HO

Klicové molekularni komponenty
vyvoje






Co poskytuje bunce tyto
informace?

a) signaly z okolniho prostredi

transkripce urCuje
jednotlivé citlivost burky k
signalni drahy vné&jSim signaliim
moduluji (napf. regulaci
transkripci a exprese receptoru Ci
strukturu komponent pfenosu
chromatinu signalu)

b) transkripCni program v jadre



Signaly z vnejSiho prostredi

~ Transkrip¢ni

iy




Signaly z vnejSiho prostredi




TGF/BMP

 TGF — transforming growth factor
« BMP — bone morphogenetic protein

 patfi do TGF nadrodiny



TGFpB nadrodina ma nasledujici
podrodiny:
1. TGFB1-3
2. BMPs — 20 ruznych ligandu

3. GDF (growth differentiation factor). 9
ligandu

4. activin/inhibin/nodal

SpoleCnym znakem je signalizace pres:

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

- cytoplazmaticka signalizace pres tzv. SMAD proteiny



BMP signaling pathway

BMP

chordin, noggin,
schlerostatin

BMP-RII R BMP-RI

Smad6
Smad7 A
p38, Erk1/2




Smad . s
Co-Smad
O

<]
o~ T

Mucleus

Cytoplasm



Inhibitory BMP faktoru.

jsou klicové pro fyziologické funkce BMP.

* noggin - eeeoB@Ea-c o
 chordin (Chd) °
* sklerostin

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



Role BMP inhibitoru v Spemannoveé
organizatoru

ectoderm binds ectoderm

BMP4; becomes Ry cannot bind

epidermis (skin) ‘,i‘ ; ° Q..,* ,EMM' takes
default path to

Dorsal

Spemann
organizer

& = BMP4

#« = chordin, noggin, others

® - inactive complexes



Klicova role BMP inhibitort produkovanych
notochordem pri indukci nervove ploténky

Neurulation

Neural plate  Neyral fold

Notochord

Epidermis

Crump Institute for Biological Imaging

notochord (= chorda) produkuje faktory, které specifikuji ektoderm a vedou ke tvorbé
nervove ploténky (neural plate). Jde zejména o nasledujici faktory: noggin, chordin a
follistatin (inhibitory BMP a aktivinu). Samotna produkce téchto BMP inhibitort specifikuje
anteriorni (pfedni) nervovou trubici, v kombinaci s FGF specifikuje posteriorni (zadni)
nervovou trubici.



Nodal

Table 1. Key components of the Nodal signaling pathway

Role

Gene

Function

Pathway ligands

Receptors and co-

receptors

Inhibitors

Smads

Nodal (mouse, chick),
cyclops, squint,
southpaw (fish),
Xnrl, Xnr2, Xnrd,
XnrS5, Xnré (frog)

Vgl (frog, fish, chick)

Gdfl (mouse)

Gdf3 (mouse)

ALK4

ActRll, ActRIIB

Cripto, Cryptic (mouse),

one-eyed pinhead
{fish), FRL-T/XCRT,
XCR2, XCR3 (frog)

Leftyl, Lefty2

Cerl, Cer?

Smad2, Smad3
Smadd

Modal-related TGFR
ligands

TGFB ligand; signals
through Nodal
pathway

TGFB ligand; signals
through Modal
pathway

TGFp ligand; signals
through Nodal
pathway

Type | serine-threonine
kinase receptor

Type Il serine-threonine
kinase receptors

EGF-CFC co-receptors;
interact with ALK4

TGFp proteins; interact
with Nodal ligands
and EGF-CFC co-
receptors

Cerberus/DAN family
members; interact
with Nodal ligands

Receptor-Smads
Co-5mad



pool
inaktivniho
proproteinu

Extracellular
Plasma

mambrane
Intracellular

Recaptor internalization

Ly=osomal degradation

Mixer gam Smad4




Nodal and left-right assymetry

mouse gastrulation

AVE — anterior visceral endooderm

5.75dpc 6.75 dpc 7.5dpc
C
| - MOVIE
Anterior ( [\ Moviel6 1. mov
Primitive ] )
streak Vad ..
AVE Axial — K
movement mesendoderm
~Node
Expression of Nodal pathway ligands — Activity of Nodal pathway ligands

