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Glia

• Long been neglected

• Name originated from “glue”

• But far more functions than just “glue”

Drawing from Santiago Ramon y Cajal



Glia/neuron ratio

Herculano-Houzel S, Glia, 2014, 62:1377 Azevedo FAC et al, J Com Neurol, 2009, 513:532

More glia to neurons in bigger brains . Glia to neurons is 1 to 1 in human 



Type of glia

1) Astrocytes

2) Oligodendrocytes

3) Microglia

4) Ependymal cells
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Type of glia



Origin of glia

Ernst Haeckel: embryogenesis often recapitulates evolution

Who appeared first in evolution?



Until recently glia was thought to be homogeneous

Cell types in the mouse cortex and hippocampus in juvenile mice (21-21 days) revealed by single-cell RNA-seq.

Zeisel A et al, Science. 2015, 347:1138-1142.

Subclasses: 

Interneurons 16 

Astrocytes 2 

Microglia 2 

Oligodendrocytes 6



1) Astrocytes
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Morphologies of astrocytes

General classical subdivision – fibrous astrocytes in white matter, protoplasmic in grey matter



More complex astrocyte morphology in primates

Oberheim et al. 2009. J Neurosci 29:3276-87 Oberheim et al. 2006. TINS 29:547-553 Oberheim et al. 2012. Methods Mol Biol 814:23-45

Mouse – Rhesus monkey - Human

Mouse

Human
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Human astrocytes in mouse brain

Enhancement of mouse learning



Astrocytes are connected through gap junctions

Tracer/dye injected in one astrocyte 

appears in other interconnected astrocytes



Regulation of extracellular K+ concentration and energy supply

• The generation of the electric signal results in increasing 

accumulation of K+ in the extracellular space, that is rapidly 

buffered by astrocytes

• Astrocytes can accumulate glycogen (polymers of glucose) 

for rapid energy supply in the form of lactate to highly active 

neurons

 Astrocytes can “sense” when neurons are active



The tripartite synapse 

• Astrocytes processes are intimately associated with synapses

• Involved in neurotransmitter clearance through specific transporters (e.g., glutamate)



The tripartite synapse 

• Neurotransmitter binding to astrocyte receptors leads to:

• Increase in calcium concentration

• Release of gliotransmitters (e.g., ATP, serine)

• Role in cognition!!!

Serine is an 

allosteric 

modulator of 

NMDA receptor

(role in LTP)

Ser



From UNIL

Unique subtype of astrocytes exocytosing glutamate



Astrocytes react to neuronal activity by intracellular calcium elevation

Perea et al, Trends Neurosci, 2009, 32:421



Calcium waves in astrocytes

• Calcium waves propagate through a network of interconnected astrocytes

• Glia do not generate action potentials, but can send information (Ca2+) 



Calcium waves in astrocyte

Through gap junctions

Through release of signaling molecules (ATP) activating nearby astrocytes



Regulation of blood flow according to synaptic activity

Astrocytes sense neurotransmitter release 

during synaptic activity

Astrocytes increase intracellular calcium and 

free arachidonic acid

Astrocytes secrete prostaglandins and EETs

Blood vessels dilate

More oxygen and glucose from blood

Arachidonic acid can cause also 

vasoconstriction – depending on oxygen 

concentration

Belanger M et al, Cell metabolism, 2011, 14:724



Role for astrocytes in memory formation

© Cell Press 2018/ Nature Neuroscience 2020



Role for astrocytes in memory formation

Learning-associated astrocytes participate in 

memory

Deletion of Fos (gene involved in memory) 

in astrocytes perturbs memory recall

Deletion of nuclear factor I-A in astrocytes 

also perturbs memory recall



Role for astrocytes in behavior

Mu Y. Cell, 2019

During unsuccessful swimming attempts:

Failure detection by noradrenergic neurons 

Integration of such signals by astrocytes over longer time

Astrocytes activate inhibitory neurons that  block swimming

Neuron-Astrocyte-Neuron neural network!!!



Adult neural stem cells are considered as a special type of astrocytes

Wall of lateral ventricle (LV) and Dentate Gyrus (DG) in hippocampus – areas of adult neurogenesis

Contain adult neural stem cells

Upon physical activity adult neurogenesis is enhanced



The Blood-Brain Barrier (BBB)

• Specialized structure preventing 

the entry of toxins (and drugs…) 

from the blood into the brain

• Composed of 

• Astrocytes

• Basal membrane 

• Endothelial cells

• Pericytes

© Expert Reviews in Molecular Medicine 2003



Pathways across the BBB

© Biomed Research International 2015



BBB dysfunction and consequences

© Biomed Research International 2015



Astrocytic response to injury

• Astrocytes can react to several brain insults  astrogliosis

• During stroke, hypoxia, Alzheimer’s, Parkinson’s, traumatic brain injury, etc.

• Characterized by strong GFAP upregulation, hypertrophy and proliferation



Astrocytes perturbation during psychiatric disorders

Perturbation of expression of astrocytic and neuronal synaptic genes correlates with cognitive decline 

during schizophrenia and aging



Astrocyte heterogeneity

Previously knowledge of astrocyte heterogeneity was limited

Are all astrocyte function mentioned before performed by a single astrocyte?



