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Neuroembryology I & II or

Development of the Nervous System

Scribe note:  Because the notes from the web were “copy-able” I transferred them to the scribe and then added all of the additional lecture material.  Thus, this scribe can replace the notes provided on the web.


I.   Why study the developments of the nervous system?


A.  It provides a guide to studying the neuroanatomy in the adult brain and spinal cord.


B.  It provides a guide to understanding the normal, abnormal development and major clinical considerations.

II.  We are only concerned with the embryology dealing with the NS (no heart, lungs, etc…)

III.  The neural tube is the embryonic precursor of major regions of the NS  (formation is 3-D despite being shown as flat

       in illustrations.
A. NS (human) first appears during third week of gestation. 
B. Neural plate forms from ectoderm being induced by underlying notochord (specialized mesoderm) to form neural ectoderm (neural epithelium) at day 18. 
C. Neural groove and neural folds develop from the neural plate. 
D. Neural folds fuse by fourth week of gestation. The cervical region fuses first at day 22, then the cranial (anterior) neuropore (cephalic region) fuses at day 24, while the caudal neuropore fuses at day 26, forming an enclosed neural tube. This separates and sinks beneath the surface ectoderm. 

E. Neural crest: specialized migratory cells located dorsolateral to neural tube. Neural crest cells migrate throughout the developing embryo to form neural and non-neural structures.
F.  End up with a totally enclosed tube that is neuroepithelium with lumen in center.

IV.  Scanning electron micrograph slide showing the regional specializations/differentiations on the dorsal surface already 

       occurring by day 20.  
V.  Clinical Consequences:    

A.  Failure of neural tube to close during neurulation can have severe consequences. 
B.  One example: Failure of anterior neuropore to close: anencephaly. 

1.  “Without brain”


2.  Not compatible with life although baby can be born

C.  Failure of posterior neuropore to fuse: various types of spina bifida.

1.  There are many variations.  Can affect fusing of vertebrae, forming of meninges and/or cause spinal


     cord to protrude through opening.


2.  Depending upon severity, one can lead a happy, productive life.


3.  Many times it will not be observed until a medical exam.

VI.  NOVA movie (“How Babies Are Made”) is available in the library and is about 15 min. long.


A.  The movies was used to demonstrate the 3-D nature of development in time and space.


B.  The key aspects of development all take place in the first 2 months.


C.  Ball of cells form.  Ball then buckles in on itself, and cells form the internal parts.


D.  Where the buckle is becomes the tail.  Where the cells meet on the other side becomes the mouth.  


E.  Gastrulation divides the embryo into 3 layers – ectoderm, mesoderm and endoderm.  


F.  Nearly 1/3 of embryos don’t go through gastrulation or go through it improperly.  It is a crucial event for the 

     success of all embryos.


F.  If gastrulation occurs in more than one place, a double embryo develops.  Siamese twins may result.


G.  With gastrulation, cells lose their flexibility and differentiate into specific fates.


H.  After gastrulation, the surface ectoderm rolls up to form the spinal cord and brain.

VII.  Neural epithelium gives rise to entire adult nervous system: adult derivatives: 


A.  The neural tube gives rise to everything – CNS and PNS.

B. Neural tube becomes the central nervous system: brain and spinal cord. 
C. Neural canal (or lumen inside the enclosed system) forms the ventricular system. 


D. Neural crest gives rise to most peripheral NS structures 

1.  Neurons and glia of dorsal root and cranial ganglia 
2.  Autonomic ganglia and enteric neurons

3.  Schwann cells and satellite cells

4.  Adrenal medulla
5.  Melanocytes and other non-neural structures in the periphery. (don’t worry about them if not NS) 
E. Rostral neural tube becomes the brain. At 4 wks there are 3 primary brain vesicles: 
1.  Prosencephalaon (forebrain)

