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Historie vyzkumu gliovych bunék

Gabriel Gustav Valentin (1836) —  existence aktivnich (excitabilnich) a pasivnich (neexcitabilnich)
bunécnych elementd v mozku
Robert Remark (1838) — myelinoveé pochvy kolem axont v PNS
Theodor Schwann (1839) — myelinové pochvy produkuji specializované bunky
Heinrich Muller (1851) — popsana morfologie radialnich glii v retiné
Rudolf Ludwig Karl Virchow (1858) — zaveden termin glie
Otto Deiters (1860) — popsany ,,stellate cell v Sed¢ a bilé hmoté CNS
Jakob Henle (1869) — prvné zobrazena bunéc¢na sit’ tvorena ,,stellate* buiikami
v Sed¢ a bilé hmot€ michy
Lois Antoine Ranvier (1871) — periferni glialni elementy Schwannovy buiky
Camilo Golgi (~1890) - heterogeneita gliovych bunék (barveni dusi¢nanem sttibrnym)
kontakt gliovych bunék a cév mozku
Ramon y Cajal (~1890) - heterogeneita gliovych bunék
Michael von Lenhossek (1893) — zaveden termim astro (hvézda) cyte (bunka)
Pio Del Rio-Hortega (1921) - zaveden termin oligo (nékolik) dendro (vétev) cyte (bunka)

-navrZen termin mikroglie a jejich mezosermalni pivod
Carl Ludwig Schleich (1894) — aktivni interakce mezi neurony a gliovymi buiikami
neurony a glie = rovnoceni hraci

Steven Kuffler, John Nicolls, Richar Orkand (1966) — gliové buiiky jsou vodivé propojeny
Milton Brightman, Tom Reese (1969) — glie tvoti fumkéné propojenou sit’
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Pocty gliovych bunék prevysuji po¢ty neuront

Magnus Gustaf Retzius
1842 — 1919

Gustaf Magnus Retzius (1842 - 1919) Biologische Untersuchungen (Stockholm: Samson and Wallin,

1890-1914). Vol. 6 (1894), plate ii, Fig. 5; Cortex of 45 cm long human embryo).



Pomér gliovych bunék a neuronu v oblastech CNS

1508.91 +299.14 g
170.68 + 13.86 B cells

84.61 + 5,83 B nonneur Cerebral cortex (GM+WM)
0.99 non-neur/neuron . ; 1232.93 + 233.680 g
Ny # ' 77.18 +7.72 B nuerons
16.34 + 2.17 B neurons

60.84 + 7 .02 B non-neur
3.76 non-neur/neurons

Cerebellum

154.02 +19.29 g

Rest of brain
117.66+ 4542 g
8.42 + 1.50 B cells
0.69 + 0.12 B neurons
7.73 + 1.45 B non-neur
11.35 non-neur/neurons

85.08 + 6.92 B cells

69.03 + 6.65 B neurons
16.04 + 2.17 B non-neu
0.23 non-neur/neurons




Pocet, velikost a komplexita gliovych bunék-
fylogeneze

Astrocyte | Neurone
|

] ‘ ] Rat

} 1 Human

50 um

Morfologie a komplexita astrocyt(

Oberheim, Wang, Goldman, Nedergaard (2006): Trends Neurosci 29, 547-553.
Verkhratsky & Butt (2007): Glial Neurobiology, A Textbook; Wiley & Sons.




Typy gliovych bunék

Oligodendrocyty
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Mikroglie rezidentnimi makrofagy mozku a michy

mezodermalniho plvodu

=) . 5 ¢ tvori 10-15% z celkového gliové bunécné populace v mozku
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Kettenmann et al., 2010, Neuron



»Klidova mikroglie* ????

bunka neustale kontrolujici ECS — nahodily
pohyb vybezkil (1.2-1.5um/min),
prodluZzovani a zkracovani vybeézkl
-kontrola oblasti CNS v pribéhu n€kolika
hodin

Normal conditions

Aktivovana mikroglie
Retrahovan¢ vybézky, proliferace a

| migrace
Microglia
Initial stage of brain damage Fagocytujici mikroglie — residua
Damaged odumfielych bunék
neurone
Iniciace

“on” signal (ATP, nucleotidy, neuropeptidy,
rastové faktory, LPS
“off” signal (pokles neuronalni aktivity)

Microglia




Fyziologie

Patologie
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Derecki et al., Trends Immunol. 2013, b34(3): 144-150.
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Anderova et al., 2011, JCBFM



Mikroglie
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Senescentni mikroglie — starnouci CNS

von Bernhardi et al., Front. Aging Neurosci., 2015



Cardiovascular Risk Factors \ ‘ 274 Risk Factor managment
Hypoxia - Ischemia N S, NSAIDs
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Mitochondrial dysfunction

PRRs expression (TLRs, SRs)