Single cell RNA-sequencing of astrocytes in

mouse cortex and hippocampus

Astrocyte clustering based on transcriptome

5 subtypes identified

Astrocyte subtypes differ in gene expression

Batiuk et al., 2020



AST1 – mature marginal astrocytes (next to pia and hippocampal SLM)

AST2 – mature cortical protoplasmic astrocytes

AST3 – mature cortical and hippocampal protoplasmic astrocytes

AST4 – hippocampal stem cells

AST5 – possibly transitioning from immature to mature state

Spatial location of astrocyte subtypes



Astrocyte heterogeneity field expanded in recent years



2) Oligodendrocytes

• Myelination in CNS and PNS

• CNS: Oligodendrocytes

• One oligodendrocyte can myelinate many neurons

• PNS: Schwann cells

• One Schwann cell/neuron

© Pearson Education 2014



2) Oligodendrocytes

• Formation of myelin sheath

© Cell Press 2015



© Frontiers 2018

2) Oligodendrocytes

• Functions:

• Myelination

• Node of Ranvier formation and maintenance

• Regulation of action potential conduction

• Metabolic support



Arancibia-Carcarmo et al., 2017

Saltatory conduction

• Action potential can only be regenerated 

at the Node de Ranvier

• Increases signal’s propagation speed

• myelinated axons  150m/s 

• unmyelinated axons  0.5-10m/s



Oligodendrocytes and OPCs

• Only mature oligodendrocytes produce myelin

• Myelination occurs after birth

• OPCs = oligodendrocyte precursor cells = NG2 

glia

Why they giving a car to a teenager is a bad idea?

Human myelination finishes in the mid-late 20th



OPCs (NG2 cells)

• Oligodendrocyte precursor cells (OPCs) remain in the brain as the main progenitor cell population

• OPCs can proliferate and differentiate into oligodendrocytes during adulthood in response to stimulation

Nishiyama et al., 2009; Dimou&Goetz, 2014



OPCs and “myelin plasticity”

Hughes et al., 2018 McKenzie et al., 2014

OPCs generate oligodendrocytes in response to stimulation, and are needed for certain forms of learning

P-Myrf is a 

transcription 

factor required 

for myelination

Complex running wheelSensory enrichment



Speadman et al., 2020 

Oligodendrogenesis and memory

Memory consolidation induces oligodendrogenesis

and myelination in the cortex

Disruption of oligodendrogenesis impairs 

spatial memory

NG2/OPCs sense neuronal activity 

through neuron-NG2 cell synapses

In accordance with neuronal activity 

NG2 cells proliferate and myelinate

axons

Myelination is required for memory



Dimou&Goetz, 2014; Heinrich et al., 2014

Reprogramming of NG2 glia

• OPCs (also referred to sometimes as NG2-glia) can also react to injuries and are being used as 

vehicles for neuronal replacement therapies 

In vivo cell 

reprogramming

(Brain injury, AD, 

PD, SCI)



© Merck 2020/ Central Coast Orthopedic Group

Demyelinating diseases

• Multiple Sclerosis

• Autoimmune disease with not known genetic cause

• Numbness and weakness in limbs, unsteady gait

• Vision problems

• Slurred speech, fatigue

• Charcot-Marie-Tooth Disease

• Hereditary mutations in PMP22 gene (peripheral myelin 

protein 22)

• Reduced myelination and functioning in motor neurons

• Muscle atrophy

Hammer toes



3) Microglia

• Macrophages of the nervous system  immunological surveillance

• Become activated following aberrant protein processing (e.g. Alzheimer’s) and general 

tissue damage (neurodegeneration)

• Support functions

© Nature Reviews Neurology 2019



Microglial cells have a different developmental origin

© Frontiers 2017

• Yolk sac macrophages colonize the 

neural tube at early stages (E9 in 

mice / GW4.5 in humans), where they 

differentiate into microglial cells

• Whether or not blood-borne 

progenitors contribute to maintain the 

microglial compartment during 

adulthood is debated



Microglia in action

Activated microglia

Dead neuron



© Frontiers 2018/AAAS 2020

Microglia activation

• Inflammatory response in the brain is mediated by 

microglia, which turn into an activated state in the 

presence of damage

• Activated microglia proliferate and release several 

factors

• M1 activation: Pro-inflammatory

• M2 activation: Anti-inflammatory



© Frontiers 2018/AAAS 2020

Microglia and neurodegenerative disorders

Amyloid plaque  

Microglia

Resting microglia Activated microglia



Role of microglia on synaptic pruning and memory

Rice et al., 2015; Wang et al., 2020

• PLX depletes microglia

(antagonist of a receptor important for 

survival)

• Depleting microglia improves memory

• Microglia mediates synaptic pruning



4) Ependymal cells

• Derive from radial glia cells

• Lining the ventricles

• Celia-like appendixes

• Function: 

• Cerebrospinal fluid (CSF) movement

• CSF production (choroid plexus)

© Wikipedia/McGraw Hill 2012



© Oregon State University

Glial cells – Overview 


