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Klicové molekularni komponenty vyvoje




Klicové molekularni komponenty vyvoje




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/ Ina B-kateninu nezavisla/

(napr. Wnt-1 or Wnt-3a) (napfr. 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 pfenasen pres translokaci -kateninu do
jadra
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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. Wnt proteins also re-
quire Wnitless (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 Wis between
the Golgi and the endo/erocytic compartment.




Kanonicka signalni draha Wnt

Cytoplasm

Degradation




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 vetsiny (vSech?)
signalnich drah Wnt

Ligands
WNTs
R-spondin
Norrins
FRPs
CTGF

PDZ proteins

* DVL * DLG-1,-2,-4
« GIPC1-3 + GOPC
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*« MAGI-3
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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 (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 kanonickeé
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Destrukcni komplex




Destrukcni komplex

- legenda k obrazku destrukéniho 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




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

Wnt and E-cadherin pathways

Tyr142 na B-kateninu:

fosforylovan: vaze Bcl9

bez fosforylace: vaze a-katenin



Epithelio-mesenchymalni transice a role [3-
kateninu v tomto procesu

Epithelial Mesenchymal

Apical Surface

; Tight Juntions: ‘
-claudin -occludin
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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 procesu regulovanych
kanonickou Wnt drahou

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




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

Gastrula, stage 11 ; Late gastrula, );ﬂoil

archenieron archemteron yolk plug

marginal  Animal pole blastocoe!
Zong 4

-‘J-...ul""
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Fig. 2.6 Gastrulation in amphibians. The blastula (first panel)
contains several thousand cells and there is a fluid-filled cavity,
the blastocoel, beneath the cells at the animal pole. Gastrulation
bagins (second panel) at the blastopore, which forms on the
dorsal side of the embryo. Future mesoderm and endoderm of blastopore (fourth panel) and will eventually completely line
the marginal zona move inside at this site through the dorsal lip the archenteron. At the end of gastrulation the blastocoel has
of the blastopore, the mesoderm ending up sandwiched considerably reduced in size. After Balinsky, B.1.: 1975.

between the endoderm and ectedarm in the animal region (third
panel), The lissue movements create a new intermal cavity—the
archenteron—which will become the gul. Endoderm in the
ventral region also moves inside through the ventral lip of the



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




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

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

Early Xenopus
embryo
Lateral view

vznik prednich casti tela

Animal Xenopus blastula
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-\.-\.-Ia-.l--.-h -\.-,-\.I-\. =]

Maternal Wnt pathway

Vegetal (dorsal side, stage 8)

Ventral dorsal



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

Whnt5a®t/*:LRP6™*

mysSi embryo po gastrulaci (E8.5):

Cilové geny Wnt/B-cateninové
drahy jsou exprimovany v zadni
Casti téla.

Uncx4.1/Mesogenin

Whnt5a~’:LRP6"



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

wild type Wnt-3a knockout



Deplece inhibitori Wnt/B-kateninové drahy
pri gastrulaci = ztrata prednich casti tela

wild type vs. Dkk1 knockout




Priklady vyvojovych procesu regulovanych
kanonickou Wnt drahou

Whnt/(B-cateninova draha reguluje
vyvoj neuralni listy (neural crest)



Nervova lista (neural crest)

populace buneék, vznika z dorsaini (= horni)
strany nervove trubice procesem delaminace a
migruje nekolika hlavnimi cestaml do jinych

casti embrya

N
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b
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Co vsechno z NC vznika?

- podil na vzniku cca 40 rtznych tkani a organu

Neurilni lista Melanocyt
Oblast tru puU. 5 . Schwannova b.
Spinalni \ i I .

T v Satelitni b,
» Neurony a glialni buriky ~ ganglion®, b

senzorického,
sympatického a
parasympatickeho

, _- Postgangl.
systéemu

neuron

* Bunky drené nadledvin SO

* Pigmentové bunky

epidermis
L @ Prevertebralni
. 2 > X ’ Neurony N S plexus
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' lexus
e P

B.M. Carlson (1999)



Co vsechno z NC vznika?

