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Klicové molekularni komponenty
vyvoje




Bunka ve vyvijejicim se embryu
musi umet a veédet nejruznejsi veci:

» vedet kdo je, kde je, kym bude a co bude
dalsim krokem v jejim bunecnem zivote

* bunka cCini rozhodnuti na otazky typu jako:
Delit se”? Diferencovat? A v co
diferencovat? Migrovat? A kam? Zemrit?
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Co poskytuje bunce tyto
informace?

a) signaly z okolniho prostredi

transkripce urCuje
jednotliveé citlivost bunky k
signalni drahy vnéjsim signalim
moduluji (napf. regulaci
transkripci a exprese receptoru Ci

strukturu komponent pfenosu
chromatinu signalu)

b) transkripCni program v jadre




Signaly z vnejsiho prostredi




Signaly z vnejsiho prostredi




TGF/BMP

 TGF — transforming growth factor
 BMP — bone morphogenetic protein

» patfi do TGF[3 nadrodiny




TGF[3 nadrodina ma nasleduijici
podrodiny:
1. TGFB1-3
2. BMPs — 20 ruznych ligandu

3. GDF (growth differentiation factor): 9
ligandu

4. activin/inhibin/nodal

SpoleCnym znakem je signalizace pfres:

- konzervativni rodinu Ser/Thr kinazovych receptoru — jsou dvou typu a po
vazbe ligandu dimerizuji

- cytoplazmaticka signalizace pres tzv. SMAD proteiny




BMP signaling pathway

BMP

chordin, noggin,
schlerostatin

BMP-RIIEE JRBMP-RI

Smad6
Smad7 A
p38, Erk1/2
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Inhibitory BMP faktoru

jsou klicové pro fyziologickeé funkce BMP.

+ noggin MNP eoeeeTBCRCE-c chd

* chordin (Chd)
» sklerostin

Prima fyzicka interakce mezi chordinem
a BMP je podstatou inhibicniho
pusobeni chordinu




Role BMP inhibitoru v Spemannove
organizatoru

ectoderm binds ectoderm
EMP4; becomes cannot bind
epidermis (skin) *ﬁ'-q;‘- I .“. EMP4: takes

'l default path to
become central
ervous system

Uentral Dorsal

Spemann
organizer

& = BMP4

« = chordin, noggin, others

#® = inactive complexes
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Notch

* Notch=zarez — podle
prvniho fenotypu
octomilky se zarezy
na kridlech (T.H.
Morgan, 1919)




Regulation and
Destruction Signaling dimerization | joond hinding

, ~ / )

Notchi === Jagged1 &2
Deltal & 4
Notch2 -=
JJill= Delta3
Notch3 -:I [ {][]]
\ Notch4d
- or
Cell 1 Cell 2
receptory Notch1-4 Notch ligandy — jsou vazany

na bunécny povrch




Notch draha - overview




Notch signalling step-by-step
s L

and 52 cleavage

Endocytosis h% cytoplasm
Cell 2 N & pm

Jagged1 & 2

CJ-:” -| 52 cleavage
! - e
TACE cytoplasm |
D 53 (psecretasa) cleavage and N1ICED
release to the nucleus
Transcriptional
Cell 1. regulation

Target
genes
Numb \‘Nucteus
cytoplasm NICD ] Muckeus

Motch 12 expressodin the cell membrane a= a heterodimer. O, Binding to Delta orJagged ligands initiates two conscoutive proteolviic cloavage ovents;
the first iz mediated by the ADARM proteage TACE and oceurs on the extracellular side of Moteh, near the transmermbrane domain (site 2 cleavaga),
[}, The second cleavage (551 oceurs within the transmembrane domain and is mediated by y-secretase activity, a complex composed of foar different
mtegral membrane proteins: preseniling nicastrin (Net), Aph-1, and Pen-2 (25630 NI1CTI s released and translocates to the nuclens, In the exvtoplasm,
the Mumb protein negatively regulates Moteh signaling, possibly by promoting recoptor turnover, Deltex proteing may transduce Noteh signals
independently of CRLLE, Inthe nuclens NIC D hinds tothe CSLtranscription factor, converting it from a trangcriptional represzor into a transeriptional
activator by digplacing a CoR complex and recruiting coactivators such as MAMLT (MARMI. Thizs leads to transeriptional activation of downstream
Larget genes. prm, Plasma membrans; nm, nuelear membrane,




Notch draha, stejné jako ostatni morfogenetické systemy,
reguluje (at’ uz negativneé nebo pozitivne) jednotlive
Vyvojové procesy na nekolika stupnich.

