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Program prednasky:

e diferenciacni potencidl bunék
e diferenciacni drahy

e ristove faktory

* indukovand diferenciace
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Vyvoj mnohobunécneho organismu

* identicky genom ve vsech burkach
e kontrola na Urovni genove exprese

1. bunécnad proliferace
2. diferenciace bunek
3. bunécne¢ interakce
4, pohyb bunék

5. bunécnad smirt

Lidsky organismus:
1 zygota — 10" bunék (250 riznych typu)
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DIFERENCIACNI POTENCIAL BUNEK
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Casnd embryogeneze u savcl:

* zyQofd

e morula (8, resp. 16 bunek = blastomery)
* plastocysta (~ 64 bunek)
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Blastocysta:
e frofoektoderm —

extraembryondlni tkané (placenta)
 inner cell mass (ICM) —
embryo

Gastrulace — 3 zarodecne listy:

e ektoderm (neurdini a epidermalni bunky)
* mesoderm (svalova a pojivova tkan)
 endoderm (epitel vnitfnich organ)
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Ekfoderm

* CNS

e sitnice a cocCky

e lebecni a senzorickd ganglia a nervy
e pigmentove buriky

e pojivova tkan hlavy

* epidermis

e viasy, ochlupeni

e prsni zldzy
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Mesoderm

lelbka a kostra

svalova tkan (lebka i kosterni svalstvo)
dermis

pojivova tkan

urogenitalni system

stfrevni svalovina

srdce

krevni a lymfaticke buriky

slezina
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Endodem

e 7Zaludek

e tfracnik

e jatfra

* slinivka

e MOCovy meéchyr

e cpiteliaini vystelka pradusnice, plic, hitanu,
stitné zlazy, strev
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Totipotence

e nelimitovany diferenciacni potencidl

e schopnost tvorit embryondini i extraembryondlni
tkané

e Casnad stadia ryhovani zygoty (1-4 dny)

Pluripotence

e schopnost tvorit burky vsech 3 zarodecnych listl

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

Mullipotence

e schopnost tvorit burky prislusneho typu tkané

e napr. hematopoeticke kmenove buriky,
neuronalni kmenove bunky. ..
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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)

@«
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(e.g., red blood cell)

Rozdil v diferenciacnim
potencidlu kmenovych
a progenitorovych
bunek



Eukaryontni bunka:

e 5000 rtiznych bilkovin (107 - 10'% molekul)

e kazdy bunécny typ vytvaii asi 100 specifickych
proteinu

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

* housekeeping profeins.
esencidalni metabolicke enzymy, bunecne
komponenty

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

e postupne zmeény v aktivité gend
(programovany v genomu)

e odpovéd na molekularni signaly vysilane
ostatnimi bunkami

e odpovéed na fyzikdlni kontakt s ostatnimi burikam
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Signdly regulujici diferenciaci

Solubilni reguldtory

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

 RUstove faktory (TGF-tfransformuijici ristovy faktor,
FGF-fibroblastovy rlistovy faktor, interleukiny, ...)

* Vitaminy (D, A ...)

e lonty (Ca2t, ...)

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

FyzikaIni parametry prostredi (teplota, parcidini tlak O., ...)
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Molekularmi mechanismy diferenciace

e nejdullezitéjsSim mistem regulace je inicioce
franskripce

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

e relativné maly pocet strukturnich motiva

e 2 zAkladni mechanismy ucinku regulacnich
proteinu:

a) ovlivnéni vazby RNA polymerdzy o
transkripcnich faktord na promotor

b) lokaini 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)

Histone deacetylation
(-} and repression
of transcription

Histone acetylation
and activation
af transcription

1. vaziba na jaderne 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 smérovany do urciteho vyvojoveho
smeru (linie) — tento stav nelze menit

(napfiklad burky erytroidni linie ,nepreskoCi® do linie
myeloidni

Dediferenciace - zirata diferencovaneho fenotypu

e je obwykla in vifro (adaptace na kultivacni podminky)

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

Transdiferenciaoce - schopnost urCitych bunék urCité tkané
(vCetné SCs nebo progenitort) diferencovat do bunék
tyoickych pro jiné orgdny nebo tkdné  (napf.
hematopoeticke)
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Porucha diferenciace krevnich bunék

Normal growth

and differentiation Developmental

Normal blood cells

Current Opinion in Cell Biology




Pribéh neurondlni diferenciace
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Neurondini diferenciace
Kmenova bunka:
* nestin
e GFAP
e DNA
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Neurondlni
diferenciace

Progenitorova
bunka:

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

* B-tuulin I

D] \/A

Gliove bunky:

e GFAP

e DNA
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RUSTOVE FAKTORY
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Rastove faktory (Growth Factors)
e vOzba na prislusny membranovy receptor
» aktivace specifické intfracelularni signdini drahy

e stimulace prezivani a rastu bunék
(Metabolismus, zvysovani objemu)

e neéktere funguiji i joko mitogeny (hapf. PDGF),
resp. indukfory diferenciace

* NApfr. cytokiny, hormony (insulin)

