Index

A3B5"/PSA-NCAM™" cells, 165
Ablation studies, 78
Acetylcholine (ACh), 295-296
Acetylcholine esterase (AChE), 284
Acetylcholine receptor (AChR) channels, 276
Acetylcholine receptor inducing activity (ARIA), 294
Acetylcholine receptors (AChRs), 273, 276, 278-281, 284, 290, 293, 309
distribution, 285
types of, 269, 271
Achaete-scute homologue ashl, 97
Actin, retrograde flow of, 246
Actin-binding protein filamin 1 (filamin-ar), 225
Active zones (AZ), 270, 275, 279-280
Activin, 9, 10
Adhesion, tactile, 377
Adhesion proteins, synaptic, 300-305
Adhesive cell-surface signals, 251
Adrenoleukodystrophy, 173
Age-related alterations in neurogenesis, developmental mechanisms
underlying, 354-357
Age-related cytoarchitectural changes in nervous system, 350-351
Age-related molecular changes in nervous system, 351
Age-related neurodegenerative disorders, 361
brain regions affected in, 359
developmental mechanisms in, 358-361
Aging
cellular and molecular changes during normal, 349-354
mechanisms that regulate nervous system development and, 350, 361
neural control of, 354
Aging phenotype, inherited disorders with abnormal, 358
Agrin, 284, 291-294, 297, 298, 305-306
structure/function, 291
Agrin hypothesis, 292
Agrin-induced signaling pathways, 293
Alcohol syndrome, fetal, 176
ALD protein, 173
Alkaline phosphatase (AP), 257
Alzheimer’s disease, 358
Ameboid microglia, 371-372
4-Aminopyridine (4-AP), 180-181
Amniotes, 80-81
Amphibian embryos, 4; see also Xenopus embryo
Amyloid precursor protein (APP), 358, 359
Anamniotes, 81
Anastomosis between peripheral nerve fibers, 389
Anterior maintenance, 48
Anterior neural plate border, preplacodal field at, 102—-104
Anterior-posterior (A-P) topography, mechanisms of, 260
Anteroposterior (AP) pattern
early decisions, 44
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first division, 44
head neural induction and maintenance, 4546
trunk neural induction, 4650
regional patterning, 5057
Antibodies that promote remyelination, 182
Apaf-1, 322-323
Apoptosis-inducing factor (AIF), 319
Apoptosis pathway, 353
Apoptotic cell death, 318, 319; see also Programmed cell death
Ara-C (cytosine arabinoside), 205
Architectonic maps, 396-397
Astrocyte development
in cerebellum, 208
in forebrain
pathways of, giving rise to different types of astrocytes, 207-208
is not uniform across different regions of CNS, 199
in spinal cord, 208-209
Astrocyte genesis, interplay of multiple pathways contributes to, 216
Astrocyte lineages
model of, 212
in vitro, heterogeneity within, 211
Astrocyte precursor cells (APCs), 212-213
contrasted with NG2 cells, 209-210
radial glia as, 203-204
Astrocyte progenitors, emigrate from SVZ along radial glial guides, 207
Astrocyte-restricted precursors, 213
Astrocyte specification
induced by alpha helical family of cytokines, 213
induced by TGF-B family of cytokines, 213-214
regulated by multiple signals, 213-216
Astrocytes, 164-166, 171, 197, 217
cell culture studies reveal multiple lineages of, 210-211
defined, 197
directly descended from SVZ, 205-207
functions, 197
maintenance in adult brain, 209-210
by endogenous precursors, 209
subset that are direct descendants of ventricular zone, 200-205
and their developmental expression, molecular markers for, 200
types of, 197, 199, 211
in different regions, 197-199
type 1 lineage, 210-211
type 2 and the O-2A lineage, 211
in vivo, 197-199
Autism
mercury, vaccines, and, 177
Autonomic nervous system, 95-96
structure, 95
Autophagic cell death, 318-320; see also Programmed cell death
Avian embryos, 46
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Axon and dendrite guidance, 256257, 263
key questions about, 242-243, 263-264
Axon and dendrite guidance signals
activities, 251
cell-surface, 251
cyclic nucleotides modulate responses to, 261
diversity of, 250-251
secreted, 251-252
Axon guidance; see also Guidance
approaches to studying, 249-250
criteria for guidance molecules, 248
culture assays for guidance molecules, 248-249
in vivo preparations for, 249
Axon guidance receptors, domain structures of, 250, 251
Axon guidance signals
culture assays for, 248-249
domain structures, 250, 251
Axon shaft, 245
Axonal development, 374-375
developmental stages of a growing axon, 242, 243
historical perspective, 375-382
Axonogenesis, 243
Axon(s)
vs. dendrites, 241, 382
developmental stages of a growing, 242
target recognition and topographic projections, 243, 257-260

B-cells, 89
Baer, Karl Ernst von, 394
Barker, L.F., 392
Basal lamina (BL), 279, 283, 287, 288
degradation of, as necessary for neural crest cell delamination, 76
Basic helix-loop-helix (bHLH), 91-92, 98, 135-139
Bax, 321-322
Bcl-2, 320-321
Bel-X, 321
Beard, John, 390-391
Bergmann glia, 199, 205, 208
Bernard, Claude, 382, 387
BhoB, as essential for neural crest cell delamination, 77-78
Bidder, F,, 383
Birthdates (of cells)
defined, 131
different classes of PNS neurons have distinct, 133
temporal regulation of, 129, 134-135
Birthdating, 130-131
Blastocoel, 6
Blastocyst, 6, 7
Blastoderm, 4
Blocking molecules and blocking factors, 339, 340
BMP and Activin Membrane Bound Inhibitor (BAMBI), 9
BMP inhibition, 45
as sufficient for neural induction, 11-12
BMP signaling, 213-214
is required for neural crest cell delamination, 77
BMP signaling pathway, 9-11
BMPs (bone morphogenic proteins), 48, 57, 60-62, 72-73, 95, 106,
161, 164
BMP2, 98-100
BMP7, 114
BMP4 induces BhoB, 77-78
dendrite generation and, 262
induce Mashl and Phox2b in sympathetic precursors, 98-99
lens fiber differentiation and, 111-112
and sympathetic vs. parasympathetic differentiation, 99

