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Program pfednqQsky:

e diferenciacni potencidl bunék
e diferenciacni drahy

e ristove faktory

 indukovand diferenciace
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VyVoj mnohobunécnéeho organismu

* identicky genom ve vsech burikdch
e kontrola na urovni genove exprese

bunécna proliferace
diferenciace bunék
bunécne interakce
pohyb bunék
bunécnad smrt

Ok~ L~

Lidsky organismus:
1 zygota — 10'! bunék (250 raznych typu)
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DIFERENCIACNI POTENCIAL BUNEK
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Casnd embryogeneze u savcl:
* zyQoftfa
e morula (8, resp. 16 bunék = blastomery)

* blastocysta (~ 64 bunek)
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BlastocystQ:
* frofoektoderm —
extraemibryondlni tkané (placentq)
 inner cell mass (ICM) —
embryo

Gastrulace — 3 zarodecne listy:

e ektoderm (neurdini a epidermdadlni bunky)
e mesoderm (svalova a pojivova tkan)

e endoderm (epitel vnitinich organ)
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Ekioderm

e CNS

e sitnice a CocCky

e lebecni a senzorickd ganglia a nenvy
pigmentove buriky

e pojivova tkan hlavy

* epidermis

 vliasy, ochlupeni

e prsni zldzy

Bi8 120 Aplikovand bunécnd biologie - jaro 2011 - 08 / 13.4.




Mesoderm

leloka a kostra

svalova tkan (lebka i kostermni svalstvo)
dermis

pojivova tkan

urogenitaini system

stfrevni svalovino

srdce

krevni a lymfaticke bunky

slezina

Bi8 120 Aplikovand bunécnd biologie - jaro 2011 - 08 / 13.4.




Endoderm

zaludek

tracnik

jatra

slinivka

MoCovy meéchyr

epitelidini vystelka pradusnice, plic, hitanu,
stitné Zldzy, strev
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Totipotence

e nelimitovany diferenciacni potencidl

e schopnost tvorit embryondini i extraemibryondini
tkané

e Casnd stadia ryhovani zygoty (1-4 dny)

Pluripotence

e schopnost tvorit bunky vsech 3 zarodecnych listl

e bunky ICM (embryondini kmenove bunky, 5-
14dni)

Multipotence

e schopnost tvorit bunky prislusneho typu tkané

e napf. hematopoeticke krnenove bunky,
neuronalni krnenove bunky...
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Fertilized egg
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STEM CELL
STEM CELL
(e.qg., hematopoietic
stem cell)
SPECIALIZED CELL
\ (e.g., neuron)
)
PR%G;N:\%?:;EELL SPECIALIZED CELL
progenitor cell / le-9.. noulropht)
SPECIALIZED CELL
(e.g., red blood cell)

Rozdil v diferenciacnim
potencidlu kmenovych
a progenitorovych
bunek
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Eukaryonini burnka:

e 5000 rdznych bilkovin (107 - 100 molekul)

e kazdy bunécny typ wytvari asi 100 specifickych
proteinu

* housekeeping genes:
exprimovany konstitutivne na relativne nizke
urovni ve vsech bunkach organismu

* housekeeping proteins:
esencidalni metabolicke enzymy, bunécne
komponenty

e exprese ruznych genud zavisi na typu bunky, fazi
bunécneho cyklu atd.
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Priciny diferenciace:

e postupne zmény v aktivité genl
(programovany v genomu)

e odpoved na molekularni signdly vysilane
ostatnimi bunkami

e odpovéd na fyzikdlni kontakt s ostatnimi bufkam
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Signdly reguluijici diferenciaci

Solubilni reguldatory

* Hormony (glukagon, hydrokortison, fyroxin,...)

* RUstove faktory (TGF-transformuijici rastovy faktor,
FGF-fibroblastovy rastovy faktor, interleukiny, ...)

* Vitaminy (D, A ...)

e lonty (Ca?*, ...

Fyzicke kontakty mezi burikami (gop junctions)
Kontakt bunék s mezibunécnou maitrix (kolagen, laminin, ...)
Polarita a tvar bunék

Fyzikdlni parametry prostredi (tfeplota, parcidini tiak O,, ...)
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Molekuldrni mechanismy diferenciace
e nejdulezitéjSim mistem regulace je iniciace
franskripce

e vazba regulacnich protein na specificke
sekvence DNA (regulacni oblasti)

o relativné maly pocet strukturnich motivi

e 2 zAkladni mechanismy Ucinku regulacnich
proteinu:

a) ovlivnéni vazby RNA polymerdzy @
transkripcnich faktort na promotor

o) lokdlni modifikace struktury chromatinu v
oblasti promotoru

e kombinace regulacnich proteind
e tkanova specifita
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Kyselina retinova (RA) jako modelovy
induktor diferenciace (a morfogeneze)