Vyvoj neuralni listy:

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

chick skull:




Wnt signalizace pri vyvoji neuralni listy

control mutant

Neural crest
v progenitor
ngn2-positive
Sensory
precursor

y Melanocyte
precursor

Neural crest
v progenitor

v ngnt -positive
Sensory
precursor

Sensory
neurons

y Melanocytes

Hari, L. et al. J. Cell Biol. 2002;159:867-880



@)
X
o
@
Q
<
=




Nekanonicka Wnt draha

- indukovana napf. ligandem Wntba

uninjected

- neindukuje duplikaci télni osy u Xenopus

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

- signal NENi pfenasen pres translokaci p-kateninu do jadra



SnapShot: Noncanonical Wnt Signaling Pathways

Mikhai V. Semenov,' Raymond Habas,? Bryan T. MacDonald,! and Xi He!
'Children’s Hospital Boston, Harvand Madical School, Boston, MA 02115, USA; *University of Madicine and Dentistry of New Jarsay Piscal avay, 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

The molecular logic of
the formation and
separation of the
Frizzled-Dishevelled-
Diego (FZ-D5H-DGO)
and Prickle=5trabismus
(PE=5TEM) complexes
has started to be
unravelled. In FIS. 2 are
reported examples of
the localization of each
complex invarious
tissues. The figure is an
apicalview of wo cells
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that have attained asvmmetric localization of the two complexes.

Seifert and Mlodzik, Nature Reviews in Genetics, 2007



Molekularni mechanismus ustaveni PCP

Anterior Posterior

s 2 D5H DRG0 s STEMAYANG, PE

Inmer

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 earj are shown ina, b and ¢,
respectively. d.e | Examples of dividing cells. The spindle orientationin the

0. melanogaster sensory organ precursor (30F) cells depends on the asymmetric
distribution of the Frizzled (Fz)/planar cell polarity (PCP) factors (as shownin 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 DL 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 shownin civang-like 2 (VANGL2) and FZ3/FZ26 localize
to the same side of the cells; it is not knownwhether other Fz family members localize
withthe D5H homologues DVL1 and DVL2 to the opposite side. During zebrafish
gastrulation (asshown in e) Prickle (Pk). which is represented by green circles, is
cytoplasmic during cell division but regains polarity after separation of the daughter
cell. Only PR has been analysed in this context, but its localization depends onthe
presence of Strabismus i 3TEM).

Seifert and Mlodzik, Nature Reviews in Genetics, 2007



Poruchy v nekanonické signalni draze Wnt
u savcu

www. KLUBMORCAT com




Poruchy v nekanonické signalni draze Wnt
u savcu

e e e
BN == an

Anterinr Posterior

s - g
Anterior o ** Posterior

b I'.""i- . g‘. i I----- X ,.'. e A=
_ Jt_ i %"

K5

Sagittal view

8.5
it



Nekanonicka draha/draha PCP:
fenotypy u mysi

Orientace stereocilii vlaskovych bunék ve
vnitfnim uchu

= | Vangl2 CRdp

Qian et al., 2007, Dev. Biol.



Nekanonicka draha/draha PCP pri
konvergentni extenzi u mysi (a ¢clovéka)

Convergence
e Mr1edially —

Extension

along
mstrocaudal

axis

Lateral bled izl Lateral

Konvergentni extenze — migrace bunék smeérem ke stredu
téla — vede k prodluzovani télni osy



Konvergentni extenze - video

100 min




Dusledky narusené konvergentni extenze (CE)

DEVELOPMENT

Principles of Development
Fifth Edition

|

Axolotl neural tube closure

© Oxford University Press, 2015.