Brain, proliferative populations in the developing, 21
Brain-derived neurotrophic factor (BDNF), 252, 357
Brodmann, Korbinian, 394, 396

Bungarus multicinctus, 290

Cadherin6B, downregulation of

and neural crest cell delamination, 76
Cadherins, 300-301
Caenorhabditis elegans (C. elegans), 253, 319
Cajal, Santiago Ramoén y: see Ramoén y Cajal
Calcium, 261, 295-296
Campbell, A.W., 396-397
Canavan’s disease (CD), 173
Cancer treatments, neurotoxicity of, 177-178
Cartilage, 85
Cascade, 41
Caspase-3, 322-323
Caspase-9, 322-323
Catecholamine biosynthesis pathway, 95, 96

Catecholaminergic differentiation, floorplate-derived signals are required

for, 99
Caudal ganglionic eminence (CGE), 32
Caudal sclerotome, 84
Caudalization, 48
cdc42, 261
Cell adhesion; see also Adhesion; Synaptic adhesion
dual role of, 333, 335
Cell-adhesion molecules (CAMs), 251; see also NCAM
Cell-chain theory, 377
Cell cycle, transition from Gl to S phase of, 78
Cell cycle domains, 30, 32
Cell death; see also Neuronal death; Programmed cell death
regulation of cell proliferation and, 139
Cell division, 367
asymmetric vs. symmetric, 139-140
Cell fate determination within lateral line neuromasts, 108
Cell-fate specification
intrinsic and extrinsic cues, 140-141
mechanisms for CNS (extrinsic and intrinsic control), 141-143
plasticity in fate (vertebrate CNS neurons), 143—144
precision in, 141-142
Cell membrane, 378
Cell migration, 366; see also Neural crest migration
Cell number, regulation of
in early nervous system, 139-140
Cell replacement, 344
Cell theory, 365-366
Cell transplantation: see Myelin destruction, repair of demyelinating
damage
Cellular competition and selection, 387-388
Cellular organization of CNS, 382
Cerebellar granule cell migration, 233
Cerebellum, 52
astrocyte development in, 208
external granule cell layer of, 35-36
Cerebral cortex; see also Cortical structures
development, 129, 130
histogenesis, 131-132
organology, 396
plasticity until final cell cycle, 143
Chain migration, 233
Chemospecificity hypothesis, 258
Chemotherapy, 177-178
Chick, fibroblast growth factors in, 12
Chick embryo, 1, 4-6, 11, 73, 77



CHO1/MKLPI1, 262

Choline acetyltransferase (ChAT), 292, 296

Cholinergic transmission, 297

Chondroitin sulfate proteoglycans (CSPGs), 251, 252, 338, 341

Chordin, 10, 11

Ciliary neurotrophic factor (CNTF), 211, 213

Clutch hypothesis, 246247

Cocaine syndrome, fetal, 176

Cockayne syndrome, 358

Collagens, 283

Collapsin: see Semaphorin 3A

comm, 255-256

Compensation for CNS injury, 329

Contact sensibility, 377

Cortical maps and architectonics, 395-397

Cortical plate (CP), 223-225, 227-230

Cortical structures, histogenesis and morphogenesis of, 393, 395
historical orientation, 393-398

Cranial nerves, 52-53

Cranial neural crest cells: see Neural crest cells

Critical periods, 391, 400-401

Cyclic AMP (cAMP), 261

Cyclic GMP (cGMP), 261

Cyclin-dependent kinases (CDKs), 139

Cytoarchitectonic maps, 396-397

Cytosine arabinoside (Ara-C), 205

Darwin, Charles, 366, 387, 398
DCC (Deleted in Colorectal Carcinoma)
as attractive netrin receptor in vertebrates, 253-254
UNC-5 proteins as repulsive coreceptors for, 254
Deiters, Otto Friedrich Karl, 382, 384
Dendrite development, initial, 262
Dendrite outgrowth, control of, 262-263
Dendrites, 262; see also Axon and dendrite guidance
vs. axons, 241, 382
generation of, 262
historical and theoretical perspective on formation of, 382—-388
Dendritic form and function, history of concepts of, 384
Dendritic tilting, 263
Denderitic vs. axonal fate, 262-263
Dentate gyrus, 34-35
DGC (dystroglycan-associated glycoprotein complex), 281282
dHAND (HAND2), 96-97
Diencephalon, 50
Divergent differentiation, principle of, 396
DIx3, 105
DIx transcription factors, 73
DNA damage during aging, 352
Dopamine B-hydroxylase (DBH) genes, 96
Dorsal interneuron types (D1A, D1B, D2), 59
Dorsal root ganglia (DRG), 89, 90, 133
model for neurogenesis within, 93
neurogenins as essential for formation of, 92-93
Dorsal root ganglia (DRG) neurons, differentiation of
depends on inhibition of Notch signaling, 93
Dorsal root ganglia (DRG) satellite cells, differentiation of
depends on Notch signaling and instructive gliogenic cues, 93-94
Dorsal root gangliogenesis, 92-94
Dorsolateral migration pathway, 83
Dorsoventral (D-V) topography and bidirectional signaling, 260
Dorsoventral (DV) pattern, 60
dorsal patterning, 60
at various AP levels, 60—62
ventral patterning, 57-59
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Down’s syndrome, 358
Downstream genes, 41
Drosophila (fruit fly), 10-11, 53, 73, 306
CNS neuroblasts, 142
retina, 142-143
ventral nerve cord screen, 254-255
Duval, Mathias, 378
Dystroglycan-associated glycoprotein complex (DGC), 281-282

