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Program prednasky:

e diferenciacni potencial bunéek
e diferenciacni drahy

e rlstoveé faktory

e indukovana diferenciace
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Vyvoj mhohobunécného organismu

e identicky genom ve vSech bunkach
e kontrola na Urovni genové exprese

bunécna proliferace
diferenciace bunék
bunécné interakce
pohyb bunék
bunécna smrt

bk wbhe

Lidsky organismus:
1 zygota - 1013 bunék (250 raznych typu)
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DIFERENCIACNI POTENCIAL BUNEK
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Casna embryogeneze u savcu:
e zygota

e morula (8, resp. 16 bunék = blastomery)
e blastocysta (~ 64 bunék)
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Blastocysta:
e trofoektoderm —>

extraembryonalni tkané (placenta)
e inner cell mass (ICM) >
embryo

Gastrulace - 3 zarodecné listy:

e ektoderm (neuralni a epidermalni buriky)
e mesoderm (svalova a pojivova tkan)

e endoderm (epitel vnitfnich organu)
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Ektoderm

CNS

sitnice a cocky

lebecni a senzoricka ganglia a nervy
pigmentové bunky

pojivova tkan hlavy

epidermis

vlasy, ochlupeni

prsni zlazy
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Mesoderm

lebka a kostra

svalova tkan (lebka i kosterni svalstvo)
dermis

pojivova tkan

urogenitalni systém

strevni svalovina

srdce

krevni a lymfatické bunky

slezina
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Endoderm

e zaludek

e tracnik

e jatra

e slinivka

e mocovy mechyr

e epitelidlni vystelka prudusnice, plic, hltanu,
stitné zlazy, strev
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Totipotence

e nelimitovany diferenciacni potencial

e schopnost tvofit embryonalni i extraembryonalni
tkané

e Casna stadia ryhovani zygoty (1-4 dny)

Pluripotence
e schopnost tvorit bunky vsech 3 zarodecnych listu
e bunky ICM (embryonalni kmenové bunky, 5-14dni)

Multipotence
e schopnost tvorit bunky prislusného typu tkané

e napr. hematopoetické kmenové bunky, neuronalni
kmenové bunky...
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Fertilized egg

Embryonic

t i
Embryonic _ /"—‘1 o stem ce
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totipotentni burka
(zygota, blastomery)

pluripotentni bunky
(embryonalni kmenové)

multipotentni bunky
(hematopetické kmenové)

progenitorové bunky

termindlné diferencované
bunky

blood v 3
&
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STEM CELL
STEM CELL
(e.g., hematopoletic
stem cell]
SPECIALIZED CELL
(e.g.. neuron)
)
PR?EGQEN"\:&T“EELL SPECIALIZED CELL
pu-)g;nrlul cell) / (e.g., nouho_ phil)
SPECIALIZED CELL
(e.g., red blood cell)

Rozdil v diferenciacnim
potencialu kmenovych a
progenitorovych bunék
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Eukaryontni bunka:

e 5000 rtiznych bilkovin (10° - 101° molekul)

e kazdy bunécny typ vytvari asi 100 specifickych
protein

e housekeeping genes:
exprimovany konstitutivné na relativné nizké
urovni ve vsech bunkach organismu

e housekeening nroteins:
““““““ rr or*>¥=+>- =

esencialni metabolické enzymy, bunécné
komponenty

e exprese rlznych genu zavisi na typu bunrky, fazi
bunécného cyklu atd.
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Priciny diferenciace:

e postupné zmeény v aktivité genu
(programovany v genomu)

e odpovéd na molekularni signaly vysilané
ostatnimi bunkami

e odpoved na fyzikalni kontakt s ostatnimi
bunkami
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Signaly regulujici diferenciaci

» Solubilni regulatory
e Hormony (glukagon, hydrokortison, tyroxin,...)
e Rlstové faktory (TGF-transformuijici rastovy faktor,
FGF-fibroblastovy rlistovy faktor, interleukiny, ...)
e Vitaminy (D, A ...)
e lonty (Ca%t,...)

» Fyzické kontakty mezi burikami (gap junctions)
» Kontakt bunék s mezibunécnou matrix (kolagen, laminin, ...)
» Polarita a tvar bunék

» Fyzikalni parametry prostredi (teplota, parcialni tlak O, ...