2.  Mesencephalon (midbrain) 
3.  Rhombencephalon (hindbrain). 
4.  Flexures develop: cephalic (mesencephalic=midbrain) flexure remains prominent in the adult. 
F. By 5 weeks (5 vesicle stage): 
1.  Prosencephalon becomes telencephalon and diencephalon. 
2.  Rhombencephalon becomes metencephalon and myelencephalon. 
3.  Mesencephalon remains the same. 
4. Caudal part of neural tube becomes the spinal cord in the adult.
5.  The ventricular system is developing in association with the expansion of the epithelial wall of 

     the neural tube.  All of the ventricular system fills with CSF

6.  In adult:  (notes from web) 

i.  telencephalon becomes the cerebral hemispheres, basal ganglia, hippocampal 
    formation, amygdala and olfactory bulb. Rostral limit of the telencephalon is the lamina 
    terminalis. 
ii. diencephalon forms the adult diencephalon including the thalamus, hypothalamus, 
subthalamus, epithalamus, neural retina, optic nerves and tracts. 

iii. mesencephalon becomes the adult mesencephalon (midbrain). 
iv. metencephalon becomes adult pons and cerebellum. 
v.  myelencephalon becomes adult medulla oblongata. 


7.  Divisions are quite as nicely segmented as shown in the book but the concept is true.
VIII.  Adult derivatives of the development of the CNS  (slide in lecture)

Vesicle
Derivative
Lumen

Telencephalon
Cerebral cortex
Lateral ventricle


Basal ganglia






Diencephalon
Thalamus
3rd ventricle


Hypothalamus



Epithalamus



Subthalamus



Neural retina and optic NT






Mesencephalon
Midbrain tectum
Cerebral aqueduct


Midbrain tegmentum






Metencephalon
Pons
4th ventricle


Cerebellum






Myelencephalon
Medulla oblongata
4th ventricle





Caudal neural tube
Spinal cord
Central canal

IX. The spinal cord and brain stem follow similar developmental plans:   (This is important to know when you discuss

       tracts, cranial nerve nuclei, etc…)
A. Spinal cord


1.  Neural canal is lumen.

2.. Ependymal (germinal) layer: becomes ependyma in adult; ependyma lines the entire ventricular 

       system. 
3.  Sulcus limitans – groove on both sides of the developing nervous system up to level of diencephalon; 

divides into dorsal (alar plate for sensory) and a ventral (basal plate for motor)
4. Plates

i. Alar plate: becomes dorsal horn (sensory receiving area) in adult. 
ii.  Basal plate: becomes ventral horn (motor output area) in adult. 
iii.  Roof plate: outcomes varies by region. 
iv.  Floor plate: becomes ventral commissures in adult.

B.  Brainstem


1.  Lumen is 4th ventricle


2.  Sulcus limitans shifts laterally.  That which was dorsal is now more lateral.



i. Alar plate remains sensory but is more lateral.



ii.  Basal plate remains motor and will be medial to sensory.

3.  Lining is ependyma
4.  Mantle layer: becomes gray matter in adult. 
5.  Marginal layer: becomes white matter in adult. 
X.  Cavities of brain vesicles become ventricular system in adult: 

A. Lateral ventricles: 
i.  within the cerebral hemispheres

ii. ventricles enlarge and expand out due to the expansion of the wall of the developing cerebral 

    hemispheres
B. Third ventricle: midline between the two sides of the diencephalon. 
C. Interventricular foramina (of Munro) connect the two lateral vesicles with third. 
D. Cerebral aqueduct (of Sylvius): within the midbrain. 
E. Fourth ventricle: 
i. dorsal to pons and medulla, ventral to cerebellum

ii.  expands out and become central canal
F. Two lateral foramina (of Luska) and one midline foramen (of Magendie) lead from 4th ventricle to subarachnoid 

     space. 
G. Central canal in spinal cord may become occluded later in development.