E-cadherin, 76
Ear, inner; see also Otic placodes
structure, 108—109
Ecker, Alexander, 393
Ectoderm, 57
non-neural, involvement in neural crest induction, 74—75
Ectodermal differentiation, developmental progression of, 45
Ectodermal placodes, cranial, 101-102
cell types and cells derived from, 101
Edinger, L., 395
Embryology, experimental, 373-374
Embryology, history of, 366
En grappe nerve terminals, 280
En plague nerve terminals, 280
Endothelin3 (Edn3), 99
Endplate, 276, 279
Engrailed-2 (En2), 61, 62
Entactin, 283
Enteric nervous system, 96
Enteric neurons, differentiation of, 99
Ephrin-A/EphA, 260
Ephrin-A/EphA signaling in vivo, 259-260
Ephrin-Eph interactions, 81, 84, 339
Epibranchial placode and neural crest-derived cells in gangliogenesis,
Epibranchial placode derivatives, 113
Epibranchial placodes, 101
a common primordium for otic and, 114
induction, 114
neurogenesis in, requires Ngn2, Phox2b, and Phox2a, 114-115
Epidermal growth factor (EGF) receptor, 294
induces astrocyte specification, 215
Epigenesis, 366
Epithelial-mesenchymal transition, 76-78
Epithelium and epithelial cells, 42, 389; see also Neuroepithelial cells
ErbB, 201, 202
Ernst, M., 391
Eukaryotic translation initiation factor (elF), 173
Exogastrula, 8
Experimental Embryology, Program of, 373-374
Exploratory fibers, 378
Expression pattern, 250
External granule cell layer (EGL) of cerebellum, 35-36
Extracellular matrix (ECM), 223, 228, 251-252

F-spondin, 84

Fetal alcohol syndrome, 176

Fetal cocaine syndrome, 176

Fibers, nerve: see Nerve fiber

Fibroblast growth factors (FGFs), 12, 47-48, 51-52, 73, 74, 105, 110,
FGF-8b as promoting astrocyte differentiation, 214-215

Fibrous astrocytes, 197-199

Filamin-a (FLNA), 225

Filopodia, 245-246

Fingers: see Filopodia

Flemming, Walther, 367

Floorplate, 252
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Floorplate-derived signals, catecholaminergic differentiation and, 99
Flourens, Jean-Pierre-Marie, 394
Folds, 278
Follistatin, 9-11
Forebrain, 50-51
Forel, August, 383, 384
Forward signaling, 259
FoxD3
neural crest precursor formation and, 75-76
promotes neural crest cell delamination at all axial levels, 77
Fruit fly: see Drosophila
Fulton, John F., 388
Functional differentiation, principle of, 395
Functional effect, 250

GABAergic neurons, 230
Gain of function, 42
Gain-of-Function experiment, 52
Galactocerebroside (GalC), 155
Gall, Franz Joseph, 394, 396
Ganglia, autonomic, 89
differentiation of satellite cells in, 99-100
Phox2b as essential for formation of, 96
Gangliogenesis
autonomic, 95-100
dorsal root, 92-94
epibranchial placode and neural crest-derived cells in, 115
interactions between neural crest- and placode-derived trigeminal cells
in, 113
Ganglion cells, retinal, 343
Ganglion development, spinal, 393
Ganglion mother cells (GMCs), 133, 142
Ganglionic eminence, 32, 160, 230, 231
Gastrulation, 4, 7
Gata3, 97
Gene disruption, targeted, 320-323
Gene manipulation, 342
Genetic concepts of nature, 373
Genetic disorders: see Inherited disorders
Genetic screens, 249
Gephyrin, 308
Gerlach, Joseph von, 375-376, 382, 384
Germinal cells, 21-23
histogenesis, lineages of nerve cells, and, 366-367
historical orientation, 367-368
Glia; see also Neuroglia; Radial glia
Bergmann, 199, 205, 208
effects of trophic molecules on, 337-338
Glia-derived signals, 308-309
Glial cell line-derived neurotrophic factor (GDNF), 84, 99, 311
Glial cells; see also Neuroglia
death, 325
Glial-derived neurotrophic factor (GDNF), 84
Glial fibrillary acidic protein (GFAP), 200, 206, 209-211, 213, 215, 216
Glial restricted precursor (GRP) cells, 153-156
Glial-restricted precursors (GRPs), 153-156, 167
can differentiate into oligodendrocytes or type 1 or 2 astrocytes,
212-213
Glial scar, 332-333, 335-341
importance of, 335-341
Gliogenesis, model for developmental switch from neurogenesis to, 214
Globules, 382-383
Gliicksmann, A., 391, 393
Glutamate toxicity, 179-180

Glutamine synthase (GS), 200
Glycine receptor clustering, 308
Golgi, Camillo, 368-370, 375, 376, 382, 384-386, 389
Golgi epithelial cell, 199
Gonadotropin-releasing hormone (GnRH), 105
Granule cell migration, cerebellar, 233
Granule cells, 35-36
Green fluorescent protein (GFP), 154
Growth cone cell biology, 244247
actin dynamics, 246-247
control of cytoskeleton during guidance, 247
microfilament dynamics, 246-247
microtubule dynamics, 247
transport of components, 247
Growth cones, 241-242
behavior, 245
filopodial and lamellipodial dynamics, 242
first published drawing of, 242
history of, 241, 242
classical experiments, 244
discovery, 244
modern experiments, 244
and recovery from injury, 337, 338
structure, 245-246
Growth factors, 151-152
scar-associated, 337, 338
Growth-influential molecules
with more than one function, 339-341
positive and negative functions, 333, 337, 338
positive regulators, 333, 335
that have altered expression following injury, 333, 334
GTPase activating proteins (GAPs), 261
GTPases, small, 261
Guidance cues, 232
Guidance molecules: see Axon guidance

