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Notch

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




Notch draha, stejné jako ostatni morfogenetické systemy,
reguluje (at uz negativné nebo pozitivhé) jednotlivé
Vyvojové procesy na nekolika stupnich.

Priklad: vyvoj jednotlivych bunéénych typu v nervovém systému
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Asymmetric divisions segregating P granules into the founder cell of the C. elegans germ line.

The micrographs in the upper row show the pattern of cell divisions, with cell nuclei stained blue with a DNA-specific
fluorescent dye; below are the same cells stained with an antibody against P granules. These small granules (0.5-1
pum in diameter) are distributed randomly throughout the cytoplasm in the unfertilized egg (not shown). After
fertilization, at each cell division up to the 16-cell stage, both they and the intracellular machinery that localizes them
asymmetrically are segregated into a single daughter cell. (Courtesy of Susan Strome.)

JVIEOG6 PIE-1 .m



http://www.ncbi.nlm.nih.gov/bookshelf/br.fcgi?book=mboc4&part=A4754&rendertype=def-item&id=A5228
http://www.ncbi.nlm.nih.gov/bookshelf/br.fcgi?book=mboc4&part=A4754&rendertype=def-item&id=A5228

Notch a asymetrické bunecne deleni

Asymmetric localization of polarity mediators and cell fate determinants in the early
embryo. P granules: black discs; cytoplasmic POS-1, MEX-1, and cytoplasmic and nuclear PIE-1:
blue; nuclear PAL-1: hatched; MEX-5 and MEX-3: peach; plasma membrane localized GLP-1:
black; membrane localized APX-1: green; membrane localized MES-1: red. Although shown
discreetly localized for simplicity, the cytoplasmic proteins are present at low levels in the opposite
domain before division, and in the sister cell after division. In addition, MEX-5, MEX-3, MEX-1,
POS-1 and PIE-1 are also present on P granules. (A) MEX-5, MEX -3, MEX-1, PIE-1, POS-1 and P
granules are uniformly present in the cytoplasm just after fertilization, but become asymmetrically
localized during the one-cell stage. (B) The anterior and posterior determinants are differentially
segregated to AB and P1 as a result of the first asymmetric division. GLP-1 protein first appears in
AB at the two-cell stage, and PIE-1 protein enters the nucleus in addition to being cytoplasmic. As
the cell cycle proceeds (not shown), posterior determinants become restricted to the posterior half
of P1, while MEX-5 appears in the anterior half of P1. (C) In the four-cell embryo, GLP-1 is
expressed on membranes of both AB cells, but only ABp is in contact with the P2 cell expressing
APX-1. MES-1 is enriched at the cell contact between P2 and EMS; MES-1/SRC-1 signaling in
conjunction with Wnt signaling polarizes the EMS cell, such that it will divide asymmetrically. As the
cell cycle proceeds, posterior determinants within P2 become asymmetrically localized as in
previous P cells. MEX-5 disappears from the AB cells, but is still present in the anterior daughters
of each P division.




Notch and the segmentation clock

b Expression wave -
N Ol O | oo O OO E -

mentation clock m ovie.r

'l \
|
\\_kf \%}/ 'u'l llul l'l._,-'l

cellular states. b | Evidence for an oscillator underlying vertebrate segmentation.
Periodic waves of transcriptional expression of the hairy1 gene (blue) in PSM cells are
associated with the formation of each pair of somites added sequentially*®.

Part a modified with permission from REF. 14 © (1976) Elsevier Ltd.
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Figure 3 | The mouse oscillator. Cyclic genes belonging to the Motch and FGF (fibroblast growth factor) pathways (the
products of which are indicated in red) oscillate in opposite phase to cyclic genes of the Wnt pathway (blue). A large
number of the cyclic genes are involved in negative feedback loops. The basic circuitry of the three signalling pathways is
represented. Dashed lines correspond to modes of regulation inferred fromwork in other systems or based on microarray
data’. APC, adenomatous polypasis coli; DACTL, dapper homologue 1; DKK1, dickkopf homologue 1; DLLL, delta-like 1;
D5H, dishevelled; DUSPS, dual specificity phosphatase 6; ERK, mitogen-activated protein kinase 1; FOFR1, FGF receptor 1;
GREZ, growth factor receptor-bound protein 2; GSK3, glycogen synthase kinase 3;Hesl, hairy and enhancer of split-
related 1; LFMG, lunatic fringe; LRPS, low density lipoprotein receptor-related protein 6; MEK, mitogen-activated protein
kinase kinase 1; NICD, Motch intracellular domain; MNKD1, naked cuticle 1 homologue; Nrarp, Motch-regulated ankyrin
repeat protein; SHPZ, Src homology region 2-containing protein tyrosine phosphatase 2; 505, sonof sevenless;

