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Program prednasky:

diferenciacni potencial bunek

diferenciacni drahy

ristové faktory

indukovana diferenciace



Vyvoi mnohobunécného organismu

» identicky genom ve vsech bunkach
» kontrola na Urovni genove exprese

bunécna proliferace
diferenciace bunék
bunécné interakce
metabolismus bunék
pohyb bunék
bunécna smrt
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Lidsky organismus:
1 zygota — 103 bunék (250 rtiznych typu)
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DIFERENCIACNI
POTENCIAL BUNEK




Casna embryogeneze u savcl:

»zygota
=morula (8, resp. 16 bunek = blastomery)

»blastocysta (~ 64 bunék)




Blastocysta:

» trofoektoderm — extraembryonalni tkané
(placenta)
= inner cell mass (ICM) — embryo

Gastrulace — 3 zarodecné listy:

» ektoderm (neuralni a epidermalni bunky)
» mesoderm (svalova a pojivova tkan)
» endoderm (epitel vnitfnich organt)




Ektoderm
» CNS

» sitnice a Cocky

» lebecni a senzoricka ganglia a nervy
= pigmentove bunky

» pojivova tkan hlavy

= epidermis

= vlasy, ochlupeni

= prsni zlazy




Mesoderm

» |ebka 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

» Zzaludek

» tracnik

» jatra

= slinivka

» mocovy mechyr

» epitelidini vystelka prtdusnice, plic, hltanu,

stitné zlazy, strev
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Totipotence
» nelimitovany diferenciacni potencial

» schopnost tvofit embryonalni i extraembryonalni
tkane

» Casna stadia ryhovani zygoty (1-4 dny)

Pluripotence
» schopnost tvorit bunky vSech 3 zarodecénych listd
» bunky ICM (embryonalni kmenové bunky, 5-14dni)

Multipotence
» schopnost tvorit bunky prislusného typu tkanée

* napf. hematopoetické kmenove bunky, neuronalni
kmenove bunky...
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totipotentni burika
(zygota, blastomery)

pluripotentni bunky
(embryonalni kmenoveé)

multipotentni bunky
(hematopetické kmenove)

progenitorové bunky

terminalné diferencované
bunky



STEM CELL
STEM CELL -
(e.g., hematopoietic
stem cell)
SPECIALIZED CELL
\ (e.g., neuron)
)
PR?QGQE N,l»:?e?ogsu SPECIALIZED CELL
progenitor cell) (e.g., neutrophil)

@ ©

SPECIALIZED CELL
(e.g., red blood cell)
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Rozdil v diferenciacnim
potencialu kmenovych a
progenitorovych bunek
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Eukaryontni bunka:

e 5000 rdznych bilkovin (10° - 101° molekul)
e kazdy bunécny typ vytvari asi 100 specifickych
proteinl

e housekeeping genes:
exprimovany konstitutivne na relativne
konstantni urovni ve vsech bunkach
organismu

e housekeeping proteins:
esencialni metabolicke enzymy, bunecne
komponenty

Wi | » exprese rliznych gend zavisi na typu buriky, fazi

bunécneho cyklu atd.
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Priciny diferenciace:

e postupné zmény v aktivité genll

e odpoved 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 RUstové faktory (TGF-transformujici rlistovy faktor,
FGF-fibroblastovy rlstovy faktor, interleukiny, ...)
e Vitaminy (D, A ...)
e Jonty (Caz+,...)

