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Types of glia: microglia




Types of glia: microglia
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MICROGLIA: expanding roles for the guardian of the CNS

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.

el % microglia
) ‘
neuron '

‘ jﬁ, astrocyte S

Figure 1. Uniform Distribution of Microglia
in the Central Nervous System

(A) Throughout the central nervous system
microglia (red) surveys neuronal networks (black)
and astroglial syncytia (blue). Both microglia
and astrocytes uniformly divide the gray matter
through a process called tiling in which individual
microglial cells and astrocytes only minimally
overlap in the three-dimensional space. However,
processes of one cell type can strongly overlap
with territories of the other cell type. While
astrocytes are part of rather stable structure-
functional elements known as neurovascular
units, microglial processes constantly scan
through their territorial domains and establish
frequent transient contacts with neighboring
neurons and astrocytes.

(B) The panel shows a laser-scanning micrograph
taken from an adult TgH(CX3CR1-EGFP) mouse
brain in which microglia is labeled by expression
of EGFP. Note the uniform cellular distribution
within and across different brain regions such as
cortex (ctx), corpus callosum (cc), and hippo-
campus (hip).



Properties of microglial cells

eMajor immunocompetent cells in the CNS

eDerive from monocytic lineage and migrate during early postnatal
development

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

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

eActivated microglia show a distinct pattern of voltage-gated
currents



Microglia act as phagocytes to protect brain from
microorganisms

eSmallest cell bodies among the neuroglia.

eMain phagocytic cell

eEXxpress neuroprotective proteins

e 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 || MHC, OX-42



Origin of microglia and their colonization of the brain

Embryonic brain
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F4/80

— D45

Prenatal period: mesodermal

progenitors S — wirth ,m
entry via meninges and @ @
ventricles
resident microglia in
parenchyma

Postnatal brain
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Postnatal period: circulating

blood monocytes

entry via blood vessels C
renewal of perivascular microglia
infiltration of parenchyma




Origin of microglia and their colonization of the brain

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.

E9.5 E13.5 Newborn

Inflamed Brain

Neuroepithelium Steady-state Brain

Monocyte-derived
Macrophage (Microglia?)

Brain development

pericytes
B "B - )
1
Blood !:f v L ) ® : ® Monocyte / other
4 YS macrophage 4 Fetal liver monocyte | 4 : boqe marrow progenjtor?
3B B "B "B "B "B "B B B "B B "B B "B B
2 | |
o
K ¢ »
o) ] :
© ¢ - ® ..
§ e
- = . Fetal liver B Marrehy
Yolk sac
blood islands

gestation and post-natal development as well as in the injured adult brain
in reaction to inflammation. Nevertheless, during certain inflammatory

FIGURE 1| Brain development and microglial homeostasis. Primitive
macrophages exit the yolk sac blood islands at the onset of circulation

and colonize the neuroepithelium from ES.5 to give rise to microglia. The
blood brain barrier starts to form from E13.5 and may isolate the
developing brain from the contribution of fetal liver hematopoiesis
Embryonic microglia expand and colonize the whole CNS until adulthood.
Importantly, in steady state conditions, embryonically-derived microglia
will maintain themselves until adulthood, via local proliferation during late

conditions found for example after bone marrow transplantation, the
recruitment of monocytes or other bone marrow-derived progenitors can
supplement the microglial population to some extent. However, we do
not understand yet whether these cells persist and become integrated in
the microglial network, or are a temporary addition to the endogenous

population
Ginhouks et al., 2013




Microgliogenesis

Bone marrow Injury/Discases
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Microgliogenesis

maturation & homeostasis

Pu.1, Irf8
Runx1
Csf-1R/Csf-1, IL-34(?)
TGFp
P2X7R
MMPs8 &9
microRNA-124
short-chain fatty acid
Cx3cr1/Cx3ci

neonatal microglia

.

potential non-YS source?

Factors for microglia specification, survival,

Depletion

proliferation . ’
L X

mature microglia

Factors for neuron-microglia signaling
Csf-1R/Csf-1, IL-34
Cx3cr1/Cx3ch
Cxcl12/Cxerd
BONF
TGFf, complement proteins

Function

phagocytosis (dead cells, neural progenitors)
positioning & distribution of interneurons
synaplic pruning & synaptic plasticity

Microglia
stem cel

self renewal

Current Opinion in Neurobiology




Microgliogenesis

Yolk sac blood Yolk sac Embryonic microglia
islands subpopulations
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Microgliogenesis

Type of cell Shape Cell processes Diameter NDPase  Time course of Cell morphology
activity appearance

