Kratkeé shrnuti zakladu z
Vyvojove fyziologie zivoCichu |



Bunka ve vyvijejicim se embryu
musi umet a vedét nejruznéjsi veci:

» vedet kdo je, kde je, kym bude a co bude
dalsim krokem v jejim bunécnem zivote

* bunka Cini rozhodnuti na otazky typu jako:
Delit se? Diferencovat? A v co

diferencovat? Migrovat”? A kam? Zemrit?



Pavlovy movies



Co poskytuje bunce tyto
informace?

a) signaly z okolniho prostredi

transkripce urCuje
jednotlivé citlivost burky k
signalni drahy vné&jSim signaliim
moduluji (napf. regulaci
transkripci a exprese receptoru Ci
strukturu komponent pfenosu
chromatinu signalu)

b) transkripCni program v jadre



Signaly z vnejSiho prostredi
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TGFpB nadrodina ma nasledujici
podrodiny:
1. TGFB1-3
2. BMPs — 20 ruznych ligandu

3. GDF (growth differentiation factor). 9
ligandu

4. activin/inhibin/nodal

SpoleCnym znakem je signalizace pres:

- konzervativni rodinu Ser/Thr kinazovych receptort — jsou dvou typu a po
vazbe ligandu dimerizuji

- cytoplazmaticka signalizace pres tzv. SMAD proteiny



Inhibitory BMP faktoru.

jsou klicové pro fyziologické funkce BMP.

* noggin - eeeoB@Ea-c o
 chordin (Chd) °
* sklerostin

Prima fyzicka interakce mezi chordinem
a BMP je podstatou inhibiCniho
pusobeni chordinu



Figure 2. Analysis of situs
defects in Gdf1-/- mice.

a, Gdf1 +/- and Gdf1 -/- newborn
mice with stomachs (arrowheads)
on the left and right sides,
respectively. Ventral views of
tissues from newborn Gdf1 +/-
(b,d,f,h) and Gdf1 -/- (c,e,g,i) mice
are shown. b,c, Reversal of the
orientation of the abdominal
organs in Gdf1 -/- mice. Note also
the streak-like appearance of the
spleen and the abnormally shaped
medial lobe of the liver.

H, heart; Lv, liver; St, stomach;
Sp, spleen; AC,
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Notch and the segmentation clock

b Expression wave -
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segmentation clock movie mov
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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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Receptorove tyrosin kinazy (RTK)

Signal molecules

Activated
proteins

/l

Cellular

= - > response
ADP Cellular
- > response

Activated tyrosine-kinase
receptor (phosphorylated
dimer)

(b) Activated system



Schematicka struktura jednotlivych
receptoru

I II ITI VII VIII IX

extracelularni
domény vazici
ligand —

transmembran
ova doména
—

tyrosin-
kinazova
doména

EGFR InsulinR PDGFaR FGFR1 Flt 1/VEGFR MetHGFR TrkA Eph Axl
HER2/neu/c-erbB-2 Insulin reiatedR PDGFBR FGFR2 FIk/KDR TrkB Elk
HER3/c-erbB-3 IGF-1R MCSF-1R FGFR3™ TrkC Eck
c-kit FGFR4 Eek
Erk
Cekd4/Mek4/HEK

Caks



Erk MAP kinase activity is necessary for
FGF2 FGFR3 phenotype in cartilage




C-type Natriuretic Peptide (CNP) over-expression
results in skeleton overgrowth in mice

onef| PEBNRS



Leukocyles

Erytrocytes
Platelets

Ciran| g,
EG progenilons

EC proliferation,
andsprouting  Tumor Angiogenesis

Blood vessel formation and tumor angiogenesis. During development, VEGF induces differentiation and proliferation of
endothelial cells from its progenitors (the hemangioblast and angioblast) to form a poorly differentiated primitive vascular
plexus (vasculogenesis). Angiopoietin-1 (Ang-1) and other morphogens (e.g. Ephrins-Eph) induce remodeling of the vascular
plexus into a hierarchically structured mature vascular system through endothelial cell sprouting, trimming differentiation and
pericytes recruitment (angiogenesis). During tumor angiogenesis, angiopoietin-2 (Ang-2) destabilizes the vessel wall of
mature vessels. Quiescent endothelial cells become sensitive to VEGF (or other angiogenic factors), proliferate and migrate
to form new vessels. Bone marrow-derived endothelial cell progenitors are found in the peripheral blood and can recruit at
sites of angiogenesis.



Eph/ephrin komplex

Artery

PDZ binding motif

ephrin — jsou membranove vazané
ligandy (podobné jako ligandy
Notch drahy) Globular domain
ephriny A — na membrane
upevnény pomoci tzv. GPI kotvy
ephriny B — transmembranove
ligandy, které samy jsou schopny
signalovat do bunky

Eph/ephrin systém je zapojen
zejména do ,navigace” bunek
(napf. bunék cév) Ci jejich Casti
(napf. navadéni axonu v nervove
soustave), a do ,,contact-mediated
cell sorting” ve vyvijejicim se
embryu. Jde o obecny
mechanismus regulujici migraci FDZ binding matif

bunék. Schematicrepresentation of EphB4 and Ephrin B2 structures

Ephrin B2

Cysteine rich regio

Fibronedin-type lll repreats

smembrane region

Juxtamembraner

EphB4

Kinase domain

SAM domain
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Wnts (Wingless/int)