)
ﬁt
& %
Bi8 120 Aplikovand bunécnd biologie - jaro 2012 - 06 / 28.3. %’% €5

lin %




Molekuldrni mechanismy diferenciace

e nejdulezitéjSim mistem regulace je iniciace
transkripce

e vazba regulacnich proteint na specifické sekvence
DNA (regulacni oblasti)

e relativné maly pocet strukturnich motiv(

enhancer 5
enhancer

I

promoter RNA transcript
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Molekuldarni mechanismy diferenciace

e 2 zdkladni mechanismy ucinku regulacnich proteinu:
a) ovlivnéni vazby RNA polymerazy a transkrip¢nich

faktord na promotor

b) lokalni modifikace struktury chromatinu v oblasti

promotoru

e kombinace regulacnich proteint
e u Clovéka asi 3000 TFs

e +5TFs pusobi spolec¢né a reguluje transkripci jednoho

genu

e jeden TF reguluje vice genu (pozitivné i negativné)

e tkanova specifita
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Zachovani exprese genu po rozdéleni bunky

Protein product of gene A enters nudeus and binds control region for gene 4 in a positive feedback
loop. Protein A also represses gene B and activates gene C
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Transcription of gene A, Protein A enters the nudeus
repression of gene B and mmg:::ml and the original pattern of
activation of gene ¢ gene activity is established

\
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precursor cell
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Kyselina retinova (RA) jako modelovy
induktor diferenciace (a morfogeneze)

j @"\m —

and repression
of transcription

Typical chordate Hox gene cluster

1. vazba na jaderné receptory (RAR, RXR)
2. vazba komplexu na regulacni oblast (RARE)

3. acetylace histond — aktivace transkripce r
ﬁ.n
Bi8 120 Aplikovand bunécnd biologie - jaro 2012 - 06 / 28.3. %‘?‘% £




DIFERENCIACNI DRAHY
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Diferenciace

bunky smérovany do urcitého vyvojového sméru (linie) — tento
stav nelze ménit (napriklad bunky erytroidni linie ,nepreskoéi“ do
linie myeloidni)

Dediferenciace

ztrata diferencovaného fenotypu

e je obvykla in vitro (adaptace na kultivaéni podminky)
* jin vivo u niZSich ZivoCichl (regenerace obojzivelnik()
e experimentalné — priprava iPS cells

Transdiferenciace

schopnost urcitych bunék urcité tkané (véetné SCs nebo
progenitorl) diferencovat do bunék typickych pro jiné organy
nebo tkané (napr. hematopoetické)
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Epigenetic landscape: H.C. Waddington (1957)

Epigenetic landscape: T. Graf & T. Enver (2009)
- role transkrip¢énich faktor(

ES cells
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Indukovana transdiferenciace

Fibroblasls Monocylic  Fibroblasls B cells B cells
o l prQCUrSOrS
My oDi Octa
Sox2 Paxt
GATAT KIfA C/EBPa ablation
Myc
6\1
\"
e o
Erythroid-
Muscle . . T CeIIS,
mogakaryooytic  IPScolle  Macrophages ool

cells .
cells, eosinophils

Exverine cells

Islet B cells
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hermopoietic
stem cell

T lymphocyte

@ B lymphacyte

*| eosinophil
basophil

.. e neutrophil

usteuc]ast
munucgte
= macrophage
meqgakaryocyte

— - red blood cell

Diferenciacni
potencial
hematopoetickych
kmenovych bunék

Bi8 120 Aplikovand bunécnd biologie - jaro 2012 - 06 / 28.3.




Bi8 120 Aplikovand bunécnd biologie - jaro 2012 - 06 / 28.3.

29



. Multipotential hematopoietic
- stem cell (Hemocytoblast)

Diferenciace
krevnich bunék

-1

IL-3

IL-6
GM-CSF
SCF

Common myeloid progenitor

SCF
TPQ
IL-3
GM-CSF

Megakaryocyte

Wt
Throm{)ocytes

l
)

Common lymphoid progenitor

FLT-3 ligand |{%-E
TNFa |/
T6Fp1 |IL12

SDF-1

SCF
IL-3 Small lymphocyte
GM-CSF 1
IL-1
. IL-2
O O IL-4
Erythrocyte Myeloblast B lymphocyte IL-6
IL-T
SCF SCF IL-3 SCF .
G-CSF G-CSF IL-5 M-CSE
GM-CSF GM-CSF | GMm-csF GM.csF | ymphocyte
IL-3 IL-3 IL-3
IL-6 L6 IL-6

Basophil

Neutrophil

5 @

Eosinophil

@0 &

Monocyte
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Some hematopoietic growth factors and their target cells

