Bi8120 Aplikovana bunécna biologie

DIFERENCIACE BUNEK

RNDr. Jakub Neradil, Ph.D.
Ustav experimentalni biologie PfF MU

INVESTICE DO ROZVOJE VZDELAVANI




Program prednasky:

e diferenciacni potencial bunéek
e diferenciacni drahy
e rustoveé faktory

e indukovana diferenciace
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Vyvoj mnhohobunécného organismu

e identicky genom ve vSech bunkach
e kontrola na urovni genoveé exprese

bunécna proliferace
diferenciace bunék
bunécné interakce
pohyb bunek
bunécna smrt

e

Lidsky organismus:
1 zygota > 1013 bunék (250 rdznych typu)
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DIFERENCIACNI POTENCIAL BUNEK
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Casnd 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 bunky)
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

zaludek

tracnik

jatra

slinivka

mocovy mechyr

epitelialni vystelka prudusnice, plic, hltanu,
stitné zlazy, strev
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Totipotence

e nelimitovany diferenciacni potencial

e schopnost tvorit embryonalni i extraembryonalni
tkané

e cCasna 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 tkanée

e napr. hematopoetické kmenové bunky, neuronalni
kmenové bunky...
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Fertilized egg
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totipotentni bunka
(zygota, blastomery)

pluripotentni bunky
(embryonalni kmenové)

multipotentni bunky
(hematopetické kmenové)

progenitorové bunky

terminalné diferencované
bunky

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




STEM CELL

STEM CELL -
(e.g., hematopoietic /

stem cell)

SPECIALIZED CELL
\ (e.g., neuron)

PROGENITOR CELL SPECIALIZED CELL
(e.g., myeloid (e.g.. neutrophil)

progenitor cell) /
SPECIALIZED CELL

(e.g., red blood cell)

Rozdil v diferenciacnim
potencialu kmenovych a
progenitorovych bunék



Eukaryontni bunka:

e 5000 raznych bilkovin (10° - 10*° molekul)

e kazdy bunécny typ vytvari asi 100 specifickych
proteinu

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

e housekeeping proteins:
esencialni metabolické enzymy, bunécné
komponenty

e exprese ruznych genu zavisi na typu bunky, 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 RUstové faktory (TGF-transformuijici rastovy faktor,
FGF-fibroblastovy rastovy 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

» Fyzikdlni parametry prostredi (teplota, parcialni tlak O,, ...)
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Molekuldarni mechanismy diferenciace

e nejdulezitéjSim mistem regulace je iniciace
transkripce

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

e relativné maly pocet strukturnich motivu
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Molekularni mechanismy diferenciace

e 2 zakladni mechanismy ucinku regulacnich proteinu:

a) ovlivnéni vazby RNA polymerazy a transkripcnich
faktoru na promotor

b) lokalni modifikace struktury chromatinu v oblasti
promotoru

e kombinace regulacnich proteint
e ucloveka asi 3000 TFs

e +5 TFs pusobi spolecné a reguluje transkripci jednoho
genu

e jeden TF reguluje vice genu (pozitivhé 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 A in a positive feedback
loop. Protein A also represses gene B and activates gene (

Transcription of gene A, Protein A enters the nudeus

repression of gene B and and the original pattern of
activation of gene ( gene activity is established
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Kyselina retinova (RA) jako modelovy
induktor diferenciace (a morfogeneze)

and repression
of transcription

Histone acetylation
and activation
of transcription

L]
Typrcal chordate Hox gene clusiar

1. vazba na jaderné receptory (RAR, RXR)
2. vazba komplexu na regulacni oblast (RARE)
3. acetylace histonu — aktivace transkripce




DIFERENCIACN| DRAHY
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Diferenciace

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

Dediferenciace

ztrata diferencovaného fenotypu

e je obvykla in vitro (adaptace na kultivacni podminky)
* jn vivo u nizSich zivoCichu (regenerace obojzivelniku)
e experimentalné — priprava iPS cells

