
Our view of microglia has dramatically changed in the last decade. From cells
being “silent” in the healthy brain, microglia have emerged to be actively involved
in several brain physiological functions including adult hippocampal neurogenesis, 
and cognitive and behavioral function.

MICROGLIA: expanding roles for the guardian of the CNS



Microglia originates from a pool of primitive macrophages from the yolk sac that 

appear in the mouse at embryonic (E) day 8.5 and invade the brain from E9.5. These 

cells constitute an independent lineage distinct from other haematopoetic stem cells.

Ginhouks et al., 2013
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Figure 2.6 Scheme of the different functions of 

microglia.

Microglia (green) constantly move their processes 

to scan the brain parenchyma. During their 

movements they contact synapses and neuronal 

dendrites (orange), as well other brain cells. They 

can control brain activity and surrounding cells’ 

fate by releasing several factors. They 

phagocytose cells and neuronal debris, but also 

synaptic elements and newborn cells (orange), 

thus they participate in sculpting the neuronal 

circuits.

Drawing by E. Avignone. 
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Figure 2.7 Microglia change properties after activation.

The images show an example of morphological changes of 

microglia 48 hours after activation induced by status 

epilepticus. In control conditions (a) microglial cells have a 

small body with long and ramified processes. (b) In 

contrast, activated microglial cells have larger body with 

shorter and thicker processes.

From Menteyne A, Levavasseur F, Audinat E, Avignone E 

(2009) Predominant functional expression of Kv1.3 by 

activated microglia of the hippocampus after status 

epilepticus. PLoS One 4, e6770, with permission. 

From Cellular and Molecular Neurophysiology, Fourth Edition.
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A microglial cell (M) has 

elaborated two cytoplasmic 

arms to encompass a 

degenerating apoptotic 

oligodendrocyte (O) in the 

spinal cord of a 3-day-old 

kitten. The microglial cell 

nucleus is difficult to 

distinguish from the narrow 

rim of densely stained 

cytoplasm, which also 

contains some membranous 

debris. 10,000.

Phagocytotic activity of microglia



Microglia and hippocampal neurogenesis

Gemma & Banchstetter, 2013, Frontiers in Cellular Neuroscience
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Ramified microglia

remove apoptotic

neurons forming

phagocytic pouches

that engulf the 

apoptotic cells. The 

phagocytic pouches

occurs independent

from the cell body, in 

terminal or en passant 

branches, as opposed

to engulfment of the 

soma by ameboid

microglia.



It has recently become evident that they constantly scan the brain 

environment and contact synapses. 

Microglial cells can sense neuronal activity



Activated microglia can remove damaged cells as well as 

dysfunctional synapses, a process termed ‘‘synaptic stripping’’



VIDEO EXPERIMENT

An Engulfment Assay: A Protocol to Assess Interactions Between CNS Phagocytes and Neurons

Dorothy P. Schafer1, Emily K. Lehrman1, Christopher T. Heller1, Beth Stevens1

J. Vis. Exp. (88), e51482, doi:10.3791/51482 (2014)
http://www.jove.com/video/51482/an-engulfment-assay-protocol-to-assess-interactions-between-cns

Proteins of the major histocompatibility complex class I (MHCI) and complement cascade (C1q and C3) are 
expressed in the developing brain and are necessary for normal pruning of Retinal Ganglion Cells (RGC) axons
in the dorsal Lateral Geniculate Nucleus (dLGN).  Schafer et al. demonstrate a role for microglia in activity-
dependent synaptic pruning in the postnatal retinogeniculate system. They show that microglia engulf 
presynaptic inputs during peak retinogeniculate pruning and that engulfment is dependent upon neural 
activity and the microglia-specific phagocytic signaling pathway, complement receptor 3(CR3)/C3. The 
interpretation is that C3 serves as a tag for synapses that need to be eliminated.

Microglia Sculpt Postnatal Neural Circuits in an 

Activity and Complement-Dependent Manner

Shafer et al., 2012 Neuron 74, 691–705

http://www.jove.com/video/51482/an-engulfment-assay-protocol-to-assess-interactions-between-cns


RGCs from CX3CR1-EGFP 
eterozygous mice* were 
anterogradely traced with CTB-594 
and CTB-647 into the left and right 
eyes, respectively. Following this 
tracing, EGFP-positive microglia 
within the dLGN were imaged.

A strategy to visualize left and right RGC nerve terminals

in the LGN and their engulfment into microglial cells

* Microglia were labeled using the 

CX3CR1+/GFP mouse line in which 

all microglia express EGFP under 

the control of fractalkine receptor, 

CX3CR1



A) Representative surface-rendered microglia from P5 (fluorescent image is shown in Figure 
1), P9, and P30 mouse dLGN. Enlarged insets denoted with a black dotted line. Grid line 
increments = 5 µm. B) Engulfment of RGC inputs is significantly increased during peak pruning
in the dLGN (P5) versus older ages (P9 and P30). *P < 0.001 by one-way ANOVA, n = 3 
mice/age. C) Microglia from mice deficient in complement receptor 3 (KO, black bar) engulf
significantly fewer RGC inputs as compared to WT littermates (white bar). All data are 
normalized to WT control values. *P < 0.04 by Student’s t-test, n = 3 mice/genotype. All error
bars represent s.e.m.

Images were 

subsequently surface-

rendered for volume 

measurements.



Summary of functional states of MICROGLIA

https://static-content.springer.com/esm/art%3A10.1038%2Fs41593-018-

0242-x/MediaObjects/41593_2018_242_MOESM2_ESM.mp4
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