Histona deacetylation
and repression
of transcription

Typcal chordate Hoaw gene clusiar

1. vazba na jademeé receptory (RAR, RXR)
2. vazba komplexu na regulacni oblast (RARE)
3. aktivace transkripce
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DIFERENCIACNI DRAHY
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Diferenciace - bunky smeérovany do urCiteho vyvojoveho
smeru (linie) — tento stav nelze menit

(napfiklad bunky erytroidni linie ,nepreskocCi® do linie
myeloidni

Dediferenciace - zfrata diferencovaneho fenotypu

e je obvykld in vifro (adaptace na kultivacni podminky)

e existence dediferenciace in vivo je predmétem vyzkumu
(stejné jako transdiferenciace)

Transdiferenciace - schopnost urCitych bunék urCite tkané
(vCetné SCs nebo progenitort) diferencovat do bunék
typickych  pro jineé orgdny nebo tkdné (napf.
hematopoeticke)
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Diferenciacni
potencidl
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HOLL
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Porucha diferenciace krevnich bunék

HSC LSC

*-_—;—

Mutation(s)

Normal growth l
and differentiation

Developmental
arrest

Normal blood cells

Current Opinion in Cell Biology
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Pribéh neurondini diferenciace
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Neurondlni diferenciace
Kmenovad bunka:

* nestin

e GFAP

e DNA
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Neurondlni
diferenciace

Progenitorova

punka:
e B-tubulin i
* GFAP
* DNA
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Neurondini diferenciace
Neurony:

e B-tubulin i

e DNA

Gliove bunky:

e GFAP

e DNA
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RUSTOVE FAKTORY
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Rustove faktory (Growth Factors)
e vazbba na pfislusny membranovy receptor
e akfivace specificke intracelularni signdini drany

e stimulace prezivani a ristu bunék
(metabolismus, zvySsovani objemu)

e néktere funguiji i jako mitogeny (napfr. PDGF),
resp. indukfory diferenciace

* nApr. cytokiny, hormony (insulin)

Cytokiny

e molekuly ovliviujici bunécnou proliferaci
(G-CSF, GM-CSF vs. Fas-ligandaq)
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EGF (Epidermal Growth Factor)

 specifickd vazba na EGFR (Epidermal Growth
Factor Receptor) — akfivace RTK kaskady

FGF Family (Fibroblast Growth Factor)

e 22 molekul

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

VEGF (Vascular Endothelial Growth Factor)
e stimulace vaskuldrnich endotelii — angiogeneze
* v pfipadé hypoxie - exprese HIF ->VEGF
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IGF (Transforming Growth Factor)

* up-regulace u nékterych typu nadord

e schopnost indukovat nddorovou transformaci v
podminkach in vifro (krysi fibroblasty ledvin)

e TGF-a (makrofagy, mozkove bunky, keratinocyty):

WWVOj epitelu - pribuznost s EGF, vazba na EGFR

* TGF-B - isoformy B1, B2, B3: diferenciace bunék,
VyVOj embryaq, regenerace tkani, regulaoce
imunitnino systemu
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Neurotrofiny (Neurotrophins)

e produkovany cilovou tkani — prezivani neurond,

neurondlni diferenciace e TRB  TrkA
(NT-3) (NT-4/5 (NGF)

* receptory: BONF)

075, Trk receptory (AB,C)

* NGF (nerve growih factor) 5555 :

* BDNF (brain-derived - Yl e
neufrophic factor)

« NT-3 (neufrophin-3) Y mioae  ebe
Transcription cell survival
* NT-4 (neufrophin-4) \_ /

Differentiation
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Pleiofropni efekt BDNF
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BDNF-indukovand neovaskularizace
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EPO (Erythropoietin)

e produkce v ledvindch
 stimulace tvorby erytrocytu
e rekombinantni EPO

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

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

GM-CSF (Granulocyte Macrophage Colony
Stimulating Factor)
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RECEPTOROVE TYROZIN-KINAZY

funkce: regulace proliferace, diferenciace, metabolismu, ai.
genom: 59 genli — 20 receptorovych rodin (+alternativni sestfin)

<> Cp

Receptor
Tyrosine
Kinases

Cytoplasmic
Tyrosine
Kinases
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DOMENY :

* extracelulami (receptorova)
« fransmembrdanovd
« cytoplasmatickd (tyrozin kindzova)

EGFR PDGFR FGFR NGFR EFHR TIE DDR ROS ROR LMR
InsulinR VEGFR KLG/CCK HGFR AXL AYK RET LTK MUSK ?

