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Hlavni skupiny receptorovych tyrosin kinaz

Some Signal Proteins That Act Via RTKs
Signal protein family Receptor family Some representative responses

Epidermal growth factor (EGF) EGF receptors Stimulates cell survival, growth, proliferation, or
differentiation of various cell types; acts as inductive signal
in development

Insulin Insulin receptor Stimulates carbohydrate utilization and protein synthesis
Insulin-like growth factor (IGF1) IGF receptor-1 Stimulates cell growth and survival in many cell types
Nerve growth factor (NGF) Trk receptors Stimulates survival and growth of some neurons
Platelet-derived growth factor (PDGF) PDGF receptors Stimulates survival, growth, proliferation, and migration of

various cell types

Macrophage-colony-stimulating factor MCSF receptor Stimulates monocyte/macrophage proliferation and
(MCSF) differentiation
Fibroblast growth factor (FGF) FGF receptors Stimulates proliferation of various cell types; inhibits

differentiation of some precursor cells; acts as inductive
signal in development

Vascular endothelial growth factor VEGF receptors Stimulates angiogenesis
(VEGF)
Ephrin Eph receptors Stimulates angiogenesis; guides cell and axon migration

Table 15-4 Molecular Biology of the Cell 6e (© Garland Science 2015)
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1. ligand se specificky vaze 5.V zavislosti na receptoru
na receptor se aktivuji ,downstream®
2. receptor dimerizuje signaini drahy —napf.
T Ras/Rafl/MEK/MAPK
3. tyrosin-kinazové domeny kinazova draha,

se navzajem fosforyluji
6. ktera vede k bunécné
4. autofosforylace vede k odpovédi

navazani (recruitment)
adaptérovych protein(
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Doména SH2 rozpoznava fosfo-tyrosin

binding site for binding site for
amino acid side chain phosphotyrosine

phosphotyrosine

Figure 15-46¢ Molecular Biology of the Cell 6e (© Garland Science 2015)

Figure 15-46b Molecular Biology of the Cell 6e (© Garland Science 2015)



Vybrané ligand:RTK receptoroveé systémy a
jejich modeloveé funkce ve vyvoji

 VEGF/VEGFR
 FGF
* ephrin/Eph
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VEGF/VEGFR ve vyvoji

reguluje vznik a vyvoj cevni soustavy
master regulator angiogeneze (vyvoje cév)

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

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

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



Hypoxie a HIF

Hypoxie: snizeny parcialni tlak O, ve tkani X normoxie
« HIF — Hypoxia-Inducible Factor:

— Heterodimericky transkripCni faktor aktivujici geny obsahuijici v
promotorové sekvenci HRE (Hypoxia response element), vlastni
transkripce je iniciovana pomoci koaktivatoru p300 a CBP (CREB-
binding protein)

— Prozatim je znamo kolem 60 (100) genu regulovanych HIF, fada z nich
reguluje odpoved na hypoxii (angiogeneze, proliferace, metabolismus
glukozy, migrace, apoptoza, erytropoeza, metabolismus Fe)

— Heterodimer sestava ze tfi a podjednotek (HIF1a, 2a, 3a) a jedné
podjednotky B (HIFB=ARNT)

— o podjednotky jsou pfi normoxii silné labilni, podjednoteka 3 je na
koncentraci O, nazavisla



HIF pri normoxii a hypoxii — vyznam
hydroxylace prolinu

Transcription of =100 human genes
| e.g. EPO, VEGF, Glycolysis proteins)

Gene
HO,
HIF hinds to hypoxic response DNA sequences
Py — Gy
o !
HYPOXIA: HIFx levels rise b Y, o

Addition of a single O atom
@ enables HIFa binding to VHL

NORMOXIA: enzymafic post-translational hydroxylation
catalysed by Fe(ll), 2-oxoglutarate oxygenases (PHD 1-
3in humans)

+0) @

Proteasomal
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Levels of Hypoxia Inducible Factor—« mediate the hypoxic response

VHL (von Hippel-Lindau) - tumor supresorovy gen
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Modelové vyvojové zmeény spojené s
hypoxii/HIF systémem

