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Are they all neurons? How many glial?




History of glial cell research

Rosenthal and Purkyné, 1839 Virchow, 1858
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Gliové bunky jsou ruznorodé elementy, v nervové
tkani vedle sebe existuji:

astrocyty
oligodendrocyty
Schwannovy bunky
mikroglie

prekursorové bunky

proliferujici a hypertrofujici bunky
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Adapted from: Cameron and Rakic, 1991
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Kanaly a prenasece urcujici elektrofyziologické
vlastnosti gliovych bunek

1. Pasivni iontové kanaly (piedevsim pro K¥)

2. Napétové-zavislé iontové kanaly (napt. Na*, K* a CaZ*)

3. Chemicky aktivované iontové kanaly (napr. GABA, glycin, glutamat)

4. ATP-zavislé transportni mechanizmy (napr. Na,K-ATPaza)
kotransporty (napr. Na-K-Cl, Na-HCO3, Na-Glu)
antiporty (napr. Na-H)




IONTOVE KANALY

~—

Stale ot,evr:ene Rizené
(pasivni)

"\

Napetove rizené Chemicky rizene
(K¥, Na™, ClI, Ca?*) (Glutamat, GABA, Glycin)




Astrocytes Oligodendrocytes Glial precursors Microglia

rat spinal cord rat spinal cord rat spinal cord mouse corpus callosum

Neuron

mouse cerebellum rat corpus callosum rat corpus callosum rat spinal cord

frog spinal cord frog filum terminale mouse hippocampus
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lontovy kanal
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Kainate-evoked currents
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receptor neurony gliové bunky

AMPA / ‘O'\‘g;z . hipokampus
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Metabotropni receptory astrocytu in vivo

Receptor

Oblast CNS

Efekt

mGlu

hipokampus, kiira mozkova

fosfolipaza C

B2 adrenergni

mozecek, klira mozkova

adenylat cyklaza

o1 adrenergni

mozecek, klira mozkova, striatum

fosfolipaza C

adenozin

hipokampus

fosfolipaza C

ATP

hipokampus, mozecek

zvy$eni [Ca2™];

serotonin

hipokampus, corpus callosum, kiira mozkova

?

mACH

hipokampus, corpus callosum, kira mozkova

?

histamin

mozecek

zvydeni [Ca2™);

somatostatin

hipokampus, amygdala, hypotalamus

?

substance P

pii reaktivni astrogliéze v optickém nervu

?

K opioidni

Pituicyty

?

natriureticky
faktor

hipokampus, amygdala

zvySeni cGMP




Rat spinal cord gray matter

1-3 46 79 10-12 13-15
Age (days)
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From: Kettenmann et al, 1992
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Mechanism of non-specific feedback
supressing neuronal activity

alkaline shift evoked
by depolarizatio

| excitability

NEURON




Astrocyte pathophysiological response

Astrogliosis

Glia scar




Neuroglia of the pyramidal layer and stratum radiatum of the Ammon horn

Qi Kpl ﬁ@‘

A. Araque, G Carmignoto, P Haydon, Annu Rev Physiol. 63, 2001




velky
mezerovy spoj

membrany

Cx32
Cx26
Cx43(RNA)

Neurons

maly

mezerovy spoj interagujici
plasmatické membrany

2-4-nm
mezera

/
dva protilehlé
konexony tvofici
otevieny kanalek mezi
sousedicimi bunkami

kanalek
0 prameéru

konexon
slozeny
z 6 podjednotek

Cx32
Cx45

Astrocytes Oligodendrocytes




Stimulation of glial cells evokes a radially propagating wave of elevated calcium

P Haydon, Nature Rev Neurosci 2, 2001




E. Newman & K. Zahs, Science 275 1997

o

T N
2 b

Y

T s
s

=
o
e
M
o)
4V
O
@)
—
o
@
>
©
=
=
=
LS
Q
O
O
=
O
O
=
7))
4V
=
-
=
@
=
O
O
=
Q
O
—
®©
=
©
Q
m
rm—
>
LLI




ATP-mediated communication from the axon to glial cells
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Extrasynaptic/non-vesicular Synaptic/vesicular

R. Fields & B. Stevens, Trends Neurosci 23, 2000



Stimulation of glial cells evokes a radially propagating wave of elevated calcium

P Haydon, Nature Rev Neurosci 2, 2001




Astrocytic calcium waves cause the calcium-dependent release of glutamate
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P. Haydon, Nature Rev Neurosci 2, 2001




Intercellular signalling between neurons and astrocytes have a local modulatory action

P. Haydon, Nature Rev Neurosci 2, 2001




Bi-directional signaling between astrocytes and neurons

Synaptic activation of glia
Glutamate
GABA
Noradrenaline
Acetylcholine
Adenosine
Dopamine

M O—<] Neurons
=

Neuromodulatory glia
Glutamate

Gliotransmission
Ca?t, [Ps
Glutamate
ATP
Prostaglandins
NO

D-serine

Poe-
NO M H Neurons

P Bessi & A. Volterra, Curr Opin Neurobiol 11, 2001







Soucasna predstava o funkci gliovych bunek:

. Strukturalni opora neuronu, glialni sité, hematoencefalicka bariéra, isolace
axonu - myelin.

. Maji napétove-zavislé iontove kanaly (Kig, Kp, Ka, Nag, Nay, Cay, Ca, CI).
. Maji chemicky-aktivované iontové kanaly (glutamat, GABA, glycin).

. Neurony ovliviiuji tvorbu kanald v gliovych bunkach.

. Syntetizuji a uvolnuji mediatory (ACh, glutamat, GABA).

. Zajistuji homeostazu energetickeho metabolizmu (energeticka zasobarna,
glykogen, glykogenolyza).

. Zajistuji iontovou homeostazu (K+, pH, Ca2*).

. Zajistuji objemovou homeostazu (dynamicke zmeny objemu).

. Hypertrofuji, proliferuji, tvori glialni jizvy, reparace, remyelinizace.
. Interakce neuron-glie, signalizace, plastické zmeny.




