Bunécneé regulace |
Zakladni morfogeneticke drahy
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Vlastnosti bunék v prubéhu embryonalniho
vyvoje

» Rychlé bunécné déleni

» Dynamické zmeny diferenciacniho stavu (cell fate)

» Intenzivni migrace

» Zmeny tvaru a velikosti bunky

» Schopnost odpovédi na poskozeni

= Vlastnosti bunék v pribéhu dynamické
homeostazy



Role signalnich drah v regulaci dynamickych
procesu

a) signaly z okolniho prostredi

transkripce urCuje
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b) transkripCni program v jadre






Hlavni signalni drahy — velka pétka

Transkripéni
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Zasvetil zivot
octomilkam.
Ziskal diky tomu
Nobelovu cenu

Na Masarykovu univerzitu prijel v ramci
prednaskového cyklu Mendel Lectures
molekularni biolog Eric Wieschaus.

Véda & vyzkum | 22.fijna 2018 = Ema Wiesnerovd CC-BY

Eric Wieschaus travi v podstaté cely Zivot obklopen octomilkami. Neni

PRUVACKY
SPECTAL

Hledat... Q| English
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Béhem prace na genech majicich vliv na vyvoj embryi Eric Wieschaus s kolegy vibec netusili, jak je
jejich pokus vyznamny. Ukazala to aZ nasledujici 1éta.

pfitom vinaf ¢ ovocnaf, ale molekularni biolog, ktery se zajima o vliv genfi | kdybychom nedostali

na vivoj embryi. Za popis tohoto procesu ziskal spolu s Christiane Niisslein- Nobelovu cenu, poFfad bychom
Volhardovou a Edwardem Lewisem v roce 1995 Nobelovu cenu za fyziologii ~ méli krasné vysledky i pfibéh,
a lékafstvi. Za¢atkem Fijna piijel na Masarykovu univerzitu v ramci fika Wieschaus.

prestizniho prednaskového cyklu Mendel Lectures.




Klicové molekularni komponenty vyvoje
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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 mnohobunécénych zivocichu

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

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




Wnt/B-kateninova draha (= kanonicka draha)

- indukuje duplikaci télni osy u Xenopus

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

- signal prenasen pres translokaci -kateninu do
jadra




Specialni bunécny aparat pro sekrece Wnt
proteinu

Lipoprotein
particle
Lipoprotein
receptor

Porcupine
Retromer
Wis/Evi

Wnt

Wnt
(lipid modified) |

Figure 1. Wnt Secretion

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




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
wnt

Ligands
WNTs
R-spondin
Norrins
FRPs
CTGF

PDZ proteins

* DVL * DLG-1,-2,-4
« GIPC1-3 + GOPC

« GRIP-1  +dPATJ

*« MAGI-3

« PTP-BL

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 (KT:xexxW), 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 kanonicke
signalni drahy Wnt
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Lrp5/6 — stézejni ko-receptor kanonicke
signalni drahy Wnt

EM visualization of LRP6 ectodomain

- Wnt + Dkk1
Resting state Inhibited state

Wnt-activated state Resting state Dkk1-inhibited state
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Normal signal No signal No signal




Destrukéni 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, Thr41, 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




Familiarni adenomatézni polypo6za

P
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/0 » zkracene FAP, je autozomalné dominantni dedicne
/ onemocneni tlustéeho streva s vyskytem Cetnych
(tisice) polypu a adenomu, které pozdéji malignizuiji.

Onemocnéni zpusobuje zmutovany gen APC




Familiarni adenomatoézni polypoza




Geny pod kontrolou Wnt drahy v kmenovych
bunkach
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Propojeni mezi Wnt drahou a kmenovymi
bunkami




Propojeni mezi Wnt drahou a kmenovymi
bunkami

« Lgr5 jako cilovy gen Wnt drahy

« Lgr5 jako marker kmenovych bunék ve streve

 R-spondin jako ligand Lgr5 a jako aktivator Wnt drahy




Vazba R-spondinu na LGRS aktivuje Wnt drahu




Propojeni mezi Wnt drahou a kmenovymi
bunkami

« Lgr5 jako cilovy gen Wnt drahy

« Lgr5 jako marker kmenovych bunék ve streve
 R-spondin jako ligand Lgr5 a jako aktivator Wnt drahy