Cell membrane

low O, high O,
Pro-OH

i1 B

embryonalni vyvoj 3] = proine ora O

HIF hydroxylase

° anglogenese hypoxia inducing factor
 rust chrupavek

* krvetvorba — aktivace EPO
genu

degraded

nucleus

Genes upregulated:

+ erythrpoietin (induce RBC formation)

+ glycolytic enzymes (needed if O, low)

* angiogenesis (new blood vessel growth)
* embryonic development

+ placenta (for vascularization)

* macrophage and neutrophils (work in hypoxic
wound conditions

After. Science, 303, pg 1454 (2004)



Angiogenese

Angiogenese
— tvorba novych
krevnich cév
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FGF draha na prikladu regulace rustu kosti

Jak rostou dlouhé kosti?
- klicova role chrupavky a rustové ploténky

age
resting cartilage

1 proliferating cartilage
bone I
tproliferating cartilage

resting cartilage

rustova ploténka (growth plate) — zanika v dospélosti



Mutace v FGFR3 zpusobuji skeletalni
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Rustova ploténka v detailu
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Erk MAP kinase activity Is necessary
| for FGFR3 phenotype in cartilage
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proliferace [
chrupavky | SRR




Eph/ephrin komplex

ephrin — jsou membranové
vazané ligandy (podobné jako
ligandy Notch drahy)

ephriny A — na membrane
upevneny pomoci tzv. GPI
kotvy

ephriny B — transmembranové
ligandy, které samy jsou
schopny signalovat do bunky
Eph/ephrin systém je zapojen
zejména do ,navigace” bunék
(napf. bunék cev) Ci jejich Casti
(napf. navadéni axonu v
nervové soustave), a do
,2contact-mediated cell sorting"
ve vyvijejicim se embryu. Jde o
obecny mechanismus regulujici
migraci bunek.
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Schematic representation of EphB4 and Ephnin B2 structures




Eph/ephrin komplex

e e J PRI
L e o oo SR WE*" ki
f*’:ﬂ*}“;g:k jiisioce: ‘Iu‘hﬂ"lf‘f““# “wm fin L wﬁ%:* BAAK AENELY A bﬁcﬂ -

Jedine¢na vlasnost ephrin(: (Metalloprotease ) 7

reverse .S|gnalllng — Itj. R
p§3|gnalu1e jen receptor, ale S .
i ligand Cystettie rich region

o Bt TMWJ e
l\‘fr H"*‘W Ei'{scvhw*ﬂ “ . E:iﬁjﬁkﬂ&é#f‘ ﬂj}ﬁ"‘:’f A4 :""‘Iif‘ff‘iﬁf ! Iu
Joxiamembrane region

.W@H




Eph/ephrin komplex

legenda k obrazku:

Fig. 1. Forward and reverse signaling by the ephrin—Eph complex. Glveosylphosphatidyvlinositol (GPIanchored ephrin-As bind 1o EphA receplors whereas
the transmembrane epluin-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 receplor
with the Rhe GTPases and then to regulation of actin remodeling. Other impottant events implicate the inactivation of focal adhesion kinase (FAK) and
decressed integrin-mediated adhesion through activation of the phosphatases Shp2 by EphiA. 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. PDE-RGS3 are PDZ-binding proteins that bind to ephrin-Bs 1o moduolate
signaling through G-protein-coupled receptors. In the case of ephrin-As, the weverse signaling implies their aggregation with signaling molecules in membrane
raft microdomains. Interestingly, their activity can be modulated by enzynatic cleavage by metalloproteases. SAM, sterile o motift PDZ, PSD-95 disc large
zonula oocludens-1. Reproduced with permission fiom Nature Reviews Molecular Cell Biology, Kullander and Klein, Copyright 2002 Macmillian Magazines
Lud. (Kullander and Elein (2002)),



Eph/ephrin komplex

Supporting Information Movie 2. Ephrin-B2
induces extremely rapid growth cone collapse
and axon retraction in VT RGCs. Movie
depicts VT growth cones treated with ephrin-
B2. Frames were captured at 30-second
intervals for 45 minutes, replayed at 15 frames
per second. 0.5 ug/ml pre-clustered ephrin-B2
was added after 15 minutes (2 second interval
in movie).

