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Presentation Notes
 In the brain, pericytes help sustain the blood–brain barrier as well as several other homeostatic and hemostatic functions of the brain.[NG2 cells  precursorso foligo’s but also adult neural stem cells



General tasks: 
to guard the neuronal microenvironment

 Energy consumption of 
the brain
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General tasks: 
to guard the neuronal microenvironment

 Ionic concentrations  excitability
 Support conduction of action potentials
 Nutrient concentrations
  Amino acids
  Signal molecules
  Energy supply 



Development



Neurulation



Proliferation

• In humans, neurons are born 
between E42 and E125 
(before MOST glial cells)



Shimojo 2011



Rowitch and kriegstein 2010
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Developmental genetics of vertebrate glial–cell specificationDavid H. Rowitch & Arnold R. KriegsteinAffiliationsNature 468, 214–222 (11 November 2010) doi:10.1038/nature09611Published online 10 November 2010



Glial cells

 Originate from embryonic ectoderm
 Intimate morphological association with

neurons 
or

to seperate neuronal elements from
mesodermal layers

MACROGLIA

≠ MICROGLIA



Reemst 2016
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Front. Hum. Neurosci., 08 November 2016 | https://doi.org/10.3389/fnhum.2016.00566The Indispensable Roles of Microglia and Astrocytes during Brain DevelopmentKitty Reemst1, Stephen C. Noctor2, Paul J. Lucassen1*† and Elly M. Hol1,3,4†



Astrocytes



Pekny, 2014
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Astrocyte Reactivity and Reactive Astrogliosis: Costs and BenefitsMilos Pekny, Marcela PeknaPhysiological Reviews Published 1 October 2014 Vol. 94 no. 4, 1077-1098 DOI: 10.1152/physrev.00041.2013



Astrocyte morphology

GFAP: Glial fibrillary Acidic Protein = principal intermediate filament 
(nanofilament) protein of astrocytes

Dye filing  fine branches

Pekny, 2014
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Presentation Notes
Astrocytes visualized with antibodies against the principal intermediate filament (nanofilament) protein of astrocytes, glial fibrillary acidic protein (GFAP), and three-dimensional reconstruction of an astrocyte. The typical starlike appearance of astrocytes on GFAP-labeled tissue sections (left panel), well-known to most biologists, neuroscientists, and neuropathologists, does not reflect the astrocyte morphology, but visualizes the astrocyte intermediate filament system. This traditional image of astrocytes contrasts with their real appearance as shown here by three-dimensional reconstruction of an astrocyte after dye filling (middle and right panels). Astrocytes are morphologically highly complex cells with bushlike appearance, cell subdomains, and a multitude of cellular processes of varying diameter. [Adapted from Wilhelmsson et al. (262).]



Blood Brain Barrier
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Three-dimensional reconstruction of adjacent astrocytes. Astrocytes in the adult mouse hippocampus were filled with two different dyes (Alexa 568 and Lucifer yellow). CNS gray matter regions are subdivided into astrocyte domains, each of them accessed by fine processes of an astrocyte. Astrocytes are interconnected via gap junctions into a highly dynamic astrocyte network. [Adapted from Pekny and Wilhelmsson (178).]



Energy supply
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Al de glycogeen van de hersenen zit in astrocyten (5 min-voorraad)Catabolisme van glycogen in pyruvate of lactate = brandstof voor neuronen (tweede voorraad voor neuronen: substraatbufferen)



Potassium buffering
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Astrocyten = = K scavengers = K+ elektroden (voor K+ 4 tot 20 mM: 25 mV depolarisatie van astrocyten, 5 mV voor neuronen)K+ regulatie belangrijk omdat positieve feedback lus (‘loop’)12 mM K+ = zolderingniveauK+ regulatie door:Na/K pompNa/K/Cl co-transporterK kanalen



Potassium buffering



Astrocytic contacts

Pekny, 2014
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�Astrocytes in the adult brain typically do not reach into domains of their astrocyte neighbors. Interdigitation of fine cellular processes between adjacent astrocytes is shown here in a three-dimensional reconstruction of astrocytes in the dentate gyrus of the hippocampus of a mouse. Note the relatively limited overlap zone between adjacent astrocytes (shown in yellow). [From Wilhelmsson et al. (260).]








Tripartite synaps



Tripartite synaps



Oligodendrocytes



Oligodendrocytes produce myeline



Oligo vs Schwann



Pathology: Myelin loss

Reeves 2005 ; Crawford 2009



Microglia



React to brain damage






Uderhardt 2019
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Resident Macrophages Cloak Tissue Microlesions to Prevent Neutrophil-Driven Inflammatory DamageStefan Uderhardt, Andrew J. Martins, John S. Tsang, Tim Lämmermann, Ronald N. GermainIn order to maintain homeostasis, tissue-resident macrophages surround and hide very small tissue lesions to prevent excess inflammation driven by neutrophils. 



