Neuralni kmenoveé bunky — NSCs
(Neural stem cells)
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Neurogeneze v dospélosti!

(hlodavci (savci obecné??), zpévni ptaci)
% neurogeneze v dusledku bfezosti ¢
< neurogeneze v dobé vabeni 4

% neurogeneze regulovana hormony

RMS — rostralni migracni tok
(rostral migratory stream)
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Oblast s NSCs obsahuje ¢tyri typy bunék

1) pomalu proliferujici, astrocytiim podobné (GFAP*/nestin*/SSEA1*/CD133%)
bunky - typ B = NSCs (pfesny fenotyp neni dosud uplné objasnén - tGFAP??, £ nestin ?7?)
2) spici, pripadé potreby intenzivné proliferujici bunky vzniklé z bunék B - typ C
(TA progenitory, pfechodné/transientné se délici progenitory)
3) z bunék typu C vznikaji buriky A = neuroblasty
4) ependymalni bunky - typ E
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Fenotyp neuralnich kmenovych bunéek
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,,Niche* neuralnich kmenovych bunéek

Pial Blood Vessel

Architektura v subventrikularni zoné (SVZ2)
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NSC prisedaji na krevni kapilary

- pFisun zivin ?
- NSC exprimuiji HIF 1?!
(hypoxii indukovany faktor)

rA — radialni astrocyty

hA — horizontalni astrocyty
D — nezrala granularni burika
G - nova granularni bunka




Pavod NSC

- pozustatek neurogenni populace z asné embryogeneze
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Vertikalni a horizontalni déleni v neurogennim epiteliu

A B c
Symetrickeé, proliferativni déleni Asymetrické, neurogenni deleni Asymetrické. neurogenni déleni
Bazalni strana
O
— - —nl+ -
Xkl stvaa.
Vertkalni poloha déleni Horizontalni poloha déleni Vertikalni poloha déleni

( Jadro == Bazolateralni membrana & Prichycené spojeni === Apikalni membrana

Huttner 2005




Proporéni zmény v symetrii bunééného déleni mezi neuralnimi kmenovymi bunkami (stem)
a neuralnimi progenitory ( , transientné se délicimi burikami — TA)
v pubéhu neurogeneze u mysi

Division Type

A 1.0

= Stem
== Neurogenic

0.5

E11 E12 E13 E14 E15 E16 E17

S <100 96.5 86.5 50 82 84 ~100
A >0 3.5 13.5 50 18 16 ~0

%

Haydar 2002
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A PNIPNT - TP VRG — bipolarni RG, ventrikularni zéna
Radialni glle (RG) Jako embryonalnl NSC ORG — unipolarni radial glia-like cells,

Nestin+, Vimentin+, GFAP+, Sox2+, Pax6+ vnéjsi ventrikularni zona
IP — pfechodné progenitory

Lui et al., 2011
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1a. oRG cells generated from VZ
that have pial contact
(SOX2* HES1* TBR2")

. oRG cells generated from
OSVZ without pial contact
(SOX2* HES1* TBR2")

. Bipolar, early IP cells that
express markers of the
undifferentiated state
(SOX2* HES1* TBR2")

. More mature IP cells
(SOX2  HES1- TBR2%)
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A) Bunky exprimujici znaky/markery charaktristické pro ¢asné progenitory (Sox2)
a neurony (NeuN a CTIP2) ve ventrikuldrni zéné neokortexu.
B) Déleni oRG ve vnéjsi vertikuldrni zoné
C) RG/VRG ddvaji vznik jak vRG tak oRG, zda je vidy zachovdna délka radidl. fibril neni zndmo
D) oRG produkuji prechodné/transietné se délici burniky schopné ddle diferencovat
E) Diferenciace potomki oRG, ztrdta exprese Sox2 a snizeni aktivity Notch (sniZzeni HES1),
zvySeni exprese TBR2

oRG na rozdil od vRG neexprimuji CD133 (Prominin), Par3 (PARD3), aPKCl , tj. souéadsti
apikdlni membrdny charakteristické pro apikdlné-bazdlné polarizovanych bunék.