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

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



Molekularni mechanismy diferenciace
= nejdllezitéjSim mistem regulace je iniciace transkripce

= vazba regulacnich proteinll na specifické sekvence DNA
(regulacni oblasti)
= relativné maly pocet strukturnich motivt

enhancer

promoter RNA transcript
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Molekularni mechanismy diferenciace

e 2 zakladni mechanismy Ucinku regulacnich proteind:

a) ovlivnéni vazby RNA polymerazy a transkripcnich
faktorll na promotor

b) lokalni modifikace struktury chromatinu v oblasti
promotoru

e kombinace regulacnich proteind
e U Cloveka asi 3000 TFs (predikovanych)

e 5 TFs pusobi spolecné a reguluje transkripci jednoho
genu

e jeden TF reguluje vice gend (pozitivné i negativné)
e tkanova specifita



Zachovani exprese gendl 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 (
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Transcription of gene A, Protein A enters the nudeus
repression of gene B and de:g::‘:: :vg?;]';:ne and the original pattem of
activation of gene € gene activity is established
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Bi8120 Aplikovana bunécna biologie / 06 / 27.3.2017
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Diferenciace

bunky smerovany do urciteho vyvojového smeru (linie) —
tento stav nelze menit (napriklad bunky erytroidni linie
,nepreskoci* do linie myeloidni)

Dediferenciace

ztrata diferencovaného fenotypu

e je obvykla /n vitro (adaptace na kultivacni podminky)
e in vivo u nizSich ZivoCichll (regenerace obojzivelnik()
e experimentalné — priprava iPS cells

Transdiferenciace

schopnost urcitych bunék urcité tkane (vcetné SCs nebo
progenitor(l) diferencovat do bunék typickych pro jiné
organy nebo tkané (napr. hematopoeticke)
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Epigenetic landscape:
H.C. Waddington (1957)

Epigenetic landscape:
T. Graf & T. Enver (2009)
- role transkrip¢nich faktord

T,17 cell

Bi8120 Aplikovana bunécna biologie / 06 / 27.3.2017



Indukovana transdiferenciace
a dediferenciace

Fibroblasts Monocytic Fibroblasts B cells B cells Exocrine cells
precursors /
-
Oct4
s GATA1 K C/EBPu P Edﬂa
Kif4 ablation g
MafA
Myc
A\
Erythroid-
Muscle > : T cells,
S megakaryocytic IPS celis Macrophages macrophages Islet B-cells
cells, eosinophils




Diferenciacni potencial hematopoetickych
kmenovych bunéek

@

Multipotential hematopoietic
stem cell (Hemocytoblast)
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Multipotential hematopoietic
stem cell (Hemocytoblast)
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Diferenciace
krevnich bunek

- vliv rdstovych
faktort a jinych
cytokind



Some hematopoietic growth factors and their target cells

Type of growth factor

Responding hematopoietic cells

Erythropoietin (EPO)

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)

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

Macrophages, granulocytes

b

erythrocyte macrophage eosinophil basophil monocyte neutrophil

S
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Vliv TFs na
diferenciaci
krevnich bunék
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Porucha diferenciace krevnich bunék

hematopoeticka HSC LSC  |eukemicka

kmenova b. ——— ° kmenova b.
Mutation(s)

Normal growth l
and differentiation

@=L

Normal blood cells

Developmental
arrest

Leukemia blast cells

Current Opinion in Cell Biology
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Priibéh neuronalni diferenciace

self-renewal
«{ NSC (neural stem cell)

Progenitor Cells :
(proliferation)

Neuronal Progenltor Glial Progenitor|

% / \

Specialized Cells : ==
(commitment)

B Astrocyte Oligodendrocyte

32
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Regulace neuronalni diferenciace

Self

Cripto
nodal

CNS, PNS Neural progenitors

TGF-f, Smad4

Neurogenesis

BMP-2.4

A

Neural Crest, PNS: J‘ a
AULONOMIC HEUrONS ‘

Neuronal stem cells
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|
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~_>
Asymmetric division
Pluripotemt
BMP-4, stem cells
l' Smad4
Common precursor

Glial progenesis
FGF b= TGF-f

Gliogenesis
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Proliferation

TGF-B superfamily

« TGF- B (1-3)
(transforming/tumor
growth factor)

« BMPs
(bone
morphogenetic
proteins)