B Expression of Nodal antagonists —= Activity of Nodal antagonists




Nodal and left-right
assymetry

7.5 dpe
[
\
Primitive (
streak ' Vg |
Axial —
mesendoderm

Fig. 5. Sequential function of Nodal signaling in left-right
patterning in the mouse embryo. (&) Following initial symmetry
breaking around the node, possibly as 2 consaquence of ciliary-basad
nodal flow, Nodal (green arrow) and/or Gdf1 signals become elevated
on the left side of the node, and are antagonized by Cer2 (red). Nodal
pathway activity then propagates to the left lateral plate measoderm to
activate lefi-sided Nodal expression, most likely through direct long-
range action. (B) Modal auto-requlates its own expression, which
spreads through the |eft lateral plate measoderm (grean) through a
positive-feedback loop. Leffy2 is induced through a negative-feedback
loop, and subsequently downregulates Nodal expression (red bar). Axial
midline exprassion of Lefty T prevents the spread of left-sided Noada/
signals, and suppresses ectopic Nodal activation on the right side.

A 8.0 dpc (0-2 somite pairs)

Anterior
K]
i
(=1
=]
[=]
i
Nodal
Nodal
Gdry = Cerz
~----nodal
S flow?
Lateral plate Mode Lateral plate
mesoderm mesoderm
Left Posterior Right

B &.25 dpc (3-8 somite pairs)
Anterior

Nodal

Lefty2
Lateral plate Mode Lateral plate
mesoderm mesoderm
Left Posterior Right



Vytvareni levopravée asymetrie téla - role cilii

» asymetricka exprese genu jako lefty1, lefty2, nodal a pitx2
» nodalni cilie (9+0, dynein — pohyblivé) béhem gastrulace vytvari svym rotacnim

pohybem tzv. nodalni proud

Current Biology

» narusena funkce cilii — vznika az situs inversus (vnitfni

organy usporadany obracené podle stredni osy téla)

» KIF3A/B knockout mysi, iv mutanti (nodalni proud
vytvaren — lefty exprimovany bilateralné)

neni

Yokoyama, 2004

(A) Normal

(C) iv (inversus viscerum)



Figure 2. Analysis of situs
defects in Gdf1-/- mice.

a, Gdf1 +/- and Gdf1 -/- newborn
mice with stomachs (arrowheads)
on the left and right sides,
respectively. Ventral views of
tissues from newborn Gdf1 +/-
(b,d,f,h) and Gdf1 -/- (c,e,g,i) mice
are shown. b,c, Reversal of the
orientation of the abdominal
organs in Gdf1 -/- mice. Note also
the streak-like appearance of the
spleen and the abnormally shaped
medial lobe of the liver.

H, heart; Lv, liver; St, stomach;
Sp, spleen; AC,



Emerging functions of Nodal

« promotes pluripotency of the epiblast in
vivo ond of ES cells in vitro

 controls fate of cancer stem cells — eg. In
pancreatic cancer, very promising
treatment



Signaly z vnejSiho prostredi




Receptorove tyrosin kinazy (RTK)

Signal molecules

Activated
proteins

/l

Cellular

= - > response
ADP Cellular
- > response

Activated tyrosine-kinase
receptor (phosphorylated
dimer)

(b) Activated system



Hlavni skupiny RTKSs:

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



http://en.wikipedia.org/wiki/ErbB
http://en.wikipedia.org/wiki/Insulin_receptor
http://en.wikipedia.org/wiki/PDGF_receptor
http://en.wikipedia.org/wiki/PDGF_receptor
http://en.wikipedia.org/wiki/PDGF_receptor
http://en.wikipedia.org/wiki/FGF_receptor
http://en.wikipedia.org/wiki/VEGF_receptors
http://en.wikipedia.org/wiki/C-MET
http://en.wikipedia.org/wiki/Trk_receptor
http://en.wikipedia.org/wiki/RET_proto-oncogene