- V pribéhu ontogeneze intenzivni proliferace NSC (radidlni glie) a TA progenitord,
stimulovdno LIF a CNTF v mozkomisnim moku, produkovanych zejména z plexus
choroideus, dulezitd a dosud neobjasnénd interakce s Notch drahou/signalizaci.

- LIF/gp130 signalizace plsobi pleiotropné, u zralejsich progenitort indukuje
diferenciaci do glii, zejména astrocyty, a celkové podporuje maturaci neurond,
zejména motoneurond.
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Dvojita uloha Notch a gp130/STAT3 signalizace v neurogenezi

- Notch a STAT3 aktivita se vzajemné podporuji

(STAT3 reguluje expresi ligandi Notch, Hes aktivuje STAT3)

- oba v zavislosti na dalsich faktorech a statusu bunék podporuji sebeobnovu NSC
a indukci gliogeneze




Schéma kortexu hlodavcu (A) a Clovéka (B) |

Lui et al., 2011
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Stratifikace bunék v germindlni zoné neurogeneze

Quiescentni NSC neexprimuji nestin na rozdil od aktivnich NSC
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© Neuron Orar © Proliferating TAP
O Active NSCs © Proliferating active NSC © Quiescent NSC
€ Proliferating quiescent NSC I Active NSC niche signals: Wnt, Shh

I Quiescent NSC niche signals: BMP, Notch, Ephrin

Figure 1.

Agsimpliﬁed model of adult neural stem cells (aNSCs) lineages. (A): In the traditional

model, aNSCs are viewed as quiescent and directly give rise to transit amplifying

progenitors (TAPs). (B): In the newly proposed coexistence model, active NSCs act as an

intermediate between quiescent NSCs and TAPs. Active and quiescent NSCs are maintained

by distinct niche signals. Abbreviations: BMP, bone morphogenetic protein; NSCs, neural

stem cells; Shh, Sonic hedgehog: TAP, transit amplifying progenitors. Wang 2011
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TRENDS in Neurceciencss

V-SVZ NSCs (dark blue), give
rise to activated B1 cells
(Bla, light blue) that actively
divide. Activated B1 cells
generate the transit-
amplifying C cells (green)
which, after three rounds of
divisions, give rise to A cells,
the migrating neuroblasts.
Note that Bl cells contact
the ventricle with an apical
process. This adult VZ is also
populated by ependymal cells
El, multiciliated cells that
together with the apical
endings of Bl cells from
pinwheel structures on the
surface. Coursing along this
ventricular surface is a rich
network of serotonergic axons
(5HT, bright green). The
basal processes of Bl cells
have endings on blood vessels.
Choline acetyltransferase
(ChAT)-positive neurons (olive
brown) found in the region
have endings in the SVZ.
Dopaminergic terminals (DAf,
purple) are also observed in
this region.




Regulace NSC

ECM COMPONENTS

Laminin
Collagen |, IV
CSPG

CIRCULATING
EFFECTORS

Angiopoietin
Erythropoietin
Prolactin

PUTATIVE EC-DERIVED FACTORS

VEGF  PEDF

FGF-2  SDF-1
EGF GRO-a
BMP  TGF-B
LIF Ephrin-B2
RECEPTORS BDNF  Betacellulin
TGF-B PDGF  NO
VEGFR SCF
Unidentified Integrin
receptors Eph
CXCR4
EGFR
Notch

Endothelial Cell Pericyte Ependymal Cell  Transit-Amplifying ~ Neuroblast Extracellular
Cell Matrix




Mechanismus regulace RG bunék — Notch draha
- neuralni progenitory/IP aktivuji Notch drahu u RG bunék a tim blokuji jejich diferenciaci
- Notch je dale regulovan hladinou volného a s Par3 vazaného NUMB (uloha bazalni membrany)

Lui et al., 2011
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C Interphase

c-myc
signaling

:

GSK3 = Notch
signaling

AKT
' Shh signaling

NUMB N-cadherin, aE-catenin
adhesive [3-catenin

Lui et al., 2011

Regulace klicovych signdlnich drah komponentami
asociovanymi s vazbou na bazdlni membranu
+ (Wnt) 6SK3 signalizace




V prubéhu embryogeneze jsou NSC tzv. radialni glie ventrikularni zény

Adultni NSC jsou:

(VRG + 0RG)

1) radialnim gliim podobné bunky, jako v prubéhu embryogeneze(?)

