Outline of Lecture 08 (02-20 B; Bergles)

Astrocytes and Astroglia

See also Lecture 15 (02-21 B; Griffin) – Myeliation, p. 7 for nice review

0.  There are three types of glial cells


1) Astrocytes: support neurons, influence/regulate neuronal activity


2) Oligodendrocytes: form myelin sheaths (speeds action potential along axon)


3) Microglial: respond to injury and infection

I. Astrocytes play a supportive role for neurons


- Remove ions and neurotransmitters from extracellular space 


- Some processes ensheath synapses and have Glu transporters to remove Glu from extracellular space (which is toxic to neurons)


- Potassium buffering hypothesis: astroctyes prevent accumulation of K in extracellular space (see physiology below)


- Provide neurons with energy



- Contain glycogen granules, perhaps to provide glucose or lactate to neurons


- Ca waves in astrocytes may stimulate arteriole dilation and control brain microcirculation


- Respond to neuronal activity or directly influence it



- Express ion channels and nxt receptors, activated upon “spillout”


- Glu stimulates intracellular Ca oscillations, propagated as waves, and may excite nearby neurons


- Secrete growth factors and guide neuronal migration


- Enhance formation of synapses


- True function of astrocytes hard to gauge because in situ observation is difficult

II. Characteristics of astrocytes


- Outnumber neurons 10:1


- Contact spacing (no overlap between astrocytes)


- Express GFAP (intermediate filament, for star-shaped structure), S100(, Gln synthetase markers


- End feet structure at contact with capillaries


- Complex morphology with highly branching processes (may result in microdomains)


- Physiology



- Inexcitable



- High K conductance (low membrane resistance and very negative resting potential)


- Forms syncytium via gap junctions, which are modulated by phosphorylation and often asymmetrical

III.  Astroglial cells


- Astrocytes are absent in retina and cerebellum; instead astroglial cells do the job


- In retina they are called Muller glial cells, in cerebellum Bergmann glial cells

IV.  Astrocytes in disease

A) Cellular edema of brain: intense neuronal activity ( increase uptake of ions, nxt by astrocytes ( osmotic swelling


B) Excitotoxicity: extracellular high K and low Na ( reversed Glu transporter ( toxic to neurons


C) Reactive astrocytosis: accompanies brain trauma, causes hypertrophy/hyperplasia of astrocytes


D) Cancer: astrocytomas (e.g. glioblastoma), multifocal, astrocytes in tumor secretes VEGF to stimulate angiogenesis