Cytokiny
e molekuly ovliviiujici bunécnou proliferaci
(G-CSF, GM-CSF vs. Fas-ligandaq)
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EGF (Epidermal Growih Factor)

 specifickd 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)
* stimulace vaskulamnich endoteli — angiogeneze

* v pripadé hypoxie - exprese HIF ->VEGF
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TGF (Transforming Growth Factor)
e up-regulace u nékterych typld nadord

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

e IGF-a (mokrofogy mozkove bunky, keratinocyty):
WWVOj epitelu - pribuznost s EGF, vazibba na EGFR

e IGF-B -isoformy B1, B2, B3: diferenciace bunek,
VyvOj embrya, regenerace tkani, regulace
imunitnino systemu
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Neurotrofiny (Neurotrophins)

e produkovany cilovou tkani — prezivani neurond,
neuronalni diferenciace e TRB TrA

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

e receptory: e
o795, Trk receptory (A,B,C) ”_, m ‘ e

HHHJde
* NGF (nerve growth factor) ’f.-:u”....,.hwm,,w

» BDNF (brain-derived R m ..

]
__Ras /

neufrophic factor) J.
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Meurite

e NT-3 (neutrophin-3) miox  ebigaton
e NT-4 (neutrophin-4) .
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Pleiotropni efekt BDNF
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EPO (Erythropoietin)

e produkce Vv ledvindch

e 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)
o stimulace tvorby granulocyti/neutrofill

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

funkce: regulace proliferace, diferenciace, metabolismu, gj.
genom: 59 genl — 20 receptorovych rodin (+alternativni sestin)

Receptor
Tyrosine
Kinases

Cytoplasmic

Tyrosine
Kinases




DOMENY :
e extracelulami (receptorova)

« fransmemibrdanovad
e cytoplasmaticka (tyrozin kindzova
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AKTIVACE:

dimerizace vlivem ristovych faktorll — cross-fosforylace
a) — konformacni zména — stimulace katalytické aktivity

b) — tvorba vazebnych mist pro domény adaptorovych
proteinu (Grb-2)
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INDUKOVANA DIFERENCIACE
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Indukovand diferenciace

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

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

Priklady induktortl diferenciace in vitro:

e kyselina all-frans retinova (ATRA)

* ]la,25-dihydroxycholekalciferol (1,25(OH),-Ds)
e phorbol myristylacetat (PMA)

* frichostatin

* dimethylsulfoxid (DMSQO)

e SU5402 (inhibitor FGFR1)
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Linie HL-60:

¢ lidskd myeloidni leukémie
e spontanni diferenciace:
asi 10 % bunék populace

* induktory granulocytarni diferenciace:
kyselina all-frans retinova (afiRA)
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: 1uM kyselina all-frans 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%

3325% | M*  [3328%

1uM ATRA 1uM ATRA + 13uM CA  1uM ATRA + 52uM 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:

e mysi embryondini karcinom
e 7denni embryo do testes
o .embryoid bodies" (EB)

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

 induktor neurondini diferenciace:
kyselina all-frans retinova (afiRA)

7. GV
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Schéma diferenciace bunék P19
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Mesodermalni diferenciace bunék P19:

Induktor: 0,8% DMSO
Marker: Mmyosin
Detekce: anfi-skeletal myosin, SWAM-FITC







Neurondalni diferenciace bunék P19:

InAuktor: 1uM kyselina all-frans retinova (ATRA)
Marker: neurofilamin
Detekce: anti-neurofilament 160, SWAM-FITC




Praktické vyuziti indukované diferenciace:

e zOkladni vyzkum

o diferenciacni terapie v onkologii

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

o diferenciacni terapie v dermatologii
— akné

* priprava bunécnych derivata in vifro
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Retinoidy jako induktory diferenciace v klinicke praxi:

Roaccutane Vesanoid
(isotfretinoin, 13-Cis-RA) (fretinoin, all-frans-RA)

e akné, neuroblastom e akutni leukemie

Roaccutane”
Isatretinoin

; 10mg
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COMBAT

lecba solidnich nddor (meduloblastom , neuroblastom, sarkomy...)

celecoxib inhibitor cyclooxygendzy antiangiogenni ucinek
etoposid inhibitor topomerdzy Il zdstava b. cyklu
temozolomid alkyla¢ni ¢inidlo apoptdza

kys. retinovd diferenciacni ¢inidlo

r - 0000O0O0O0O0O0O0]

Celecoxib oral 200 mg/m?/d
Days 1-78

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

Temozolomide oral 60 mg/m%d

Days 36-77

Isotretinoin oral 100 mg/m¥d [ ] ]

Days 1-14, 29-42, 5770

—_— ]

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.

diferenciace/apoptdza

Original Article . Originalarbeit
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Combined Biodifferentiating and Antiangiogenic Oral
Metronomic Therapy is Feasible and Effective in Relapsed
Solid Tumors in Children: Single-Center Pilot Study
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