2) adaptované/pozmeénéené casné prechodné progenitory (IP)?

3) v dospélém mozku nejsou
kmenové bunky s neomezenou
schopnosti sebeobnovy,
existuji pouze IP schopné
nékolika cyklu déleni

" Basal
ganglia

Differentiation
zone

K LI

E13.5

Figure 1.2 Coronal schematic of the developing
mouse telencephalon. Adapted from (30).
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TRENDS in Neurosciences

Cells born in different
subregions of the adult V-
SVZ migrate along the rostral
migratory stream (RMS) into
the olfactory bulb to give rise
to unique types of
interneurons. Examples of
three types of granular cells
(6C) [green: superficial;
yellow: calretinin
(CalR)superficial; blue:
deep], three subtypes of
periglomerular cells [pink:
tyrosine hydroxylase (TH):
orange: calretinin (CalR);
purple: calbindin (CalB)] and
four novel subtypes (type 1-
4) of interneurons derived
from the most anterior V-
SVZ [27] are indicated in the
top section of the olfactory
bulb. Abbreviations: CalB,
calbindin; CalR, calretinin; TH,
tyrosine hydroxylase; PGC,
periglomerular cell; GC,
granule cell; 6L, glomerular
layer; EPL, external plexiform
layer; ML, mitral cell layer;
IPL, internal plexiform layer;
GRL, granular layer.
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Zobecnéné vilatnosti NSCs

NSCs jsou Siroce multipotentni a experimenty s chimérami ukazaly, ze NSCs davaji
vznik bunkam vsech tfi zarodecénych listl (netvofi pohlavni buriky, nebylo prokazano)

u chimér se také NSCs nepodili na hematopoéze i presto, ze v pripadeé likvidace
hematopoézy zarenim, injikované NSCs ji obnovi (oboji délano s mySmi ROSA26)

na druhou stranu neni jasné, zda NSCs tvofri vSechny typy nervi a glii (SC x TA)
neuralni multipotentni progenitory byly izolovany i z retiny, optického nervu,
hypothalamu, €ichovych lalokt, ¢ichového epitelu, a michy

tyto smésné populace nejsou schopné dlouhodobé proliferace in vitro tak jako NSCs
a také si zachovavaji nékteré epigenetické znaky podle mista ptvodu

po poskozeni mozku je mozno neurogenezi detekovat i v striatu, neokortexu nebo

v mistech kortiko-spinalnich motoneuronu

NSCs s vékem ubyva, podobné jako ostatni adultni SSCs, kazdopadneé je Ize izolovat
z mozkové tkané i nékolik hodin (4-6h) po diagnéze klinické smrti

in vitro se NSCs kultivuji v podobé tzv. ,neurosfér” ve specialnich médiich uréenych
pro expanzi neuralnich progenitoril, bez séra, ale s nadbytkem FGF2 a EGF
LIF-gp130 / Notch blokuji diferenciaci NSC, a podporuiji jejich proliferaci
,heurosféry“ jsou plovouci utvary s navySenym mnozstvim neuralnich progenitoru
a NSCs, Ize v nich detekovat jiz i mnozstvi zralejSich typt nerva i glii

I neuralni progenitory (TA) Ize dlouhodobé kultivovat



Priprava neurosfér, primarni a sekundarni neurosféry (irks, 2008)
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In vitro kultivace NSC — neurosféry
Cc) + nestin; d) + bunécna jadra

Clarke 2000

< Chimericka blastocysta
vytvorena po smichani blastomer normaini
a ROSA26 mysi a mysi embrya (11 dpc)
s | normalni a s ROSA26 chimerické mysi.




NSC jsou také schopny rekonstruovat hematopoézu (gjornson 1999)

A — kolonie ze zdravé kostni dfené; B,C kolonie z kostni dréné NSCs (ROSA) transplantovanych mysi po ozarent;
D,E — GM-CFU z transplantovanych NSCs (ROSA); G,H - M-CFU z transplantovanych NSCs (ROSA);
D,G a E,H — bez a s X-Gal; F — granulocyty + makrofagy & | — makrofagy, stanoveni May-Grunwald-Giemsa