Schematicka struktura jednotlivych
receptoru

I II ITI VII VIII IX

extracelularni
domény vazici
ligand —

transmembran
ova doména
—

tyrosin-
kinazova
doména

EGFR InsulinR PDGFaR FGFR1 Flt 1/VEGFR MetHGFR TrkA Eph Axl
HER2/neu/c-erbB-2 Insulin reiatedR PDGFBR FGFR2 FIk/KDR TrkB Elk
HER3/c-erbB-3 IGF-1R MCSF-1R FGFR3™ TrkC Eck
c-kit FGFR4 Eek
Erk
Cekd4/Mek4/HEK

Caks



Obecné schéma aktivace RTKs
(zde na prikladu EGFR)

3

ligand se specificky vaze
na receptor

receptor dimerizuje

tyrosin-kinazové domény
se navzajem fosforyluji

autofosforylace vede k
navazani (recruitment)
adaptérovych proteinu
(zde Grb2)

v zavislosti na receptoru

se aktivuji ,downstream®

signalni drahy — zde

napf. Radiation

Ras/Raf1/MEK/MAPK ﬂﬂm,,.‘""""’,,,,.,‘,‘*-“”**"*--*‘“*”'"“ﬂf““*‘““ﬁ Apoescele
kinazova draha, agents

ktera vede k regulaci
transkripce



Vybraneé ligand:RTK receptorové systemy a
jejich modeloveé funkce ve vyvoj

 VEGF/VEGFR
* ephrin/Eph
 PDGF

o Trk family

 FGF/FGFR — viz prednaska
C.9



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

PHGF VEGF, VEGF, VEGF, VEGFg

(Fh] 4
(119 P 14
[E1" ey

Bindin ‘ Complement Binding
Dnmai?l ‘ ’ } ED r, C1s)
omain
Dimerization == s
Domain 5 }:.,,}i gﬁ] Coagulation Factor VA
& I Domain
} MAK Damain
il sl et S TARES Al RO SRR (SIS R SRR TSRS
B E i i1 W T I; 1
Split Meurgpilin 1 Neurapilin 2
Tyrosine (NRP-1) (NRP-2)
Kinase
Domain

VEGFR-1 VEGFR-2 VEGFR-3
(FIt-1) {Flic-1) i(Fit-a)



VEGF/VEGFR ve vyvoj

reguluje vznik a vyvoj cevni soustavy

hypoxie (=nedostatek kysliku) indukuje HIF
(hypoxia-induced factor), ktery reguluje produkci
VEGF; viz prednaska C. 7.

VEGF je schopen regulovat vznik de novo cev v
hypoxické casti embrya

- podobny mechanismus se uplatnuje i pri

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



Leukocyles

Erytrocytes
Platelets

Ciran| g,
EG progenilons

EC proliferation,
andsprouting  Tumor Angiogenesis

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.



Physiologic appearance of the “angiogenic switch”

Images reproduced with parmission from Judah Folkman.

® The "angiogenic switch” leads to neovascularization, as shown in a rat
tumor model’

Referance: 1. Folkman J. N Engl J Med, 1871;285:1182-1186.



Functions of the VEGF family of receptors

VEGFR-1'2 | Crucial to embryonic angiogenesis

Does not appear to be critical in
pathogenic angiogenesis

VEGFR-2'3 | Most important VEGF receptor in tumor
angiogenesis

Mediates the maijority of VEGF
angiogenic effects

VEGFR-3'4 | Found only in lymphatic endothelial cells

Associated with lymph node metastasis

Reforences: 1. Hicklin DJ, Elis LM, J Ciin Oncal 2005:23:1011-1027, 2. Olofsson B, Kompelainen E, Pepper MS, et al. Proc Nal Acad Sei
USA. 1998:95:11709-11714. 3. Ogawa 5. Oku A, Sawano A, et al. J Biol Chaem, 1998:273:31273-31282. 4. Dumont DJ, Jussila L, Taipabs J,
et al. Sclonce. 1998 282-046-880,