 Wnt signalizace jako kliCova slozka komunikace mezi
kmenovymi bunnkami a jejich nikou

* Inhibitory Wnt drahy - RNF43/Znrf3 — jako cile
kontrolované R-spondiny




Vazba R-spondinu na LGRS aktivuje Wnt drahu ...
... diky internalizaci E3-ubikvitin ligaz ZNRF3/RNF43

Wnt + RSPO Wnt

ZNRF3/RNF43

ZNRF3/RNF43

RNF43 je specializovana E3 ubikvitin ligaza pro Frizzled (FZD)



Propojeni mezi Wnt drahou a kmenovymi
bunkami

« Lgr5 jako cilovy gen Wnt drahy

« Lgr5 jako marker kmenovych bunék ve streve
 R-spondin jako ligand Lgr5 a jako aktivator Wnt drahy

 Wnt signalizace jako kliCova slozka komunikace mezi
kmenovymi bunnkami a jejich nikou

* Inhibitory Wnt drahy - RNF43/Znrf3 — jako cile
kontrolované R-spondiny

« R-spondin jako kliCovy faktor potirebny pro ruist
organoidt




R-spondin

o, R spondin-induced Wit signal
Wnt2b amplification on the CBC

Mon-epithelial cell-derived stem cell compartment
short-range Wnt signals







Epitelo-mesenchymalni prechod (EMT -
epithelio-mesenchymal transition)

Loss of Gain of

Apico-Basal Mesenchymal
Polarity Proteins

®  gical Membrane Companents EIE  E-cadherin = =m= W-Cadherin # Actin Cytoskeleton
{ Basolateral Membrane Components § B otein L)  Mesenchymal integrins W Actin Stress Fibers

B Tight lunctions L) Epithelial Integrins e s —gt.  Basement Membrane
=l Gap lunctions . Cymokeratin Intermediate Filaments

Epitelialni - mezenchymaini pfechod (EMT) je proces, pfi kterém epitelové buriky ztrati svoji buné&nou
polaritu a adhezi buné&nych bunék a ziskaji migraéni a invazivni vlastnosti, stanou se mezenchymalnimi.
EMT je nezbytny pro &etné vyvojové procesy v&etné tvorby mezodermu a tvorby neuralni listy. EMT se
uplatiuje pfi hojeni ran, pfi organoveé fibréze a pfi iniciaci metastaz v progresi rakoviny.



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

Wnt and E-cadherin pathways
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1. Jako sougast Wnt signalizace 2.V komplexu s E-cadherinem jako
soucast ,adherens junctions®




: Epitelialne-mezenchymalni 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



Wnt signhalni draha urcuje predozadni osu i pri
regeneraci u plostenky
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Klicové molekularni komponenty vyvoje




Hedgehog draha

* hedgehog (Hh) u
octomilky — nazev

Denticle

Jjezek* podle et
fenotypu larvy ey .
e U savcu jsou ffi oBes
homology: %o
- sonic hedgehod
(Shh)
|(r|1:r|15;n hedgehog H:lgt:::g
- desert hedgehog
(Dhh) Sonic the

Hedgehog



The hedgehog gene (hh) was first identified in the fruit-
fly Drosophila melanogaster in the classic Heidelberg
screens of Christiane Nusslein-Volhard and Eric
Wieschaus, as published in 1980. These screens, which
led to them winning the Nobel Prize in 1995 along with
developmental geneticist Edward B. Lewis, identified
genes that control the segmentation pattern of the
Drosophila embryos.



Schéema Shh drahy

~—= Intermolecular interaction

"_‘f Inhibition

— Translocation/modification

Sonic hedgehog (SHH) je modifikovan oxysterolem a pro sekreci vyZaduje protein
Dispatched (Disp)

* Shhvaze Patched (PTCH), ktery je za normalnich okolnosti inhibitorem Smoothened
(SMO), po vazbé Shh je tato inhibice pferusena

*  Uvolnéni SMO umoznuje aktivaci transkripnich faktort z rodiny GLI, které se
presouvaji do jadra a spousti transkripci



Schéema Shh drahy

legenda k obrazku:

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 GLIs is poorly understood. Activated
GLI accumulates in the nucleus(6) and controls the transcription of hedgehog target genes(7).