5p5. trans-acting transcription factor 5; Tnfrsfl 9. tumour necrosis factor receptor superfamily, member 19.




Jak studovat somitogenezi u mysi?
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Signaly z vnejSiho prostredi




Wnts — viz prednaska c. 10
- rodina ligandu
- 19 €lenu 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
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Hedgehog
draha

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

e U savcu jsou ffi
homology — sonic
hedgehod (Shh),
iIndian hedgehog (lhh)
a desert hedgehog
(Dhh)

nERTRe e

Denticle
bands

Denticle
“lawn”™

Normal Hedgehog

Sonic the
Hedgehog

larva mutant
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Sonic hedgehog (SHH) is franslated 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 Patched-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 GLIs is poorly understood. Activated GLI accumulates in the nucleus(6)
and controls the transcription of hedgehog target genes(7).



http://en.wikipedia.org/wiki/Sonic_hedgehog
http://en.wikipedia.org/wiki/Translation_%28genetics%29
http://en.wikipedia.org/wiki/Autocatalytic
http://en.wikipedia.org/wiki/Cholesterol
http://en.wikipedia.org/w/index.php?title=Patched&action=edit
http://en.wikipedia.org/wiki/Activator_%28genetics%29
http://en.wikipedia.org/wiki/Gli1
http://en.wikipedia.org/wiki/Gli2
http://en.wikipedia.org/wiki/Repressor
http://en.wikipedia.org/wiki/Gli3

Schéma aktivace
transkripcniho faktoru Gli —
soucasny pohled (2007)

The 12-transmembrane domain protein
patched (PTCH), the receptor for hedgehog
proteins, negatively regulates the seven-
transmembrane receptor smoothened (SMO)
in the resting state. The binding of sonic
hedgehog (SHH) to PTCH relieves this
inhibition and SMO changes its localization to
the membrane, thereby stimulating the Gli
family of transcription factors, which are
responsible for most of the effects of SMO.
SMO activates Gli through G i proteins that
inhibit adenylyl cyclases, and G  activates
phosphatidylinositol 3-kinase (PI3K) and Akt.
Both of these mechanisms seem to prevent the
protein kinase A (PKA)-regulated inhibitory
phosphorylation of Gli. Gli is also constitutively
suppressed by suppressor of fused (SUFU),
and this inhibition is relieved by SMO
activation through a still unclear mechanism
that might involve G protein-coupled receptor
kinase 2 (GRK2).
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Shh — jeden z nejlépe popsanych klasickych
morfogenu (tzv. model francouzske viajky) — v
zavislosti na koncentraci morfogenu se spousti

odlisné transkripCni programy

Digit | - SHH independent

Anterior Digit Il - low SHH concentration
A
Digit IIl - brief SHH expression,
high SHH concentration
Digit IV - moderate SHH expression
A\
Posterior

@ Descendants of SHH expressing cells

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

odlisné transkripCni programy

Dorsalizujici faktory

Paxgheah
Inhibitory BMP
Sonic (noggin, Paxhegh
hedgehog chordin)
(Shh) Paxgmed

ventralizujici faktory produkované pMHN NkxE. 1, Oligo2, Paxiow

notochordem MWkxB, 1. NkxZ. 2

floor plate — nejspodnéjSi Cast < Shh, FoxA2

nervove trubice
notochord — zdroj Shh

Napf. specifikace jednotlivych neuronalnich typa ve vyvijejici se nervové trubici



Elektroporace kureci nervove trubice umoznila poznat
jakym zpusobem bunky béhem vyvoje ziskavaji a udrzuji

A svou identitu

Fig. A - A model for early spinal cord
development. The neural tube which will form
the spinal cord is patterned into specific
domains by multiple external signals which
include a ventralizing Sonic Hedgehog (Shh)
signal from the notochord (N) and floor plate
(F), a dorsalizing BMP signal from the roof
plate (R), and retinoic acid (RA) signaling
from the adjacent somites (S).