Functions Gained Functions Lost

T Reactivity Neuroinflammation —— Anti-inflammatory signaling

T Inflammatory cytokines 4 Induced phagocytosis
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T ROS prOdUCtion Oxidative Stress «——— J Energetic metabolism

T Neurotoxic Activation —. Neurodegeneration «— |, Neuroprotection (neurotrophins)

von Bernhardi et al., Front. Aging Neurosci., 2015
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obklopuji vybéZzky neuronii
vytvareji myelinové pochvy axonii
v PNS jsou obdobou Schwanovy burnky
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PNS — Schwannovy bunky
-funkce jako oligodendrocyty v CNS
-myelinové pochvy kolem axonti

-schopnost fagocytozy

Mode of Ranvier

Layers of myelin
Axon
.'r._'/

Schwann i = &
cell Schwﬂ/
'h\’ i:l g cell . ‘%2—
2 \/ Nodes of " Nucleus nf/w

Myelin sheath Ranvier Schwann cell




Myelination in CNS x PNS
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Rezina Siddique, and Nitish Thakor J. R. Soc. Interface i
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Membranové vlastnosti oligodendrocytu

-75-80 mV

Negeneruji akéni potencial
GABAAa, Cl-, NMDA, AMPA/kainate, K+ iontové kanaly, glycin- R, purinergni -R

Ischemia
Key:
W NMDA receptor
9 AMPA or kainate receplo
Excitotoxicita : o GlT

+ Glutamate

Corpus callosum

NMDA AMPA KA

Meuron

Karadottir et al., 2005 Nature

THENDS in Molecular Medicine




THE PATCH-CLAMP TECHNIQUE
Membranove viastnosti

bunek
~ Bert Sakmann
Germany
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CNS

Desintegrace a fragmentace myelinu

Aktivace mikroglii, NG2 glii a
astrocytll

Odstraniovani bunéénych debris
makrofagy

Tvorba glidlni jizvy

PNS

Dediferenciace a proliferace
Schwanovych bun¢k

Fragmentace myelinu

Odstranovani bunécénych debris
makrofagy

Intaktni basalni lamina

Prorustani axonu

nerve cell el
. A
body

muscle
fibres @

= rroliferating =]
TS P = /\0 \, macrophage @ monocyte
= Schwann cell A~ '
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©2014 by The Royal Society |nterface



Leukodystrofie - dysfunkce tvorby a udrzovani myelinu

Vanishing white matter disease ve véku 2-6 let, ztrata myelinu, degenerace bil¢ hmoty
mozkové, cysticka BH, kolem cyst ztrata oligodendrocyti,
abnormalni morfologie oligodendrocytti

RoztrouSena skleroza autoimunitni zanétlivé demyelinizacni onemocnéni CNS
-primarn¢ progresivni-smrt oligodendrocytll, neurodegenerace,
zanét,
bez relapsi, bez remyelinizace OPC,

Globoidni leukodystrofie (Krabbeho nemoc) je vzacné demyelinizacni onemocnéni
postihujici centralni 1 periferni myelin.

Mucleus Dendntas

L.oss of function/sensation in limbs

Disturbance of walking/balance
Disturbance of vision

- Bowel/bladder dysfunction *

D d o 1 5 *
Baged 2 Fatigue

Myelin = i -
SI'lT-.',* ath ¥ o ) Pa].n.

Synapses Cognitive changes *

Sexual dysfunction



NG2-gliové bunky

5-8 % gliovych bunék NG2-gliové buiiky
Synantocyty-(kontakt)
Neuron-Glia GluR gliové bunky
Prekurzory oligodendrocytii
AR M N ¥ Polydendrocyty
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¥
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N;;‘z ' : " eoerra ' : 'I;Ae‘\ged; % PV]:)VGF AA
prezivani
NG2 = chondroitin sulfat  a receptor rUstového faktoru Prf)liferace

Komitova et al., 2009 J Comp Neurol



Morfologie NG2 gliovych bunék

bild hmota
8—-9%

Seda hmota
2-3%

Xiaoqin Zhu et al. Development 2008;135:145-157



Membranové vlastnosti polydendrocyta Vm~-85-9mV
IR ~ 200 -300 Mohms

NG2+
Olig2+
S1008-

oligodendrocyt astrocyt neuron

NG2+
Olig2+
S1003+

Exprese Nat, K", Ca ?* kanala
Glutamatové a GABA receptory

2 typy polydendrocytii

Gluiamatové transportéry
GFAP

Karadottir et al., Nature Neurosci, 2008



NG2 glie aktivneé komunikuji s neurony

Excitatory
synapses

Inhibitory .
synapses -
-

NG2* cell

Otis a Sofroniew, Nature Neuroscience 11, 379—380 (2008)



NG2 glie aktivne komunikuji s neurony a gliovymi
bunkami

Prima a neprima komunikace s neurony

Direct Synaptic Input Nonsynaptic Release / Astrocyte Source

GluR or GABAR
@ Vesicle
® Glutamate or GABA

Dendrite
_—

Adenosine/ATP
Growth Factors
Glutamate
GABA

Local Depolarization
Intracellular Ca2* Rise?