Priklad: vyvoj jednotlivych bunécénych typtl v nervovém systému

MNeurchlast Early neurm -}j
differentiation —
Motch
Motch ~ MNotch :

/ Meurznal maturaticn
- - and function

Stem cell Adult neural
stem cell Adult neuragenesis

Motch

N{}tth O f -:::.|ig-:u:|El'l':|r':": yles
Glioblast x

Notch Astrocytes
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Receptorové tyrosin kinazy (RTK)

Signal molecules

Activated
proteins

/|

Cellular
response

3 Cellular
@ > — > response

Activated tyrosine-kinase

receptor (phosphorylated

dimer)

(b) Activated system




Hlavni skupiny RTKS:

EGF (epidermal growth factor) receptor family
Insulin receptor family

PDGF (platelet-derived GF) receptor family

FGF (fibroblast GF) receptor family — prednaska €. 9
VEGF (vascular endothelial GF) receptor family
HGF (hepatocyte GF) receptor family

Trk receptor family

Eph receptor family

RET receptor family




Schematicka struktura jednotlivych
receptoru

VII  VIII IX

I II IT1

extracelularni
domény vazici
ligand —

transmembran
ova doména
—>

tyrosin-
kinazova
doména

EGFR InsulinR PDGFaR FGFR1 FlIt 1/VEGFR Met/HGFR TrkA Eph Axl
HER2/neu/c-erbB-2 Insulin reiatedR PDGFBR FGFR2 FIK/KDR TrkB Elk
HER3/c-arbB-3 IGF-1R MCSF-1R FGFR3* TrkC Eck
c-kit FGFR4 Esk
Erk
Cekd/Meka/HEK

Ceks




Obecné schéma aktivace RTKs
(zde na ph’k_adu EGFR)

ligand se specificky vaze
na receptor

receptor dimerizuje

tyrosin-kinazové domeény
se navzajem fosforyluji

autofosforylace vede k
navazani (recruitment)
adaptérovych proteinu

(zde Grb2)

v zavislosti na receptoru

se aktivuji ,downstream®

signalni drahy — zde

napr. Radiation DMA Growth Arrest
RaS/RAF/MEKIMAPK oo 3o st %“‘:‘n‘?‘ ol il
kindzova draha, sgents ?/‘0

ktera vede k regulaci

transkripce

Growth Effects \ Angiogenesis EHects
, __ Blood vessel recrutmant,

dilerertiation " t— I ) invasion, metastases
\ _ék:i@@xl -a-":l




Vybrane ligand:RTK receptorove systémy a
jejich modelove funkce ve vyvojl

 VEGF/VEGFR
» ephrin/Eph
* Trk family

» FGF/FGFR — viz prednaska
C. 9




Vascular endothelial growth factors
(VEGF) a jejich receptory (VEGFR)

PIGF VEGF. VEGF, VEGF; VEGFy,

N

Complement Binding
(e, Cls)
Darmain

Binding
Domain

Dimanzation

Domain Coagulation Factor VA
Domain
mAR Damain
b Snah Y Bt
Split Neuropilin 1 Neuropilin 2
Tyrosine [MRP-1) (MRP-2)
Kinase
Domain

VEGFR-1 WVEGFR-2 VEGFR-3
(Fit-1) {Flk-1) (Fit-4)




VEGF/VEGFR ve vyvoj

reguluje vznik a vyvoj cevni soustavy

hypoxie (=nedostatek kysliku) indukuje HIF
(hypoxia-induced factor), ktery reguluje produkci
VEGF.

VEGF je schopen regulovat vznik de novo cev v
hypoxicke casti embrya
- podobny mechanismus se uplatnuje i pri

onkogenezi, kde VEGF podporuje prokrveni
nadoru a tim podporuje jejich rust




Leukocytzs

Erytrocytzs
Flatelats

Cingulabng,

Blood vessel formation and tumor angiogenesis. During development, VEGF induces differentiation and proliferation of
endothelial cells from its progenitors (the hemangioblast and angioblast) to form a poorly differentiated primitive vascular
plexus (vasculogenesis). Angiopoietin-1 (Ang-1) and other morphogens (e.g. Ephrins-Eph) induce remodeling of the vascular
plexus into a hierarchically structured mature vascular system through endothelial cell sprouting, trimming differentiation and
pericytes recruitment (angiogenesis). During tumor angiogenesis, angiopoietin-2 (Ang-2) destabilizes the vessel wall of
mature vessels. Quiescent endothelial cells become sensitive to VEGF (or other angiogenic factors), proliferate and migrate
to form new vessels. Bone marrow-derived endothelial cell progenitors are found in the peripheral blood and can recruit at
sites of angiogenesis.




