepatitis, chronic, 785
Hepatitis, conventional treatment, 772
Hepatitis, molecular therapy, 773
Hepatitis, pathogenesis, 771
Hepatitis, viral, 771
Hepatocyte growth factor (HGF), 153, 608
Hepatocyte growth factor receptor (HGFR), 

153, 608
Hepatoma, 1027
Hepatopoietin, 776
Herpes virus thymidine kinase, 690
Heterochromatin, 10
Heterozygote, 11
HGF (hepatocyte growth factor), 153
HGFR (hepatocyte growth factor receptor), 

153
HIF1α (hypoxia-inducible factor 1α), 231
Histidine (His, H), 18
Histone acetylation, 41
Histone methylation, 42
Histone phosphorylation, 41
Histone ubiquitination, 41
Histones, 10
Homologous recombination, 447
Homozygote, 11
Hormone response elements (HREs), 235

H-Ras, 160
HREs (Hormone response elements), 235
Huntingtin, 563
Huntington’s disease, 562
Hyaluronic acid, 115
Hydrogen bonds, 9
Hypercholesterolemia, 28
Hyperglycemia, 823
Hyperlipidemia, 681
Hypertension, animal models, 703
Hypertension, conventional treatment, 

706
Hypertension, endocrine, 701
Hypertension, essential, 700
Hypertension, molecular therapy, 706
Hypertension, pathogenesis, 699
Hypertension, renovascular, 700
Hypoblast, 341
Hypothalamus, 504
Hypoxia-inducible factor 1α (HIF1α), 231

ICAMs (Intercellular adhesion molecules), 
275, 276

ILGF (insulin-like growth factor), 152
ILGFR (insulin-like growth factor receptor), 

153
IκB, 224
IκB kinase α, 225
IκB kinase β, 225
IκB kinase γ, 225
Infl ammatory bowel disease, conventional 

treatment, 810
Infl ammatory bowel disease, molecular 

therapy, 810
Infl ammatory bowel disease, pathogenesis, 

809
Infl ammatory bowel disease, tissue 

engineering, 810
Inner cell mass, 341
Inositol 1,4,5-triphosphate, 223
Insulin, 775, 820
Insulin-like growth factor (ILGF), 152, 775, 

889
Insulin-like growth factor receptor (ILGFR), 

153
Insulin promoter factor 1, 831
Intercellular adhesion molecules (ICAMs), 

275, 276
Intermediate fi laments, structure, 83
Integrin replenishment, 272
Integrin α1, 300
Integrin α2, 300
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Integrin α3, 300
Integrin α4, 300
Integrin α5, 301
Integrin α6, 301
Integrin α7, 301, 887
Integrin αv, 301
Integrin β1, 301, 887
Integrins, 107, 298
Interferon (IFN) α, 634
Interferon β, 634
Interferon γ, 748, 1029
Interleukin (IL) 1, 631, 932
Interleukin 1 receptor, 933
Interleukin 2, 631, 1029
Interleukin 3, 631
Interleukin 4, 632, 1029
Interleukin 5, 632
Interleukin 6, 632
Interleukin 7, 633
Interleukin 8, 633
Interleukin 9, 634
Interleukin 10, 634, 777, 810
Interleukin 12, 747, 749, 1029
Interleukin 13, 749, 936
Interleukin 18, 810, 1016
Intestinal expansion, 807
Intestinal ischemia, conventional treatment, 

812
Intestinal ischemia, pathogenesis, 811
Intestinal stem cells, 388
Introns, 8, 17
Involuntary movements, 510
Ischemic heart disease, conventional 

treatment, 599
Ischemic heart disease, molecular therapy, 

600
Ischemic heart disease, pathogenesis, 598
Isodesmosines, 111
Isoleucine (Ile, I), 18

JAK1, 208
JAK2, 208
JAKs (Janus tyrosine kinases), 207, 208
Janus tyrosine kinase (JAK), 207
JNK (Jun N-terminal kinase), 155, 164
JNKK (Jun N-terminal kinase kinase), 