Hair cell specification, requires Notch inhibition and
Mathl, 110-111

Hamburger, Victor, 393

HAND?2 (dHAND), 96-97

Harrison, Ross G., 377, 378, 383

Hartley, David, 388

Head- and trunk-organizer, Spemann/Mangold, 46—47

Head neural induction and maintenance, 4546

Held, H., 386

Henle, J., 384

Heparin sulfate proteoglycans (HSPGs), 251, 252

Hepatocyte growth factor (HGF), 232

Hindbrain, 52-54; see also Rhombencephalon

Hippocampal neurons, development of cultured, 262, 263

His, Wilhelm, 366-370, 372, 376-377, 383, 384, 389

Histogenesis; see also Neurogenesis

in vertebrate nervous system, 131-133

birthdating, transplantation, and lineage analysis, 130—131

Homeobox-containing (Hom/Hox) genes, 53, 55
Hox gene expression, 85, 86

Huntington’s disease, 358

Hypothyroidism, 174

1d proteins, 139

Immune system, 89

Inherited disorders with abnormal aging phenotype, 358
Inhibitors of apoptosis protein (IAP), 319

Inhibitory functions, 397



Injury, 329, 344, 345; see also Regeneration
changes in intrinsic properties of CNS neurons in response to, 343
severity, 331
stages of response to, 331, 332
Instruction hypothesis (lineage segregation of neural crest), 86
Insulin-like growth factor (IGF), 12
Intelligence quotient (IQ), malnutrition and, 398-401
Intermediate zone (1Z), 24
Interneuronal synapses, 273
Tonotropic transmission, 269
Irol and iro7, 112
Iron and oligodendrocyte generation, 175
Tron deficiency, 174-175
Isthmic organizer, 44
Isthmus, 46, 51-52

Jackson, Hughlings, 394

Kappers, Ariéns, 388, 393, 395, 396

Koelliker, R. Albert, 365-367, 377-378, 382, 384, 385, 387, 390,
395-397

Kuhn, Thomas S., 381

Kiihne, Willy, 390

Kupfter, C., 383

“Labeled line” model for synaptic connectivity, 300
Lagena, 109
Laminins, 283-284, 287-289, 335
Langley, J.N., 386387
Language development, 400
Lashley, Karl, 381, 397
Lateral ganglion eminence (LGE), 32, 160
Lateral inhibition, 137-138
Lateral line neuromasts, 107-108
cell fate determination within, 108
Lateral line placode derivatives, 106107
Lateral line placodes, 101, 107-108
induction, 107
Lateral line primordia, migration of, 107-108
Le Douarin model, 90
Lebert, H., 390
Left-right asymmetry, 62
Left-right (LR) patterning, 62
Lenhossék, M. v., 370
Lens fiber differentiation, 111-112
Lens placode derivatives, 111
Lens placode development, Pax6 and, 111
Lens placodes, 101
induction, 111
Lesion repair: see Myelin destruction, repair of demyelinating damage
Leukemia inducing factor (LIF), 213, 215
Leukemia inducing factor (LIF) receptor beta, 213
Leukodystrophy, 173
Leukodystrophy, metachromatic, 173
Lineage analysis, 131
Lister, Joseph, 383
Localization, cerebral, 394
Lorente de No, R., 397
Loss of function, 42
Ludwig, Carl, 373

Macroglial cells, 200
in perinatal optic nerve, 210
Maculae, 109
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MAG, 176, 341
Malnutrition; see also Mineral deficiencies
vulnerability of human brain to, 398401
Many-Banded Krait, 290
Marginal zone (MZ), 24
Markers, 42
Mashl, 97-99, 105
Mathl, 108, 110-111
Mechanosensory lateral line system, 106-107
Medial ganglion eminence (MGE), 32, 160
MeHg, effects of, 177
Melanocytes, 68, 89
Membrane, cellular, 378
Mental retardation, malnutrition and, 398400
Mercury compounds, organic
effects of, 177
Mesectoderm, 68
Mesencephalic nucleus of trigeminal nerve (mesV), 70
Mesencephalon, 44, 52
Mesoderm, 3, 57-58
paraxial, involvement in neural crest induction, 74
Metabotropic receptors, 269
Metachromatic leukodystrophy (MLD), 173
Meynert, T., 395
Microfilaments, retrograde flow of, 246
Microglial cells, 371-372
Microtubule-associated proteins (MAPs), 350, 351
Mid-blastula transition (MBT), 2
Midbrain, 50-52
Midline, crossing
Robo and Slit, 254-256
silence of netrin after, 254
Midline attraction, 252
in C. elegans, 253
in vertebrate spinal cord, 252-253
Miescher, Friedrich, 367
Mineral deficiencies, 174-176
Mitotic divisions, 30
Morphogen action, model of, 43
Morphogens, 41, 58, 59
Morphological concepts of nature, 373
Motor end plate, 390
Motor neuron/oligodendrocyte precursor (MNOP) cell, ambiguous case
for a restricted, 157
Motor neuron/oligodendrocyte precursor (MNOP) cell hypothesis,
156-158
Motor neurons, 58, 390
LIM genes regulate subtype specificity in CNS, 145-146
Motor unit, 274-275, 390
Mouse embryo, 1, 6-8, 11
Multiple sclerosis (MS), 179
Muscle spindles, 390
Muscles; see also Neuromuscular junctions
development of nerve connections with, 388-390
MuSK (muscle-specific receptor tyrosine kinase), 292-294, 296-297
Myelin-associated glycoprotein (MAG), 176, 341
Myelin basic protein (MBP), 152, 153, 170-172, 176
Myelin components, functions of, 171-172
Myelin destruction
as an adult, 178-179
repair of demyelinating damage, 180183
Myelin-related diseases
genetic, 172-174
nongenetic, 174—176
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Myelination, physiological insults associated with developmental
abnormalities in, 176-179