Supporting Information Movie 4. Inhibiting Rho
kinase strongly diminishes axon retraction but
does not affect growth cone collapse. Movie
depicts VT growth cones pre-treated the Rho
kinase inhibitor Y-27632 for 1 hour, followed
by treatment with ephrin-B2. Frames were
captured at 30-second intervals for 45
minutes, replayed at 15 frames per second.
0.5 ug/ml pre-clustered ephrin-B2 was added
after 15 minutes (2 second interval in movie).

videa z Petros et al., Dev. Neurobiol. 2010
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wnt (Wingless/Int)

- rodina ligandu

- 19 genu pro proteiny Wnt u ¢lovéka a u mysi
- extracelularni proteiny modifikované glykosylaci a palmitoylaci
- pusobi na kratké vzdalenosti, vazi se k extracelularni matrix

- pouze u mnohobunéénych zivocichu

kanonicka draha nekanonicka draha
/zavisla na B-kateninu/ /na B-kateninu nezavisla/

(napf. Wnt-1 or Wnt-3a) (napr. Wnt-5a)




Wnt/B-kateninova draha (= kanonicka draha)

- indukuje duplikaci télni osy u Xenopus

- indukuje transformaci bunécné linie odvozené
od lidskych prsnich epitelialnich bunék C57mg

- signal prenasen pres translokaci 3-kateninu do
jadra




Specialni bunécny aparat pro sekrece Wnt
proteinu

\
Lipoprotein
particle
Lipoprotein
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Figure 1. Wnt Secretion

To be secreted, Wnt proteins in the endoplasmic reticulum (ER) need
to be palmitoylated by the action of Porcupine. Wit proteins also re-
quire Wntless (Wla/Evi) in arder to be routed to the cutaide of the cell.
Loading ento lipoprotein particles may occur in a dedicated endo/ex-
ocytic compartment. The retromer complex may shuttle Wla between




Kanonicka signalni draha Wnt

Cytoplasm

Degradation

Nucleus




Kanonicka signalni draha Wnt

- legenda k obrazku:

The Canonical Wnt signalling cascade. Canonical Wnt signalling mediates its effect by binding to their receptors
frizzled (Fzd) and co-receptors, LRP 5/6. This causes activation of intracellular Dishevelled (Dvl) which, in turn, inhibits
glycogen synthase kinase-3 (GSK3B). This results in the stabilisation and nuclear translocation of B-catenin, inducing
gene transcription via the LEF/TCF family of transcription factors. In the absence of Wnt signalling, a complex
containing GSK3B phophorylates B-catenin, leading to degradation by ubiquitination. Copyright BTR©



Frizzled — klicovy receptor signalnich drah
wWnt
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Figure 1. Schematic view of the 7TM model of FZDs. The model indicates extra-
and intracellularly interacting proteins, putative glycosylation and phosphorylation
sites. The N-terminal CRD is the primary binding site for ligands. The pink stretch
in the C terminus indicates the internal PDZ-interacting motif (KTxxxW), which is
absolutely conserved in the different FZD isoforms and necessary for DVL binding
and signaling. The blue stretch at the far C terminus indicates the presence of a
classical, less well-conserved PDZ-ligand sequence present in a subset of FZDs.




Lrp5/6 — stézejni ko-receptor kanonickeé
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Destrukcéni komplex pro beta-katenin




Destrukcni komplex

- legenda k obrazku destrukcniho komplexu:

A working model for the destruction complex. (1) Initially, the destruction complex
contains Axin, GSK3, CK1 and APC (with the 15 aa and 20 aa repeat regions shown).
The complex contains other components such as PP2A, which are not shown here. (2) -
Catenin enters the complex by binding Axin and potentially the APC 15 aa repeats. This
positions the N-terminus of -catenin near CK1 and GSK3. (3) CK1 phosphorylates -
catenin at Ser45. (4) GSK3 phosphorylates -catenin at, successively, Thr4l, Ser37 and
Ser33. (5) The 20 aa repeats, particularly repeat 3, are phosphorylated by a CK1 (and
possibly GSK3) which greatly increases their affinity for -catenin. The binding of a
phosphorylated 20 aa repeat to -catenin displaces Axin from -catenin. (6) -TRCP1 binds
the phosphorylated N-terminus of -catenin, causing the ubiquitination of -catenin by an
E2 ligase. APC is then either desphosphorylated within the complex, allowing the
ubiquitinated -catenin to leave the complex, or the ubiquitinated -catenin bound to APC
leaves the complex and is separated from APC at the proteasome. The complex then
returns to Step 1