159
Jun N-terminal kinase (JNK), 155
Jun N-terminal kinase kinase (JNKK), 159

Kallikrein, 707
Keratan sulfate, 114

Keratinocytes, 1008
Keratinocyte growth factor (KGF), 1016
Keratin, 84, 86, 1008
Keratin fi laments, 84
Keratinocyte growth factor (KGF), 775
Keratocan, 118
Kidney formation, 359
Kidney anatomy, 846
Kidney, Bowman’s capsule, 846
Kidney, permanent, 359
Kidney, transient, 359
Kinesin, 80
Kinesin heavy chain, 82
Kinesin light chain, 82
Kinetochore, 12
K-Ras, 160

LacZ gene, 429
λ-phage, 430
Lamin fi laments, 84, 87
Lamin A/C, 86
Lamin B, 86
Laminin, 108
Langerhans, 820
Langerhans, α cells, 820
Langerhans, β cells, 820
Langerhans, δ cells, 820
Lck, 181
Leukemia, 1027
Leucine (Leu, L), 18
Lineage-depleted cells (Lin− cells), 388
Liver anatomy, 769
Liver, bile secretion, 771
Liver bud, 366, 367
Liver cancer, 788
Liver, detoxifi cation, 770
Liver development, 367
Liver failure, conventional treatment, 

772
Liver, molecular therapy, 773
Liver failure, pathogenesis, 771
Liver, metabolism, 769
Liver regeneration, 399
Liver regeneration models, 402
Liver regeneration, regulation, 403
Liver regenerative engineering, 778
L-selectin, 289
Luciferase gene, 446
Lung development, 368
Lyn, 181
Lymphocyte progenitor cells, 365
Lymphoma, 1027
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Lysine (Lys, K), 19
Lysosomes, 89

Macrophage colony-stimulating factor, 
1016

MAPKs (Mitogen-activated protein kinases), 
155

MAPKKs (Mitogen-activated protein kinase 
kinases), 155

MAPKKKs (Mitogen-activated protein Kinase 
kinase kinases), 155

Matrix extracellular, 103
Matrix metalloproteinases (MMPs), 119
Mechanoreceptors, 510
Medulla oblongata, 505
Megakaryocytes, 365
Meiosis, 265, 268
MEK kinases, 163
MEKs (Mitogen-activated protein kinase/

Extracellular signal-regulated protein kinase 
kinases), 155, 161

Melanoma, 1017, 1027
Meninges, 507
Mesencephalon, 353
Mesoderm, 343
Mesoderm, intermediate, 359
Mesoderm, lateral, 359
Mesoderm, paraxial, 356
Mesoderm, somatic, 359
Mesoderm, splanchnic, 359
Mesodermal segments, 356
Mesonephroi, 359
Metanephrogenic mesenchyme, 359
Metencephalon, 353
Methionine (Met, M), 19
Microfi bril-associated glycoprotein, 110
Microglial cells, 353
Microtubule-associated protein 1A, 81
Microtubule-associated protein 1B, 81
Microtubule-associated protein 2, 81
Microtubules, 76
Microtubule dynamics, regulation, 80
Midbrain, 506
Mineralocorticoid receptor, 234
Miniagrin, 889
Mitochondria, structure, 90
Mitochondria, ATP synthesis, 90
Mitochondria, internal matrix space, 90
Mitochondria, intermembrane space, 90
Mitogen-activated protein kinase/Extracellular 

signal-regulated protein kinase kinase 
(MEK), 155

Mitogen-activated protein kinases (MAPKs), 
155

Mitogen-activated protein kinase kinases 
(MAPKKs), 155

Mitogen-activated protein Kinase kinase 
kinases (MAPKKKs), 155

Mitosis, 258
Mitotic spindle, 83
Mitral regurgitation, 638
Mitral stenosis, 638
MMPs (Matrix metalloproteinases), 119
MMP1, 122
MMP2, 122
MMP3, 122
MMP7, 122
MMP8, 122
MMP9, 122
MMP10, 122
MMP11, 123
MMP12, 123
MMP13, 123
MMP14, 123
MMP15, 123
Molecular regenerative engineering, xxx, 420
Monocyte adhesion to basal lamina, 113
Monocyte adhesion to collagen, 113
Monocyte adhesion to elastic laminae, 113
Monocyte chemotactic protein 1 (MCP-1), 