* nodal

« activin

RUstové faktory

« FGF
« LIF
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Diferenciace pricne pruhované svaloviny

diferenciaci doprovazi

- zastava bunécného cyklu

« zmeéna morfologie

« fuze v syncytia

Dividing myoblasts Cell alignment Cell fusion Musde fiber
, gowthfactors * . .
. w . .° . . . o ‘
. Q . %// L4 /‘

Cell multiplication

Cell multiplication ceases

musde-specific proteins

A D Dot}

" Wy 2 . gl ° Bl

Y Y AN by / o’ >/./"”
— Appearance of Spontaneous

contractions begin
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Diferenciace pricne pruhované svaloviny

« svalove prekurzory exprimuji TF: mr4, myf5a myoD
* jn vitro: po odstranéni rlstovych faktort se spusti
diferenciace
« exprese svalové specifickych proteint:
myogenin, svalovy aktin, myosin II, tropomyosin ...

mesodermal myoblasts multinucleate muscle
progenitor myotube fiber
®0 QP
X0 NG
@ O R
&)
pax3
Determination myoD Differentiation Maturation

muscle-

es’;;ranlil |="> mrf4 % >=\'> myogenin r=> Sggﬁelﬁsc
myf5 T

={] inhibition (g S) growth

=> activation factors
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RUSTOVE
FAKTORY




Ristové faktory (Growth Factors)
»vazba na prislusny membranovy receptor
=aktivace specifické intracelularni signalni drahy

»stimulace prezivani a ristu bunék (metabolismus,
zvysovani objemu, antiapoptoticke)

= néktere funguiji i jako mitogeny (aktivace MAPKS)
= Induktory / inhibitory diferenciace

=napf. cytokiny, hormony (insulin), ... rlstové
faktory

Cytokiny

=signalni proteiny ovliviuijici bunécnou proliferaci,
diferenciaci a imunitni odpoved’

(interleukiny, INFs, G-CSF, GM-CSF, chemokiny...)
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Priklady cytokind

EPO (Erythropoietin)

e produkce v ledvinach

e stimulace tvorby erytrocytd

e rekombinantni EPO (cyklistika)

TPO (Thrombopoietin)
e produkce ve sleziné a v ledvinach

e stimulace tvorby megakaryocytd, krevnich
desticek

G-CSF (Granulocyte Colony Stimulating Factor)
e stimulace tvorby granulocytll/neutrofild

GM-CSF (Granulocyte Macrophage Colony
Stimulating Factor)
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Priklady rdstovych faktor

EGF (Epidermal Growth Factor)

o 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 pripade hypoxie - exprese HIF-1a -> VEGF
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TGF (Transforming/Tumor Growth Factor)

e up-regulace u nékterych typt nadord

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

o TGF-a (makrofagy, mozkove bunky,
keratinocyty): vyvoj epitelu - pribuznost s EGF,
vazba na EGFR

o TGF-B -isoformy B 1, B 2, B 3: diferenciace
bunék, vyvoj embrya, regulace imunitniho
systému, apoptoza
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Neurotrofiny

produkovany cilovou tkani — prezivani neurond,
neuronalni diferenciace

e receptory: TKC  TKB  TrkA

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

p/5, Trk receptory (A,B,C)

* NGF (nerve growth factor) | & _ ,

« BDNF (brain-derived - | —
neurotrophic factor)

e NT-3 (neurotrophin-3) ) wiohy e

and
Transcription / cell survival

e NT-4 (neurotrophin-4) \_

Differentiation




Pleiotropni efekt BDNF

e

Ditferentiation,
P  survival, and
function
MNeuron % ’d‘,}
BEDNF ——— - T — Angiogenesis

Endathalial cell

_\_

 — _.__\J Hematopoiesis
HPC

Hematopoetic Precursor Cell
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BDNF-indukovana neovaskularizace