Kanonicka signalni Wnt draha - video




Beta-catenin se v bunkach vyskytuje ve dvou
hlavnich ,poolech® — biochemickych komplexech

Wnt and E-cadherin pathways
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Epithelio-mesenchymalni transice a role -
kateninu v tomto procesu

Epithelial Mesenchymal

Apical Surface

Tight Juntions:
-claudin -occludin
Adherens Juntions:
-E-cadherin
-B-catenin
O Q “‘i%"g”“li} Direction of

Basal | |Surface

—
collagen, fibronectin, and laminin

Trailing Edge

Matrix-metalloproteases
Leading Edge



Epitelialne-mezenchymalini tranzice (EMT) v
nadorech

primary tumor metastasis

central area invasive region central area invasive region

EMT MET EMT
transient transient transient
differentiated de-differentiated differentiated de-differentiated
epithelial “mesenchymal” epithelial “mesenchymal”
growth dissemination growth dissemination

adhesion adhesion



Priklady vyvojovych procesu regulovanych
kanonickou Wnt drahou




Priklady vyvojovych procest regulovanych
kanonickou Wnt drahou

Maternalni Wnt/B-kateninova draha determinuje
dorsalni (horni) pdl vyvijejici se zygoty a embrya u
obojzivelniku




Maternalni Wnt/B-cateninova draha determinuje
dorsalni (horni) pol vyvijejici se zygoty a embrya

Animal Xenopus blastula

Early Xenopus '
Zygotic Wnt pathway
embryo Marginal (marginal zone, stage 9)
Lateral view Maternal Wnt pathway

Vegetal (dorsal side, stage 8)

Ventral dorsal




Wnt/B-cateninova draha urcCuje anterioro-
posteriorni (AP, predo-zadni) osu tela behem
gastrulace — podporuje vznik zadnich a blokuje

vznik prednich Casti tela

Early Xenopus
embryo
Lateral view

Animal Xenopus blastula

Marginal

marginal zone, stage 9)
Maternal Wnt pathway
(dorsal side, stage 8)

Vegetal

Ventral dorsal



Wnt/B-cateninova draha urcuje zadni cast embrya

WhntSat/*:LRP6+

mysSi embryo po gastrulaci (E8.5):

Cilové geny Wnt/p-cateninoveé
drahy jsou exprimovany v zadni
Casti téla.

Uncx4.1/Mesogenin

Whnt5a”:LRP61"



Deplece Wnt/B-kateninove drahy pri
gastrulaci = ztrata zadnich casti tela

wild type Wnt-3a knockout



Deplece inhibitorid Wnt/pB-kateninové drahy
pri gastrulaci = ztrata prednich casti tela

wild type vs. Dkk1l knockout



. Wnt signalni draha urcuje predozadni osu
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Priklady vyvojovych procesu regulovanych
kanonickou Wnt drahou

Wnt/[3-cateninova draha reguluje
vyvoj neuralni listy (neural crest)



Nervova lista (neural crest)

populace bunék, vznika z dorsalni (= horni)
strany nervoveé trubice procesem delaminace a
migruje nékolika hlavnimi cestaml do jinych

casti embrya
Dorsal

o @ neural
© © crest
A @cells

neural tube

Ventral




Co vsechno z NC vznika?

- podil na vzniku cca 40 ruznych tkani a organu

Neuralni lista Melanocyt
Oblast tru puU. - \\ . Schwannova b.
Spingini e g / | Satelitni b.

« Neurony a glidini buriky ~ ganglion gf'i ;
senzorického, : :__gu Neuron
sympatického a '-
parasympatického
systému

Postgangl.
neuron

* Bunky drené nadledvin B Chromafini b.

