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‘‘What is the function of glial cells in neural centers? The answer is still not known, and the 

problem is even more serious because it may remain unsolved for many

years to come until physiologists find direct methods to attack it’’

Santiago Ramon-y Cajal (1909/1911)



, neural stem cells

Gliotransmission: synaptic

modulation
New role!



VIDEO: Isolation and Culture of Mouse Cortical Astrocytes
http://www.jove.com/video/50079/isolation-and-culture-of-mouse-cortical-astrocytes

https://www.jove.com/video/56092/culturing-vivo-like-murine-astrocytes-using-fast-simple-inexpensive

Dissection of postnatal (P3) 

mouse cortex. A) Whole brain. B) 

Brain after removal of olfactory 

bulbs and cerebellum. C) Isolation 

of cortices by peeling off the plate-

like structure of the cortex from the 

brain. D, D') Cortex from ventral 

and dorsal site with meninges 

(black arrows indicate meningeal 

arteries). E) Cortex without 

meninges. Scale bar, 1.5 mm.

Morphological overview of isolated mixed 

cortical cells and pure astrocyte culture at 

different time points after isolation. A) 1 day 

after plating of mixed cortical cells. First astrocytes 

are attached to the bottom of the flask (black 

arrows) and dying neurons are in the supernatant. 

B) 3 days after plating of mixed cortical cells. 

Astrocyte layer is forming (black arrows). Neurons 

are almost absent. C) 5 days after plating of mixed 

cortical cells. First microglia and OPCs on top of a 

astrocyte layer (black arrows). D) 7 days after 

plating of mixed cortical cells. Astrocyte layer is 

completely confluent. E) After removing microglia 

and OPCs by vigorous shaking and 2 days after 

splitting, attached cells show astrocyte 

morphology with low density (arrows indicate one 

cell). F) Astrocyte layer shows high density 2 

weeks after the first split. Scale bar, 10 μm.

Purity of primary astrocyte culture. 

Immunolabeling of primary mouse 

astrocyte cultures with the markers GFAP, 

GLAST, S100B, Aquaporin-4, ALDH1L1 

and BLBP (all green) revealed pure 

primary astrocyte culture. Nuclei are 

stained with 4',6'-diamidino-2-phenylindole 

(DAPI) (blue). Scale bar: 10 μm.

Schildge et al., 2013, J. Vis. Exp.

doi:10.3791/50079 (2013)

https://www.jove.com/video/55108/monitoring-astrocyte-reactivity-proliferation-vitro-under-ischemic

https://www.jove.com/video/54757/the-indirect-neuron-astrocyte-coculture-assay-an-vitro-set-up-for

Protocol modified from 

McCarthy & de Vellis, 1980

http://www.jove.com/video/50079/isolation-and-culture-of-mouse-cortical-astrocytes
https://www.jove.com/video/56092/culturing-vivo-like-murine-astrocytes-using-fast-simple-inexpensive
https://www.jove.com/video/55108/monitoring-astrocyte-reactivity-proliferation-vitro-under-ischemic
https://www.jove.com/video/54757/the-indirect-neuron-astrocyte-coculture-assay-an-vitro-set-up-for


Isolation and Culture of Rat Cortical 

Astrocytes by immunopanning



What is the best 

method for 

astrocyte

purification?

