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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 signalling step-by-step
¢ \ S (U lniocytouls
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Motch is expreszodin the coll membrane a= a heterodimer. C, Binding to Delta orJageed ligands initiates two consccutive proteclviic cle avage events;
the first iz mediated by the ADARM proteaze TACE and oceurs on the extracellular side of Noteh, near the l| insmembrans |I nain isite 2 cleavagel,
[}, The second cleavage (551 oceurs within the transmembrane deomain and is mediated by y-secretase activity, a complex composed of foar |I|II--|'--|1l
integral membrane proteins: presoniling nicastrin (Net), Aph-1, and Pen-2 (2865 N1C Dz reloased and translocates to the nucleus. In the eyvtoplazm,
the Numb protein negatively regulates Noteh signaling, pogsibly by promoting receptor turnover. Deltex proteins may transduce Noteh signals
independently of CS1L. E. Inthe nueleus NICD binds to the CSLEranscription factor, converting it from a transcriptional represzorinto a transcriptional
activator by digplacing a CoR complex and recruiting coactivators such as MAMLT (MADMI. This leads to transeriptional activation of downstream
target genes. pm. Plasma membrans; nm, nuclear membrane,




Notch draha, stejné jako ostatni morfogenetické systemy,
reguluje (at’ uz negativné nebo pozitivneé) jednotlive
vyvojove procesy na nekolika stupnich.

Priklad: vyvoj jednotlivych bunéénych typu v nervovém systému

Meurchblast Early neurh J,-"
differartiation '—
Match
Notch Motch -

/ Meurcnal maturaticn
- - and function

Stem cell Adult neural
stem call Adult neurogenesis

Motch

Match O f Oligadendrocytes
Glioblast x

Motch Astrocytes




Notch and the segmentation clock

b Expression wave -
N O OO ONWaoNao o Oiac O o
so¢ | |62 Y O 100 22 OO0
. - -
u I IPIEPIN®. _i]}‘

segmentation clock movie.mov

N

cellular states. b | Evidence for an oscillator underlying vertebrate segmentation.
Periodic waves of transcriptional expression of the hairy 1 gene (blug) in P5M cells are
associated with the formation of each pair of somites added sequentially*®.

Part a modified with permission from REF. 14 © (1976) Elsevier Ltd.




4

-

FGF
FGFR] Perlecan

Ra: L) — — A Tk : “‘\
+-.505 CRE2 FRS2 ; o-===1 ()D5H}-- - EBDACTI == ;
J = SHP2 % ! o IR I s e e e - 3o
i s L= | I 1 : :
Ref D bene, . L ; 1 i
""-._'-. [ I i i !
' R - i
Mk [ sprout 2@ 1) i Bsaenb b opy
£l (W] L] : : :
VOB v O Mo i 4
v n T
B - o : Pl
; i : b
©ouspe i b | P
- vl & H i Tl
S o ; 3 B
T ' 1o
1 ] .: 4 x 1 1
Vi A I NICD / o ; :?‘1
nn—0  1 . Ann—=0) ! rn—03 i1
- —*)O{%_'Duspm s ?""_"M e C Axin2 i
# ¥ I g
MA@ i S oy Ann— £ |
[ XA Sprouty2 AR e Hesi' = E—Hey KoL e Dact! 1
Arma—=@ i A= @4 AAn— -~
P Sracill]/’2 o Pt - Mkel] i r-= 20O DRkl
v A 1
¥ i LI | = o e .
IUV\._"'H""'| & ok J'UU'\_"“'T" [ VWL
‘o(%"s N S hp b2 200CC mye
An— Q----- _ : : nn— I3
il Perlecan :“"‘3‘:& Sp5
Lt An— 0
\ ALK Thirsf10 J

