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Wiring the Brain
Chapter 23
· Six stages of nervous system development 

· Induction of neuronal precursors 

· Determination of Cell Fate – diversification of cells 

· Migration of immature neurons from germinal zones to their final positions 

· followed by aggregation of cells and formation of nuclei and differentiation into neurons 

· Extension of axons to connect to targets 

· Formation of synaptic connections with the correct targets 

· Modification of connectivity to produce adult pattern 

· Elimination of incorrect or redundant synapses 

· Death of excess neurons 

· Adult plasticity (learning and memory) 

· Neurogenesis – birth of neurons

· Neurons are born in ventricular zone from neural stem cells
· Vertical divisions lead to more stem cells

· Horizontal divisions cause an asymmetric distribution of transcription factors Notch-1 and Numb

· The outer daughter cell migrates to pial surface along radial glial cells
· Cortex develops in an inside to outside manner

· Neuroblasts in deep layers are born first

· Superficial neurons must migrate past inner layers to form the cortical plate
· The neuroblasts in the cortical plate differentiate in the neurons of the next layer

· The timing of last division determines the layer that cells migrate to.

· Semaphorin 3A is a protein that helps shape the developing neurons:

· secreted in marginal zone

· attacts apical dendrites

· repels axons

· Thalamic axons contact subplate neurons while the cortex continues to develop.

· Controversy over how the cortical areas are specified.

· How much is intrinsic and how much is due to thalamic input?

· GABAergic interneurons and Oligodendroglial cells orginate in the ventral telencephalon and migrate laterally 

· Neurogenesis continues through adulthood.  Its role is uncertain.

· Axon Elongation and pathfinding
· Three phases 
· 1. Pathway selection

· 2. Target selection

· 3. “Address” selection – synapse formation

· Growth cone at the growing tip of the axon is important for pathfinding

· Lamellipodia are flat-sheets of membrane
· Fiopodia are thin spike like extensions that probe the local environment

· Searches for cues in the extracellular matrix

· Laminin is an extracellular glycoprotein that provides a permissive cue

· Integrins are membrane proteins that bind to laminin

· Axons form bundles called fasicles 

· Cell Adhesion Molecules (CAMs) cause axons to stick together

· Guidance cues

· Chemoattractants - netrin
· Chemorepellants – slit
· Roger Sperry’s Chemoaffinity hypothesis

· Experiments with retino-tectal system showed that axons from a particular part of the retina prefer to grow to a particular part of the optic tectum
· Experiments by Bonhoffer and colleagues showed that axons from temporal retina were repelled by membrane from posterior tectum (now known to be due to ephrins)
· Synapse Formation

· At the neuromuscular junction, the motor terminal secretes agrin, which causes clustering of AChRs
· Cell Death and synapse elimination

· Neurons and synapses are overproduced and then pruned back
· Ex: Viktor Hamburger’s experiments with limb buds and spinal motor neurons
· Neurotrophic factors are used for sustaining neurons
· First example – Nerve Growth Factor (NGF)
· Identified by Rita Levi-Montalcini
· Required for survival of sympathetic ganglia neurons
· Member of the Neurotrophin family of molecules
· Neurotrophins turn off genetically programmed cell death – apoptosis
· Synapse elimination
· Muscle fibers initially get input from many motor neurons.

· There is then a competition so that one motor neuron stays at each fiber.

· The final stage of development is the refinement of synapses

· Synaptic rearrangement

· Activity-dependent sorting of synaptic inputs to a neuron
· Example – formation of ocular dominance columns
· Hebbian sorting mechanism

· “Axons that fire together, wire together” – correlated activity
· Conversely neurons that don’t fire together get unwired. – uncorrelated activity
· If an animal is raised without the use of one eye, no cortical cells respond to the closed eye after it is opened
· ocular dominance shift
· This reorganization has a critical period 

· If the eye is not used during the critical period, the change in cortex is permanent. 

· If the eye is first covered up in the adult, there is no change in ocular dominance.  

· Strabismus results in a winner-take all organization with no binocular cells.

· Ocular dominance shift is dependent upon modulatory inputs – similar to attentional control over learning.

· Mechanisms for Hebbian plasticity
· Conversion of silent synapses into active synapses

· Caused by features of NMDA receptor and second messenger pathway

· NMDA receptor acts as an coincidence detector by coupling depolarization with arrival of glutamate 

· Allows Ca2+ to enter the postsynaptic neuron

· Results in Long Term Potentiation (LTP) of the synapse

· Ca2+ influx causes insertion of AMPA receptors

· Long Term Depression (LTD) - uncorrelated activity unwires.

· Mechanism for critical period is still unknown
· No more axon growth

· May be related to developmental changes in the NMDA receptor

· Modulatory inputs change
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