Type of growth factor

Responding hematopoietic cells

Erythropoietin (EPQ)

Granulocyte colony-stimulating factor (G-CSF)
Granulocyte-macrophage colony-stimulating factor (GM-CSF)
Interleukin-3

Stem cell factor (SCF)

Macrophage colony-stimulating factor (M-CSF)

C-JUN

O
QN

EO—O0—0+—0O

FOG1 GATAT CEBPA

SRS
cosHE0s

erythrocyte matrophage eosinophil basophil monogyte neutrophil

= Il _o_J&a

CEBPE (U] [8] ﬂ

Erythroid progenitors
Granulocytes, neutrophils
Granulocytes, macrophages
Multipotent precursor cells
Stem cells

Macrophages, granulocytes

Vliv TFs na diferenciaci
krevnich bunék

o
=
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Porucha diferenciace krevnich bunék

HSC LSC

@-_———»

1 Mutation(s)

Normal growth l
and differentiation

Developmental
arrest

Normal blood cells
Current Opinion in Cell Biology
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Prubéh neuronalni diferenciace

e @D

. Noaw

e @ @
]

lineage reslricled progenitor cells
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8

Oligodendrocyte Astrocyte Neuron
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Meurgnal stem cells

Asyrnimetric division

Cripto BMP-4,
modal l_ Semads

Commaon precursor

Pluripotent
stem calls

CHS, PNS Neural progenitan Glial progenasis
TGF i Smad FGF =
Meurogenasic Gliogenesis
BMP-24 BMP-2.4 I BMPa4
FGF Smadi. 4 o
LIE, i oy
STATI/S | ,i 024
\__: _F cells
¥ CMS Meuron
"'|. X prodiferation
o X
__lr o . i =14 '&I __':‘M%’ \J
1 | o
™ W . W
Neural Crest. PNS: A, }“ -
autenomic meurens ; = "?Jﬁ“‘\ A
Astracytes Olgadendracytes
| — M—
¥
Froliferation

Regulace neuronalni

diferenciace
TGF-[3 superfamily

e TGF- 3 (1-3)
* BMPs

* nodal

* activin
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Neurondini diferenciace
Kmenova bunka:

* nestin

e GFAP

* DNA
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Neurondlni
diferenciace

Progenitorova
bunka:

e B-tubbulin I
e GFAP
* DNA

)

_‘é'
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Neurondini diferenciace
Neurony:

e B-tubulin Il

e DNA

Gliove bunky:

e GFAP

e DNA

Bi8 120 Aplikovand bunécnd biologie - jaro 2012 - 06 / 28.3.

37



Diferenciace pricné pruhované svaloviny

diferenciaci doprovazi

e zastava bunécného cyklu
e zména morfologie

e flze v syncytia

Dividing myoblasts Cell alignment Cell fusion

Musde fiber

'grcmmfactors o '. o i3 _
___,/ /"_/

.Q\O ah N &
: 7 >//*‘ > £ /7

TI
17

o

Cell multiplication Cell multiplication ceases musjﬁ_‘;ﬁ?ﬁﬁigmim

Spontaneous
contractions begin
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Diferenciace pricné pruhované svaloviny

e svalové prekurzory exprimuji mrf4, myf5 a myoD
e jnvitro: po odstanéni rlstovych faktoru se spusti diferenciace
e exprese svalové specifickych protein(:

myogenin, svalovy aktin, myosinll, tropomyosin ...

mesodermal myoblasts multinudeate
progenitor myotube
®® QP >
& O :
@ o) <
pax3?

Determination myoD Differentiation Maturation —
external =§> ,ﬁ%‘ S\/:l“}-, i ‘=‘l> spedific
signals i s genes

myfs T
=== inhibition Q/ rowth
= > acivation — ctors
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RUSTOVE FAKTORY
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Rustové faktory (Growth Factors)

vazba na prislusSny membranovy receptor
aktivace specifické intracelularni signalni drahy

stimulace prezivani a rustu bunék (metabolismus,
zvySovani objemu, antiapoptotické)

nékteré funguji i jako mitogeny (napr. PDGF), resp.
induktory diferenciace

napf. cytokiny, hormony (insulin), ... rustové faktory

Cytokiny

molekuly ovliviujici bunécnou proliferaci
(interleukiny, G-CSF, GM-CSF...)
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EGF (Epidermal Growth Factor)

e specificka vazba na EGFR (Epidermal Growth Factor
Receptor) - aktivace RTK kaskady