Resident immune cells of the brain: Activation phenotypes



Microglia during development

Reemst 2016
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Front. Hum. Neurosci., 08 November 2016 | https://doi.org/10.3389/fnhum.2016.00566The Indispensable Roles of Microglia and Astrocytes during Brain DevelopmentKitty Reemst1, Stephen C. Noctor2, Paul J. Lucassen1*† and Elly M. Hol1,3,4†



How do microglia migrate in the embryonic cortex?

E14,5

CX3CR1 
eGFP +/+



Pia

CP



Microglia tasks: Synaptic remodeling






Developmental synaptic pruning

Schafer 2016 

Presenter Notes
Presentation Notes
Figure 1. Microglia transiently engulf retinogeniculate presynaptic inputs in the juvenile P40 brain consistent withlate stage synapse refinement. (A) Representative surface rendered microglia (green) and engulfedretinogeniculate inputs (red) from P30, P40, and P60 LGN. See also Figure 1—figure supplement 2. Grid lineincrements = 5 m m. (B) Quantification of engulfment reveals a transient and significant increase in engulfment ofRGC inputs within microglia at P40, an age consistent with late-stage synaptic refinement (Figure 1—figuresupplement 1). (C) Accompanying increased engulfment, microglia also upregulate engulfment capacity at P40 asmeasured by lysosomal content within each microglia (CD68 immunoreactivity per cell). *p<0.05, **p<0.01 by one-way ANOVA, Dunnett’s post hoc test (all ages are compared to P60). All error bars represent SEM; N = 4–6 miceper age of mixed sex (equal ratios of males and females were used across ages).



Complement dependent synaptic pruning

Complement system (C1q C3) marks synapses to be pruned

http://www.sciencemag.org/news/2016/08/woman-may-know-secret-saving-brain-s-synapses



Excessive synaptic pruning in disease
Complement marked synapses increased AD mice 

Loss of synapses in AD mice 

Hong 2016
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 familial AD-mutant hAPP (“J20”) transgenic mice (11)



Glia-Neuron and Glia-Glia cross talk 



Microglia-astrocyte cross talk
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Showing results for liddelow barres stevens. Search instead for liddlelow barres stevens (0)Nature. 2017 Jan 26;541(7638):481-487. doi: 10.1038/nature21029. Epub 2017 Jan 18.Neurotoxic reactive astrocytes are induced by activated microglia.Liddelow SA1,2, Guttenplan KA1, Clarke LE1, Bennett FC1,3, Bohlen CJ2, Schirmer L4,5, Bennett ML1, Münch AE1, Chung WS6, Peterson TC7, Wilton DK8, Frouin A8, Napier BA9, Panicker N10,11,12, Kumar M10,11,12, Buckwalter MS7, Rowitch DH13,14, Dawson VL10,11,12,15,16, Dawson TM10,11,12,16,17, Stevens B8, Barres BA1.



Neuron-microglia cross talk

CX3CR1  neuro glia cross talk

CX3CR1 KO 
 reduced synaptic events
 Reduced fMRI connectivity 



Models to study Glia



Glial Cell Models

 Cell lines
 BV2, RBA-2, CG-4…

 Primary cell cultures
 Shake off technique
 FACS, MACS,…

 iPSC derived cells

RELEVANCE???



Primary cultured microglial cells

Control

Brain slice Primary cultured microglia

Control



Glial Mouse Models

 Mouse reporter lines
 Microglia: CX3CR1-eGFP, fmp
 Astrocytes: GFAP-CFP
 Oligodendrocytes: CNP-GFP

 IHC/markers
 Microglia: Iba-1, TMEM119, CSF1R, Sal1, P2Y12
 Astrocytes: GFAP, S100β, CD144
 Oligodendrocytes: NG2, O4, MBP, PLP (different.)

 Depletion models
 Microglia: Difteria tox, CSF1R AB, PU1 KO, clodronate, PLX compounds

 Astrocytes: GFAP Cre?
 Oligodendrocytes: cuprisone model,…



Literature

 “Neuroglia”
 Helmut Kettenmann and Bruce R. 

Ransom

 “Reactive astrocyte nomenclature, 
definitions, and future directions.” 
Escartin et al Nat Neurosci. 2021

 “Defining Microglial States and
Nomenclature: A Roadmap to 2030” 
Cell ‘Sneak Peek’ Paolicelli et al



Questions?  bert.brone@uhasselt.be
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