Propagace ak¢niho potencialu?

Ovlivnéni funkce NG2 glii

Hill and Nishiyama: Diverse Behavior of NG2 Cells in the Neural
Network, GLIA 2014,62:1195-1210



Proliferace NG2 glii
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Robins et al. (2013) PLoS ONE 8(10)




Vliv neuronalni aktivity na chovani NG2 gliovych bunéek

Myelin sheath

~~~Axonal secretion
(b) Synaptic transmission =
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Symetrickeé a asymetricke deleni NG2 glii

DNA EGFR DNA MERGE DNA EGFR DNA MERGE
e " | :-,.
o
w w

Xiaoqin Zhu et al. Development 2011;138:745-753




NG2 glie- vznik oligodendrocytu

a

Neural Polydendrocyte Premyelinating Myelinating

stem cell oligodendrocyte oligodendrocyte
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PDGFRa- PDGFRa~ PDGFRar-

OLIG2+/- 04+ O4+

SOX10- OLIG2+ OLIG2+/~

; ‘ SOXI0+ SOX10+
Galactocerebrosides+ Galactocerebroside+
MBP- MBP+

proliferujici roliferuiici
progenitorova P J
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Nishiyama et al., 2009, Nature Reviews/Neuroscience



Tamoxifen inducibilni Cre rekombinaza

NG2 PDGFRalfa

(rene locus

CH‘E—EHT*@

CRE-mediated l
excision

FRosaé locus

GFP fluorescence




Embryogeneze

ventral forebrain

EGFP S100

EGFP CC1

Xiaoqin Zhu et al. Development 2011;138:745-753




Premyelinating Myelinating
Oligodendrocyte Oligodendrocyte
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A neurony 222?

PDGFRa x YFP

i
Semilunar morphology

'.. 5 YFP

Pyramidal rmfphblugy
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Rivers et al., Nature Neurosci 2008



Starnuti CNS a NG2 glie

a Histological changes during normal ageing

Neuron

T Plaque and tangles
| Adult neurogenesis Oligodendrocyte

T Chronic inflammation T Oligodendrogliosis

! Nerve growth factor \

# oligodendrocyt(

[ # NG2 glif

Snapse

4 Neurotransmitter ; 4
~ TR e Proliferace NG2 glii

T Abnormal : I 2
myelination

Bunecny cyklus

Microglia /
T Microglial activation
Chronic inflammation

' Astrocyte
T Astrogliosis

Diferenciace NG2 glii
(oligodendrogeneze)

b Functional changes during normal aging

Cognitive decline Sleep disruption

= Vocabulary * Poor sleep quality

» Conceptual reasoning * Delayed sleep onset
* Memory latency

® Processing speed

Mental deficits : — Circadian dysfunction
e Anxiety Disruption of amplitude
¢ Depression and period length of

circadian behaviour Satoh et al_’ 2017




Interakce gliovych bunek

POGF-AR e Survival OPC

__—w Proliferation
Myelin e |10
synthesis

Migration/

Recruitment , Recruitment Microglia
Maturation Praliferation I

Differentiation Differentiation

[

Anosmin-1 Hyal M2 M1
yalorunan .
\ Fibronectin environment CINEOR IR

Growth factors t
(IGF-1; FGF-2) |

/

Activated microglia/macrophage
Activated astrocyte

Clemente et al., Front Cell Neurosci 2013; 7: 268.



CONTROL

vliv M1 mikroglii

vliv M2 mikroglii poskozeni myelinu

CHRONIC-ACTIVE LESION

aktivovana proliferace
NG2 glii
a ¢astecnad regeneraci

e y 2 _JLe= M1 activated
cursor cell (OPC)  —=%5  microglia

¢ ctive inC Remyelinated
Myelin \ QU . i area

Clemente et al., Front Cell Neurosci 2013; 7: 268.



Glial scar formation

Function: regeneration following CNS injury b
PCNA/ R
PCNA ; .~ . 1. _ AR
} ) 4 =
A

Microglia polydendrocytes astrocytes

= PCNA' astrocytes
B PCNA" NG2 glia

control 6 hours 1da 3days 7days 1 month 3 months 6 month

Anderova et al., 2011, JCBFM




Zmény morfologie NG2-glii po GCI Soudést glialni jizvy

control

Vprocesses/ \Y (Vsoma/ V) %

control 3 days
(n=12) (n=14)

Anderova et al., 2011, JCBFM
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Honsa et al., PlosOne 2012



Sonic hedgehog a NG2 glie v ischemicky poSkozenée nervove tkani
