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Types of glia: microglia



Types of glia: microglia





•Major immunocompetent cells in the CNS

•Derive from monocytic lineage and migrate during early postnatal
development

•Resting microglial cells (ramified) monitor brain environment and
are activated in case of damage

•Activated microglia (ameboid) migrate to the site of injury,
proliferate, release cytokines, have phagocytic activity

•Activated microglia show a distinct pattern of voltage-gated
currents

Properties of microglial cells



Microglia act as phagocytes to protect brain from 
microorganisms

•Smallest cell bodies among the neuroglia.
•Main phagocytic cell
•Express neuroprotective proteins
•Antigen-presenting cells in the CNS, aiding in immune response
(MHC-II)



Microglia (as opposed to
Macroglia=astrocytes, oligos)

• Most like tissue macrophages elsewhere in body; not of 
neuroectodermal origin, like all macroglia

• Chief mediators of immune responses in brain
• CNS is not completely isolated from immune reactions
• Microglia derive from marrow monocyte lineage
• Have phenotypic markers similar to tissue macrophages:
• CD68, HAM-56, IL-1alpha,beta, class II MHC, OX-42



Prenatal period: mesodermal
progenitors
entry via meninges and 
ventricles
resident microglia in 
parenchyma

Postnatal period: circulating 
blood monocytes
entry via blood vessels
renewal of perivascular microglia
infiltration of parenchyma

Origin of microglia and their colonization of the brain



Origin of microglia and their colonization of the brain



Microgliogenesis
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Microgliogenesis



Early development:
microglia
progenitors are
similar to
macrophages,
showing an ameboid
morphology, which
facilitates migration.

Late development:
microglia get a
mature morphology
characterized by
small cell bodies and
longer, more
ramified processes

Leng Tai et al., 2016

Microgliogenesis



Microgliogenesis



Microglia activation… old view



Never resting microglia



Microglia efficiently respond to ATP released
from damaged cells via process
rearrangement towards the injury site

Davalos et al., 2005

Madry et al., 2015

Never resting microglia



Never resting microglia



Microglia: sensors of changes in the CNS

Highly dynamic cells:
Typical morphological
changes upon
activation



Microglia: sensors of changes in the CNS



Ramified microglial cells from 
acute brain slice of unlesioned
brain are physiologically distinct
from cultured microglial cells. 
Membrane current of resting
microglia in situ (ctr) and current
pattern after facial nerve axotomy
(left, 0.5 to 7 days), 

•Inward rectifying K+ currents preceed
delayed rectifying
•Activation correlates with resting potential
hyperpolarization

K+ currents of microglial cells.



inward rectifier K+ outward rectifier K+ Stretch-activated Cl -

Proton current H+

Voltage activated ionic channels in microglial cells

Proliferation
Resting potential

Proliferation
Release of IL-1b

Release of ROS

Ramification



Pathogen
Cell debris
Myelin debris

Microglia activation
(phagocytosis, release of ROS, cytokines, chemokines)

Protective or destructive

Microglia in the adult brain



•Resident macrophage population of the CNS

•Active tissue scanning

•Transformation of microglia to reactive states in response to 
pathology

• Engagement of microglia can be either neuroprotective or 
neurotoxic,  resulting in containment or aggravation of disease 
progression

•Microglial responses in different pathologic contexts

Microglia in the adult brain



Microglia activation - now



Microglia activation



Microglial activity states throughout the activation process. Microglial 
cells in the surveillance constantly scan for signals of potential threat to 
CNS homeostasis. 

1.The appearance of such ‘activating’ signals (infection, trauma) or the 
loss of constitutive ‘calming’ signals triggers a transition to an alerted 
state. 

2. Further committment to distinct reactive phenotypes and executive 
phase (release of cytokines and chemokines, phagocytotic activity). 

3.The reactive behavior of microglia is controlled by a fading (or 
elimination) of the initial activating signals as well as influences from 
resident CNS and invading immune cells

Microglia activation - now



Neuronal ‘On’ and ‘Off’ signals control microglia

Off signals constitutive keep microglia in their resting state and 
antagonize proinflammatory activity. 
On signals inducible (purines, chemokines, glutamate) instruct microglia 
activation under pathological conditions towards a beneficial or 
detrimental phenotype



Microglia functional roles



Microglia phagocytosis

Removal of apoptotic cells by phagocytosis



Microglial phagocytosis



Microglia phagocytosis



Microglia role in cell death



Microglia role in cell death



Microglia role in neurogenesis



Microglia – neuron crosstalk



Paolicelli et al., 2014

Microglia – neuron crosstalk
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Microglia – neuron crosstalk



Types of glial cells: ependymal cells



•Line the cavities of the CNS and make up the walls of the ventricles
•Create and secrete cerebrospinal fluid(CSF)
•Beat their cilia to help circulate that CSF
•Make up the Blood-CSF barrier. 
•Can act as neural stem cells

Types of glial cells: ependymal cells



Ependymal cells
Line the ventricular
system
Apical cillia circulate CSF
Apical microvilli absorb
CSF
Choroidal cells
Choroid plexus abuts the 
ventricular system
Modified ependymal cells 
and capillaries
Secrete cerebrospinal fluid

Types of glial cells: ependymal cells



Cerebrospinal fluid (CSF) – Choroid plexus



Ependymal cells
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