Myeloarchitectonic maps, 396, 397

Myoarchitectonic maps, 396

Myotubes, 285

N-acetylaspartate (NAA), 173
N-cadherin, 76
Narp (neuronal activity-regulated pentraxin), 307-308
NCAM, 282, 289-290
Neocortex, 27, 28
Nerve fiber, 377, 383
end of a growing, 377
Nerve growth factor (NGF), 317, 393
Nerve terminal and axon, molecular differentiation between, 280, 281
Nervous system
beginnings, 365
historical orientation, 365-366, 382
morphogenesis, 366
is made of cells, 365-366
theories of organization of, 382-385
historical evolution of, 385-388
Nervous system development, principles in, 131
Nervous system(s), 129
axes, 44
wiring complex, 241
Netrin, 251
biochemical purification, 253
as repulsive signal, 254
silence of, after crossing midline, 254
structure and function, 253
Netrin signaling, modulation of, 254
Neural crest, 55-57, 60, 100-101
embryonic origin, 70-71
and its derivatives, 372
historical perspective, 372-374
Neural crest cell differentiation in PNS, control of, 91-100
community effects alter fate decisions, 100
Neural crest cells, 115
cranial
are not prepatterned, 86
migration pathways of, 79-81
delamination, 7678
genes expressed in premigratory and migrating, 71-72
multipotent and fate-restricted, evidence for
from in vitro cloning, 88
from in vivo labeling, 87
Phox2b is required for Ret expression in subset of, 97-98
sensory-biased, in migrating population, 90
trunk
migration pathways of, 81-83
molecular guidance cues for, 83—-84
postmigratory, restricted to forming sensory or autonomic lineages,
89-90
Neural crest derivatives, 68, 70
at different axial levels, 68—70
diversity, 68
Neural crest induction, 71-72, 78
steps in, 71-78
Neural crest lineage diversification, 85, 86, 91
axial fate-restriction doesn’t reflect restrictions in potential, 85-86
lineage segregation at same axial level, 86—89
molecular control of lineage segregation, 89
segregation of sensory and autonomic lineages, 89—90

Sox10 as essential for formation of glial lineage, 90-91
Neural crest migration, 71-72, 81-84, 90
evidence for heterogeneity in migrating neural crest, 87-88
experimental approaches, 7881
migration arrest at target sites, 84
Neural crest positional identity, 56
Neural crest precursors, 87
exposed to differentiation cues within neural tube, 88—89
induction of, 72-76
Neural crest stem cells, sensitivity to gliogenic cells, 94-95
Neural crest streams, 80
and cranial skeleto-muscular patterning, 81
separation of first, second, and third, 80-81
separation of third and fourth, 80-81
Neural Darwinism, 387
Neural folds
formation of, 13, 15, 16
labeling, 78
Neural groove, closure of, 15
Neural induction, 1, 8, 12-13, 16, 48
default pathway, 8—11
model organisms for studying, 1-8
signals in, 12
Neural information, convergence and divergence of, 272
Neural plate, 44, 56
bending of, 13, 15
formation of, 13
shaping of, 13
Neural plate border, establishment of, 72—73
Neural plate induction, classical “default” model of, 72
Neural precursor cells, 323-324
Neural progenitors
are multipotent but become restricted in competence, 134-135
regulation of the number of, 137-138
Neural tube, 44, 56
radial differentiation of, 24
Neuregulin, 294-295, 297, 305-306
Neuregulin-induced postsynaptic signaling, 294, 295
Neuregulinl (NRG1), 81, 94
Neuregulinl (NRG1) type 111, as essential for Schwann cell formation, 94
Neurexin, 302, 304-305
a- and -, 302-305
structure, 302, 303
Neuroblasts, 21, 367
Neuroectoderm, 48
Neuroectoderm induction and patterning, models for, 48, 50
Neuroepithelial cells; see also Epithelium and epithelial cells
are multipotent and have positional identity, 133—134
Neuroepithelial precursors (NEPs), 212
Neuroepithelial stem cells (NSCs), 154, 158
Neuroepithelium and neuroepithelial (NEP) cells, 13—16
Neurogenesis, 21, 129-130, 214; see also Histogenesis
in adult vertebrate nervous system, 146—147
in aging nervous system, 356-357
conserved role of timing in, 133
in developing adult nervous system, 355-356
developmental mechanisms underlying age-related alterations in,
354-357
POU genes control sensory, 144—145
Neurogenetic interval (NI), 21, 25-31
Neurogenetic operation, temporospatial domain of, 28-30
Neurogeninl (Ngnl), 92
Neurogenin2 (Ngn2), 90, 92, 114-115
Neurogenins, 92