|

. - CadhD | _
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{ | ) 1; i | f i | t_:] 3
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EGFR INSR PDGFR-a VEGFRT1 FGFR-1 CCK4" TRKA MET EPHA1 AXL TIE RYK® DDR1 RET ROS LTK ROR1 MUSK ||[RTK106
EFRBEB2 IGF-1R PDGFR-8 VEGFR2 FGFR-2 TRKE RON EPHAZ MER TEK DDR2 ALK ROR2
ERBEB3" IRR CSF-1R VEGFR3 FGFR-3 TRKC EPHA3 TYRO3

ERBE4 KIT/SCFR FGFR-4 EPHA4

FLKZ2/FLT3 EFHAS

e

EPHAG

EPHAT

EPHAS |

e o

EPHBE3 AATYK2
AATYK3

EPHB4

EPHBS

EPHBES
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AKTIVACE:

dimerizace vlivem rastovych faktord — cross-fosforylace

a) — konformacni zména — stimulace katalytické aktivity

b) — tvorba vazebnych mist pro domeny adaptorovych
proteinu (Gro-2)

Transcriptional factors

¥ 1Sy
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INDUKOVANA DIFERENCIACE
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Indukovand diferenciace

e induktory diferenciace (rastove faktory, vitaminy,
inhibitory kindz, zmény v kultivaci, synteticke Iatky.. )

* indukce prislusné diferenciacni drahy
e inhibice signdlnich drah pro ,self-renewal®

Prikiady induktortl diferenciace in vitro:
 kyselina all-frans retinova (ATRA)

* 1la,25-dinydroxycholekalciferol (1,25(OH),-D5)
e phorbol myristylacetat (PMA)

* frichostatin

* dimethylsulfoxid (DMSO)

SU5402 (inhibitor FGFR1)
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* induktory granulocytami diferenciace:
kyselina all-frans retinova (afRA)
dimethylsulfoxid (DMSO)

e induktory monocyto/makrofadgove diferenciace:

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

Induktor: 1uM kyselina all-frans retinova
Marker: CD-66b (CD-67)
Detekce:  anfi-CD66b, SWAM-FITC
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Granulocytarni diferenciace HL-60: flow cytometrie / CD66b
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Diferenciace linie HL-60 do stadia makrofagu:

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

mysSi emibryondlni karcinom
7denni embryo do testes
~embryoid bodies" (EB)

 induktory mesodermdini diferenciace:
kyselina all-frans retinova (afiRA)
dimethylsulfoxid (DMSO)

* induktor neurondini diferenciace:
kyselina all-frans retinova (afRA)
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Schema diferenciace bunék P19

T \ F”mm et

mefoda kulfivace na metoda ,visicich kapek"

bakteriologickych miskach
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Mesodermdlni diferenciace bunék P19:

Induktor: 0,8% DMSO
Marker: Myosin
Detekce:  anfi-skeletal myosin, SWAM-FITC
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Neurondlni diferenciace bunék P19:

Induktor: 1uM kyselina all-frans retinova (ATRA)
Marker: neurofilamin
Detekce: anti-neurofilament 160, SWAM-FITC
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Praktické vyuziti indukované diferenciace:

e zAkladni vyzkum

e diferenciacni terapie v onkologii

— hematologicke malignity (APL, AML)
— vybrané typy solidnich nddord (neuroblastom)

e diferenciacni terapie v dermatologi
— akné

e piiprava bunécnych derivatu in vifro
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Retinoidy jako induktory diferenciace v klinické praxi:

Roaccutane Vesanoid
(isotrefinoin, 13-Cis-RA) (frefinoin, all-trans-RA)

e akné, neuroblastom e akutni leukemie
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COMBAT

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

celecoxib inhibitor cyclooxygendzy antiangiogenni uc¢inek
etoposid inhibitor topomerdzy |l zdstava b. cyklu
temozolomid alkyla¢ni ¢inidlo apoptdza
kys. retinovd diferenciacni Cinidlo diferenciace/apoptdza
Original Article - Originalarbeit
°"H°l°GIE Onkologie 2008;28:308-313 Published online: June 8, 2006
Celecoxib oral 200 mg/m*d | oo
Days 1-78
S:;E ?_Sgi?e oral 25 mg/m’/d 1 Combined Biodifferentiating and Antiangiogenic Oral
Metronomic Therapy is Feasible and Effective in Relapsed
gz;r;%zsc_nl?gmide oral 60 mg/m?d Solid Tumors in Children: Single-Center Pilot Study

Jaroslav Sterba® Dalibor Valik® Peter Mudry® Tomas Kepak? Zdenek Pavelka?
Viera Bajciova® Karel Zitterbart® Vera Kadlecova® Pavel Mazanek®

= Department of Pediatric Oncology, University Hospital Brno,

Isotretinoin oral 100 mg/mzfd l:l l:l l:l ®Department of Laboratory Medicine, Masaryk Memorial Cancer Institute, Brmo, Czech Republic

Days 1—14, 20-42, 57-70

Day 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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