Transdiferenciace

schopnost urcitych bunék urcité tkané (véetné SCs nebo
progenitoru) diferencovat do bunék typickych pro jiné organy
nebo tkané (napr. hematopoetické)
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Epigenetic landscape: H.C. Waddington (1957)
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Indukovana transdiferenciace
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Multipotential hematopoietic
stem cell (Hemocytoblast)

Common myeloid progenitor
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Some hematopoietic growth factors and their target cells

Type of growth factor Responding hematopoietic cells

Erythropoietin (EPO) Erythroid progenitors

Granulocyte colony-stimulating factor (G-CSF) Granulocytes, neutrophils
Granulocyte-macrophage colony-stimulating factor (GM-CSF) Granulocytes, macrophages
Interleukin-3 Multipotent precursor cells
Stem cell factor (SCF) Stem cells

Macrophage colony-stimulating factor (M-CSF) Macrophages, granulocytes

Vliv TFs na diferenciaci
krevnich bunék

erythrocyte macrophage eosinophil basophil monocyte neutrophil

(EBPE L1




Porucha diferenciace krevnich bunék

Normal growth
and differentiation

Developmental

arrest

Normal blood cells

Current Opinion in Cell Biology




Prubeh neuronalni diferenciace
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Meunonal stem cells

Regulace neuronalni
diferenciace

Asymmetric division
Muripotent

stem cells

TGF-3 superfamily

Common precursar

CNS, PNS Neural pregenitors Glial progenesis L TG F- B (1-3)
TGF-[i, Srnacks FGF P B |V| PS
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Neurondini diferenciace
Kmenova bunka:
* nestin
e GFAP
e DNA
Bi8 120 Aplikovand bunécnad biologie - jaro 2012 - 06 / 28.3. %@g;'g@g




Neurondlni
diferenciace

Progenitorova
bunka:

e B-tuoulin Il
 GFAP
* DNA
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Neurondini diferenciace
Neurony:

* B-tubulin I

D] \\/A

Gliove bunky:

e GFAP

D] \/A
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é
O

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




Diferenciace pricne pruhované svaloviny

diferenciaci doprovazi

e zastava bunécného cyklu
e zmeéna morfologie

e flze v syncytia

Dividing myoblasts Cell alignment Musde fiber

gmﬂmfaacrs .. : -

R, AR Appearance of Spnntaneuus
Cell multiplication Cell multiplication ceases musde-specific proteins contractions be gin




Diferenciace pricne pruhované svaloviny

e svalové prekurzory exprimuji mrf4, myf5 a myoD
e jnvitro: po odstanéni rlustovych faktoru se spusti diferenciace
e exprese svalove specifickych proteinu:

myogenin, svalovy aktin, myosinll, tropomyosin ...

mesodermal myoblasts multinucleate
progenitor myotube

®@@§>(§@ @/f>
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RUSTOVE FAKTORY
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Rustové faktory (Growth Factors)
e vazba na prislusny membranovy receptor
e aktivace specifické intracelularni signalni drahy

e stimulace prezivani a rtstu bunék (metabolismus,
zvySovani objemu, antiapoptotické)

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

e napr. cytokiny, hormony (insulin), ... rustové faktory

Cytokiny
e molekuly ovliviaujici 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 pripade hypoxie - exprese HIF ->VEGF
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TGF (Transforming Growth Factor)

e up-regulace u nékterych typu nadoru

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

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

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

e produkovany cilovou tkani - prezivani neurond,
neuronalni diferenciace e Tk —

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

e receptory: e

p75, Trk receptory (A,B,C)

e NGF (nerve growth factor) ﬂiuu..mm“'““.._y

@ Y.
BDNF (brain-derived — A wase
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neurotrophic factor) E l
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Pleiotropni efekt BDNF

Differentiation,
P survival, and
function

BDNF ————p —p Angiogenesis

\ Endothelial cell i
Hematopoiesis

Hematopoetic Precursor Cell HFC




BDNF-indukovana neovaskularizace

Mew blood
vessel

Bome marrow

HPCs- hematopoietic precursor cells, MCs - mural cell, ECs endothelial cells




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 megakaryocytu, krevnich desticek