Neuroglia; see also Glia
history of, 368-372
Neuroglial ontogeny, 368-372
Neuromasts, 107-108
Neuromuscular junctions (NMlJs), 273-274
innervation and transmission in muscle, 274-275
postsynaptic mechanisms, 276277
presynaptic mechanisms, 275-276
single innervation of muscle fibers, 277-278
synaptic efficacy at, 275
synaptic scaffolds at, 281
synaptic specializations at, 278-284
molecular specialization, 281-282
morphological specialization, 278-280
Neuron-restricted precursor (NRP) cells, 154-156
Neuron theory, 244, 375, 378-381, 385, 386
Neuronal activity-regulated pentraxin (Narp), 307-308
Neuronal apoptosis inhibitory proteins (NAIPs), 319
Neuronal competition, 387—388
Neuronal connectivity, 375-376
Neuronal death; see also Cell death; Programmed cell death
during development, history of, 390-393
neurotrophic factors and, 390-393
Neuronal differentiation, inhibition of, 139
Neuronal fate specification: see Cell-fate specification
Neuronal maturation: see Neurons, maturation
Neuronal migration, 223; see also Neural crest migration; Radial
migration; Tangential migration
patterns of, 223-224
structures displaying nonradial, 233
Neurons
historical orientation, 365-366
maturation, 144—-146
ETS genes regulate target specificity, 146
maturational changes in intrinsic properties of CNS, 342
Neuroscience, history of, 365
Neurospongium theory, 369-370
Neurotransmission, 269272, 380-381
safety factor for, 275
slow and fast, 269-272
Neurotransmitter, 269
Neurotrophic factor(s)
brain-derived, 252, 357
ciliary, 211, 213
glial cell line-derived, 99
glial-derived, 84, 311
and neuronal death, 390-393
Neurulation, 1, 13-16
mouse development leading up to, 6, 7
secondary, 16
Xenopus development leading up to, 2
NG2 cells, 209-210
Nieuwkoop model of Activation and Transformation, 47-48
Noggin, 9, 11
Noggin, 77
Noradrenergic differentiation
Mashl as essential for, 98
roles in sensory neurogenesis, 98
Noradrenergic phenotype, Phox2b is required for development of, 96-97
Notch activation, 94-95
can promote astrocyte specification, 215-216
leads to gliogenesis by neural crest stem cells, 94
Notch inhibition, 110-111
Notch signaling, 93-94, 113, 201-202, 359-360
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Notochord, 58, 160

Nuclear migration, interkinetic, 21-23
Numb, 93, 140

Nutrition; see also Mineral deficiencies

dependence of developing nervous system on, 398401

0-2A/OPC(s), 165-167

adult and perinatal, 167-170
bipotential, generation from tripotential GRP cells, 153-156
GRP as ancestor of, 154158
novel properties of
studies in vitro revealing, 167-168
studies in vivo revealing, 168—170
origin, 153-167
as providers of growth factors, 170-171
transplantation of, 181

Occipitofrontal circumference, 400
Olfactory bulb, structure of, 385
Olfactory neurogenesis, 385-386

bHLH transcription factor controlling, 105-106

Olfactory placode derivatives, 104—105
Olfactory placode formation, involves convergence of cellular

fields, 105

Olfactory placodes, 101, 105-106

induction, 105

Oligl and Olig2, 157, 158
Oligodendrocyte development in embryonic cortex, 163—164
Oligodendrocyte lineage genes, cells expressing

regional specialization of first appearance of, 158-161

Oligodendrocyte precursor cells (OPCs), 151; see also O-2A/OPC(s)

motor neuron/OPC hypothesis, 156158

Oligodendrocyte precursor migration, myelination of developing

white matter as dependent on, 161-163
guidance of glial precursor migration, 162

Oligodendrocyte precursors

in adult CNS, 167-172

initial appearance of, regulated by local signals, 160-161
as modulators of neuronal development and function, 170
stop signals for, 162—163

vulnerabilities, 179—-180

Oligodendrocyte-type-2 astrocyte (O-2A) progenitor cells, 151;

see also O-2A/OPC(s)

Oligodendrocytes, 151

E13.5 rat cortex contains A2B5™ cells that can generate, 164—166
generation of, 164-166, 207
nutrition and, 174-176
from precursor cells, 151-153
genetic diseases of, 172-174
as modulators of neuronal development and function, 170
as providers of growth factors, 170-171
types of and pathways to, 166-167
vulnerabilities, 179—-180

Oligodendroglial cells, 370-371
Ophthalmic trigeminal (opV), 112
Optic nerve, perinatal

macroglial cells in, 210

Organizers, 3, 4, 41

as responsible for neural induction, 11

Otic placode derivatives, 108—-109
Otic placode formation, involves cell movement and

convergence, 109

Otic placodes, 101, 110-111

a common primordium for epibranchial and, 114
induction, 109-110
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Otic vesicle, neurogenesis in
requires Neurogeninl and Notch inhibition, 110
Otx2, 50, 51
Outgrowth theory, 377-378
Oxidative damage during aging, 351-352

PACAP, increases cAMP to induce astrocyte differentiation, 215
Parasympathetic nervous system, 95-96, 99
Parencephalon, 50
Parkinson’s disease, 358
Patched (Ptc), 58, 59
Pathfinding, 243
Patterned layer of cells, 42
Patterning, 62
principles and mechanisms of, 41-42
model organisms, 42-44
Pax2, 114
Pax3, 112
Pax8, 110
Pax/Six/Eya/Dach regulatory network, 103—-104
PDGFR™ cells, 155, 157-159
PDZ, 302, 305, 308
Pelizacus-Merzbacher disease, 172
Penfield, W, 371
Pentraxin, neuronal activity-regulated, 307-308
Perec, Georges, 372
Peripheral nerves, connections made by
history of ideas about, 388—-390
Peripheral nervous system neurons, classes of
have distinct birthdates, 133
Peripheral sense organs, development of nerve connections with,
388-390
Perlecan, 284
Pharyngeal arches, 80
Phosphotyrosine-binding domain (PTB), 360
Phox2b, 98-99
autonomic ganglia formation and, 96
noradrenergic phenotype development and, 96-97
Ret expression in neural crest cells and, 97-98
Phrenological theory, 396
Placode formation, individual
models of, in preplacodal domain, 104
Placodes, 56, 57, 115
epibranchial, 112—-115
sense organ, 104-112
trigeminal, 112-113
Plasma membrane, 245
Plasmodesm theory, 377
Plasticity: see under Cell-fate specification
Platelet-derived growth factor AA homodimer (PDGF-A), 151
Platelet-derived growth factor (PDGF), 162
Polymerization, 246
Popper, Karl R., 365
Positional identity, 41, 134
Positional information, 41
Positional signals, 41
Posteriorizing signals, 73
Potassium (K ") channels, 170, 180
Presynaptic ending, 386
Pro-form of nerve growth factor (proNGF), 180
Prochaska, J., 392
Progenitor cells, 21
Progenitor pool, maintenance of a, 139-140
Program of Experimental Embryology, 373-374