Eph/ephrin komplex

Artery

PDZ binding motif

ephrin — jsou membranove vazané
ligandy (podobné jako ligandy
Notch drahy) Globular domain
ephriny A — na membrane
upevnény pomoci tzv. GPI kotvy
ephriny B — transmembranove
ligandy, které samy jsou schopny
signalovat do bunky

Eph/ephrin systém je zapojen
zejména do ,navigace” bunek
(napf. bunék cév) Ci jejich Casti
(napf. navadéni axonu v nervove
soustave), a do ,,contact-mediated
cell sorting” ve vyvijejicim se
embryu. Jde o obecny
mechanismus regulujici migraci FDZ binding matif

bunék. Schematicrepresentation of EphB4 and Ephrin B2 structures

Ephrin B2

Cysteine rich regio

Fibronedin-type lll repreats

smembrane region

Juxtamembraner

EphB4

Kinase domain

SAM domain



A EphA/ephrinA

Forward signal Reverse signal
Forward signal Reverse signal
EphB/ephrinB
B.
signal signal
no signal no signal

cis

Figure 1. Main features of Eph/ephrin signaling. (4] Both
classes of Eph receptors and ephrins activate bidirectional sig-
naling. Interaction between Eph receptors and ephrins leads to
activation of forward and reverse signaling in neighboring cells.
(B] Eph receptors and ephrins expressed in opposing cells inter-
act in trans and activate bidirectional signaling. Eph receptors
and ephrins coexpressed in the same cell interact in cis. Cis
interaction has been shown to inhibit trans interaction and/or
signaling,



Eph/ephrin

- pfi ,axon guidance” tj. navadéni
jednotlivych axontl v nervovém
systému

- growth cone retraction

Expression of: [ EphA3 [l Ephrin A2,
Ephrin A5

growth cone
retraction

- S—

morphological
changes

endosomes

Figure 5. Interactions at growth cones. Binding ot WRK-1 and
Eph/VAB-1 in trans prevents midline crossing. VAB-1 also in-
teracts with SAX-3 in cis. Growth cone retraction requires ter-
mination of contact between Eph- and ephrin-expressing cells.
This is achieved by cleavage of ephrin ectodomain by ADAMI10
in trans and/or endocytosis ot Eph/ephrin complexes, tollowed
by processing of the ectodomain in the endosomal/lyzosomal
pathway. Subsequent to ectodomain shedding, processed eph-
rins are targets for PS cleavage that releases the ICD in the
cytosol.



Eph/ephrin

Unique feature: reverse
signalling — tj. nesignaluje
jen receptor, ale i ligand

Fig. I. Forward and reverse signaling by the ephrin—Eph complex. Glvcosyiphosphatidylinesitel (GPIlanchored ephrin-As bind 1o Ephé receplors whereas
the transmembrane ephrin-Bs bind to EphB receptors. The ephrin— Eph receptor binding initiate forwand signaling in the Eph receptor bearing cells and reverse
signaling in the cells that express ephrins. Major events associated with forward signaling involve the exchange factor ephexin, which links the Eph receptor
with the Rho GTPases and then to regulation of actin remodeling. Other impodant events implicate the inactivation of focal adhesion kinase (FAK) and
decreased integrin-mediated adhesion through activation of the phosphatases Shp2 by EphaA. In contrast, the recruitment of the adaptor protein Nek 1o EphB
and the activation of Src are associated with increased integrin-mediated adhesion. Reverse signaling by ephiin-Bs is characterized by the recruitment of SH2
domain containing protein such as Gibd 1o phosphotyrosine residues on ephrin-Bs, PDZ-RGS3 are PDZ-binding proteins that bind 1o ephrin-Bs 1o moduolae

signaling through G-protein-coupled receptors. In the case of ephrin-As, the reverse signaling imiplies their aggrepation with signaling molecules in membrane
rafl microdomains. Interestingly, their activity can be modulated by engvmatic cleavage by metalloproteases. SAM, sterile o mouf;, PDE, PSD-935 disc larpe

zonula occludens-1. Reproduced with permission from Mature Reviews Molecular Cell Biology, Kullander and Elein. Copyright 2002 Macmillian Magazines
Ltd. (Kullander and Elein {20802)).
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\ Erk, PI3K, Sre, JNK,

a a

PDGF receptor

Ship-2, Stat and GAP



Pseudo

Embnyonic Glandular Canalicular Saccular Alveolar
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The stages of pulmonary development