FGF Family (Fibroblast Growth Factor)

e 22 molekul
e FGF2 = bFGF (basic fibroblast growth factor)
e receptory FGFR1-4

VEGF (Vascular Endothelial Growth Factor)

e stimulace vaskularnich endotelii - angiogeneze

e v pripadé hypoxie - exprese HIF ->VEGF

3 \W%E
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TGF (Transforming Growth Factor)

e up-regulace u nékterych typl nadoru

e schopnost indukovat nadorovou transformaci v
podminkach in vitro (krysi fibroblasty ledvin)

e TGF-a (makrofagy, mozkové buriky, keratinocyty):
vyvoj epitelu - pribuznost s EGF, vazba na EGFR

e TGF-B3 -isoformy 3 1, B 2, B 3: diferenciace bunék,
vyvoj embrya, regulace imunitniho systému, apoptdza
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Neurotrofiny (Neurotrophins)

7 7

e produkovany cilovou tkani - prezivani neuronu,

neuronalni diferenciace HE TRE Trk A

(NT-3) (NT-4/5 (NGF)
BDNF)

e receptory:
p75, Trk receptory (A,B,C)

e NGF (nerve growth factor)

e BDNF (brain-derived
neurotrophic factor)
e NT-3 (neutrophin-3) 3 IP, | DAG
Transcription
e NT-4 (neutrophin-4 /
( p ) k’ Differentiation
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Pleiotropni efekt BDNF

o — BONF
TrkB Differentiation,
N B survival, and
X function
M

euran *-t-nd_'%

—f""b""

BDONF =i — Angiogenesis

Endathelml anll

‘ Hematopoiesis

Hematopoetic Precursor Cell
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BDNF-indukovana neovaskularizace

HPCs- hematopoietic precursor cells, MCs - mural cell, ECs endothelial cells
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EPO (Erythropoietin)

e produkce v ledvinach

e stimulace tvorby erytrocytu
e rekombinantni EPO

TPO (Thrombopoietin)
e produkce ve sleziné a v ledvinach
e stimulace tvorby megakaryocytd, krevnich desticek

G-CSF (Granulocyte Colony Stimulating Factor)
e stimulace tvorby granulocytt/neutrofil{

GM-CSF (Granulocyte Macrophage Colony Stimulating

Factor)
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RECEPTOROVE TYROZIN-KINAZY

funkce: regulace proliferace, diferenciace, metabolismu, aj.
genom: 59 genl = 20 receptorovych rodin (+alternativni sestfih)

Receptor
Tyrosine
Kinases

I'I"IIH ACK
Cytoplasmic
Tyrosine
Kinases
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DOMENY :

* extraceluldrni (receptorova)
e transmembranova
e cytoplasmatickd (tyrozin kindzova)

Iil

| | ' :
EFRBB2 IGF-1R PDGFR-,B VEGFR2 FGFR-2 TRKE RON EPHAZ2 MER TEK
EERBE3" IRR CSF-1R VEGFR3 FGFR-3 TRKC EPHA3 TYRO3
ERBB4 KIT/SCFR FGFR-4 EPHA4

FLK2/FLT3 EPHAS

EPHAG

EPHAT

EPHAE

EPHB1

EPHEZ2

EPHB3

EPHB4

EPHBS5
EPHBG

EGFR INSR PDGFR-a VEGFR1 FGFR-1 CCK4" TRKA MET EPHA1 AXL TIE RYK® DDR1 RET

DDR2
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AKTIVACE:

dimerizace vlivem rlstovych faktor( - cross-fosforylace
a) - konformacni zména — stimulace katalytické aktivity

b) = tvorba vazebnych mist pro domény adaptorovych
proteinl (Grb-2)

Transcriptional factors

| signal
cell membrane

- Op
@thphorﬁathn

Transcription transcription
D factor

AN || W e _— 7\

k
o
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ErbB/HER Signaling Network

NRGZ  NRG3
v v

HE%GF TGF.¢
EGF ek

A 4 AREG
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INDUKOVANA DIFERENCIACE
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Indukovana diferenciace

e induktory diferenciace (rtstové faktory, vitaminy,
inhibitory kindz, zmény v kultivaci, syntetické latky...)

e indukce prislusné diferenciacni drahy
e inhibice signalnich drah pro ,self-renewal”

Priklady induktoru diferenciace in vitro:

e kyselina all-trans retinova (ATRA)

e 1a,25-dihydroxycholekalciferol (1,25(OH),-D,)
e phorbol myristylacetat (PMA)

e trichostatin

e dimethylsulfoxid (DMSO)

e SU5402 (inhibitor FGFR1)... S
)
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Kyselina all-trans retinova (ATRA)
jako induktor diferenciace