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Fyziologie Patofyziologie

VY. o~
“;ﬁ? gliom )
astrocyt : 0 & Reaktivni astrocyt
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Ependymové burnky, rovnéz nazyvané ependymocyty, obklopuji pfedevsim
!!penaymove BunEy vnitfni komory mozku. Tyto bunky jsou zapojeny do tvorby a sekrece
mozkomisniho moku (CSF) a svymi kmitajicimi rasinkami pomahaji jeho

cirkulaci. Podileji se na tvorbé hematoencefalické bariéry. Predpoklada se, ze
mohou pUsobit jako neurdlni kmenové bunky.

neuroektoderm

tvori vystelku mozkovych komor a
centralniho misniho kanalu

CHP- uéastni se tvorby mozko-misniho
moku

NG SR T
Prominin1 (CD133)-mar
NSCs, hematopoetickych SCs...

S100B

T cirkulace a monitorovani mozko-misniho
moku - kinocilie (Fasinky)

Tubulin TV




Tanycytes- propojeni CNS s endokrinnim systémem (hypofyza)

Ependymocyles

ol
Tanycytes

=
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=
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-
=
=
"

Dorsal o2
tanycytes

Veniral o2 .
tanycytes : ; ud LA
W \ ;
J‘! AR

p Tanycytes /| Pem—, |\
AN ‘L* W,

Baze III. A IV. komory
- dlouhé vybézky -pfenasSeji chemicke signaly z mozkomiSniho moku do primarni

/4

vlasecCnicové sité portalniho obéhu hypofvzy.

Robins et al., Nature Communications 4, 2013 Article

number: 2049 doi:10.1038/ncomms3049



Ependymové bunky z funkéniho hlediska podobné astrocytim

Connexin43, GLT-1, K|z, TASK1

Glioblast

A d

GFAP* cells
.c/

Meuroblasts

"\1‘ .ﬂl “r..

lateral
S100 ventricle

F . ‘ d
+ ¥ Lateral ventricle

Liu et al., 2006, Glia Genzen et al., 2009, Purinergic Signalling




Ependymové bunky soucast neurogenni ,niche* SVZ,
quescentni za fyziologickych

podminek
proliferace
Dil/BrdU Dil/BrdU Dil/BrdU
=< e o
* oilf E f‘* ' % 4} .-”&1
f-. Ty . 4 o ¥
1d _fsa TR0 ® —
migrace
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diferenciace do GFAP* bunék

Ischemie, trauma -
transformace
B cells-NSCs - astrocytess epen dymov;’fch bunsk.do

Transit-amplifying k ependymocytes
neuroblasts <> microglia

Mothe and Tator, 2005, Neuroscience



Ve vyvijejicim se nervovém systému, radialni glie funguji jako
sry. s _ye nervové kmenové bunky a jako kostra, na kterou migruji novorozené
Radialni glie yal e
neurony.
Ve zralém mozku, mozecku a sitnici se nachazeji charakteristické
radialni gliové buniky. V mozecku je to Bergmannova glie, ktera

*z neuroepitelovych bunék reguluje synaptickou plasticitu. V sitnici to jsou Mdullerovy bunky,
po nastupu neurogeneze které se podili se obousmérné komunikaci s neurony.
vyvoj _*F'T'-.-'.. j’ il :f;« 1)
-migrace postmitotické nervové "'_ ‘g = f{
buiiky-neuroblasty podél vybszki | Pial surface T
| 8 \ i iy < i

radialni glie /) & WY TS gl
-neurogeneze- symetrické x
asymetrické déleni-radialni glie,
post-mitotické neurony

nebo neuralni progenitorové buiky
(TAC)

W

-gliogeneze - astrocyty + NSC

identifikace — GFAP, BLBP, RC2,
4A4 - fosforylovany vimentin

Kriegstein and Gotz, GLIA 43:37-43 (2003)


http://en.wikipedia.org/wiki/File:Slcla3_in_Bergmann_Glia.jpg

e Radialni glie = multipotentni neuralni prekurzory

Ventricular zone

Neuron

v

AR I ALDHL1*
R GFAP* White matter
Oligodendrocyte 1

T PDGFR-a*
SO0X10*

e ALDh1L1*

GFAP-

Oligodendrocyte
precursor cell M

Neuron
@ Type C cell
Subventricular

Neural
stem cell

Neuroepithelial cell

Embryo

. i i / zone
\ -
Mpend}mal

Ventricular surface
Subventricular-zone
cell astrocyte (tybe B cell)

Radial glial cell
» Adult

Rowitch, Kriegstein, Nature 468, 214-222 (11 November 2010)



Astrocyty — GFAP*, S100beta”

Fibrilarni astrocyty v bilé hmote

Abana Fluos hydrazid 486 Creprlay

Chvarlay

o &

o