47

R,
&

Bone marrow

HPCs- hematopoietic precursor cells, MCs - mural cell, ECs endothelial cells
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RECEPTOROVE TYROZIN-KINAZY

funkce: regulace proliferace, diferenciace, metabolismu, aj.
lidsky genom: 59 genu (alternativni sestfih), 20 receptorovych rodin

L FaFR2 L FGFRZS

Receptor
Tyrosine
Kinases

Cytoplasmic
Tyrosine
Kinases
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DOMENY :
* extracelularni (receptorova)

« transmembranova
- cytoplasmaticka (tyrozin kinazova)

EGFR PDGFR FGFR NGFR EPHR TIE DDR ROS ROR LMR
InsulinR VEGFR KLG/CCK HGFR AXL RYK RET LTK MUSK ?
A EGFD
o L :)
Y H gD 3 % F [Lﬁ
E CRD g [2\ ) [:I @E"LRD ] o ﬂ L CadhD LLAI]
PN [ E% AB BQ & % EQ i . | E
i 8 8 2 B & I .
Eg ‘Iﬁ 1 ") 1} i:) D) f\)) El i | \ 1B ’ | Z! J KrinD
h'I l - . I 'l . - L 1 L M 1 lll

EGFR INSR PDGFR-a VEGFR1 FGFR-1 CCK4* TRKA MET EPHA1 AXL TIE RYK' DDR1 RET ROS LTK ROR1 MUSK | RTK106
ERBB2 IGF-1R PDGFR-f VEGFR2 FGFR-2 TRKB RON EPHA2 MER TEK DDR2 ALK ROR2
ERBB3*IRR CSF-1R VEGFR3 FGFR-3 TRKC EPHA3 TYRO3
ERBB4 KIT/SCFR FGFR-4 EPHA4
FLK2/FLT3 EPHAS
EPHA6
EPHA7
EPHAS |
EPHB1
£z S,
EPHB3
AATYK3
EPHB4

EPHB5
EPHB6
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AKTIVACE:

dimerizace vlivem rdstovych faktorll — cross-fosforylace
a) — konformacni zmeéna — stimulace katalyticke aktivity

b) — tvorba vazebnych mist pro domény adaptorovych
protein{ (Grb-2)

cell membrane

® ® tyrosine
kinase
Cytoplasm 4} domain
Or:{> — MAPKK
I i Ny b i
N v O = 5 O=>@
gsu'r IP; DG r‘ 3 56K j
ciZ* * \ - GSK-3
;- | |
FKHR1 BAD
i é‘ Nudeus
apoptosis
Phosphorylatlon

Transcriptional factors

Transmptwn transcription
factor
YgiSK




ErbB/HER Signaling Network
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INDUKOVANA
DIFERENCIACE
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Indukovana diferenciace

= induktory diferenciace (rtstove faktory, vitaminy,
inhibitory kinaz, zmeny v kultivaci, synteticke
latky...)

» indukce prislusné diferenciacni drahy

» inhibice signalnich drah pro ,self-renewa

I\\

Priklady induktord diferenciace in vitro:

» kyselina all-trans retinova (ATRA)

» 1a,25-dihydroxycholekalciferol (1,25(0H),-D5)
» phorbol myristylacetat (PMA)

= trichostatin

» dimethylsulfoxid (DMSO)

= SU5402 (inhibitor FGFR1)...
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Kyselina all-{rans retinova (ATRA)
jako induktor diferenciace

promyelc;cytes

Figure 16-6a The Biology of Cance

r (© Garland Science

COOH
N YN O

all-trans retinoic acid

2007)

‘

polymorphonuclear cells
(neutrophils)




Kyselina retinova (RA) jako modelovy
induktor diferenciace (a morfogeneze)

Typical chordate Hox gene cluster

1. vazba na jaderne receptory (RAR, RXR)
2. vazba komplexu na regulacni oblast (RARE)
3. acetylace histonl — aktivace transkripce
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e induktory granulocytarni diferenciace:
kyselina af/-trans retinova (ATRA)
dimethylsulfoxid (DMSO)

e induktory monocyto/makrofagove diferenciace:

phorbolmyristyl acetat (PMA)
1,25-dihydroxyvitamin D,
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Diferenciace linie HL-60 do stadia granulocytu:

