
Central Nervous System


	CNS develops from NEURAL TUBE (ectodermal)
REGIONALIZATION

        neural plate = thickened ectoderm anterior to primitive node

                                forebrain

        as node migrates caudally (towards posterior) secretes RA

                forms more neural plate that becomes hindbrain, spinal cord

                involves HOX gene expression

        mediolateral axis from Shh expression from notochord/floor plate

        neural tube:  involves 2 closures

           1) tube itself (starts at brain and moves caudally)

           2) dorsal surface ectoderm

           tube closure failure:     exencephaly  (brain)

                                                 rachishisis     (brain + spinal cord)

                                                 spina bifida   (spinal cord)

          ANTERIOPOSTERIOR DIVISIONS

           Forebrain = telencephalon

                               diencephalon

           Midbrain = mesencephalon

            Hindbrain = rhombencephalon

                      divided into rhombomeres that are defined by Hox expression
            Spinal Cord:  brachial (arms)  and lumbar (legs)
                    involves neural crest development

           DORSOVENTRAL DIVISIONS – due to Shh expression by 

                                                     notochord and floor plate of neural tube

                     dorsal:  ALAR plate (sensory processing)

                     ventral:  BASAL plate (motor/hormonal control)

                     simpler patterning in spinal cord than in brain, but similar                

                     features

GROWTH AND DIFFERENTIATION

Neural tube is single layer of epithelial cells

         inside = ventricular

         outside = pial

      nuclei migrate ventricular to replicate and finish cell cycle at pial surface

        differentiation occurs at pial end (neuron or glial cell)

                 at cortex, there are several layers of neurons at pial surface

                 LISSENCEPHALY – impaired migration, not enough cells
      vertical migration common everywhere

      horizontal migration more common in forebrain

Neurons – 1000’s of different types

           Purkinje – many dendrites (arbors), few axons

           Granule – few dendrites, branching axons

Glial cells – structural scaffolding/ neuronal regulation

            Astrocytes – blood vessel formation

            Oligodendrocytes – myelin formation

             can replicate ( most brain tumors are GLIOMAS

Gray matter = neurons

White matter = glial cells + AXONS (myelin)

Neural Stem cells – at or near ventricular surface of forebrain

                        hippocampus/olfactory bulb

                        can generate new cells in response to antidepressants

                        cells die in times of stress

NEURONAL PATHFINDING

        involves growth cones of both axons and dendrites

        FILOPODIA = actin-filled, needle like outgrowths 

                   if receptors bind chemoattractant, filopodia fills with cytoplasm

                                              chemorepllant ( actin/filopodia collapse

                     chemoattractants increase cAMP or cGMP concentrations

                     chemorepellants decrease cAMP or cGMP ( actin depol.
       Molecular basis of axon guidance

               ex/Commissural Interneuron Migration

                     receptor = DCC

                     ligand  = netrin

                    netrin guides axon ventrally, to the floorplate
                    crossing the floor plate requires ROBO/SLIT binding

       Long range clues:  soluble chemoattractants/repellants

                       DIRECTION

                       Netrins, Semaphorins

       Short range clues:  membrane/ECM-bound

                      PRECISION, pathway definition

                      Laminins, Eph Ligands

       Receptors can be activated/deactivated (as with CIM migration)

SYNAPSES:

       presynaptic neuron kept alive by NEUROTROPHINS

       prevents apoptosis (as opposed to LEAD, which activates it)

       Remodeling:  Synpase Elimination (more synapses made than needed)

               1)  each myofibril innervated by only 1 neuron

               2)  functional eye will be innervated by cortex over non-functional

REGENERATION IN THE ADULT CNS
PNS can sprout new growth cones out of severed axons

            axons will travel considerable distance and re-establish connections

            travel through original nerve sheath

CNS has this capacity but requires right environment:  no NOGO

         CNS-PNS patches (eye, spinal cord)

         nogo is released by white matter (axonal myelin)

         removing nogo by adding PNS tissue will favor CNS regrowth

        hope:  antibodies/small drugs to interfere w/ nogo ( CNS regrowth

                  precise roles of nogo not yet understood
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