667
Monocyte precursor cells, 365
Motor control, 510
mRNA cap, 43
mRNA transport, 45
MT-MMPs, 119
Multifactorial genetic disorders, 424
Multiple sclerosis, 572
Muscular dystrophy, Becker’s, 880
Muscular dystrophy, Duchenne’s, 878
Muscular dystrophy, experimental models, 

881
Muscular dystrophy, molecular therapy, 882
Muscular dystrophy, pathogenesis, 878
Muscular progenitor cells, 891
Muscular stem cells, 891
Myelencephalon, 353
Myeloid progenitor cells, 365
Myocardial tube, 361
Myosin fi laments, 874
Myostatin, 888

N-acetyl-D-galactosamine, 114
N-cadherin, 293
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NCAMs (Neural cell adhesion molecules), 
275, 276

Nck, 156
Nephrons, 846
Nerve growth factor (NFG), 152, 525
Nervous injury, 514
Nebulin, 60
Neurofi brillary tangles, 555
Neural cancer, 1027
Neural cell adhesion molecules (NCAMs), 

275, 276
Neural crest, 348
Neural crest cells, 348
Neural crest, cardiac, 350
Neural crest, cranial, 350
Neural crest, trunk, 350
Neural crest, vagal, 350
Neural folds, 349
Neural groove, 349
Neural plate, 349
Neural stem cells, 395
Neural tube, 349
Neurocan, 114, 118
Neurofi lament protein heavy polypeptide, 

86
Neurofi lament protein light polypeptide, 86
Neurofi laments, 84, 87
Neurogenic differentiation factor 1, 831
Neuroglial cells, 353
Neuronal formation, 353
Neuronal synapses, 502
Neurons, 501
Neurons, cholinergic, 557
Neurons, dopaminergic, 569
Neurons, preganglionic, 511
Neurons, postganglionic, 511
Neurons, sympathetic chain ganglionic, 511
Neurotrophin 3, 521
Neurotrophin 4, 524
Neurulation, 349
Neutrophil precursor cells, 366
NFG (Nerve growth factor), 152
NFκB (nuclear factor κ B), 222
Nicotine adenine dinucleotide (NAD), 90
Nicotine adenine dinucleotide hydride 

(NADH), 90
Nidogen, 108
Nitric oxide synthase, 688, 707, 757, 889
Nonreceptor tyrosine kinases, 180
Norepinephrine, 502
Notochord, 356
Nuclear factor κ B (NFκB), 222

Nuclear lamina, 91
Nuclear receptors, 231, 235
Nucleoside, 5, 6
Nucleoside monophosphate, 5, 7
Nucleoside diphosphate, 5, 7
Nucleoside triphosphate, 5, 7
Nucleosomes, 10
Nucleotide, 5, 6
Nutrient absorption, 800
Nutrient digestion, 800

Ocular anatomy, 965
Oligodendrocytes, 353
Olfactory stem cells, 386
Oncolytic viruses, 1033
Oocyte, 333
Oocyte, cortical granules, 339
Oogenesis, 333
Oogonia, 333
Oral opening, 366
Ossifi cation of cartilage, 358
Osteoblasts, 358, 908
Osteochondral progenitor cells, 908
Osteoclasts, 908
Osteocytes, 358, 908
Osteogenesis, 358
Osteoporosis, conventional treatment, 

919
Osteoporosis, molecular therapy, 919
Osteoporosis, pathogenesis, 918
Osteoprotegerin (OPG), 921, 924, 937
Osteoprotegerin ligand, 921, 924
Ovarian follicular cells, 333
Ovum, 333

p15(INK4B), 267, 1029
p16(INK4A), 267, 1029
p18(INK4C), 267, 1029
p19(INK4D), 267, 1029
p21, 267, 983, 1029
p27, 267, 1029
p57, 267, 1029
p21-activated protein kinase (PAK), 163
p38 MAPK, 165
p53 protein, 236, 238
Paget’s disease, conventional treatment, 

929
Paget’s disease, molecular therapy, 930
Paget’s disease, pathogenesis, 929
Pain receptors, 510
PAK (P21-activated protein kinase), 163
Pancreatic α cells, 820
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Pancreatic anatomy, 820
Pancreatic β cells, 820
Pancreatic cancer, 836
Pancreatic δ cells, 820
Pancreatic engineering, 832
Pancreatic stem cells, 833
Parathyroid hormone, 913
Parasympathetic nerves, 511
Parkinson’s disease, 565
P-cadherin, 293
PDGF AA (Platelet-derived growth factor 