* Pigmentove bunky

epidermis =%
Prevertebralni

. T x . Neurony piexus
’Svalove bunky nekterych (Tt Entericky
cev plexus Parasympaticky
A plexus

B.M. Carlson (1999)



Co vsechno z NC vznika?

uman skull,
extrapolated from mouse:

Vyvoj neuralni listy:

Wnt-3a

J Arant. 2001

chick skull:

- neuralni lista je zdrojem periferniho nervového
systému, melanocyti, oblic¢ejovych kosti a
svall, ¢asti srdce a dalSich

B neural crest

The neural crest (2. nd, 1999)
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Nekanonicka Wnt draha

- indukovana napf. ligandem Wnt5a

uninjected

z'. s

T

- neindukuje duplikaci télni osy u Xenopus

- neindukuje transformaci bunéc¢né linie odvozené od lidskych
prsnich epitelialnich bunék C57mg

- signal NENI pfenasen pres translokaci f-kateninu do jadra



SnapShot: Noncanonical Wnt Signaling Pathways

Mikhail V. Semenoy,! Raymond Habas,? Bryan T. MacDonald,! and Xi He'
'Children’s Hospital Boston, Harvard Madical School, Boston, MA 02115, USA; *University of Madicine and Dentistry of Naw Jersey Piscaaway, NJ 08854, USA
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Drosophila — planarni bunecna polarita
(planar cell polarity, PCP)

Planar cell polarity




Molekularni mechanismus ustaveni PCP

Bcx 1| Molecular interactions between the FZ/PCP core factors
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Seifert and Mlodzik, Nature Reviews in Genetics, 2007



Molekularni mechanismus ustaveni PCP

Antericr Posterior

e FZ,D5H DED s STBEMAYAMNG, PE

Inrmer

Seifert and Mlodzik, Nature Reviews in Genetics, 2007



Molekularni mechanismus ustaveni PCP

- legenda k obrazku:

Figure 2 | Subcellular distribution of core Fz/PCP factors in Drosophila
melanegaster and vertebrates. a—c | Examples of cellswith epithelial character
imarked by grey shading). Drosophila melanogaster wing cells and eye R3 and R4

cells and mouse sensory hair cells inthe cochlea {inner earjare shown ina, b and ¢,
respectively. d.e | Examples of dividing cells. The spindle arientation in the

D. melanogaster sensory organ precursor i 30F) cells depends on the asymmetric
distribution of the Frizzled (Fz)/planar cell polarity (PCF) factors (as shown in d), as
does the arientation of neurcectodermal cells in zebrafish (as shown ine; note that
during mitosis the asymmetric distribution of PK is lost and then re-established).
Depending onthe tissue, only a subset of the respective proteins has been analysed
ithe D. melanogaster wing is the only tissue inwhich all proteins were analysed; all but
D5H have been analysed in the eye). These illustrations represent the localizations
patterns of PCF proteins at the proposed time of signalling. In the wing, asymmetry of
Flamingo (FMI)has been reported earlier, but the relevance of this is unknown®. Note
that in the mouse inner ear (as shown in ¢y vang-like 2 (VANGL2) and FZ23/FZ6 localize
to the same side of the cells; it is not known whether other Fz family members localize
withthe D5H homologues DVLL and DVL2 to the opposite side. During zebrafish
gastrulation (asshown in &) Prickle (Pkj. which is represented by green circles, is
cytoplasmic during cell division but regains pelarity after separation of the daughter
cell. Only PR has been anabysed in this context, but its localization depends onthe
presence of Strabismus i STEM).

Seifert and Mlodzik, Nature Reviews in Genetics, 2007
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Nekanonicka draha/draha PCP:
fenotypy u mysi

Orientace stereocilii vliaskovych bunék ve
vnitfnim uchu

Qian et al., 2007, Dev. Biol.




Nekanonicka draha/draha PCP pri
konvergentni extenzi u mysi (a cloveka)
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Konvergentni extenze — migrace bunék smérem ke stredu
téla — vede k prodluzovani télni osy



Konvergentni extenze - video

100 min




Dusledky narusené konvergentni extenze (CE)
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Dusledky narusené konvergentni extenze (CE)

Exencefalie:

Hamblet et al., 2002, Development