Eph/ephrin komplex

PDZ binding motif

ephrin — jsou membranove vazané
ligandy (podobné jako ligandy
NOtCh dréhY) =lobular domain
ephriny A — na membrane
upevneny pomoci tzv. GPI kotvy
ephriny B — transmembranove
ligandy, které samy jsou schopny
signalovat do bunky

Eph/ephrin systém je zapojen
zejména do ,navigace” bunék
(napf. bunék cév) Ci jejich Casti
(napf. navadéni axonu v nervoveé
soustave) ve vyvijejicim se embryu.
Jde o obecny mechanismus
regulujici migraci bunék.

Cysteine rich regio

EphB4

Kinase domain

=40 domain
PDZ binding motif

Schematic representation of EphB4 and Ephnn B2 structures




Eph/ephrin

pfi ,axon guidance” tj. navadéni
jednotlivych axonu v nervovém
systéemu

- axon repulsion tj. vazba ephrinu na
Eph indukuje odklon axonu z mista,
kde k této interakci dochazi

-reverse signalling — tj. nesignaluje
jen receptor, ale i ligand

Expression of [ Epha3 [l Ephrin A2,
Ephrin A5

Fig. I. Forward and reverse signaling by the ephrin- Eph complex. Glycosviphosphatidylinesitol (GPI-anchored ephrin-As bind 1w EphiA recepilors whereas
the transmembrane ephnn-Bs bind to EphB recepiors. The ephrin— Eph veceptor binding nniate forwand signaling m the Eph receptor bearing cells and reverse
sighaling in the cells that express ephrins. Major events associated with forward signaling mvolve the exchenge factor ephexin, which links the Eph receplor
with the Rhe GTPases and then 1o regulation of actin remodeling. Other important events implicate the inactvation of focal adhesion Kinase (FAK) and
decreased integrin-mediated adhesion through activation of the phosphatases Shp2 by Ephd. Inocontrast, the recruitment of the adaptor protein Nek o EphB
and the setivation of See are associated with increased integrin-mediated adhesion. Reverse signaling by ephiin-Bs is charecterized by the recruitment of SH2
domain containing protein such as Gibd 1o phosphotvresine residues on ephrin-Bs, PDE-RGS3 are PDZ-binding protgins that bind 1o ephrin-Bs o modulaie
signaling through G-protein-coupled recepiors. In the case of ephrin-As, the everse signaling implies their aggregation with signaling molscules in membrane
refl microdomains. Interestingly, their activity can be osdulated by ensynmtic cleavage by metalboproteases, SAM, sterile o motif, PDE, PSD-95 disc larpe
zenula oocludens-1. Reproduced with permission fiom MNature Reviews Molecular Cell Bielogy, Kullander and Klein, Copyright 2002 Macmillian Magazines
Lid, (Kullander and Elem (20402},




Trk (tropomyosine-related kinase)

Trk C Trk B Trk A
* {ri receptory (NT-3)  (NT45  (NGF)

exprimovane v
nervovém systemu —
TrkA, TrkB a TrkC

» specificky vazi

neurotroficke peptidy Pr.c

— NT3-5, BDNF=brain ik /

derived neurotrofic 3 micae  oSE,
factor, NGF=neural Teanacription / cellSurvival
growth factor S

Ditferentiation




Neurotrofni latky — podporuji pfezivani neuronu — a tak
reguluji vzajemne propojeni nervovych bunek (po lopate —
neuron. kterv neni svnantickv snoien s iinvm zahvne)
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Malura Reviews | Neurosclence
a | Neurotrophin signalling events initiated in developing axons signal retrogradely to neuronal cell bodies to inhibit intrinsic cell death pathways.

These signalling events also influence transcriptional programs that are involved in cell survival, axon growth, synaptogenesis, metabolism and the
establishment of neurotransmitter and neuropeptide phenotypes. b | The establishment of pre- and postganglionic synaptic contacts in sympathetic
neurons is influenced by retrograde nerve growth factor (NGF)-TrkA signalling. A potential synaptogenic signal downstream of retrograde NGF—TrkA
signalling is the neurotrophin brain-derived neurotrophic factor (BDNF). BDNF regulates the formation and maintenance of presynaptic contacts by
signalling trans-synaptically to TrkB receptors on preganglionic sympathetic neurons. ¢ | Neurotrophin-dependent axon growth is supported by both
local and retrograde signalling through the activation of mitogen-activated protein kinase (MAPK) and phosphatidylinositol 3-kinase (PI3K) signalling
pathways. Retrograde neurotrophin signalling also regulates axon growth and target innervation through the activation of transcriptional programs.