20 um
- Protoplasmaticke astrocyty v Sedé hmoté



Zakladni funkce astrocytt v CNS

1. vyvoQj
-regulace neurogeneze a gliogeneze (NSCs)
2. strukturni
-tvori mikroarchitekturu nervového systemu
-tvori syncytium
3. kontrolni
-regulace extracelularnich koncentraci iontu
-odstranovani neurotransmiterti z ECS
- homeostaza vody v CNS
-regulace pH
4. metabolicka
-energetické substraty pro neurony
-odstranovani neuronalnich metabolitt
5. signalni
-modulace synaptického prenosu
-uvolfiovani neurotransmiteru
-signalizace uvnitf syncytia
6. vaskularni

(Pekny et al., 2007




-regulace extracelularnich koncentraci ionta
-odstranovani neurotransmitertt z ECS
- homeostaza vody v CNS

-regulace pH

QO Agquaporin 4 OO Cl channels
00 Kir4.1 00 K* channels
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of Na* —K* -2

co—transport

Presynaptic

Astrocyte 2 7L

\/

7 Expression
of K* and Cl | 12 Gap

channels / junction

coupling

' Astrocyte 1

5 Activation of
Na*/H*" exchanger

. 6 Activation of
Cl/HCO, exchanger
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— 8 Aquaporin 4
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00
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-udrzovani fyziologickych koncentraci K" iontu v
extracelularnim prostoru a K* redistribuce
Kotransportéry- NKCC1, KCC1, Na*/K* pumpa

Fyziologické podminky (:‘:S‘:i’r?g) astrocyte
2.5mM K*
Neuronalni aktivita
4-4.2 mM
5

Epilepsie g §
10-12 mM K* ~euron kS s

(firing) %
Ischemie/SD Na* 3
60-70 mM K*

astrocyte

Astrociérni Na'/K* iumia



-udrzovani fyziologickych koncentraci K*
iontu v extracelularnim prostoru a K*
redistribuce - K™ iontové kanaly

K™ kanaly

EGFP/

Na-dependentni K/Cl Kotransport
K/C1 kotransport

+H,0

Zvétsovani objemu astrocyti

(Kimelberg and Nedergaard, 2010)



Astrocyty -udrzovani fyziologickych koncentraci
glutamatu v extracelularnim prostoru

GFP/

odstranovani glutamatu transportéry
EAATI (GLAST) a EAAT2 (GLT1)

Na/K pumpa Na/Ca antiport ~ glutamatovy
transportér

Furward Reverse
mode

' \hhﬁiill HH

4 4 ‘E"h ] Verkhratsky a Butt, Glial Neurobiology, 2007




Recyklace glutamatu - ,,glutamate-glutamine cycle

- Transport Glu zpét

Glutamatergic neuronum
neuron

\[¥) -zabranuje vycerpani zasob

NH.*+ GS Glu a naruseni excitacni
gi \ neurotransmise
| PAG- .d
. phosphate-activated transportes 3
minase P {.} | NH4+
|
v 3 " clu C@— > aw
GLUTAMATE

O -

Schousboe et al., Front. Endocrinol., 15 August 2013



Oxidace glutamatu - TCA cycle nadbytek glutamatu

Glucose
P‘}R — LA
Acetyl CoA
X
Lactate

Schousboe et al., Front. Endocrinol., 15 August 2013



Zdroje energie pro neurony : Astrocyte-neuron lactate shuttle
Propojuje neuronalni aktivitu s metabolismem astrocytii.

Astrocyte Neuron

Vychytavani Glu astrocyty
monocarboxylate transporter ZVyéuje transport g|UkéZy do
astrocytl + glykolyza

Lactate

| Love
Glucose ——— Pyruvate Pyruvate

* @ ‘l.
! } Lo ™Y \Giyohss

e

Lactate wr g
Glycogen ate | Glucose (g}

Qgg& Glutamine ———— Glutamine —— Glutamate

/

| GLT-1 Glutamate‘_xr’

B0

Bélanger and Magistretti, Dialogues Clin Neurosci. 2009;11:281-295



Zasoby energie ve formé glykogenu — nedostatek zdroji energie-
omezeny prutok krve

Mozek (2%) celkové hmotnosti téla
Dostava 20% krve NS "’%

@&x‘*ﬁ%

Spotieba glukdzy 25% GLYCGGEN_
Spotfeba kYSHkU. 40% Il. 'v;ogen phosphorylase

pouze astrocyty GLUCOSE  smmsmmmgi— GLUCOSE —>GLUCOSE-6-P

ukladaji gluk6zu ve formé i
glykogenu ﬁ?

PYRUVATE = LACTATE

Rychla mobilizace ener. zdroji

Schousboe et al., Front. Endocrinol., 15 August 2013



Udrzovani pH - CO, sink

pH posun ovliviiuje: Astrocyty (1 ologodendrocyty)
Energeticky metabolismus -anhydraza k. uhlicite
Vodivost membran CO,—— H"+ HCOy
