Chapter 6 – How Does the Brain Develop and Adapt?

Perspectives on Brain Development 


· Linking Brain and Behavioural Development
· Three Perspectives
· Structural development can be studied and correlated with the emergence of behavior
· Ex. Brain development predicts behavioural development

· Frontal lobe predicts social development (ex. At a funeral, at a graduation)

· As brain structures mature, their functions emerge and develop, manifested in behaviours that we can observe
· Children are very poor at producing the correct expression, because they lack an ability to interpret expressions (brain structures are late to mature)
· Behavioral development can be analyzed and predictions can be made about what underlying circuitry must be emerging
· Ex. Behavioural development predicts brain development
· Language predicts brain areas involved in language

· At birth, the neural structures that control speech are not yet mature enough. As language emerges, we can conclude that the speech-related structures in the brain are undergoing the necessary maturation
· Factors that influence both brain and behavioral development, such as language or injury, can be studied
· Hormones experience injury ( behavioural development & brain development
· Some of the events that influence brain function are sensory experience, injuries, and the actions of hormones and genes
· If behavior is influenced by one of these factors, then structures in the brain that are changed by that factor are responsible for the behavioural outcomes.
Neurobiology of Development 
· Basic Vertebrate Nervous System
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· Gross Development
· Prenatal Stages
· Zygote: Fertilization to 2 weeks
· Embryo: 2 to 8 weeks
· Fetus: 9 weeks to birth
· Neural Plate

· Thickened region of the ectodermal layer that folds into the neural tube
· Primitive neural tissue; folds to form the neural groove which then curls into the neural tube
· Neural Tube
· Structure in the early stage of brain development from which the brain and spinal cord develop
· The cells that form the neural tube can be thought of as the nursery for the rest of the NS
· Open region in the center of the tube remains open and matures into the brain’s ventricles and the spinal cord
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· Major Events
· Day 49: Embryo begins to resemble a miniature person
· Day 60: Sexual differentiation 
· Genitals and brain regions
· Day 100: Brain looks distinctly human
· 7 Months: Gyri and sulci begin to form
· 9 Months: Brain looks like an adult brain
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· Sexual differentiation is stimulated by the presence of testosterone in males and its absence in females
· Genitals begin to form in the 7th week after conception (at first they appear identical)
· Origins of Neurons and Glia
· Neural Stem Cell
· A self-renewing multipotential cell that gives rise to neurons and glia
· Lines the neural tube, and is immediately adjacent to the ependymal lining in the adult brain
· It divides and produces 2 stem cells, both of which can divide again (in adulthood, one cell dies)
· Ventricular Zone
· Lining of neural stem cells surrounding the ventricles in adults

· Progenitor Cell
· Precursor cell derived from a stem cell; it migrates and produces a neuron or glial cell
· Can divide and eventually produce nondividing cells known as neuroblasts and glioblasts
· Neuroblast
· Product of a progenitor cell that gives rise to different types of neurons
· Glioblast
· Product of a progenitor cell that gives rise to different types of glial cells
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· How do stem cells know what to become?
· Chemical signal ( turn genes on ( specific proteins are made (specific cells

· Chemical environment of a cell in the brain is different from that of a cell that forms skin, and so different genes in these cells are activated, producing different proteins and different cell types
· Neurotrophic Factor
· A chemical compound that acts to support growth and differentiation in developing neurons 
· Class of compounds that signal cells to develop in particular ways
· May help keep certain neurons alive in adulthood
· Epidermal Growth Factor (EGF)
· Stimulates stem cell to produce a progenitor cell

· Basic Fibroblast Growth Factor (bFGF)
· Stimulates progenitor cell to produce a neuroblast
· General purpose neuron: When exposed to certain neurotrophic factors, it matures into the specific type of cell that the nervous system requires in a particular location
· Growth and Development of Neurons
· Stages of Brain Development
1) Cell Birth (neurogenesis; gliogenesis)
· A chemical compound acts to support growth and differentiation in developing neurons; begins about 7 weeks after conception
· Largely complete by 20 weeks
· Brain can more easily cope with injury during this time (first 5 months of gestation)
· Neurogenesis: process of forming neurons
· During the next 5 months, the brain is especially delicate and extremely vulnerable to injury, teratogens and trauma
· The brain can more easily cope with injury earlier during neurogenesis
2) Cell Migration and Differentiation
· Begins approximately 8 weeks after conception
· Completed by 29 weeks
· About 6 weeks after neurogenesis is complete, differentiation begins (neuroblasts become specific types of neurons)
· Damage has more serious consequences
· Radial Glial Cell: Path-making cell that a migrating neuron follows to its appropriate destination
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· Ventricular zone contains a primitive map of the cortex that predisposes cells to migrate to certain locations
· As the brain grows, the glial fibers stretch but they still go to the same place
· Cells migrate to inner layers and then to outer layers (layers 6, 5, 4, 3, 2, and 1)

· Differentiation is dependent upon genetic instructions, timing, and signals from other cells in the local environment 
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3) Cell Maturation (dendrite and axon growth)
· Begins about week 20 and continues long after birth
· Dendritic Growth
· Arborization (branching)
· Growth of dendritic spines: where most synapses occur

· Slower (micrometers/day) than axonal growth (millimeters/day)
· Continues for a long time after birth
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· Axonal Growth
· Growth cone: Growing tip of an axon
· As they extend, they send out shoots (filopods)
· Filopod: Process at the end of an developing axon that reaches out to search for a potential target or to sample the intercellular environment
· Cell-adhesion molecule (CAM): A chemical to which specific cells can adhere, thus aiding in migration
· Cell-manufactured molecules on the cell surface or intercellular space
· Tropic molecule: Signaling molecule that attracts or repels growth cones
· Faster growing axon can contact its target cell before the dendrites of that cell are completely formed.
[image: image8.jpg]Growth cone

Filopodia



 [image: image9.jpg](B)
0.1

Size (mm)

SEE

Time (minutes)

31

38




4) Synaptogenesis (formation of synapses; synaptic development)
· Combination of genetic programming and environmental cues and signals
· Only the general outlines of neural connections in the brain are likely to be genetically determined. The vast array of specific synaptic contacts is then guided into place by a variety of environmental cues and signals.
· 5th gestational month: Simple synaptic contacts
· 7th gestational month: Synaptic development of deep cortical neurons
· After birth: synaptic development increases rapidly during the first year of life

5) Cell Death and Synaptic Pruning
· We are born with an overabundance of neurons and synaptic connections
· Start with more than they need and the excess is eliminated
· Neural Darwinism
· Hypothesis that cell death and synaptic pruning are, like natural selection in species, the outcome of competition among neurons for connections and metabolic resources in a neural environment
· If deprived of synaptic targets, neurons die
· Apoptosis
· Genetically programmed cell death
· When neurons are deprived of a neurotrphic factor, certain genes seem to be turned on, resulting in a message for the cell to die
· Synaptic connections that are not part of a functional network are pruned away in an experience-dependent manner
· The larger the brain, the more difficult it is to make precise connections and so the greater the need for excess synapses and the consequent synaptic pruning
6) Myelogenesis (formation of myelin; glial development)
· Oligodendria form myelin in CNS
· Normal adult function is attained only after myelination is complete
· Myelination provides a useful rough index of cerebral maturation 
· Flechsig (1920s)
· Myelination of cortex begins after birth and continues until at least 18 years of age
· Some areas are myelinated earlier (those that perform simpler functions) than others (that perform more complex functions)
[image: image10.jpg]