A'.Mbo:.d Round None, occasional 15-20 um (2 High P0-P9, @

o 1' . filopodia scarcely at P12

type 2 {

Ameboid 2 3 .
2 : Pleomorphic Filopodia and/or 15-50 pm (2 Moderate PO-P9, ég?

microglia :

type 3 (1 Pseudopodia some at P15 (5\;&

P Scantly developed b | </
rimitive Oval to slightl antly develope 3 some at P15

ramified elongatgd . processes showing a 50-75/85 pum & koW and rarely at [L J\P

microglia {1 beaded shape P18

Resting Oval to Fully developed 85-100 pm 3 Low Some at P12,

microglia roundish processes P15-P18 -

T : Mainly
Reactive-like Large, plump,  Retracted, coarse  40/50-80um @ Veryhigh . = 0o tg P18

microglia round to oval processes



Microgliogenesis

Early development:

microglia

Development Adulthood progenitors are
similar to
macrophages,

Microglial 7 Proliferation
progenitor Q

showing an ameboid
morphology, which
facilitates migration.

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

Intrinsic properties

Differentiation
Maturation

Leng Tai et al., 2016



Blood-brain barrier

Blood vessel

Microgliogenesis

Normal state

Endogenous
microglia

Axotomy or ALS

Self-maintenance

Irradiation

) (

) (

) (

) (

Donor bone marrow-
derived microglia @

BM early progenitors

Irradiation plus transplantation




Microglia activation... old view

Homeostasis

Protein Markers:

P2Y12, CD115, . - N
CD11b, CX3CR1, Typical Functions:

CD68, IBA-1 Regulating neuronal actmity,
synaptic plasticity, maintaining

brain homeostasis

Resting Activated

Disease, Injury,

and lliness

Protein Markers:

P2Y12|, CD115t, CD11b1,
CX3CR1, CD681t, IBA-11

Typical Functions: Activation Markers:

MHC II, CD16, CD32,
CD40, CD86, CD163,
CD206

Large-scale cytokine
production, recruitment of
penpheral immune cells,

pathogen destruction, debns
clearance, tissue repair



Never resting microglia




Never resting microglia

ATP mediates rapid microglial response to local brain
injury in vivo

Resting Microglial Cells Are

H H H imitri 1 Jai dler!?, Guang Yang!, Jiyun V Kim?, Yi Zuo!, Steffen Jung?, Dan R Littman?
Hl hl D namic Survelllants Dimitrios Davalos!, Jaime Grutzendler!, g Yang!, Jiyu 3 ; g2, -
g y y Michael L Dustin? & Wen-Biao Gan'

of Brain Parenchyma in Vivo

Axel Nimmerjahn," Frank Kirchhoff,? Fritjof Helmchen* e 0.307 _e_ ATP 10 mM
& 0-251 —e=Control
& 0.20-
low 5
1 o 0.15
' g
i & 0.104
i 0.05
1
1
1 0-
: 0 10 20 30 40 50 60
i Time (min)
1 - 4
SNy o, H !
-
..‘@, g . Davalos et al., 2005
N
5 U ECMm
S '\/\\’
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* ’ |
- et Uk

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

Madry et al., 2015



Never resting microglia

=, Phagocytosis

Microglia constantly move
’ their processes to scan the

Motility

| brain parenchyma |

e

* o
| Factors release
.

; ‘Iv ( I! ] :..

\ ) \ .

Contact of synapses J
™

- -l

Figure 2.6 Scheme of the different functions of
microglia.

Microglia (green) constantly move their processes
to scan the brain parenchyma. During their

Figure 4-19 Large numbers of microglia reside in the movements they contact synapses and neuronal
mammalian central nervous system. The micrograph dendrites (orange), as well other brain cells. They
on the left shows microglia in the cerebral cortex of an adult can control brain activity and surrounding cells’
mouse (in brown, immunocytochemistry). The blue spots are fate by releasing several factors. They

the nuclei of nonmicroglial cells. The microglial cells have fine, phagocytose cells and neuronal debris, but also

lacy processes, as shown in the higher magnification micro-
graph on the right. (Reproduced, with permission, from Berry
et al. 2002.)

synaptic elements and newborn cells (orange),
thus they participate in sculpting the neuronal
circuits.

Drawing by E. Avignone.

From Cellular and Molecular Neurophysiology, Fourth Edition.
Copyright © 2015 Elsevier Ltd. All rights reserved.