A\ e
Figure 3 | The mouse oscillator. Cyclic genes belonging to theMetch and FOF (fbroblast growth factor) pathways ithe
products cf which ere indicated in red) oscillate in opposite phase to cyclic genes of the Wnt pathway (blue). A large
number ofthe cyclic genes are involved in negative feedback loops. The basic circuitry ofthe three signalling pathways is
represented. Dashed lines correspord to modes of regulation inferred fromwerk in other systems or basec on microarray
data’. APC, adenomatous polyposiscoli; DACT], dapper hemologue 1; DEK1, dickkopf homalogue 1; DLLL, delta-ike 1;
D3H, dishevelled; DUSPE, dual specificity phosphatase 6; ERK, mitogen-activated proteinkinase 1; FGFRL, FOF recentor 1;
GRBZ, growth factor receptor-bound protein2; G5K3, glycogen synthase kinase 3; Hes1, hairy anc enhancer of split-
related 1; LFMG, lunatic fringe; LRPS, lowe density lipoprotein receptor-rzlated protein 6; MEK, mitogen-activated protein
kinase kinase 1; NICD, Notch intrace lular domain; NKD1, naked cuticle 1 homologue; Nrarp, Motch-regulated ankyrin
repeat proteing SHPZ, Src homology region 2-containing protein tyrosine phosphatase I; 505, son of sevenless;

Sp5, trans-acting transcription factor 5; Tnfrsil 9, tumour necrosis factor receptor superfamily, member 19




WhtSat/t:LRP6+

Jak studovat somitogenezi u mysi?

T/Mesp2

Whnt5a~’:LRP6'/*

Whatsat/t:LRP6*

Uncx4.1/Hes7

Whnt5a’LRP61*

Mesp2/Ripply?2

Wnt5a,+/ B Lrp6—/ )

Wnt5a+/ + L Lrp6-/ B




Signaly z vnejsiho prostredi




Wnts — viz prednaska ¢. 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




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
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Hedgehog
draha

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

larvy
Normal Hedgehog

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

Denticle
bands

Denticle
“lawn”™

Sonic the
Hedgehog




Schéma
Shh drahy

?ﬁvq:'@

SMO PTCH \/ 3 DISP

v 4 SHH-N

'--..___..-"‘?

Gli1,2-aktivator

Gli3 - represor u
obratlovct 6

Ci (cubitus interruptus
u octomilky 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 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 GLlIs is poorly understood. Activated GLI accumulates in the nucleus(6)
and controls the transcription of hedgehog target genes(7).




Schema 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).

Smoothensd

e




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

odlisné transkripCni programy

Dorsalizujici faktory

Pawg/ N

Inhibitory BMP

JHETTT
ML (noggin, 1172 Pamgiligh
hedgehog chordin)
(Shh) B o

NExE. 1, Oligo2, Pach'ow

NExE, T, NkxE. 2
=hh, Foxdl

ventralizujici faktory produkované pMN

notochordem
floor plate — nejspodnéjSi Cast <
nervove trubice
notochord — zdroj Shh

d

Napf. specifikace jednotlivych neuronalnich typu ve vyvijejici se nervové trubici




Elektroporace kureci nervové trubice umoznila poznat
jakym zpusobem buriky béhem vyvoje ziskavaji a udrzuji
svou identitu

Cross section of the spinal cord of an embryonic

Fig. A - A model for early spinal cord day three chicken embryo stained with
development. The neural tube which will form fluorescent antibodies. Shown here in red is the
the spinal cord is patterned into specific motor neuron progenitor domain (pMN), one of
domains by multiple external signals which many precise domains established by earlier
include a ventralizing Sonic Hedgehog (Shh) signaling events. The pMN domain is here
signal from the notochord (N) and floor plate labelled through the use of antibodies specific
(F), a dorsalizing BMP signal from the roof for Olig2, a critical regulator of motor neuron
plate (R), and retinoic acid (RA) signaling formation. Developing motor neurons emerging

from the adjacent somites (S). from the pMN are shown labelled in green.




Prirozene inhibitory Shh drahy
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cyclopamin — teratogenni alkaloid z kychavice (Veratrum californicum),
poprvé identifikovan jako latku zpusobujici cyklopii (= 1 oko) a
holoprosencephalii u ovci
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Expression of Sonic hedgehog (Shh)
protein and the determination of the
midline structure in mouse embryo.