Neuronalni excitabilitu Vazba na oxidativni metabolismis neuronti

Neuronalni transmisi
Komunikaci mezi astrocyty-GlJ

Zmény pH a K+

Neurons Astrocytes

Glutamate 102 mol/L

20

K] 10
mmol/L 5

Bélanger and Magistretti, Dialogues Clin Neurosci. 2009;11:281-295



Regulace lokalniho prutoku krve

Astrocyty propojuji neuronalni aktivitu s lokalni cirkulaci krve
vazokonstrikce 1 vazodilatace

Arteriole
20 hydroxyeicosatetraenoic acid (2-HETE) smooth

muscle
Astrocyte

AA
mGIuR 5 / +
+
_"Ca\ 20-HETE
; !

Constrict

-

-

clo-oxygengse & p //j
Dilate
=T A

Endothelium

609066000

O, and glucose

Verkhratsky a Butt, Glial Neurobiology, 2007



Astrocyty chrani pred oxida¢nim stresem
(podili se na odstranovani peroxidu vodiku)

Oxidativni stres (nerovnovaha mezi ROS x AOP)

— astrocyty — vysoke hladiny antioxidantl (glutathion, ascorbat and vitamin E)

_.____Pepﬁde Bonds_____

S L

Glutamate Cysteine Glycine

Glu

l
lr—CysGIy
|

GSH
neuron

y-glutamyl transpeptidasa

Bélanger and Magistretti, Dialogues Clin Neurosci. 2009;11:281-295




Gliotransmise v nervové tkani — lokalni a vzdalena

Lokalni neuro-glialni komunikace
-synaptickd aktivita modulovana
vybézky gliovych bunék

Vzdalena gliotransmise
-reprezentovand vapnikovymi
vlnami uvnitf glidlniho syncitia

Vzdalena neuro-glialni komunikace
-modulace pienosu
signalli na vzdalené synapsi

Glutamate



Astrocyty redistribuce vody a regulace ECP

Polarizovana exprese AQP4 a Kir4.1
— kolokalizovany na membrané astrocyti

Glutamate .
Presynaptic x transporter n Aquaporin (AQP4)
terminal

Na/HCO,
cotransporter

n K channel (K, 4.1)

Local swelling Local shrinkage

P R,

Verkhratsky a Butt, Glial Neurobiology, 2007




gs!rocy!y funkce v poskozené nervoveé tkani

svychytavani glutamatu
svychytavani K* iontli a

jejich redistribuce

(K*-uptake, K" spatial buffering)

senergetickd zasobarna pro neurony
glykogen

eanaerobni metabolismus za hypoxickych
podminek — produkce laktatu, alaninu a
a-ketoglutaratu

sodstrafiovani volnych radikali kysliku
-vysoké hladiny antioxidantii (askorbat,

glutation)

sreaktivni astroglioza-chrani okolni tkan

«zvétSovani objemu astrocytl -cytotoxicky

+ vasogenni edém

suvoliiovani neurotransmiterti-glutamatu, ATP,
taurinu..

«Zmény v extrasynaptickém prenosu v
dusledku zmenSeného/zvétsSeného ECS,
morfologie astrocytl

«““Spreading depression”- Sifici se deprese
(opakujici se depolariza¢ni vlna doprovazena
vysokymi koncentrace K¥,

ktera se Sifi od rozhrani nekroticke oblasti
pfes penumbru)

*Ca’* vlny — propagace poranéné nervové tkan¢

sreaktivni astroglioza brani migraci bunék




Cerebralni ischemia

Globalni cerebralni ischemie: dochazi k redukci priitoku krve v
celém mozku, vétSinou zpusobena zastavou srdec¢ni Cinnosti

Fokalni ischemie: dochazi k okluzi cévy krevni srazeninou
(trombdza) —redukce pratoku krve v urcité oblasti mozku

Menarusena tkarn

MNenaruSena tkan

Penumbra
ATP+ Penumbra

Mizka hladina

Infarktové
jadro

MNekroza

Nizkd hladina ATE

ATP

FPenumbra Penumbra
ATP+

Menarusena tkar



Globalni cerebralni ischemie

Fokalni ischemie-jadro

100%

ATP
0-25%
60 mM

[K*],
3 mM
140 mM
[Na*],
- 80 mM
30 uM

' 70 nM
=20 mV

Vm
-0 mV
100300 uM

[Ca*"]

Ischemia

Penumbra

100% -

ATP
0-25%

Partial ischemia

60 mM -

K™,
3 mM

140 mM -

[Na*],
80 mM
30 uM
[Ca?],

%

m

~70mV -

70 nM .—
—20 mV

2.5-200 PUM o

[Glu],

Rossi et al., Nat Neurosci 10 (11):1377-1386,2007

<1 uM - :




Obracené¢ fungovani glutamatoveho transporteéru v ischemii: glutamat je uvolnovan do

extracelularniho prostoru

Astrocyty prispivaji k dalSimu poSkozeni nervove tkané

Massive release
of glutamate

e
ca® Na'K pump

PMCA

Ca”

Ma' 1K'
channels

NMDA GIuR VGCC

depolarization