Shh — ucebnicovy morfogen

Napf. specifikace jednotlivych prstu koncetiny




Shh

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

Digit | - SHH independent

Anterior Digit Il - low SHH concentration

A

Digit Ill - brief SHH expression,
high SHH concentration

Digit IV - moderate SHH expression

Posterior

® Descendants of SHH expressing cells

Napf. specifikace jednotlivych prstu koncéetiny



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




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.

1

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.



Hedgehog (Hh) draha je vazana na
primarni cilie

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

* Hh je pfimo vazan na primarni cilie.




Primary cilia vs. motile (secondary) cilia

PRIMARNI SEKUNDARNI

« struktura 9+0 « struktura 9+2
* nepohyblivé * pohyblivé
« témer vsechny bunky » epitely tracheje, vejcovodu,

(www.primary—cilium.co.uk) ependym...
« solitérni
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The primary cilium
Expert Reviews in Molecular Medicine 2006 Cambridge University Press




Primarni cilie - funkce

délka 2-10um, prumér 0.25um

chemo- a osmosenzory
fotoreceptory
mechanoreceptory

komunikace v extracelularni matrix

nodalni cilie

— pohybliva

— blastocysta

— pravoleva soumeérnost

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



Intraflagelarni transport (IFT)

Poprvé popsali
Kozminski et al.
1993 pomoci DIC
mikroskopie

Za transport
zodpovedny
kinesin-Il —
transport k
distalnimu ,+*
konci a dynein
zodpovedny za
transport k ,,-*
konci.

Kif3A, Kif3B
(podjednotky
kinesinu) KO
bunky netvofri cilie.
IFT je zodpovédny
za regulaci
signalnich drah
vazanych na
primarni cilie
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Primarni cilie a Hh signalizace

SUFU

n Anterograde Axoneme
GLI
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‘ T Transition zone

Basal body

Ciliary membrane
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+ Je spojen s primarnimi ciliemi

* Ligand se navaze na patch (Ptc) protein, coz zpusobi zruSeni inhibi¢niho efektu Ptc
na protein smoothened (Smo), ktery transdukuje signal pres glioma transkrip&ni
faktory (Gli) do jadra, kde Fidi expresi Hh genu. (Gli1, Gli2 a GIi3A jsou aktivatory a
Gli3R je represor). Hlavnim represorem je SuFu.

» IFT hraje klicovou ulohu ve funkci regulace Hh signalni drahy (spojuje Smo a Gli)

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



Primarni cilie a Hh signalizace: dukaz

Basal cell carcinoma — zpusobena aktivaci Smoothened
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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




Primarni cilie a Hh signalizace: dukaz

control Shh active, Shh active,
cilia present cilia absent
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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




Klicové molekularni komponenty vyvoje




Notch

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




Notch

Regulation and
Destruction Signaling dimerization | ;o n hinding

il Sl

Notchi === Jagged1 & 2
.= Deltal & 4

Notch2
i-= Delta3

Noteh3 ==l

\ Notch4
L pm
Cell 1 Cell 2

Notch ligandy Jagged a Delta

Transmembranove — jsou vazany na bunécny
heterodimericke receptory povrch

Notch 1-4



Notch draha - overview

Vazba ligandu Notch receptor aktivuje dvé proteazy (enzymy specificky Stépici protein)
Proteazy jsou z rodiny ADAM a gamma-sekretaz

Stépeni Notch témito protedzami uvolfiuje tzv. NICD (Notch intracellular domain), ktery
se uvoliuje a do cytoplazmy a nasledné pfesouva do jadra

NICD pfimo interaguje s transkripcnimi faktory CBF1/Mastermind a spousi transkripci



Notch draha - biologie

« Diky pfimému pusobeni ma vyznam zejména pfi diferenciaci
«  Typicky napf. ,Binary decisions® a lateralni inhibici
* Role v nikach kmenovych bunék nebo pfi angiogenezi




Nika zarodecnych kmenovych bunék
(Caenorhabditis elegans)