An SEM micrograph of the frontal view of a
mouse embryo (fetal age 7.75 days). Shh
protein is green. The dotted line in the
micrograph shows the region: Shh antibody
reveals Shh. The part that will become the
brain (head fold) is followed by the perchordal
plate. Shh (in green) that is expressed in the
prechordal plate induces midline structure
formation.

Model mice with Holoprosencephaly due to a Sonic
Hedgehog (Shh) deficiency.

An SEM micrograph of ten-day old mouse embryos
(front view of face). The mouse deficient in Shh gene
(right) has no midline structure and only one region (eye
position shown in green). Note, too, the lack of nostril
separation due to no midline structure. The normal
embryo (left), by contrast, has both the eyes and
nostrils separated to between the two hemispheres.




Hypoxie a HIF

Cast podkladli 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 koaktivatort 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 pri normoxii silné labilni, podjednoteka 3 je na
koncentraci O, nazavisla




Struktura HIFa podjednotek

P402 P564 HN803
25 &
B |

ODD(D)

« bHLH (basic Helix-Loop-Helix) motiv: vazba na DNA, dimerizace
« PAS (Per/ARNT/Sim) doména: usnadnuje heterodimerizaci
 N-TAD (N-terminal transactivation domain)

 C-TAD (T-terminal transactivation domain)

« ODD(D) (Oxygen-dependent degradation domain)

« P402, P564: mista specifické hydroxylace v ODD pfri normoxii

« N803: misto specifické hydroxylace asparaginu mimo ODD




HIF pri normoxii a hypoxii

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

Gene

HO
HIF binds to hypoxic response DNA sequences ;
(‘rnj\”/ﬁ“l — [%‘;Lt
W @ W D

HYPOXIA: HIFx levels rise

Addition of a single O atom

g
@’9 enables HIFa binding to VHL

NORIMOXIA: enzymatic post-translational hydroxylation
catalysed by Fe(ll), 2-oxoglutarate oxygenases (FHD 1-
3 in humans)

+0) @

Ubiquitin
@ Ea— @F-u iqum [ s Pruteaﬁur_nal
\IFa) degradation

http://www.chem.ox.ac.uk/oc/cjschofield/images/new-2.png
Levels of Hypoxia Inducible Factor—a mediate the hypoxic responss

VHL (von Hippel-Lindau) - tumor supresorovy gen




Modelové vyvojove zmeny
spojené s hypoxii/HIF systemem

Cellmembrane

« embryonalni vyvoj
* angiogenese T T8 o
* rust chrupavek

 krvetvorba — aktivace
EPO genu

Pro-OH

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 |
béhem nadorového rustu

Other
influences
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Oxygen
availability

v

HIF

hydroxylase
activity

v

HIF

v

Angiogenic
growth factors

v

Angiogenesis
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Other
effects




Rust chrupavek

HIF pfitomen pfi ristu chrupavek

HIF-1 muze hrat roli v adaptaci chondrocytu na nizky tlak kysliku

osteoartritis

(a) 66 year-old, female

Intact region

vétSi procento
HIF-a mRNA




Hypoxie v karcinogenezl

- Hypoxie je jiz ve vzdalenosti
100 uM od cevy

Mormal cells

Activation of

farget genes - Aktivované geny podporuji
angiogenezi a metastazovani

Tumour cells

Mormal cells

Normoxia Hypoxia

=100 pm
Tumour hypoxia

Expert Reviews in Molecular Medicine 2005 Published by Cambridge University Press www-ermm. CbCU .cam.ac.u k/050091 29 h . htm




Priciny a dusledky aktivace HIF

. PRICINY - DUSLEDKY
* Hypoxie  Podpora angiogeneze a
 Pasobeni rastovych rust nadoru
faktoru a onkogennich * Metabolicka adaptace na
signalnich drah (EGF, hypoxii (podpora
Ras, Src, ...) glykolyzy)
« Mutace nadorovych
supresoru (p53, PTEN,
pVHL) / ) N
« Nedostate¢na aktivita Sty — envtonenil —w
hydroxylaz \ /’




