Module 22: Early brain development
Guidelines
For the multiple choice exam for module 22, you should be able to:
· Have a general understanding of the following developmental terms, and the difference between them:
· Zygote – fertilized egg
· Morula – 3 days after, 16 cells with tight junctions
· Blastocyst – internal cavity, cavitation caused by cells secreting fluid into morula . Consists of trophectoderm (becomes placenta, amniotic sac) and inner cell mass (becomes embryo)
· Gastrula – blastocyst becomes multi-layered. 
· Gastrulation - Endoderm and mesoderm cells are brought in while ectoderm remains external. Precedes delamination of hypoblast and epiblast in inner cell mass
1 - Epiblast has a region that organizes and co-ordinates gastrulation called the primitive knot
2 - Primitive pit forms posterior to knot
3 - Primitive pit extends posteriorly and forms the primitive streak down the midline
4 - Cells at the posterior end of the epiblast physically migrate into the primitive streak and inside the epiblast. Cells that migrate through the streak form the endoderm and mesoderm. 
5 - Some mesodermal cells condense at the primitive streak to form the notochord 
Ectoderm - Forms epidermis and nervous system 
Mesoderm - Forms muscle, cartilage, notochord, blood, blood vessels, bone, connective tissue 
Endoderm - Forms epithelium of digestive and respiratory systems, organs of the digestive system (E.g.: liver, pancreas) 

· Neurulation - Ectoderm overlying the notochord will generate the entire nervous system
Notochord sends signals that induce differentiation of ectoderm into neuroectoderm
Ectodermal cells become neuroectodermal precursor cells. Stem cells that can generate more neural stem cells. Able to differentiate into any neural cell (neurons, astrocytes, oligodendroglia)
Neuroectoderm thickens and develops neural plate
Neural plate then invaginates, forming neural tube
Cells at ventral midline of neural tube form the floorplate. Cells at dorsal midline form the roofplate

· Understand the origin of the anteroposterior and dorsoventral axes, including reference to the notochord and floorplate

floorplate and notochord signals to neuroectodermal cells of developing CNS - Creates a dorsal-ventral signaling axis. Ventral cells differentiate to spinal and hindbrain motor neurons and interneurons. Dorsal cells generate sensory relay neurons and interneurons

· Understand the origin, and developmental fate of neural crest cells

Neural crest cells located at dorsal limit of neural tube Where ectoderm met to form tube Neural crest cells will form various neuronal structures: Sensory and visceral motor (autonomic) ganglia Neurosecretory cells of adrenal gland Neurons of enteric nervous system Cells migrate to their final destinations through mesodermal connective tissue (mesenchyme)

· Be able to name 5 molecules/classes of molecules that act as signaling molecules during neural induction/patterning

 Retinoic acid - Small lipophilic hormone binds to retinoid receptors - Transcription factors that modulate expression of many genes - Drives cellular differentiation

Fibroblast growth factor - 22 FGF peptide hormone ligands bind 4 tyrosine kinase receptors to initiate Ras-MAPK signaling - Mediate cell proliferation and differentiation

Bone morphogenetic proteins - Six different BMP peptide hormones activate a single receptor serine 
kinase - Leads to phosphorylation and activation of TFs called SMAD Sma and Mad Related Family - BMP antagonizes neuralization - Antagonism of BMPs by Noggin and Chordin releases suppression of neural fate, enabling neuralization - Part of a wealth of evidence that neuralization is the default cell fate for embryonic ectoderm

19 Wnt ligands that can each activate 2 separate pathways - Noncanonical pathway involved in lengthening neural plate and neural tube - Canonical pathway influences cell proliferation, adhesion and differentiation

Sonic hedgehog - Peptide hormone involved in closing neural tube - Also induces motor neuron differentiation in spinal cord and hindbrain - Signal transduction involves co-operative binding of two surface receptors (patched and smoothened)

· Be familiar with the differences between symmetric and asymmetric mitotic division of neural precursor cells

Neurogenesis begins after patterning of neural tube is complete - Region-specific cell fate of precursor cells already defined - Precursor cells located in ventricular zone - Most proliferation ends before birth 
Mitosis of precursor cells follows one of two modes: 
Symmetric division - Slower cell division forming two identical precursor cells - These multipotent neural precursors are apparently identical to radial glial cells in developing brain 
Asymmetric division - Smaller daughter cell is a postmitotic neuroblast - Other daughter re-enters cell cycle, leading to another asymmetric division

· [bookmark: _GoBack]Be familiar with the impact of timing of neurogenesis on future neuronal location in the cortex

In many regions, timing of neuronal birth affects function E.g.: Cerebral cortex - Neurons ‘born’ on the inside (luminal) surface - Migrate radially towards outside of cortex - Outer cell layer (1) is most recent -  Inner cell layer (6) was generated first - Differences in time of cell origin correlate with differences in gene expression within the cell - Leads to layer-specific functional differentiation 