AA), 152, 154
PDGF BB (Platelet-derived growth factor BB), 

154
PDGFR (Platelet-derived growth factor 

receptor), 153, 154
Pancreas development, 368
Paracrine cell signaling, 149
Peptic ulcer, conventional treatment, 802
Peptic ulcer, experimental models, 802
Peptic ulcer, molecular therapy, 802
Peptic ulcer, pathogenesis, 801
Peptidyltransferase, 22
Pericardium development, 361
Peripheral nerve injury, 517
Perlecan, 108, 115, 117
Phagosomes, 89
Pharynx primordium, 367
Pharyngeal pouches, 367
Phenotypes, 8
Phenylalanine (Phe, F), 19
Phosphatidylinositol 3-kinase, 158
Phosphodiester bonds, 8
Phosphoglycerides, 25
Phospholipase Cγ, 157
Phospholipids, 25
Phosphatidylcholine, 26
Phosphatidyl inositol, 26
Photoreceptors, 510
Pigment-epithelium-derived factor, 987
Pituitary gland, 504
PKA (Protein kinase A), 183, 185, 187
PKC (Protein kinase C), 183, 185, 189
Plasminogen, 987
Plasminogen activator, 664
Plasminogen activator activator, 664
Platelet-derived growth factor AA (PDGF 

AA), 152, 154, 605
Platelet-derived growth factor BB (PDGF BB), 

154, 605, 804
Platelet-derived growth factor receptor 

(PDGFR), 153, 160, 605

Platelet-derived growth factor receptor protein 
tyrosine kinase, 154

Platelet precursor cells, 365
Pleiotrophin, 854
Pleura, 737
Polyadenylation, pre-mRNA, 44
Polyamides, 475
Polyanhydrides, 478
Poly(A)polymerase, 44
Poly(β-hydroxybutyrate), 474
Polycaprolactones, 474
Polycarbonates, 475
Polyethylene, 472
Poly(ethylene terephthalate) (PET), 471
Polyglycolides, 473
Polylactides, 473
Polymer, biodegradable, 472
Polymer, nonbiodegradable, 471
Polyphosphazenes, 476
Polysaccharides, 481
Polytetrafl uoroethylene (PTFE), 471
Pons, 505
Pre-mRNA, capping, 43
Pre-mRNA, decapping, 43
Pre-mRNA, polyadenylation, 44
Pre-mRNA, splicing, 45
Presumptive cardiac cells, 361
Primary capillary plexus, 363
Primitive gut, 366
Primitive streak, 341
Primordial germ cell, 331, 381
Proerythroblasts, 365
Profi lin, 58
Progesterone receptor, 234
Proline (Pro, P), 19
Pro-MMPs, 119
Pronephric ducts, 359
Pronephroi, 359
Proprioceptors, 509
Prosencephalon, 353
Prostaglandin synthase, 758
Protein C, 664
Protein folding, 23
Protein kinase A (PKA), 183, 185, 187
Protein kinase C (PKC), 183, 185, 189
Protein phosphatases, 199
Protein phosphatase 1 (PP1), 200
Protein phosphatase 2 (PP2), 200
Protein phosphatases, dual specifi city, 201, 

202
Protein serine/threonine phosphatases, 199
Protein translation, initiation, 21
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Protein translation, initiation factors, 21
Protein translation, elongation, 22
Protein translation, release factor, 22
Protein translation, regulation, 46
Protein translation, termination, 22
Protein tyrosine kinase, 151
Protein tyrosine phosphatases (PTPs), 201
Protein tyrosine phosphatase non receptor type 

1, 202
Protein tyrosine phosphatase receptor type α, 

202
Protein tyrosine phosphatase receptor type δ, 

276
Protein tyrosine phosphatase receptor type κ, 

276
Protein tyrosine phosphatase receptor type μ, 

276
Proteoglycans, 113
Proteasome, 226
Prothrombin, 665
Protocadherin 1, 293, 294
Protocadherin 2, 294
Protocadherin μ, 294
Proto-oncogene, 1028
P-selectin, 289
PTPs (Protein tyrosine phosphatases), 201
Pulmonary circulation, 738
Pulmonary hypertension, conventional 

treatment, 755
Pulmonary hypertension, hypoxic, 754
Pulmonary hypertension, molecular therapy, 