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

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 sestrih)

Receptor
Tyrosine
Kinases

LMR1 LMR3

/. 4
SuRTK106

Cytoplasmic
Tyrosine
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DOMENY :

® extracelularni (receptorova)

e transmembranova
e cytoplasmaticka (tyrozin kindzova)
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AKTIVACE:

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

b) = tvorba vazebnych mist pro domény adaptorovych
proteint (Grb-2)
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ErbB/HER Signaling Network
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INDUKOVANA DIFERENCIACE
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Indukovana diferenciace

e induktory diferenciace (rustové faktory, vitaminy,
inhibitory kinaz, 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 10,25-dihydroxycholekalciferol (1,25(0OH),-D,)
e phorbol myristylacetat (PMA)

e trichostatin

e dimethylsulfoxid (DMSO)

e SU5402 (inhibitor FGFR1)...
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Figure

Kyselina all-trans retinova (ATRA)
jako induktor diferenciace

COOH
aII trans retinoic acid J

®

promyelocytes polymorphonuclear cells
(neutrophils)

16-6a The Biology of Cancer (© Garland Science 2007




Linie HL-60:

e |idska myeloidni leukémie
e spontanni diferenciace:
asi 10 % bunék populace

e induktory granulocytarni diferenciace:

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

e induktory monocyto/makrofagové diferenciace:

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

Vel
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Granulocytarni diferenciace HL-60: flow cytometrie / CD66b

S5 (2 ve FITC (3 S5 12 ve FITC 03 S5 (2] ve FITC (3

18,26%

33,25% | M |33,28%

1mM ATRA 1mM ATRA + 13mM CA 1mM ATRA + 52mM CA




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:

* mysi embryonalni karcinom
e 7denni embryo do testes
,embryoid bodies” (EB)

e induktory mesodermalni diferenciace:

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

e induktor neuronalni diferenciace:

kyselina all-trans retinova (atRA)

7 UV =
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Schéma diferenciace bunék P19
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metoda kultivace na
bakteriologickych miskach

metoda ,visicich kapek”
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Mesodermalni diferenciace bunék P19:

Induktor: 0,8% DMSO
Marker: myosin |l
Detekce: anti-skeletal myosin, SWAM-FITC




AlRA=1.den DIVISO = Z:den

ATRA—4.den  DMSOG-—4.den




Neuronalni diferenciace bunék P19:

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

Marker: neurofilamin

Detekce: anti-neurofilament 160, SWAM-FITC




Praktické vyuziti indukované diferenciace:

e zakladni vyzkum

e diferenciacni terapie v onkologii

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

e diferenciacni terapie v dermatologii
-1 4=

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

Vesanoid

Roaccutane”
Isatretinoin

: 10mg
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COMBAT

|é¢ba solidnich nadori (meduloblastom , neuroblastom, sarkomy...)

celecoxib inhibitor cyclooxygenazy antiangiogenni ucinek
etoposid inhibitor topomerazy Il zastava b. cyklu
temozolomid alkylac¢ni Cinidlo apoptoza

kys. retinova diferenciacni Cinidlo diferenciace/apoptdza

Original Article - Originalarbeit

Celecoxiboral200mg/m”d [ ] ONKOLOGIE

Days 1-78
Etoposide oral 25 mg/m%d ]
Days 1-21

Temozolomide oral 60 ma/m?d Combined Biodifferentiating and Antiangiogenic Oral
Days 3677 gm Metronomic Therapy is Feasible and Effective in Relapsed
Solid Tumors in Children: Single-Center Pilot Study

Jaroslav Sterba? Dalibor Valik? Peter Mudry? Tomas Kepak? Zdenek Pavelka?

Isotretinoin oral 100 mg-"m%"d L] ] iera a® Karel Zitterbart® Vera Kadlecova® Pavel Mazanek®
Days 1—14, 2942, 57-70 +Dep: o wvarsi o,
bDep:

Cancer Institute, Brno, Czech Republic

—_—— ]

1 8 15 22 29 36 43 50 57 64 71 78

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