depolarization

~— 4ca’

Activation of proteolitic

Mitochondrial depolarization
Inhibition of ATP synthesis anzymes and endonucleases

Cessation of
ATP-dependent

Lack of ATP fon transport

N

Loss of ion
homeostasis

Exocytatic release
of glutamate

Opening of permeability
transition pore

-excitotoxicita
-depolarizace bunéénych membran
-aktivace Na* a Ca?"iontovych kanala
-akumulace Ca?* v cytoplasmé a mitochondriich
-inhibice ATP syntézy v mitochondriich

bunécna smrt

h



]
objemové zmény astrocytu vyvolané patologicky stavy CNS

Cytotoxicky edém
Zvétseni objemu bunék
Gliové a endotelové buiiky,
HEB neporusena

l

zmens$eni extracelularniho
prostoru

Vasogenni edém

Poruseni HEB -aktivita
matrix metaloproteindz
makromolekuly do ECP



Astrocyty

uvolnovani neurotransmiteru do
extracelularniho prostoru - glutamat, aspartat, taurin, ATP

-reverzné fungujici transportéry (i u oligodendrocytit) v disledku zvysenych intracelularnich
koncentraci Na* a neurotransmiteru,
+ depolarizace (K*)

-aniontove kanaly aktivované zménami objemu - CI
-konexony “hemichannels”

-10notropni purinergni receptory -P2X,

-exocytdza v dusledku zvySené koncentrace Ca’*

=

swelling




Nasledky zvétSovani objemu astrocytu

-redukce extracelularniho prostoru

-snizeny extrasynapticky prenos

-zvySeni extracelularnich koncentraci K™ a glutamatu
-depolarizace neuronti

-buné€na smrt neurontl, oligodendrocytl

-stlaCeni cév-redukce pritoku krve

-aktivace 1ontovych kanalu, které reaguji na zménu objemu bunky
-dalsi uvolnéni glutamatu, ATP

Ischemie

Trauma

Hyperamonia (selhani jater)
Hyponatremie (selhani ledvin)




Vapnik-vyznamna signalni molekula u astrocyti

astrocyte

Glutamate, 3Na’', H'

Glutamate

Glutamate

ATP

D-serine

Calcium influx factor (CIF)

VRAC (volume-regulated anion channel)
Hemichannels

EAAT (excitatory amino acid transporter)

( XC- (glutamate-cystine exchanger)

L
il

VGCC (voltage-gated calcium

TRPC (transient receptor potential
channel C-type)

P2Y (metabotropic purinergic receptor)
mGluR (metabotropic glutamate receptor)
P2X (ionotropic purinergic receptor)
iGIuR (ionotropic glutamate receptor)

IP3R2 (inositol 3,4,5-triphosphate
receptor 2)




Astrocyty Ca ** viny = propagace poranéné nervové tkané

e Yy —agr
?'EJMZ » - '_.:"# ’»‘ " 9 Jb:’t .h} ‘534-'}-’};" v - P .
Vi e 4 TP AT ".'4".-1_'3-(.'?!'...1."@1"\'.

gap Junction

¥ P2Y receptor
[ P2X receptor
- ~ER

Parpura a Haydon, Astrocytes in Pathophysiology of CNS, 2009

Infarction core Panumbra Mormal issue
(Zone of call death)

Soreading Ca” waves

spreacing weves of
\&/ yet unknown “death signals” Q

Releasa of ATP : :
gutamate, ROS Initiatson of cell death
in panumbra or in normal tissue

Releasa of ATP

—_—
| .










EplleSle Vapnikova vlna miize vyvolat synchronizované uvolnovani glutamatu
Synchronizovana depolarizace neuronii = epilepticky zachvat

Paroxismal depolarization
shift




Xs!rocy!y

anisomorfni astroglioza

hypertrofované astrocyty
proliferace
permanentni glidlni jizva
produkce chondoitinu a keratinu
inhibice regenerace axonil

astroglioza

1somorfni astroglidza

rustove faktory

(NGF, FGF, cytokiny, Shh)

-proteiny extracelularni matrix
-adhézni molekuly

-podpora neuron-astrocyt interakci
-podpora ristu axoni, synaptogeneze

VAR
b
2k
L

I+NeuN

+nestin Control

+nestin



" |Nestin




Morfologie astrocyti a exprese GFAP

Astrocytes

vpap  KDa C IDs SWs 6H 1D 3D 7D 5W
60 =

45— e e -

B- aCtin we ewse e S SN S S s




W Reaktivni astrocyty vykazuji charakteristiky NSC

-exprimuji markery radidlnich glii-vimentin
-v pritomnosti NGF a bFGF —neurosfery
-diferenciace v neurony a oligodendrocyty

I J K

L GFPlMy —IN

Lt
P ‘f"

GFPGFAP




PCNA .

PCNA/