Wildtype alveolar sac PDGF-A -/- alveolar sac
- - Lung

Hair

Gut

A)

Stage: glandular saccular  alveolar Kidney

Wildtype Y %%3
PDGF-A -/- (\f ' Placenta

Fig. 5. Nustration of analo gous epithelial or endothelial folding processes
controlled by PDGFRa or PDGFRP positive cells (green). The individual
examples are discussed in the text.

PDGF-ATG

B)



Trk (tropomyosine-related kinase)

Trk C Trk B Trk A
» tri receptory (NT3)  (NT4/6  (NGF)

exprimovane v
nervovem systému —
TrkA, TrkB a TrkC

» specificky vazi
neurotroficke peptidy

— NT3-5, BDNF=brain m{ /

derived neurotrofic \ aiwa LR
factor, NGF=neural Transcription / cell Survival
growth factor e

Differentiation



Neurotrofni latky — podporuji prezivani neuronu — a tak
reguluji vzajemne propojeni nervovych bunék (po lopate —
neuron, ktery neni synapticky spojen s jinym zahyne)

L a8 Tfmscnmm Inrinsic ool
‘-%x 1 -~ death pattway
., . '
e Ty
e, : 51.II"".|'F.|'¢]|

- __\ B ' axon growth;
.y matabolism;
- naEuUrotransmitiers
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y e —_———
r
L
__.'_ e b Pragancglionic
- 'y b L
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{ 2l -'.|1 3 NGF=Trich @} NGF-Trich,
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G B L e e e e e e e e e e n e e |
o 4 & |
i 2 : ’ N .:- H\\x [ ] [
: i+ " L BDNF |
| R ; T T
e = r
% = L Local

o POSIGaNORONIC =

o *— Hetrograde

Nature Reviews | Neuroscience
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 neurons
i Uﬂ:' Peptidergic

.D MNon-pepticergic

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

Fropnoceptive neurons

Trkl/Runxd la afferent

TrkC/Runx3 b afferent

NE3 Muscle
Motor neuncn _?}i_(.j _ET!EIIIII'..'-h-'
| " = 5 = Th
— T e

Golgi tendon r:-rgﬁn. P |

proprioceptory (receptory
polohy/napéti svalu) — jsou
determinovany expresi TrkC
a prezivaji diky NT3 ve svalu



HGF (hepatocyte
growth factor)/SF
(scatter factor)

One ligand — one receptor

system

Diversity determined by
cytoplasmic components and
adaptor proteins

Actin cytoskeletal

Migration *— $
reorgnization

proHGF/SF

¥
Cell ottt ECM
dissociation ___E?»-lf-'-gratm" remodeling

L

—

Invasion
Metastasis

Fig. 1. Schemalic representation of HGF/SF-Mel signaling
cascades in the control of branching morphogenesis and
invasion. Upon HGF/SF binding, Mel can aclivale a series of
intracellular signaling pathways such as Ras™MAPK, PI3K, and
Src through the two major adaptor molecules Grb2 and Gabl,
which induces the biological events including proliferation, cell
dissociation, and migration. Mel can aclivate Cded42 and Rac
through a manner without direct interaction, which lead to the

actin cyloskeletal reorgnization, an evenl crucial for branching
morphogenesis and invasion. Interaction of Mel with inlegrin in a
ligand-dependent or independent manner is alsocritical for Met-
medialed invasive growth. Excepl the enzymalic changes of
downstream signaling molecules, HGF/SF-Met signaling also
increases the activities of MMPs and uPA by up-regulating these
gene expressions, which contributes (o the ECM remodeling as
well as activation of HGF/SF.