755
Pulmonary hypertension, pathogenesis, 

753
Purines, 6
Pyrimidines, 6
Pyruvate kinase, 828

Rac, 62, 63, 303
Radiotherapy, 1029
Raf-1, 155
Ras, 155
ras gene, dominant negative, 937
Receptor protein tyrosine kinase, 152
Recombinant DNA, 429
Regeneration, xxviii
Regeneration, blastema, 397
Regeneration, mammalian liver, 399
Regeneration of salamander limbs, 397
Regenerative engineering, xxxii
Regenerative medicine, xxx
Renal failure, acute, pathogenesis, 848

Renal failure, acute, conventional treatment, 
850

Renal failure, acute, molecular therapy, 850
Renal failure, chronic, pathogenesis, 855
Renal failure, chronic, treatment, 859
Renal failure, experimental models, 849
Renal failure, acute, regenerative engineering, 

852
Renal tubules, 847
Renin, 673
Replication forks, 12
Replication origins, 10
Retina, 966
Reticulocytes, 365
Retinopathy, conventional treatment, 986
Retinopathy, molecular therapy, 986
Retinopathy, pathogenesis, 985
Rheumatoid arthritis, conventional treatment, 

931
Rheumatoid arthritis, molecular therapy, 

932
Rheumatoid arthritis, pathogenesis, 930
RhoA, 63, 273, 303
RhoB, 63
RhoC, 63
Rhombencephalon, 353
Ribose, 6
Ribonucleic acid (RNA), 14
RNA, double-stranded, 46
RNA-dependent protein kinase, 46
RNA polymerase II, 40
RNA transcription, initiation, 16
RNA transcription, elongation, 16
RNA transcription, termination, 16

Salamander limb regeneration, 397
SAPK (Stress-activated protein kinase), 155
SARA, 184
Sarcoma, 1027
Sarcomeres, 874
Schwann cells, 503
Selectins, 289
Senile plaques, 555
Sensory centers, 509
Sensory receptors, 509
Serine (Ser, S), 19
Serine/threonine kinases, 183
Serine/threonine kinase receptors, 184
Serum response factor, 803
Severin, 59
SH2 domain-containing protein tyrosine 

phosphatase-1 (SHP-1), 113, 203, 206
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SH2 domain-containing protein tyrosine 
phosphatase-2 (SHP-2), 157, 203

Shc, 156
Short bowel syndrome, treatment, 812
Short bowel syndrome, pathogenesis, 812
SHP-1 (SH2 domain-containing protein 

tyrosine phosphatase-1), 113, 203
SHP-2 (SH2 domain-containing protein 

tyrosine phosphatase-2), 157, 203
Signal regulatory protein α, 113, 203, 206
Simple inherited genetic disorders, 423
siRNA (small interfering RNA), 449
Skeletal muscle formation, 357
Skeletal formation, 358
Skin anatomy, 1008
Skin cancer, treatment, 1019
Skin cancer, pathogenesis, 1017
Skin injury, conventional treatment, 1010
Skin injury, pathogenesis, 1009
Skin injury, reconstruction, 1011
Skin injury, regenerative engineering, 1010
Smad 2, 184, 186
Smad 3, 184, 186
Smad 4, 184, 186
Smooth muscle cells (SMCs), vascular, 668
Somatic cell nuclear transfer, 382
Somatic stem cells, 458
Somatostatin, 821
Somites formation, 356
Somitomeres, 356
Sos (son of sevenless Drosophila 

homolog 1), 156
Sperm, 330
Sperm-oocyte fusion, 336
Sperm-oocyte interaction, 335
Spermatogenesis, 332
Sphingolipids, 25
Spinal cord, 508
Spinal cord injury, 515
Spinal cord formation, 354
Splicing, pre-mRNA, 45
Splicesome, 17
Squamous cell carcinoma, 1017
Src (p60-Src), 156, 181, 182, 303
Stainless steels, 487
Starch, 485
STAT1, 208
STAT2, 208
STATs, 207, 208
Stem cells, 381
Stem cells, adult, 385, 458
Stem cells, bone marrow, 388