XI.   Abnormal enlargement of ventricles = hydrocephalus

A.  Cerebrospinal fluid (CSF) produced by choroid plexus is present in ventricles and subarachnoid space.
B.  Obstruction of cerebral aqueduct during pre- and post-natal development can result in hydrocephalus. 
C.  Sites of obstruction include:

1.  interventricular foramen

2.  cerebral aqueduct – very small diameter in babies

3.  foramina of Lushka

4.  foramen of Magendie

D.  Severe hydrocephalus can compress and damage brain tissue resulting in loss of function. 
E.  Hydrocephalus can also result from excessive production of CSF or interference in the uptake of CSF by 
      arachnoid granulations. 
XII.  Ventricular system provides guide to understanding regional anatomy of cerebral hemispheres and diencephalon:   Major structures in the adult telencephalon follow the contours of the ventricular system.
A.  Proliferation of cells force the cortex into a C-shape. This results in the ventricles assuming a C-shape, as well as 
     other underlying structures. Part of the cortex becomes buried (insula). 

B.  Lateral ventricles: useful landmarks for understanding regional anatomy of the cerebral hemispheres. 4 distinct
      parts: 
i. Anterior (frontal) horn – extends to about level of interventricular foramen

ii. Body – from interventricular foramen to trigone

iii. Posterior (occipital) horn – goes back to occipital lobe

iv. Inferior (temporal) horn. – goes down into temporal lobe

v. Medial wall of anterior horn and body becomes the septum pellicudum. 
C.  Four major C-shaped structures in adult telencephalon that follow contours or parts of the contours of the 
     ventricular system: caudate nucleus; hippocampus & fornix; cingulate and parahippocampal gyri; corpus 
     callosum: 

D.  Caudate nucleus becomes C-shaped like the lateral ventricles: 
1.  Develops as a ball of cells in the lateral wall of lateral ventricle, so follows contours. 

2.  The body of the caudate helps form lateral wall of body of lateral ventricle

3.  The tail will be located in the roof of inferior horn. 

E. Major components of limbic system also develop into a C-shape. 
1. The hippocampus and fornix. (Netter Plate 106)

i. Hippocampus lies in the floor of the inferior horn.

ii. Most medial part is the rolled up cortex.  Hippocampus is telencephalic derivative 

iii. At the level of splenium – crura of fornix
iv. At septum pallucidum – body of fornix
v. At level of interventricular foramen fornix makes curve and forms the columns.  Goes to

    mammillary bodies.
2. The cingulate gyrus follows corpus callosum and becomes continuous with the parahippocampal gyrus. 

F. Amygdala (part of limbic system) lies anterior to inferior horn and hippocampus. 
1.  The major outflow tract from the amygdala, the stria terminalis, is a C-shaped structure that for the most
     part, lies medially along the contours of the caudate nucleus. 
2.  Is not functionally related to the caudate nucleus but uses it as a highway 

  
G. Corpus callosum, another C-shaped structure, forms part of roof of lateral ventricles.
H.  Be sure to look at Dr. Norman’s special dissections if you haven’t yet.

XIII.  Cellular and molecular processes involved in development of NS:


A.  Proliferation


B.  Migration


C.  Growth and differentiation (neurons and glia)


D.  Cell death

XIV. . Proliferation 
A. Means mitosis of cells

B. Restricted to layer of cells next to lumen of ventricle into neuroblasts and glioblasts. 
C. Neuroepithelial cells originally stretch from the inside to the outside spanning the entire width of the neural tube.

     To divide 

i. Detach from outside surface.

ii. Stay adjacent to ventricular lumen

iii. Precursor cells aren’t committed and can make a variety of choices


a.  divide and make more of themselves


b.  go back to being neuroepithelial cell


c.  become neurons ( neuroblasts


d.  become glialblasts ( glial cells (including ependymal or radial glial cell)

D. Formation of new neurons (neurogenesis) restricted to pre-natal period with few exceptions.
E  Proliferation of glia (gliogenesis) continues postnatally. 
F. Segmental pattern formation is influenced by developmentally regulated transcription factors, such as those 
    specified by Hox genes, best exemplified in the hindbrain and spinal cord.) 