TrkA/C systém determinuje synapticka spojeni
v perifernim nervstvu

a Wild type

Small diameter neurcns
Peptidergc

[ Mon-peptiderngic

nociceptory (receptory bolesti) —
jsou determinovany expresi TrkA
a prezivaji diky NGF v kizi

Proprioceptive neurons

Tek{ Rursd 1a atterent

IrkC/Runxd b afferent

NTS  Muscle
#} ':.!ZIIII: ile
»
e £ ]
Golgl tendon organ’ ———_ (8 _ERS'I ]

proprioceptory (receptory
polohy/napéti svalu) — jsou
determinovany expresi TrkC
a prezivaji diky NT3 ve svalu
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Wnts — viz prednaska ¢. 10
- rodina ligandu
- 19 €lend u Clovéka a mysi
- glykosylované a palmitoylované extracelularni proteiny

-Nazev: z Wingless — prvni mutace u Drosophily a Int —
onkogen prenaseny MMTV-virem a zpusobuijici prsni
karcinomy




Wnt/[3-
kateninova
draha

- nejlépe poznana
-Wnt=ligand
-Frizzled=receptor

- beta-katenin je hlavni
soucasti této drahy, po
aktivaci aktivuje ve
spolupraci s dalsimi faktory
transkripci

Moon-cel2[1].swf

z
with
Whnt

- @

without
Whnt
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Denticle
bands

Hedgehog
draha

* hedgehog (Hh) u
octomilky — nazev
Jezek* podle fenotypu

larvy
Normal Hedgehog

* U savcu jsou tfi farva s
homology — sonic
hedgehod (Shh),
indian hedgehog (lhh)
a desert hedgehog
(Dhh)

Denticle
“lawn”™

Sonic the
Hedgehog




Schéma
Shh drahy

?ﬁvq:'@

SMO PTCH \/ 3 DISP

“;1 - w GLI

Ci (cubitus interruptus)
u octomilky 6

'--..___..-"‘?

Gli — u obratlovcu

7

&OW — Intermolecular interaction
— Inhibition

~— Translocation/modification

Sonic hedgehog (SHH) is translated as a ~45kDa precursor and undergoes autocatalytic processing to produce an ~20kDa N-terminal signaling domain
(referred to as SHH-N) and a ~25kDa C-terminal domain with no known signaling role (1 on figure 5). During the cleavage, a cholesterol molecule is added to
the carboxyl end of the N-terminal domain, which is involved in trafficking, secretion and receptor interaction of the ligand. When SHH reaches its target cell, it
binds to the Paiched-1 (PTCH1) receptor(3). In the absence of ligand, PTCH1 inhibits Smoothened (SMO), a downstream protein in the pathway(4). It has been
suggested that SMO is regulated by a small molecule, the cellular localisation of which is controlled by PTCH. PTCH1 has a sterol sensing domain (SSD), which
has been shown to be essential for suppression of Smo activity. A current theory of how PTCH regulates SMO is by removing oxysterols from SMO. PTCH acts
like a sterol pump and remove oxysterols that have been created by 7-dehydrocholesterol reductase. Upon binding of a Hh protein or a mutation in the SSD of
PTCH the pump is turned off allowing oxysterols to accumulate around SMO.This accumulation of sterols allows SMO to become active or stay on the
membrane for a longer period of time. The binding of SHH relieves SMO inhibition, leading to activation of the GLI transcription factors(5): the activators Gli1
and Gli2 and the repressor Gli3. The sequence of molecular events that connect SMO to GLls is poorly understood. Activated GLI accumulates in the nucleus(6)
and controls the transcription of hedgehog target genes(7).




Schéma aktivace transkripcniho
faktoru Ci (= Gli)

Mo ligand Presence of ligand

Phosphorylation Ci is not cleaved and full
and cleavage of Ci length Ci translocates to
the nucleus
Ci -Franscription— ci Transcription

Cl acts as a transcriptional repressor Full length Ci exhibits transcriptional activity




Shh — jeden z nejlépe popsanych klasickych
morfogenu (tzv. model francouzskeé vlajky) — v
zavislosti na koncentraci morfogenu se spousti

odlisné transkripCni programy

Digit | - SHH independent

Anterior Digit Il - low SHH concentration

Digit Il - brief SHH expression,
high SHH concentration

Digit IV - moderate SHH expression

Shh M

Posterior

® Descendants of SHH expressing cells

Napf. specifikace jednotlivych prstu
koncCetiny




Shh — jeden z nejlépe popsanych klasickych
morfogenu (tzv. model francouzskeé vlajky) — v
zavislosti na koncentraci morfogenu se spousti

odlisné transkripCni programy

__________

Paxgah

Paxglah

NkxB.1, Pang™ed
MkxB.1, Oligo2, Pacg'0W

NkxB.1, Mkx2.2
floor plate — nejspodnéjsi Cast Shh, FoxA2
nervove trubice

notochord — zdroj Shh

A

Napf. specifikace jednotlivych neuronalnich typu ve vyvijejici se nervové trubici




Prirozene inhibitory Shh drahy
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cyclopamin — teratogenni alkaloid z naprstniku,
poprvé identifikovan jako latku zpusobujici cyklopii
(= 1 oko) u ovci