Purification flow chart 

of astrocytes and 

microglia

Guttenplan & Liddelow, 2018

J. Experimental Medicine

http://doi.org/10.1084/jem.20180200



Guttenplan & Liddelow, 2018

J. Experimental Medicine

http://doi.org/10.1084/jem.20180200





Erikson et al, 2019

Scientific Reports

https://doi.org/10.1038/s41598-019-47454-4

Experimental design

magnetic bead

purification tecnnique



Erikson et al, 2019

Scientific Reports

https://doi.org/10.1038/s41598-019-47454-4

Results



Erikson et al, 2019

Scientific Reports

https://doi.org/10.1038/s41598-019-47454-4

Validation of RNA-seq results by 

Immunocytochemistry



Guttenplan & Liddelow, 2018

J. Experimental Medicine

http://doi.org/10.1084/jem.20180200

Methods to study astrocyte-neuron 

interactions in vitro



Guttenplan & Liddelow, 2018

J. Experimental Medicine

http://doi.org/10.1084/jem.20180200



Astrocyte

heterogeneity

Farmer & Murai, 2017

Frontiers in Cellular Neuroscience

DOI 10.1016/j.cell.2009.09.025



Miller, 2018

Frontiers in Cellular Neuroscience

doi: 10.3389/fncel.2018.00401

Astrocyte heterogeneity in 

neuropathology



Individual astrocytes occupy 

distinct domains

The intermingling of protoplasmic astrocytes in 

the hippocampal CA1 molecular layer was 

examined by filling adjoining cells with different 

coloured fluorescent dyes (Alexa 468, a green 

fluorescent dye, and Alexa 488, a red fluorescent 

dye) by microinjection. The discrete region of 

interaction of the fine terminal processes was 

revealed (yellow) by first blurring the images 

slightly (using a Gaussian blur filter) and then 

remapping the colour of the resultant area of 

overlap to bright yellow. This shows where the 

fine terminal processes of the adjoining 

astrocytes are closest to one another, although 

not actually overlapping. The ‘boundary’ of each 

astrocyte has a distinct surface that abuts 

neighbouring astrocytes. The long thin processes 

that extend from each cell shown in this figure are 

the ‘siphon’  processes of the astrocytes, which 

end in sheet-like surfaces that line the adjacent 

blood vessel. Image courtesy of E. Bushong and 

M. Ellisman, The National Center for Microscopy 

and Imaging Research, University of California, 

San Diego, USA.

Volterra & Meldolesi, 2005

Nature Reviews Neurosci

doi:10.1038/nrn1722



Astrocyte

domain 

organization in 

pathological

states

Oberheim et al., 2012

Methods Mol Biol. 814: 23–45. 

doi:10.1007/978-1-61779-452-0_3



Astrocytes wrap around 
synapses and are in close 
contact with neurons:



Spatial buffering by 

astrocytes

This conceptual diagram 

indicates the pathways 

available for potassium ions 

to diffuse through the glial 

syncytium (light orange) 

subsequent to their release 

from neuronal membranes 

(dark orange) during neural 

acivity. 



Astrocytes and brain homeostasis–

regulation of blood flow

• Numerous fine processes of 

astrocytes form close 

associations with capillaries 

and neurons.

• Enhanced neuronal activity 

causes astrocytes to signal to 

blood vessels for regional 

increases in blood flow.

• Results in enhanced delivery 

of oxygen and glucose to the 

active brain regions.



Astrocytes and brain metabolism –

glucose and glutamate pathways

Charveriat et al., 2017

Frontiers in Cellular Neuroscience

doi: 10.3389/fncel.2017.00174



Elimination of Glu and 

GABA from the 

intersynaptic space by 

astrocytes

Glu = glutamate

GS = glutamine sintethetase

Gln = glutamine



RGS cultured in the presence of a 

feeding layer of astrocytes or astrocyte-

conditioned medium show ~10-fold more 

excitatory synapse activity and 5-7-fold 

increase in the number of synapses.

Astrocytes play active roles in the 

formation of synapses

Purified retinal ganglion cells (RGCs) 

survive in culture, but show little 

spontaneous synapse activity and form 

few synapses

Eroglu et al., 2009, Cell

DOI 10.1016/j.cell.2009.09.025



Schiweck et al., 2018

Frontiers in Cellular Neuroscience

doi: 10.3389/fncel.2018.00261

PAPs = perisynaptic astrocytic processes

Dynamic association of astrocytic processes with 

developing and mature synapses



Cells are linked together by gap 

junctions

(Spacek, 2000)

When glial cells are coupled by 

gap junctions, calcium waves can 

spread from cell to cell in a 

continuous progression

Astrocyte-astrocyte communication

Stimulation of one astrocyte can cause a calcium response in a subset 

of neighboring astrocytes, but not others, suggesting distinct networks 

of astrocytes.