Cross section of the spinal cord of an embryonic
day three chicken embryo stained with
fluorescent antibodies. Shown here in red is the
motor neuron progenitor domain (pMN), one of
many precise domains established by earlier
signaling events. The pMN domain is here
labelled through the use of antibodies specific
for Olig2, a critical regulator of motor neuron
formation. Developing motor neurons emerging
from the pMN are shown labelled in green.



Prirozené inhibitory Shh drahy
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cyclopamin — teratogenni alkaloid z kychavice (Veratrum californicum),
poprvé identifikovan jako latku zpUsobuijici cyklopii (= 1 oko) a
holoprosencephalii u ovci



Primary cilia in development and
as signaling centers

Podklady dodali
Karolina BabiCkova
Pavel Dobes
Tomas Barta




Primary cilia vs. motile (secondary) cilia

struktura 9+0 « struktura 9+2

nepohyblivé  pohyblivé

témér vSechny bunky - epitely tracheje, vejcovodu,
(www.primary—cilium.co.uk) ependym...

solitérni

Central bridge

T ) Tipcomplex Central singlet
microtubules

Kinesin motor protein

Plasma

membrane
Intraflagellar —
fransport parficle

Quter dynein
Inner dynein

Mexin

Spoke head
Radial Spoke

Subfiber B
Subfiber A

Basal body

Triplet centriole
The primary cilium
Expert Reviews in Molecular Medicine® 2006 Cambridge University Prass



Primary cilia - function
délka 2-10um, prumér 0.25um

chemo- a osmosenzory
fotoreceptory
mechanoreceptory

nodal cilia

— pohybliva

— blastocysta

— pravoleva soumeérnost

model trandukce — receptory iontové kanaly, efektorove proteiny,
transkripCni faktory



Hedgehog (Hh) a Wnt signalni drahy
Jjsou vazané na primarni cilie

« Wnt a Hh signalni drahy reguluji embryonalni vyvoj a formovani
mnoha tkani.

* Abnormalni Hh/Wnt a s nimi spojena onemocnéni jsou zpusobena
defekty ve tvorbé primarnich cilii (infertilita, polydaktylie,
polycystické ledviny, degenerace retiny).

* Hh, Wnt jsou pfimo vazany na primarni cilie.




Intraflagelarni transport (IFT)

Poprvé popsali Kozminski et
al. 1993 pomoci DIC
mikroskopie

Za transport zodpovédny
kinesin-Il — transport k

MT + ends

distalnimu ,+“ konci a dynein pep Kinesin I
zodpovédny za transport k - 2 comeints
konci.

K|f3A, Kif3B (pOdjeantky o IFT A complex

kinesinu) KO bunky netvofi
cilie.
IFT je zodpovedny za regulaci

signalnich drah vazanych na
primarni cilie 7

o IFT B complex

)\\ Cargo
‘ Distal Tip Complex

MT - ends




Primary cilia and Hh signaling

Je spojen s primarnimi ciliemi

Ligand se navaze na patch (Ptc) protein, coz
zpusobi zruSeni inhibiéniho efektu Ptc na
protein smoothened (Smo), ktery transdukuje
signal pfes glioma transkrip&ni faktory (Gli) do
jadra, kde Fidi expresi Hh gena. (Gli1, Gli2 a
Gli3A jsou aktivatory a Gli3R je represor).
Hlavnim represorem je SuFu.

IFT hraje kliCovou ulohu ve funkci regulace Hh
signalni drahy (spojuje Smo a Gili)

Partial loss-of-function v genu polaris vede u
mysSi k preaxialni polydaktylii a k porucham pfi
formovani koncetin. Pfi uplné ztraté dojde v
embryu k formovani nahodné pravo-levé
symetrie -> dulezitost primarnich cilii a Hh ve
VYVOji.