Dusledky narusené konvergentni extenze (CE)

Exencefalie:

Hamblet et al., 2002, Development



Moznosti studia migrace — polarizace a
migrace: Transwell assays (savCi bunky)
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Moznosti studia migrace a polarizace —
attractant/repelent assays

[—Tubulin [—Tubulin

/
Attractant /

repelent




Kmenové bunky

» Pro zajemce o tuto problematiku:

Dr. Jifi Pachernik: Bi7575 Fyziologie kmenovych bunék
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Priprava mysich embryonalnich kmenovych bunék:

den 6 den?7 ~den11 ~den 12 ~den 17

@*ﬁ%m

vymytl 0 i ) i (dalsi cykly zamrazeni
blastocysty (2.5% trypsin) (0.25% trypsin) trypsinizace)

v

v

trypsin

v

zadné kolonie
pripominajici ES
bunky

trypsin



sich ES bunék pro transgenezi

54 myv,

Vyuzit




Vyuziti mysich ES bunéek pro transgenezi

A Transgenic B Knock-in or Knockout

s Recombinant DNA C:) x Targating vector

| J
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REPORTS

Embryonic Stem Cell Lines
Derived from Human
Blastocysts

James A. Thomson,* Joseph ltskovitz-Eldor, Sander 5. Shapiro,
Michelle A. Waknitz, Jennifer ). Swiergiel, Vivienne S. Marshall,
Jeffrey M. Jones

Cultured
Elastocyst

one of Ameficas
S in science and
rEEEne. In Part 2 of

i series, we profile

. theresearchers and q "“.'-'-i
T, doctors who are

Isolated inner cell mass

- o cells
B
T o

XX karvotype after 6 months of culture and
has now been passaged continuously for
more than 8 months (32 passages). A period
of replicative crisis was not observed for
any of the cell lines.

The human ES cell lines expressed high
levels of telomerase activity (Fig. 2). Telo-
merase 12 a ribonucleoprotein that adds telo-
mere repeats to chromosome ends and is
involved in maintaining  telomere length,
which plavs an important role in replicative

ifa cmmen T 0% Talmmenmmas ssrsea s

Science. 1998 Nov 6;282(5391):1145-7

Irradiated fibroblast feeder

Established embryonic stem cell gel] cultures



In vivo
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Kde jsou, jak vypadaji a co kontroluje
tkanové kmenové bunky?

Uslysite priste




Indukované kmenoveé bunky - iPSCs

Induction of Pluripotent Stem Cells
from Mouse Embryonic and Adult
Fibroblast Cultures by Defined Factors

Kazutoshi Takahashi' and Shinya Yamanaka'*"*

! Dapartrent of Stam Cell Biology, Institute for Frontler Medical Sclences, Kyoto University, Kyoto 505-8507, Japan
? CREST, Japan Sclence and Technology Agency, Kawaguchi 332-0012, Japan

*Contact: yamanaka@frontier kyolo-u.ac.jp
DO 10,1016 call. 2006.07.024

SUMMARY

Differentiated cells can be reprogrammed to an
embryonic-like state by transfer of nuclear con-
tents into cocytes or by fusion with embryonic
stem (ES) cells. Little is known about factors

Al ek ol e At e s e el I lace e e

ar by fusion with ES cells (Cowan et al., 2005; Tada
et al., 2001), indicating that unfertiized eggs and ES cells
containfactors that can confer totipotency or plurpotency
to somatic cells. We hypothesized that the factors that
play important roles in the mainte nance of ES cell identity
glso play pivotal roles in the induction of pluripotency in
anmatic crlls




Indukované kmenoveé bunky - iPSCs
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Kmenové bunky

ontogeneze

blastocysta vyvijejici se tkan (organ) dospéla tkan




K cemu jsou, jak vypadaji a jak jsou
regulovany kmenové bunky v
dospeéelém organismu?




K cemu jsou tkanove specificke
kmenoveé bunky?