An in vitro scratch 

injury model to study 

spreading of calcium 

waves in astrocytes

- Make a scratch in primary cultures 

of cerebral cortical astrocytes

- This scratch induces an influx of 

calcium in the form of waves 

spreading away from the wound 

through gap junctions

- Using the calcium blocker BAPTA-AM 

and the JNK inhibitor SP600125, Authors 

demonstrate that the calcium wave 

triggered the activation of JNK, which 

then phosphorylated the transcription 

factor c-Jun to facilitate binding of AP-1

to the GFAP gene promoter to switch on 

GFAP upregulation. 

Watch movies at:

https://onlinelibrary.wiley.com/doi/full/10

.1002/glia.22577

DOI: 10.1002/glia.22577

https://onlinelibrary.wiley.com/doi/full/10.1002/glia.22577


Mechanisms of Ca++ signaling in astrocytes



The new concept of 

“GLIOTRANSMISSION”

Astrocytes are now viewed as ‘excitable’ cells in the sense 

that, when activated by internal or external signals, they deliver 

specific messages to neighbouring cells — an activity that has 

been called ‘gliotransmission’.  However, astrocytes cannot 

generate action potentials. Their excitation, which is chemically 

encoded, can be revealed not by electrophysiology, as in 

neurons, but by assays of [Ca2+]i transients and oscillations.

Two main forms of astrocyte excitation are well 

documented: one that is generated by chemical signals in 

neuronal circuits (neuron-dependent excitation) and one 

that occurs independently of neuronal input (spontaneous 

excitation).



The tripartite 
synapse

• Individual astrocytes can make 

contact with and ensheath 100s-

1000s of synapses.

• Astrocytes possess many of the 

same neurotransmitter receptors as 

neurons.

• Neurotransmitter release by neurons 

activates calcium-based signaling 

cascades in astrocytes.

• Astrocytes then release neuroactive 

substances back to neurons to be 

used to make more 

neurotransmitters.

• Also maintain appropriate ion 

concentration of extracellular fluid 

surrounding neurons by taking up 

excess potassium
Eroglu and Barres, 2010, Nature

doi:10.1038/nature09612)



“GLIOTRANSMITTERS”

Petrelli & Bezzi 2016

Current Opinion in Pharmacology

http://dx.doi.org/10.1016/j.coph.2015.11.010 



Zhou et al, 2019

CNS Neuroscience & Therapeutics

DOI: 10.1111/cns.13123

PAPs can 

invade the 

synaptic 

cleft



Zhou et al, 2019

CNS Neuroscience & Therapeutics

DOI: 10.1111/cns.13123

PAPs plasticity = synaptic plasticity



Astrocytosis



Different grades

of reactive gliosis

Sofroniew & Vinters, 2010

Acta Neuropathol

DOI 10.1007/s00401-009-0619-8



Schiweck et al., 2018

Frontiers in Cellular Neuroscience

doi: 10.3389/fncel.2018.00261

Morfological features of reactive astrocytes



Astrocytic scar: good or bad? 

Sofroniew, 2005, The Neuroscientist

DOI: 10.1177/1073858405278321





• How functionally similar are human and rodent astrocytes?

• Does each subpopulation of astrocytes react differently to specific 

insults (e.g., chronic neurodegenerative diseases, viral infections, 

traumatic injury, stroke, or demyelinating disorders) or is there a 

specific type of stimulus that drives the switch to a specific 

phenotype?

• Which astrocyte signaling pathways are affected in different CNS 

disorders?

• Is the transplant of healthy astrocytes an effective strategy to 

counteract disease progression in different neurodegenerative 

conditions?

• Can astrocytes transdifferentiate into functional neurons in vivo 

and effectively integrate into the correct brain circuitry?

Outstanding questions on Astrocytes

What are the scientific questions we need to answer before

we can use astrocytes as therapeutic targets?