Germline
stem cell Differentiated
germ cell

Lateralni inhibice — proces, ktery zajisti, Zze dvé sousedici buriky nebudou mit stejnou
bunécnou identitu (fate); diky signalnim draham (napf. Notch), které diky pfimému
kontaktu zajisti odliSnost sousedicich bunék



https://www.stembook.org/node/497

Nika zarodecnych kmenovych bunéek (Drosophila
melanogaster)

Terminal
Filament

stem cell

Escort stem
cells



https://www.stembook.org/node/497

Nika kmenovych bunék ve streve
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Notch draha — role v angiogenezi

Viz dalSi pfednaska




Klicové molekularni komponenty vyvoje




TGF/BMP

* TGF — transforming growth factor (transformuijici
rustovy faktor)

 BMP — bone morphogenetic protein (kostni
morfogeneticky protein)

* patfi do TGF(3 nadrodiny



TGF beta nadrodina:

TGFB nadrodina ma nasledujici podrodiny:

TGFB1-3

BMPs — 20 ruznych ligandu

GDF (growth differentiation factor): 9 ligandu
activin/inhibin/nodal

B~ wh =

Spoleénym znakem je signalizace pres:

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

- cytoplazmaticka signalizace pres tzv. SMAD proteiny



Signalni draha BMP

chordin, noggin,
schlerostatin

Smad6
Smad7 A
p38, Erk1/2




Inhibitory BMP faktoru

jsou klicové pro fyziologické funkce BMP

* Nnoggin
* chordin (Chd)
 sklerostin

Prima fyzicka interakce mezi chordinem
a BMP je podstatou inhibic¢niho
pusobeni chordinu



Kliéova role BMP inhibitoru produkovanych
notochordem pri indukci nervoveé plotenky

Neurulation

Neural plate

Neural 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).



BMP signalizace primo antagonizuje Wnt ve
strevni krypte

enterocytes
Goblet cell

Paneth cell
stem cell

- Noggin (inhibitor BMP) je spolu s Wnt, R-spondinem a EGF
zakladni sloZzkou média pro kultivaci organoidu
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Integrace signalti vede k homeostaze

Lateral imhibition

-------------------------------------

ll—

—= BMPF ligands —= R-spondins
—= BMPinhibitors —» EGF

== Whnt ligands —= MNotch signal
= Notchligand =s={ Notch receptor * Mesenchymal cell

&CBC cell [:[ Absarptive [j Secretory Enteroendocrine

progenitor progenitor cell




Dalsi zajimaveé
proteiny z BMP
rodiny

Myostatin (GDF8) —
regulator
diferenciace svalu

PROTEASOME MEDIATED
PROTEIN DEGRADATION

L *
MUSCLE WASTING
CACHEXIA




GDF8 (myostatin) — priklad tzv. master
regulatoru konkrétni tkane
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ASK THE TRAINER #8 — MYOSTATIN INHIBITORS e

Kre Alkalyn
Hardcore
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$26.99

POSTED ON FEBRUARY 17, 2015 BY CHAD SHAW

Vita Drive
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$20.99

Karbolyn Hydrate
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$44.99 - $48.99

Training Ground
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1.8 8.8 8§
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Training Ground

QUESTION:

EAA
What do you think of myostatin inhibitors? | am asking because my workout partner bought one ey
of these products. After doing my own research | am on the fence. | am aware that Myostatin is $24.99

something the human body produces to slow and regulate muscle growth. | don't know if
Training Ground

Protein 6
. 8.8.0.8. 1
$35.99

stopping something your body does naturally is a good idea?

Glen

ANSWER:

Hi, Glen. Myostatin, which is also known as “Growth Differentiation Factor-8” (GDF-8), is a
protein embedded in the MSTN gene in humans. It's produced mainly in skeletal muscle cells and

binds to receptors in muscle tissue.
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Super-muscly pigs created by small genetic tweak

Researchers hope the genetically engineered animals will speed past regulators.
David Cyranoski

30 June 2015
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These meaty pigs could become the first genetically engineered animals to be approved for human

consumption.

Belgian Blue cattle are hulking animals that provide unusually large amounts of prized, lean cuts of
beef, the result of decades of selective breeding. Now, a team of scientists from South Korea and

:hina savs that it has created the norcine eauivalent usina a much faster methad