Induktor: 1mM kyselina afl-trans retinova
Marker: CD-66b (CD-67)
Detekce: anti-CD66b (II. Ab-FITC)




58

Diferenciace linie HL-60 do stadia makrofaqu:

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

mysi embryonalni karcinom
7denni embryo do testes
~embryoid bodies" (EB)

e induktory mesodermalni diferenciace:
kyselina afll-trans retinova (ATRA)
dimethylsulfoxid (DMSO)

e induktor neuronalni diferenciace:
kyselina a/l-trans retinova (ATRA)

Bi8120 Aplikovana bunécna biologie / 06 / 27.3.2017



Schéma diferenciace bunék P19

metoda kultivace na
bakteriologickych miskach

metoda ,visicich kapek™
(hanging drops)
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Mesodermalni diferenciace bunék P19:

Induktor: 0,8% DMSO
Marker: myosin 11
Detekce: anti-skeletal myosin, (II. Ab — FITC)




ATRA — 1.den DMSO - 2.den

ATRA — 4.den DMSO - 4.den

Bi8120 Aplikovana bunécna biologie / 06 / 27.3.2017
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Neuronalni diferenciace bunék P19:

Induktor: 1mM kyselina all-trans retinova (ATRA)
Marker: neurofilamin
Detekce: anti-neurofilament 160 (II. Ab — FITC)




Praktické vyuziti indukované diferenciace:

» zakladni vyzkum

» diferenciacni terapie v onkologii

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

» diferenciacni terapie v dermatologii
— akneé

» priprava bunéénych derivatt in vitro
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RA jako induktor diferenciace u APL

-
Repression
DNA P(
=1

Retinoic acid
treatment

A
I Differentiation
|
|

[ Differentiation block J

therapy

v
I Activation
= 2~ [ Differentiation ]

o ¢ Ablain et The 2011
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Retinoidy jako induktory diferenciace v klinické praxi:

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

S Vesanoid'

Roaccutane”
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COMBAT

lécba solidnich nadorll (meduloblastom, neuroblastom, sarkomy...)

celecoxib inhibitor cyclooxygenazy antiangiogenni ucinek
etoposid inhibitor topomerazy II zastava b. cyklu
temozolomid  alkylacni Cinidlo apoptoza

kys. retinova  diferenciacni Cinidlo diferenciace/apoptoza

Original Article - Originalarbeit

0" HOI'OGIE Onkologie 2006;29:308-313 Published online: Juna 9, 2006

DOl 10.1158/000093474

Celecoxib oral 200 mg/m¥d |

Days 1-78
. - . . L . . . Etoposide oral 25 mg/m“d ]
Combined Biodifferentiating and Antiangiogenic Oral Days 1-21
Metronomic Therapy is Feasible and Effective in Relapsed Temozolomide oral 60 mym
Solid Tumors in Children: Single-Center Pilot Study
Jaroslav Sterba® Dalibor Valik® Peter Mudry® Tomas Kepak? Zdenek Pavelka?® Isotretinoin oral 100 mg/m¥d | 1

Viera Bajciova® Karel Zitterbart? Vera Kadlecova® Pavel Mazanek?® Days 1-14, 29-42, 57-70

#Department of Pediatric Oncology, University Hospital Brno,

bDepartment of Laboratory Medicine, Masaryk Memorial Cancer Institute, Brmo, Czech Republic 1 ! | | | ] ] ] ] | [
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Teoretické modely diferencicni terapie

« pFima diferenciace nadorové bunky

« oprava onkogenniho mechanismu vede k ptvodni
diferenciaci

« ,presmeérovani na prekurzor — jina diferenciacni draha
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