Mutace Kif3A a Kif3B maji podobné fenotypy v
dusledku ztraty cilie.

3 typy Hh — Sonic Hh (Shh), Indian Hh (Ihh) a
Desert Hh (Dhh)

N
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Shh active, Shh active,

control o n
cilia present cilia absent
d b Kerl4-Cref ™7, Smab2®™™: Keri4-Cré= T Smo2=™,
Ker1d-CreEP T Kif3a ™" Kifaa"™™" K 3o

TAM @

5

Ker14-CreERT: Smet2™™. Kifag! ™

10 weeks alter
nduction

TAM @ ‘\1
=
dddd —«-“ﬁ 5 g
=1 coeicl = E "-'.:}
Kerla-CreERT-Smaz2™™ Kifsa gj; _é
E .=

Karl4-CreERT, Kerld-CreERT: |
Srmei Ec'-"n 'r:,l'-f|l|',.'?,eik"' * Sﬂ?ﬂf'-ﬂﬂ‘.xﬂd: Hllmal!.n. -

C..

Ker14-Cre: drives expression to the epidermis

SmoM2 (cond): constitutively active Smoothened (activated by Cre)

Kif3a Flox: following Cre leads to Kif3a deletion and primary cilia loss

Wong et al., Nat. Med. 2009



Hypoxie a HIF

Cast podkladt dodali:

Eva Lincova
Jana Kamarytova
Filip TrCka




Hypoxie a HIF

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

— Heterodimericky TF aktivujici geny obsahujici 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
glukdzy, migrace, apoptdza, 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

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

IF-a

H
5!

Gene

HIF hinds to hypoxic response DNA sequences

HO,
(;%)H — (Nj\“,ht
0 /
‘ HYPOXIA: HIF e levels rise e O

- Addition of a single O atom
HIF-a enables HIFa binding to VHL
NORMOXIA: enzymatic post-translational hydroxylation

catalysed by Fe(ll), 2-oxoglutarate oxygenases (PHD 1-
3 in humans)
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Ubigquitin

Proteasomal
— degradation

Levels of Hypoxia Inducible Factor—o mediate the hypoxic response
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Modeloveé vyvojové zmeény spojeneé s
hypoxii/HIF systémem

Cellmembrane

T o
UL UL UL LU

embryonalni vyvoj
angiogenese —-mi
rust chrupavek

krvetvorba — aktivace
EPO genu

high O,

hypoxia inducing factor

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

HIF-2 se vaze do oblasti
promotoru a iniciuje
transkripci receptoru VEGFR
2 i expresi VEGF(Vascular
Endothelial Growth Factor)

— hlavni faktor angiogenese

v normalnim vyvoji ale i
béhem nadorového rustu
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HIF
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— HIF

v

Angiogenic
growth factors

v

Angiogenesis

—-

Other
influences

q—

#

—_—

Other
effects




Rust chrupavek

« HIF pritomen pfi rlstu chrupavek
« HIF-1 muze hrat roli v adaptaci chondrocytu na nizky tlak kysliku
» osteoartritis

(a) 66 year-old, female

g

Intact region

vétsi procento
HIF-a mRNA



http://arthritis-research.com/content/7/4/R904/figure/F1

Hypoxie v karcinogenezi

- Hypoxie je jiz ve vzdalenosti
100 uM od cévy

Normal cells

Activation of

farget genes - Aktivovaneé geny podporuji
angiogenezi a metastazovani

Tumour cells

Normal cells

Normoxia Hypoxia

=100 pum
Tumour hypoxia

Expert Reviews in Molecular Medicine 2005 Published by Cambridge University Press www-ermm.cbcu.cam.ac.uk/05009129h.htm
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Priciny a dusledky aktivace HIF

- PRICINY - DUSLEDKY
* Hypoxie * Podpora angiogeneze a
- Plsobeni rastovych rust nadoru
faktorl a onkogennich » Metabolicka adaptace na
signalnich drah (EGF, hypoxii (podpora
Ras, Src, ...) glykolyzy)
* Mutace nadorovych
supresoru (p53, PTEN,
pVHL) / pp N
« Nedostatec¢na aktivita ity —o evionmertal v
hydroxylaz \ /’