Programmed cell death, 317, 325; see also Neuronal death
aging and, 353-354
developmental phases of, 323
neural precursor cell, 323-324
pre-synaptogenic, 324
synapse dependent, 324-325
historical perspective, 317
molecular regulation of, 319-320
morphological types of, 318-320
Progressive construction, 391-392
Proneural genes, 92, 135-137
Prosencephalon, 44
Proteases, 76
Protein kinase A (PKA), 58
Protein kinase C (PKC) signaling, inhibiting, 76
promotes neural crest cell delamination, 76
Proteolipid protein (PLP), 153, 171, 176
Protocadherin diversity, genetic organization of, 303
Protocadherins, 301-302
Protoplasmic astrocytes, 197-199
PSA-NCAM™ cells, 165
Pseudostratified ventricular epithelium (PVE), 21, 25-31

PVE clades in ventricular zone during neocortical development, 32, 33

Purkinje, Jan Evangelista, 366, 384
Purkinje cells, 35-36, 208

R-smads, 9
Rac, 261
Radial glia
are bipotential progenitors for neurons and astrocytes, 204
arise from ventricular zone, 200-201
express markers of immature astrocytes, 202
persisting into adulthood, 205
transform into astrocytes at end of neurogenesis, 203-204

Radial glial cell identity, maintained by neuron-glial cell interaction,

201-202
Radial glial guides, 207
Radial migration, 224-230
initiation of, 224-225
maintenance of, 225-229
molecular cues affecting, 225-227
termination of, 229-230
Radiation therapy, 177-178
Ramified microglia, 371, 372
Ramon y Cajal, Santiago, 241, 242, 244, 286, 366371, 377-380,
383-384, 386-389
Ranson, Walter, 389
Rapsyn, 292, 308
Realizators, 53
Recovery, functional; see also Regeneration
as recapitulation of development, 330
Recruitment, 278
Reflex inhibition, 397
Regeneration, 329, 344-345
CNS, 331-332
cell replacement, 344
extrinsic factors, 332-341
intrinsic factors, 341-343
PNS, 330-331
Regeneration failure, contributions of specific molecules to, 341
Regenerative repair vs. restoration of function, 329-330
Remak, Robert, 366, 368, 382-384, 390
Repulsive cell-surface signals, 251, 254
Restitution/restitutive recovery, 329



Retardation, malnutrition and, 398-400
Reticula nervosa diffusa, 376
Reticular theory(ies), 244, 375, 376, 380-381, 385, 386
Retina
ephrin-A expression in, 260
histogenesis, 132-133, 135
Retinal ganglion cells (RGCs), 343
Retinal progenitors, 135
Retinoic acid (RA), 48, 49, 106
Retinoids, 48
Retinotectal topography in vitro, 258-259
Retzius, G., 389
Reverse signaling, 259
Rhinencephalon, 396
Rho, 261
Rhombencephalon, 44, 53; see also Hindbrain
Rhombic lip, 35-36
Rhombomeres, 52-54
Rio-Hortega, P. d., 370-372
robo, 255-256
Rohon-Beard cells, 378, 390-391
Rostral migratory stream (RMS), 233
Rostrocaudal axial levels, 85
Roux, Wilhelm, 373-374, 387, 392
Ruffini, A., 390

Sacculus, 109
Safety factor for neurotransmission, 275
Saxen and Toivonen model, 4648
Scar, glial, 332-333, 335-341
Scar-associated growth factors, 337, 338
Scar matrix, stability and crosslinking of, 335-336
Schaper, A., 367, 368
Schrédinger, E., 391, 393
Schultze, Max, 375, 384, 385
Schwann, T., 366, 375, 377-379
Schwann cells, 282, 377

differentiation, 94-95

formation, 90-91

NRG1 type III as essential for, 94

SDFI, 108
Secondary proliferative population (SPP), 21, 24, 25
Segmentation, 53
Selection hypothesis (lineage segregation of neural crest), 86
Selective cellular attrition, 392
Selectors, 53
Selenium deficiency, 175-176
Semaphorin 3A (Sema3A), 84, 232, 263

isolation of, 256-257
Semaphorin 3F (Sema3F), 232
Semaphorin family of guidance molecules, 256-257
Semaphorin (Sema) receptors, isolation of, 257
Sensory-autonomic lineage restriction, model for, 90
Sensory-autonomic lineage segregation, 89-90
Sherrington, Charles Scott, 366, 374-375, 380382, 386,

387, 390, 397

Signal transduction, 260-261

classical secondary messengers, 261
Signal transduction pathway, 41
Signaling pathways, alterations in