Proliferace-mikroglii, NG2 glii a astrocytu

? -4‘1""'“" e e

20 pm

PCNA/

20 pm

# of cells/per section

I Number of DAPI" cells
[ Microglia

EE PCNA-S100b ratio
1 PCNA-NG2 ratio

I NG2 glia
Microglia
C Astrocytes

I Oligodendrocytes
1 Neurons

3D 7D

™




Atrofie astrocytu u mySiho modelu Alzheimerovy choroby

Control

Amiloid

Odumirani neurontl a astrocyti,
Aktivace mikroglii, reaktivni
astrocyty- plaky

Astrocyty detekuji beta-amyloid
uvoliiovany neurony, odtazeni
astrocytarnich vybézkli od neurontt

Degenerace nervovych zakonceni
v blizkosti atrofovanych astrocytl
Astrocyty akumuluji beta-amyloid



Recyklace glutamatu - Alzheimerova choroba

» X
O
o o
| =
Z ¢
o

v

GLUTAMATE

3xTG-AD

™ 12M
NON-TG TG  NON-TG TG  NON-TG TG NON-TG TG

e s S e D e ~45 kDa
- Transport Glu zpét

neuronum

-zabranuje vycCerpani zasob
Glu a naruSeni excitaéni
neurotransmise

Schousboe et al., Front. Endocrinol., 15 August 2013 Kuliewicz-Nawrot et al. ASN Neuro2013



Vychytavani glutamatu - ALS

Glutamate Regulation Glutamate Regulation

in Normal Gells in ALS-Affected Cells




Astrocyty jsou soucasti BBB

Neurons

Na*-— — Na*«— " —Na*

NBC

Homeostaza K+,
Glu

Astrocytes

Capillary

HCO;3 '~ —HCO; CA

&HH S

Pyre—— LaceA'"

GIn

l

X
CysGly

¥Glu

Recyklace Glu

Zdroje energie
pro neurony

pH homeostaza

Homeostaza vody

6T




Gliomy - pavod

glidlni progenitorové bunky

neural stem
cell

astrocyte

7 . 1r¢s:'l—t:‘1:l:;l:1pl:f',-|r\q )
neuralni kmenove bunky :

@ neuroblast

& blood vessel

G ependymal cell

14 4
ependymové bunky el LS
tvoii vystelku mozkovych komor a
centralniho misniho kanalu

iicastni se tvorby mozko-miSniho moku

R A 4 cirkulace a monitorovani mozko-misniho
Prominin1 (CD133)-marker Sl

b e et moku - kinocilie (fasinky)
51008

astrocyty, polydendrocyty (zvysena proliferace po poranéni)

PCNA . : PCNA/ ) PCNA/
- : & «!P.""'ﬁr*"-’-"" oy .




Limitace pro rust gliomt v CNS
-nedostatecny prostor -extracelularni prostor ~20% z celkového objemu nervové tkané

-pevné¢ hranice pro riist - CNS je ohrani¢en pevnou schrankou (lebka, mis$ni kanal)

-nemetastazujici




Gliomove bunky uvoliuji glutamat do ECP

Mikrodialyza - Grade IV GBM

v blizkosti tumoru

@
o
=
E
E
o
-
=
E
£L
o
£
&
El

« 2 ¢m od tumoru prostor pro dalsi rust gliomu

Time (hours)

Excitotoxicity <4—Glu

Seizures

" Room to grow

//"  Proliferatior

?{.‘eli Death




Migrace gliomu

ZvySena exprese metaloproteinaz MMP2, 9— stépeni molekul ECM, snazsi migrace
anti-MMP-2 siRNA - apoptdza gliomovych bunék
inhibice MMP-2 - autofagocytoza gliomovych bunck

ZmensSeni objemu gliomovych buné€k — protahly tvar, snazSi migrace v parenchymu
K*ion channel

/ Cl-ion channel

Cell shrinkage P

McFerrin and Sontheimer, Neuron Glia Biol. 2006 Feb,2(1):39-49.

Blokatory CIC3 zamezuji expanzi gliomu — ukoncena 2. faze klinického vyzkumu,
zahajen Trial 111

Zvysené oscilace intracelularniho Ca?* v dusledku aktivace AMPAR
Inhibice AMPAR — omezuje Sifeni a rlist nadoru



Nadorovée bunky v mozku migruji podél cév a axonu
— odstranuji ,,endfeet* astrocyti

gliomove bunky C6 '
transplantované do striata l
neonatalnich (2D) potkant

-



Mikroglie a glioblastomy- dialog

— nadorové bunlky pretvaii obranné systémy mozku ¥ expanze nadoru

-az 30% nadoru tvofi mikroglie

-produkce MT1-MMP nebo MMP14

-MT1-MMP max. aktivuje MMP2 glioml
usnadnuji expanzi nadoru

GBM linie
A

Merge

\., Microglia

i =t

4.!-'::' e (&

/

Glioma %\ qéﬁ,’g‘:: ;acffr:em 5l <
- g Vasivenes
AIL-6 Receptor IL-6
f

(3)

Increase invasiveness
of glioma cells (4)

GMB produkuje CCL2 (Macrophage chemoattractant
protein-2), CC Receptor na mikrogliich



Dékuji za pozornost
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