XV. Migration to final destination (both future neurons and glia migrate). 
A. Many immature neurons migrate along scaffold of radial glial cells.  Growth factors, neurotrophism and contact-
     mediated guidance or inhibition are involved.  Prominent event in cerebral cortical and cerebellar development

B.  Growth cones guide axons to target; molecular gradients also help guide axons to target.  (Short video shown of

      baby neurons to demonstrate growth cones)

C.  Cell adhesion and extracellular matrix (ECM) molecules (such as NCAM, fibronectin, laminin, collagen) 
     promote process extension and cell-cell adhesion.
D.  Guidepost cells


XVI. Differentiation into neurons and glia. 
A.  Regional identity is established early and determined by positional information along rostrocaudal and dorsal-
      ventral axis.  Position is important in determination.

B.  For example, the ventral motor region of spinal cord is specified by gene product of sonic hedgehog in the 
     notochord. (Sonic hedgehog gene product induces floor plate, floor plate then also expresses sonic hedgehog 
     product which in turn induces spinal motoneurons). 
C.  Cell identity determined by multiple intrinsic and extrinsic factors such as:

i. Diffusable factors and growth factors (NGF, BDNF, EGF, FGF, retinoic acid)

ii.  Local environmental factors (ECM, laminin, fibronectin, collagen)

iii. Local cell-cell interactions (especially neuronal-glial)

iv. Steroids, especially sex steroids. 
v.  For example, nerve growth factor (NGF) is required for development and survival of sensory and 
     sympathetic neurons. 
D.  Neurons differentiate first, then glia.  Neurons will mitosis at birth or shortly thereafter.  Glial cells can continue

      throughout life.  Research is in trying to get stem cells to enter proliferative stage again.

E.   Molecular factors and how these activate genes for neuronal differentiation are currently under intense 
      investigation.


XVII.. Process formation: 
A. One Axon outgrowth, others become dendritic arbor extensions. See factors involved in process guidance and 
    differentiation above.   For example, commissural neurons in the spinal cord are induced to send their axons in the 
    direction of the floor plate by the netrins (a family of chemotropic molecules similar to ECM's like laminin). 
B.  Process formation is a hallmark of neuronal differentiation.


XVIII. Synapse formation: 
A.  Number and complexity of synapse formation/strengthening also continues postnatally. 
B.  Presynaptic and postsynaptic events occur during synaptogenesis. Presynaptic terminal can regulate postsynaptic 
     membrane, and postsynaptic cell can regulate differentiation of presynaptic cell 
C.  EX:. Motoneuron terminal can regulate number and distribution of transmitter receptor molecules on muscle 
     membrane and postsynaptic muscle cell can regulate clustering of synaptic vesicles and other properties of 
     motoneuron terminal.  (Nerve and target cells interact (  ACh receptors aggregate underneath developing 

     synapse ( basal laminae forms between nerve and muscle ( synaptic vesicles aggregate into active zones )

D.  Activity strengthens synapses. Thus, experience modulates connections that are already formed.


XIX. Gliogenesis and myelination continue postnatally.

A.  In baby there is very little white matter.  A baby can’t walk partially because he/she isn’t developed yet but also


      because tracts that control that aren’t fully myelinated.


B.  One year later there has been a tremendous increase.

XX.  Cell death: intrinsic and extrinsic. 
A.  Excess neurons are produced during development (redundancy). 
B.  Intrinsic cell death (= programmed cell death = apoptosis) deletes some of these neurons to assure proper ratio of 
      neurons and targets. 
C.  Extrinsic cell death (ex. neurons that fail to make appropriate functional connections, such as motoneurons with 
      skeletal muscle fibers, die). 
D.  Different neurotrophic factors are necessary for development, survival and maintenance of differing populations 
      of neurons at different times during development and maturity (ex. nerve growth factor necessary for developing 
      PNS sensory ganglia, sympathetic neurons, CNS cholinergic neurons). 
E.  Cell death continues postnatally. 