Microglia: sensors of changes in the CNS

Stratum radiatum
CA1

Normal rat

Early Activated
Microglia
Stratum radiatum
CA1

One day after
4-vessel occlusion

Bushy Microglia
Stratum radiatum
CA1

Four days after i.c.v, } o
kainic acid injection

Resting Microglia |« & 5"' P
L T !

Highly dynamic cells:
Typical morphological
changes upon
activation

Microglial Rod Cells
Stratum radiatum e
CA1

Seven days after
4-vessel occlusion

Brain Macrophages
Stratum pyramidale
and radiatum CA3

Four days after i.c.v.
kainic acid injection




Microglia: sensors of changes in the CNS

Morphological change
following microglial activation

Control Activated

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.
Copyright © 2015 Elsevier Ltd. All rights reserved.

(A)

Microglial cells respond rapidly
to injury by migrating to the
damaged site

5 minutes (B) 3 hours

100 pym

FIGURE 8.11 Migration of Microglial Cells in Injured
CNS. (A) Microglia in the leech CNS were stained with a
fluorescent nuclear dye (Hoechst 33342). The bundle of
axons linking ganglia had been crushed 5 minutes earlier.
The extent of the crush is indicated by the dotted line.
The nuclei of microglial cells were still evenly distributed
at this time. (B)Three hours after the injury, microglial
cells had accumulated at the crush site. There they pro-
duced the growth-promoting molecule laminin. (C) Veloci-



K* currents of microglial cells.

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),

e|nward rectifying K* currents preceed
delayed rectifying

e Activation correlates with resting potential
hyperpolarization



Voltage activated ionic channels in microglial cells
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Microglia in the adult brain

Pathogen
Cell debris
Myelin debris

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

Protective or destructive



Microglia in the adult brain

eResident macrophage population of the CNS

e Active tissue scanning

eTransformation of microglia to reactive states in response to
pathology

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

progression

eMicroglial responses in different pathologic contexts



Microglia activation - now

Surveillance state

Surveying
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Microglia activation
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Astrocyte A
yt oc
Perivascular
macrophage
Healthy tissue

Uwe-Karsten Hanisch & Helmut Kettenmann
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Microglia activation - now

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



Neuronal ‘On’ and ‘Off’ signals control microglia
I .- S iy

Detrimental microglia
functions
- Non-controlled phagocytosis

- Excessive cytokine synthesis
- Nitric oxide release

Beneficial microglia
functions

- Controlled phagocytosis
- Directed migration i
- Selective cytokine synthesis

- Neurotrophin release '

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

How many
. functional
! roles of

Chen, 2016, J Neurochemistry

2 N
LMICROGLIA.

(a)

Synaptic pruning

T White matter
fasciculation

/4

Cortical lamina
formation

TNF-c
IL-1p

PERINATAL CNS

Fig. 1 Microglia contribute to CNS homeostasis and neuroprotection
during development (a), adulthood (b), and CNS diseases (c). (a)
Microglia maintain tissue homeostasis during brain development by
pruning synapses or phagocytizing redundant neurons. They also
participate in the proper formation of CNS structures, including cortical
lamina formation and axon bundle fasciculation. (b) Peripherally
delivered LPS can activate TLR4 receptors on the luminal surface of
brain endothelial cells, which secrete cytokines to subsequently
activated microglia. Activated microglia strip axosomatic inhibitory
synapses from neuronal soma, which induces neuroprotection by up-
regulating neuronal production of anti-apoptotic molecules such as
Bcl1, FGF2 or Mcl1. In addition, these microglia can assume an M2-AP

CXCL-10

(c)
o

IL-4
IL-10
TGFp

Anti-inflammation

S

& P‘c‘wa\ad microg,, o

Phagocytosis
of debris

2

Q trypsinogen Q

Neurogenesis

CCF
©2015
DISEASED/INJURED CNS

phenotype, which reduce oxidative stress in the event of an attack by
secreting Ceruloplasmin (Cp), CD163, Saa3, Ym-1, and Msr1. (c)
During CNS injury or in neurodegenerative diseases, microglia offer
neuroprotection by producing anti-inflammatory cytokines, phagocy-
tizing cellular debris, and promoting neurogenesis through production
of IGF-1 or trypsinogen. They may also produce M2-AP proteins in
fighting against oxidative stress (indicated by dotted arrow). LPS:
lipopolysaccharide; TLR4: Toll-like receptor 4, CXCL10: C-X-C motif
chemokine 10; Bel2: B-cell lymphoma 2; FGF2: fibroblast growth factor
2; Mcl1: myeloid cell leukemia 1; AP: acute phase; Saa: serum amyloid
protein; Ym-1: chitinase 3-like-3; Msr1: macrophage scavenger
receptor 1; IGF: insulin-like growth factor.