during aging, 352-353
Skeleto-muscular patterning, cranial

neural crest streams and, 81
slit, 255, 256

Index 423

Slits, 232
Slug, 77
neural crest precursor formation and, 75-76
Smad Anchor for Receptor Activation (SARA), 9
Smoothened (Smo), 58
Snail, neural crest precursor formation and, 75-76
Snail family members, promote cranial neural crest cell
delamination, 77
SNARE complex, 275, 276
Sodium (Na*) channels, 170, 180
Sonic hedgehog (Shh), 58-61, 84, 160, 164
Soury, J., 371
Sox3, 114
Sox9, 75
Spatial patterning, 129
Spemann/Mangold model, 4647
Spemann-Mangold organizer, 58
Spencer, Herbert, 388
Spinal cord, 44, 55, 58, 141, 159
antigenic and morphological development leading to generation of
oligodendrocytes in, 152
astrocyte development in, 208-209
compared with oligodendrocyte development in embryonic cortex,
163-164
Golgi’s hypothetical diffuse nerve network in, 376
histogenesis, 133
lineage history of glia in rat, 155
theoretical models of lineage specification in, 159
ventral, generation of GRP and NRP cells in, 156
Spongioblasts, 21, 23, 369-370
Starvation, effects of, 400
STATs, 216
activation of, 213
Steindler, A., 388
Stem cells, 21, 354-356
endogenous or transplanted, 344
multipotent, 212-213
generate astrocytes by generating more restricted
precursors, 210
neural crest, 94-95
neuroepithelial, 154, 158
radial glia as bipotential, 204
Stereotropism, 377
Sterzi, G., 378
Stop-signals, 232
Stricker, S., 396n
Stripe assays, 249
Substitution/substitutive recovery, 329
Subventricular zone (SVZ), 21, 24-25, 31, 33, 132, 158, 199
output of, 33-34
regional variation in, 33
subdivisions, 33
dorsolateral portion (SVZdl), 33, 34
Subventricular zone (SVZ) cells
give rise to gray matter, protoplasmic astrocytes, 205-206
models of migratory pathways of, 207, 208
that generate astrocytes can produce neurons or oligodendrocytes, 207
Subventricular zone (SVZ) descendants, postnatal, 205
Subventricular zone (SVZ) precursors
induced to become astrocytes from contact with blood vessels, 206
that generate astrocytes are distinct from VZ-derived radial glia,
206-207
Sympathetic nervous system, 95, 99
Sympathetic neuron development, transcription factors controlling, 97
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Synapse elimination, 309311
defined, 310
molecular maturation, 312
structural maturation, 311
Synapse formation, 272, 284-286
postsynaptic differentiation, 290-296
extrinsic control of, 290-291
intrinsic control of, 296-299
presynaptic differentiation, 286
factors in, 286-290
signaling model of, 284-286
Synapses, 269-270, 272-273, 380-381; see also Adhesion proteins
cellular composition, 269, 270
CNS, 299
development, 300
structure and function, 299-300
competitive exclusion and elimination of, 387-388
neuromuscular: see Neuromuscular junctions
slow and fast chemical, 269-272
Synaptic adhesion complexes, 301, 302
Synaptic adhesion proteins, 300-305
Synaptic basal lamina (BL): see Basal lamina
Synaptic cleft, 283
primary and secondary, 278
Synaptic connections
development of, 382
historical and theoretical perspective on, 382-388
specificity of formation of, 387
Synaptic receptors, theories of, 386387
Synaptic signaling factors, 305-309
mechanisms of postsynaptic specialization, 308
Synaptic vesicles, 270
Synaptogenic signals, 273
Syncytial theory, 377
Synencephalon, 50

Tactile adhesion, 377
Taiwan Banded Krait, 290
Tangential migration, 224, 230
of cortical interneurons, cellular and molecular substrates for, 231
in forebrain, 230-233
extracellular cues regulating, 231-232
molecular cues affecting, 225-227
pattern of, in rodents vs. humans, 232-233
Tangentially migrating cells in forebrain, origin of, 230
Tangentially migrating interneurons, cues controlling motility of, 232
Tanycytes, 205
Target recognition, 243; see also under Axon(s)
Target selection, 243
“Targeting” of gene manipulation, 342
Telencephalon and telencephalization, 393
Temporal birth order of cells, 129, 134-135
Tenascin, 340-341
Tergast, P, 390
Thimerosal, 177
Thyroid hormone (TH), 174, 176
TNF-a (tumor necrosis factor), 180
Transcription factors, 41, 50-51, 53, 57-59; see also Neurogenin2

AP2« and SoxE involvement in earliest steps of neural crest precursor

formation, 75
downstream, 59
expression in subregions of ganglionic eminence, 230
snail family, 77

Transforming growth factor-beta (TGF-p), 9, 10, 100,
213-214
Transplanting cells, 131
Trigeminal cells, interactions between neural crest- and
placode-derived, 113
Trigeminal placode derivatives, 112
Trigeminal placodes
induction, 112-113
neurogenesis of, requires Neurogeninl (Ngnl), 113
Trophic action, 392
Trophic molecules, effects on neurons and glia, 337-338
Trophoblast, 6
Trunk neural induction, 4650
“Tug-of-war” model, 262
Tumor necrosis factor (TNF-a), 180
Turning assays, 249
Tyrosine hydroxylase, 96, 97

Utriculus, 109

Vaccine preservatives, 177
Vagal neural crest, 68
Valentin, Gustav Gabriel, 384
Vanishing white matter (VWM), 173-174
Ventral migration pathway, 82
Ventricular zone (VZ), 21-25, 130, 132
cell cycle in, 25-26
control of P and Q with symmetric and asymmetric
cell divisions, 29, 31
early conceptions of cellular organization of
early, 21, 22
influences in, affecting lineage size in single
cell cycle, 31
output from, 26-30
Vertebrates, lower vs. higher, 1
Vestibular apparatus, 109
Virchow, Rudolf, 366, 368-369
Vision: see Lens placodes
von Gudden, Bernard A., 383

Wagner, Rudolph, 382, 384
Werner’s syndrome, 358

White matter, generation of, 162
Wilson, E.B., 375

WNT signaling, 306-307

Wnats, 12, 48, 51, 73, 74

Wundt, Wilhelm, 381, 396

Xenopus, 8; see also specific topics
BMPs, 72-73
fibroblast growth factors, 12
FoxD?3 function, 75-76
neural crest cells, 81, 82
slug expression, 73-75

Xenopus animal caps, 47
neuralization of, 8, 9

Xenopus embryo, 1-3, 6, 8,9, 11, 73

Zebrafish, 83, 87, 112

Zebrafish embryo, 1-5

Zebrafish spinal cord, plasticity until axogenesis, 144
Zygotic transcription, 2