1) K zajisténi homeostazy

* v lidském organismu bézne regeneruji celé
tkane — napr. vlasoveé korinky (doba ,zivota“
3-4 roky), epitel streva, epitel plic, krevni
bunky nebo jatra

2) K zajisteni procesu hojeni a regenerace



cell type
small intestine epithelium

stomach
blood neutrophils

white blood cells eosinophils
gastrointestinal colon crypt cells

cervix

lungs alveoli

tongue taste buds (rat)
platelets

bone osteoclasts
intestine paneth cells
skin epidermis cells
pancreas beta cells (rat)
blood B cells

trachea

hematopoietic stem cells
sperm (male gametes)
bone osteoblasts

red blood cells

liver hepatocyte cells
fat cells
cardiomyocytes

central nervous system
skeleton

lens cells

oocytes (female gametes)

Casy — délka ,,zivota“ bunék

turnover time
2-4 days

2-9 days

1-5 days

2-5 days

3-4 days

6 days

8 days

10 days

10 days

2 weeks

20 days
10-30 days
20-50 days

1 month

1-2 months
2 months

2 months

3 months

4 months
0.5-1 yeer

8 years
0.5-10% per year
life-time
10% per year
life-time
life-time

BNID

107812, 109231
101940

101940
109901, 109902
107812

110321

101940

111427
111407,111408
109906

107812
109214, 109215
109228

111516

101940

109232
110319, 110320
109907
101706, 107875
109233

103455

107076, 107077, 107078

101940
109908
109840
111451



Jak zjistit delku ,,zivota“ bunek/intenzitu obnovy tkani"

Vyuziti prechodného zvySeni *C z dob studené valky
(Jonas Frisén, Karolinska)

Nervove bunky mozkoveé kury

‘ Neurons (NeuN+)

900 . N
800 on sorted

700 @ Non-neurons (NeulN-

600
500
400
] 300
200
100

NeuN=-{Non-neurons) 0

|-|E'.|.i;|'|"l||r||‘|l||!1||llr|_ 100 1950 1860 1970 1980 1990 2000

5000 10000 15000 20000 25000 Time
FSC-A

MNeuN+ (Neurons)

A4C (%)

MNeulN

107 3

Fig. 1. Determination of the age of neocortical neurons. (4) Neuronal (NeuN-positive) and nonneuronal (NeuN-negative) cell nuclei from the adult human
cerebral necortex were separated and isolated by flow cytometry. (B) The levels of *C in the atmosphere have been stable over long time periods, with the
exception of a large addition of #C in 1955-1963 as a result of nuclear weapons tests (blue line, data from ref. 26), making it possible to infer the time of birth
of cell populations by relating the level of 1*Cin DNA to thatin the atmosphere (horizontal arrows) and reading the age off the x axis (vertical arrows). The average
age of all cells in the prefrontal cortex is younger than the individual (black arrows), indicating cell turnover. Dating of nonneuronal cells demonstrates they are
younger, whereas neurons are approximately as old as the individual. Thevertical bar indicates the year of birth of the individual. *C levels from modern samples
are, by convention, given in relation to a universal standard and corrected for radioactive decay, giving the A'*C value (50).
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Fig. 1. Cell tunover in the heart. (A) Schematic figure demonstrating the
strategy to establish cell age by **C dating. The black curve in all graphs shows
the atmospheric concentrations of *C over the decades since 1930 [data from
(14)]. The vertical bar indicates the date of birth of the individual. The measured
1%C concentration (1) is related to the atmospheric **C concentration by use of
the established atmospheric **C bomb curve (2). The average birth date of the
population can be inferred by determining where the data point intersects the x
axis (3). *C concentrations in DNA of cells from the left ventricle myocardium in
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individuals born after (B) or before (C) the nuclear bomb tests correspond to
time points substantially after the time of birth, indicating postnatal cell
turmover. The vertical bar indicates the date of birth of each individual, and the
similarly colored dots represent the C data for the same individual. For
individuals born before the increase in *C concentrations, it is not possible to
directly infer an age because the measured concentration can be a result of **C
incorporation during the rising and/or falling part of the atmospheric curve, and
thus the concentration is indicated by a dotted horizontal line.
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Morfogeneticke sign. drahy (kanonicka Wnt signalizace,
Hedgehog, TGF, Notch) jsou nezbytné pro regeraci u rady
mnohobunéénych organismu
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. Regenerace pod kontrolou Wnt signalni
drahy u plostenky
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