Stem cells, committed, 381
Stem cells, dermal, 387
Stem cells, epidermal, 386
Stem cells, embryonic, 381, 458
Stem cells, fetal, 383, 458
Stem cells, hematopoietic, 388
Stem cells, intestinal, 388
Stem cells, neural, 395
Stem cells, olfactory, 386
Stem cells, stromal, 388
Stem cells, uncommitted, 381
Steroid hormone receptors, 231
Steroids, 28
Stress-activated protein kinase (SAPK), 

155
Stromelysin 1, 981
Stromelysin 2, 981
Stromelysin 3, 981
Subthalamus, 504
Superoxide dismutase, 625
Sympathetic nerves, 511
Synctiotrophoblast, 342
Syndecans, 115, 118, 297
Syntrophin 1, 879

τ protein, 81, 558
TATA box, 37
TATA box-binding protein, 40
Taxol, 78
Telencephalon, 353
Telomerase, 777
Telomeres, 10, 12
Testosterone, 232
TGFβ (transforming growth factor β), 184, 

186
TGFβR (transforming growth factor β 

receptor), 184, 186
Thalamus, 504
Thermoreceptors, 510
Threonine (Thr, T), 19
Thymidine, 6
Thymosin, 58
TIMP1, 123
TIMP2, 123
TIMP3, 123
TIMP4, 123
TIMPs (Tissue inhibitors of 

metalloproteinases), 121
Tissue inhibitors of metalloproteinases 

(TIMPs), 121
Tissue regenerative engineering, 456
Tissue thromboplastin, 664
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T-lymphocyte progenitor cells, 365
Tissue regenerative engineering, xxxi, 461
Titanium, 488
TNF α (tumor necrosis factor α), 308
TNF receptor, 308
TRADD, 308
Trans-acting factors, 37
Transforming growth factor β (TGFβ), 184, 

186, 777
Transforming growth factor β receptor 

(TGFβR), 184, 186
Trophoblast, 341
Tropoelastin, 110
Tropomodulin, 60
Tropomyosin, 60
Tryptophan (Trp, W), 19
Tubulin, α, 76, 77
Tubulin, β, 76, 77
Tubulin elongation, 78
Tubulin nucleation, 78
Tubulin, γ, 76, 77
Tumor necrosis factor α (TNF α), 308, 934
Tumor necrosis factor β (TNF β), 935
Tumor necrosis factor receptor type I, 935
Tumor necrosis factor receptor type II, 935
Tyk2, 208
Tyrosine (Tyr, Y), 19

Ubiquitins, 226
Ubiquitin B, 228
Ubiquitin C, 228
Ubiquitin-activating enzyme, 227
Ubiquitin-conjugating enzyme, 227
Ubiquitin/protein ligase, 228
Ubiquitination, 227
Uracil, 6
Ureteric bud, 359
Uridine, 15
Urinary tract obstruction, pathogenesis, 861
Urinary tract obstruction, treatment, 861
Urinary tract obstruction, tissue engineering, 

861

Valine (Val, V), 19
Valvular diseases, conventional treatment, 639
Valvular diseases, pathogenesis, 637
Valvular diseases, tissue regenerative 

engineering, 640
Vascular cell adhesion molecules (VCAMs), 

275, 276
Vascular development, 363
Vascular endothelial growth factor (VEGF), 

152, 606
Vascular endothelial growth factor receptor 

(VEGFR), 607
Vascular reconstruction, 693
Vascular structure, 660
Vascular tissue regenerative engineering, 

693
Vasculogenesis, 363
Vasopressin, 673, 776
VCAMs (Vascular cell adhesion molecules), 

275, 276
Ventricle, left, 585
Ventricle, right, 585
Versican, 111, 115, 117
Villin, 61
Vimentin, 84, 86
Vimentin fi laments, 84
Viral thymidine kinase, 938
Visceroreceptors, 509
Vitamin D, 232, 915
Vitamin D receptor, 234, 920
Voluntary movements, 510
von Willebrand factor, 664

Wnt2, 352

X-linked gene defects, 424

Yes, 181
Yolk sac, 343

Zona pellucida, 333
ZP3, 338
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