Microglia phagocytosis

Removal of apoptotic cells by phagocytosis

A Attraction of Phagocytes B Recognition and Phagocytosis C Production of anti-inflammatory
via soluble “Find-me”signals via displayed “Eat-me"-signals and Cytokines
lacking Don't-eat-me"-signals

Apoptotic
Cell 0 g o
_Le 2 W ihg 0p 0 0go IL-10

% @ Phagocyte

Figura 6. The Threa Staps of Apoptotic Cell Removal



Microglial phagocytosis

) P@ogytotic'activivty of micrggl_ia

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.




Microglia phagocytosis

(@ Microbe adheres to phagocyte

\ @ Phagocyte forms pseudopods that
\ eventually engulf the particle

(a) (b)

Copynght @ 2004 Pearson Education, Inc., publishag as Ben amin Cummings.

{frontiers in REVIEW ARTICLE %
CELLULAR NEUROSCIENCE dof 10 5aBorcel 3013 50000

Janus-faced microglia: beneficial and detrimental
consequences of microglial phagocytosis

Amanda Sierra’?**, Oihane Abiega'?, Anahita Shahraz* and Harald Neumann**

! Achucarro—Basque Center for Neuroscience, Zamudio, Spain

? Department of Neuroscience, University of the Basque Country EHU/UPV, Leioa, Spain

3 Ikerbasque—Basque Foundation for Science, Bilbao, Spain

“ Neural Reconstruction Group, Institute of Reconstructive Neurobiology, University of Bonn, Bonn, Germany



Microglia role in cell death

A. Microglia instruct developmental death (Cerebellum, retina).

D Microglia
NGF, 0}2/

Neuron \

Death  “-=<*

Microglia can induce developmental apoptosis, When microglia are removed or killed, no
apoptosis occurs.

B. Microglia instruct motoneurons for a delayed sensibility
to neurotrophic factors (Spinal cord).

TNF(V : +Ny--->

i S
: =4 &
{- Y-

O) —» ()
Competence \ S 20 sy K b
to die -NTF ; ; R

Motoneurons become sensitive to neurotrophic : When microglia are killed, motoneurons are no
factors (NTF) and competent to die after instruction . more sensitive to neurotrophic factor (NTF).
by microglial TNFo



Microglia role in cell death

. »  Dying
= ) neuron
Develogmemal "
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I: Microglia control developmental apoptosis.
: Microglial control synaptic development.
: Microglia regulate synaptic properties.

Microglia to neurons

: Neuronal activity inhibits microglial activation.
: Damaged neurons induce microglial activation.

2

3

4: Microglia engulf dead neurons.
Neuron to microglia 2
6



Microglia role in neurogenesis

Microglia and hippocampal neurogenesis

6 mature granule cell
o new born granule cell

o neural stem/progenitor cell (NPC)
@ apoptotic cell (PCD

W,

FIGURE 1 | Schematic diagram of ramified microglia and their effect on
adult hippocampal neurogenesis. In intact brain, microglia regulate several
steps of adult hippocampal neurogenesis. In the SGZ, progenitor cells
migrate to the granule cell layer and differentiate into a neuronal phenotype,
with most NPCs dying in the first few days of life. Within two months, the
surviving neurons receive input, form functional synapses with their target
cells, and exhibit electrophysiological properties indistinguishable from those
of mature neurons. In intact brain, ramified microglia eliminate apoptotic
newborn cells during the first few days of their life by phagocytosis. This

proliferation of NPC  Zaurereai.

Gemma & Banchstetter, 2013, Frontiers in Cellular Neuroscience

‘am'\ﬂed microglia

\§gﬂeted factors
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phagocytosis

phagocytosis occurs by a special modification of the microglial processes,
which form phagocytic pouches that engulf the apoptotic cells. Microglia can
also affect proliferation, differentiation, and survival, through the secretion of
neurotrophic factors. Finally microglia communicate with nearby neurons
through the CX3CR1/CX3CL1 signaling. Interactions between CX3CL1 and
CX3CR1 contribute to the ability of microglia to maintain a surveillant/ramified
phenotype. Disruption of this signaling results in a change in microglia
phenotype and function, which leads to decreased hippocampal
neurogenesis.




Microglia — neuron crosstalk

Microglia
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Microglia — neuron crosstalk

(" soluble CX3CL1?

A. Microglial recruitment
and neuronal survival

C. Synaptic pruning
and adult neurogenesis

process dynamics |
migration
trophic factors |

phagocytosis ?