B e

all-trans retinoic acid

promyelocytes polymorphonuclear cells
(neutrophils)

Figure 16-6a Tha Biaslagy of Cancer (D Garland Scienca 2007)

ﬁt}
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Linie HL-60:

e lidska myeloidni leukémie
e spontanni diferenciace:
asi 10 % bunék populace

e induktory granulocytarni diferenciace:

kyselina all-trans retinova (atRA)
dimethylsulfoxid (DMSO)

e induktory monocyto/makrofdgové diferenciace:

phorbolmyristyl acetat (PMA)
1,25-dihydroxyvitamin D,

Bi8 120 Aplikovand bunécnd biologie - jaro 2012 - 06 / 28.3.
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Diferenciace linie HL-60 do stadia granulocytu:

Induktor: 1mM kyselina all-trans retinova
Marker: CD-66b (CD-67)
Detekce: anti-CD66b, SWAM-FITC
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Granulocytéarni diferenciace HL-60: flow cytometrie / CD66b

;:, S5 (2) v FITC (3) b S5 (2) vs FITC (3) L SS (v FITC(3)
18,26%
® | 2! 33,25% = 133,28%
ED 10 I?DIZI 1023 I=DEI 1023
It a
°1I2|° 10 10° 10 10* D‘i-D: 10 10°? io® 10*
FITC FITC
1mM ATRA 1mM ATRA +13mM CA  1mM ATRA + 52mM CA
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Diferenciace linie HL-60 do stadia makrofagu:

Induktor: 1,6 nM phorbolmyristyl acetat (PMA)
Marker: CD-14
Detekce: anti-CD14, SWAM-FITC
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Linie P19:

mysSi embryonalni karcinom
7denni embryo do testes
»embryoid bodies” (EB)

e induktory mesodermalni diferenciace:

kyselina all-trans retinova (atRA)
dimethylsulfoxid (DMSO)

¢ induktor neuronalni diferenciace:

kyselina all-trans retinova (atRA)
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Schéma diferenciace bunék P19

-~

- .

—

A m oa wifa T - e m - -q'
|ﬁﬁrﬁ\ﬁ¢ﬁﬁﬂﬁ;ﬁfﬂaﬁﬁﬁ?ﬁ‘ﬁ?ﬁ%ﬁ" !

|} oy - -I

o

f i &

[P gl

.I_[ i |
[
| =PI TR ARG

metoda kultivace na metoda ,visicich kapek”

bakteriologickych miskach
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Mesodermalni diferenciace bunék P19:

Induktor: 0,8% DMSO

Marker: myosin ||

Detekce: anti-skeletal myosin, SWAM-FITC
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Neuronalni diferenciace bunék P19:

Induktor: 1mM kyselina all-trans retinova (ATRA)

Marker: neurofilamin
Detekce: anti-neurofilament 160, SWAM-FITC
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Praktické vyuziti indukované diferenciace:

e zakladni vyzkum

e diferenciacCni terapie v onkologii

— hematologické malignity (APL, AML)
— vybrané typy solidnich nadoru (neuroblastom)

e diferenciacni terapie v dermatologii
— akné

e priprava bunécnych derivatu in vitro
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Retinoidy jako induktory diferenciace v klinické praxi:

Roaccutane Vesanoid
(isotretinoin, 13-cis-RA) (tretinoin, all-trans-RA)
e akné, neuroblastom e akutni leukemie
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COMBAT

|é€ba solidnich ndadorl (meduloblastom , neuroblastom, sarkomy...)

celecoxib
etoposid
temozolomid

inhibitor cyclooxygendzy antiangiogenni Ucinek

inhibitor topomerazy |l
alkylaéni Cinidlo
diferenciacni Cinidlo

zastava b. cyklu
apoptoza
diferenciace/apoptdza

kys. retinova

Celecoxib oral 200 mg(mg.r‘d [
Days 1-78

Etoposide oral 25 mg!mza'd

Days 1-21

Temozolomide oral 80 mg/m’/d
Days 25 77

Isotretinein oral 100 mg/m’/d | L1
Days 1-14, 2642 57-70

Day 1 8 15 22 29 36 43 50 57 64 71 T8

Fig. 1. Combined oral maintenance biodifferentiating and antiangioge-
nic therapy (COMBAT) — treatment plan.
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