~5um

NMDA maturation 1
Multiplicity and efficiency 1
AMPA depression 1

NMDA potentiation
modulation LTP/LTD

soluble
or
membrane-bound
CX3CL1?

B. Synaptic maturation,
activity and plasticity

Paolicelli et al., 2014

Synaptic Pruning by Microglia Is
Necessary for Normal Brain Development

Rosa C. Paolicelli,* Giulia Bolasco,* Francesca Pagani,? Laura Maggi,> Maria Scianni,?
Patrizia Panzanelli,> Maurizio Giustetto,>* Tiago Alves Ferreira,* Eva Guiducci,*
Laura Dumas,” Davide Ragozzino,? Cornelius T. Gross™*

Microglia shape presynaptic properties at developing
glutamatergic synapses
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Microglia control glutamatergic synapses in the adult mouse
hippocampus

Bernadette Basilico' | Laura Ferrucci® | Patrizia Ratano? | Maria T. Golia® |
Alfonso Grimaldi® | Maria Rosito® | Valentina Ferretti* | Ingrid Reverte®® |
Caterina Sanchini®® | Maria C. Marrone® | Maria Giubettini®” |

Valeria De Turris®> | Debora Salerno® | Stefano Garofalo? |

Marie-Kim St-Pierre®® | Micael Carrier®® | Massimiliano Renzi! |

Francesca Pagani® | Brijesh Modi® | Marcello Raspa’® | Ferdinando Scavizzi’® |
Cornelius T. Gross!* | Silvia Marinelli® | Marie-Eve Tremblay®®12 |

Daniele Caprioli*® | LauraMaggi' | Cristina Limatola®13 |

Silvia Di Angelantonio®® | Davide Ragozzino™®



Microglia — neuron crosstalk

Microglial cells can sense neuronal activity

It has recently become evident that they constantly scan the brain
environment and contact synapses.

Figure 2. Dynamic Interaction of Microglial

Processes with the Tripartite Synapse

(A) Microglial processes (red) dynamically contact

the cellular compartments of the tripartite syn-

apse: pre- and postsynaptic neuronal terminals (in

brown) as well as the enwrapping perisynaptic

astroglial process (in blue).

(B) The electron micrograph (EM) specifically

shows a microglial process (m) contacting both Helmut Kettenmann
the pre- and postsynaptic compartment. The EM Neuron 77, January 9, 2013
image is modified from Wake et al. (2009).



Microglia — neuron crosstalk

Activated microglia can remove damaged cells as well as

Helmut Kettenmann Neuron 77, January 9, 2013

dysfunctional synapses, a process termed “synaptic stripping”

Figure 3. Synaptic Pruning by Microglial
Processes

(A) The stability and maintenance of presynaptic
terminals and postsynaptic spines is determined
by microglia in a three-step process called
synaptic pruning composed of contact, engulf-
ment, and phagocytosis of presynaptic terminals.
Whether dendritic spines are similarly removed by
microglia is still unclear.

(B) The electron microphotograph shows ultra-
structural interactions between microglia (red) and
synapses (brown) inthe mouse visual cortex. In the
thickened microglial process inclusions (in) can be
recognized (modified from Tremblay et al. [2010]).
The asterisks indicate extended extracellular
space adjacent to the microglia. Thin processes of
perisynaptic astrocytes are shown in light blue.
The arrowhead points toward a synaptic cleft.
Scale bar = 250 nm.



Microglia — neuron crosstalk

Microglia Sculpt Postnatal Neural Circuits in an
LActivirty and Complement-Dependent Manner %

— ——

—_—

Shafer et al., 2012 Neuron 74, 691-705 \
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‘. hucleus
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' pathway pathway
LGN neuron . LGN neuron

Primary visual cortex
(area 17)

Figure 1. Microglia Phagocytose RGC Axon Material in a C3- and CR3-Dependent Manner

Proteins of the major histocompatibility complex class | (MHCI) and complement cascade (C1qg 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.

http://www.jove.com/video/51482/an-engulfment-assay-protocol-to-assess-interactions-between-cns
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Types of glial cells: ependymal cells

eLine the cavities of the CNS and make up the walls of the ventricles
eCreate and secrete cerebrospinal fluid(CSF)

eBeat their cilia to help circulate that CSF

eMake up the Blood-CSF barrier.

eCan act as neural stem cells
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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 V
and capillaries

Secrete cerebrospinal fluic




Cerebrospinal fluid (CSF) — Choroid plexus
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