- family of ligands

- 19 members in human and mouse

- glycosylated and palmitoylated extracellular proteins
- short range of action, bind to extracellular matrix

- only in multicellular animals

canonical

(eg. Wnt-1 or Wnt-3a)



Wnt/[3-
kateninova
draha

with
Wnt

without \

VWnt




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

wild type Wnt-3a knockout



Deplece inhibitoru Wnt/[3-
kateninove drahy pri gastrulaci =

ztrata prednich c¢asti tela

wild type vs. Dkk1 knockout



SnapShot: Noncanonical Wnt Signaling Pathways

Mikhal 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 Jersay Piscalavay, NJ 08854, USA
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Molekularni
mechanismus
ustaveni PCP

Box 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 two cells
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that have attained asvmmetric localization of the two complexes. Several lines of

Seifert and Mlodzik, Nature Reviews in Genetics, 2007
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Preacirnal - »
b Anterior Posteriar

oy ¥
ﬁ'bw e

Equatorial %
A
c
Outer f—
Anterior Pastarior
s F7, DSH, DGO STBM/WANG, PK
Inner

Figure 2| Subecellular distribution of core Fz/PCP factors in Drosophila
melanogaster and vertebrates. a—c | Examples of cellswith epithelial character
tmarked 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

DL melanogaster sensory organ precursor (530P) cells depends on the asymmetric
distribution of the Frizzled (Fz)/planar cell polarity (FCP) factors (as shownin d), as
does the orientation 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 0. 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 PCP proteins at the proposed time of signalling. In the wing, asymmetry of
Flaminga (FMI)has been reported earlier, but the relevance of this is unknown®, Note
that in the mouse inner ear (as shown in ¢ vang-like 2 (VANGLZ2) and FZ23/FZ6 localize
to the same side of the cells; it is not known whether other Fz family members localize
withthe D5Hhomaologues DVLL and DVLZ to the opposite side. During zebrafish
gastrulation (as shownin e) Prickle (Pkj.which is represented by green circles. is
cytoplasmic during cell division but regains polarity after separation of the daughter
cell. Only PK has been analysed inthis context, but its localization depends on the
presence of Strabismus (STEM).




Whnt-induced
assymetry

Control

W-RAMP = Wnt-mediated
receptor-actin-myosin polarity

+Wnt5a
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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




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

Digit lIll - brief SHH expression,
high SHH concentration

Digit IV - moderate SHH expression

Shh M

Posterior

® Descendants of SHH expressing cells

Napf. specifikace jednotlivych prstu
koncCetiny



Forelimb
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Co poskytuje bunce tyto
informace?

a) signaly z okolniho prostredi

transkripce urCuje
jednotlivé citlivost burky k
signalni drahy vné&jSim signaliim
moduluji (napf. regulaci
transkripci a exprese receptoru Ci
strukturu komponent pfenosu
chromatinu signalu)

b) transkripCni program v jadre



TRANSCRIPTION FACTORS

-ultimate effectors of the outside-in intercellular signaling
-one of the most important molecules in shaping of the
embryo

-classified in families by DNA-binding domain

1. HOMEODOMAIN FACTORS

Homeodomain — 60aa sequence that interact with DNA, encoded by homeobox in the
particular gene. Many homeobox genes regulate segment identity.

Homeotic genes cause homeosis — a transformation of one whole segment into another
related one, such as antenna into leg.

Segment polarity genes — basic shape of segment, same for all segments.
Homeotic selector genes — control the differences in segment development via initiation
of future developemntal pathways in each segment.




1. HOMEODOMAIN FACTORS Posterior

Anterior

Antennapedia complex bithorax complex s
lab labial Ubx  Ultrabithorax
pb  proboscidea abd-A abdominal-A
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2. LIM-HOMEODOMAIN PROTEINS
Two LIM domains fused to DNA-binding homeodomain

I[slet-1 E9.5

SV — sinus venosus
ot —outflow tract




3. PAX PROTEINS

DNA binding region: paired domain with 6 o-helical segments

Pax6 (paired box gene 6)

se - surface ectoderm

ms —mesenchymal-like cells
rpe — pigmented retinal
epithelium

ret — retina

os — optic stalk

ov- optic vesicle

nc — nasal cavity

Is -lens




4. ZINC-FINGER PROTEINS

Bind DNA via zinc-finger motif

wWT vz TEe5T

Dracula fish — loss-of-function
mutation in GATA1 — impaired
erythroid differentiation




5. NUCLEAR RECEPTOR SUPERFAMILY

Intracellular receptor that function as transcription factors. Lipophilic ligands: steroids, thyroid
hormone, retinoid acid. Inactive — Hsp90-bound in cytoplasm, complexed with ligand, - nuclear.
Retinoid acid signaling in limiting the cardiac progenitor pool
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6. BASIC HELIX-LOOP-HELIX (bHLH) FACTORS

MyT-5
&

~ Contain basic DNA binding region and
~ hydrophobic helix-loop-helix region
~ responsible for dimerisation

a-actin [HC
(smooth and striated muscle fibers)

~desmin [HC
- (skeletal muscle fibers, myoblast-like cells)




7. T-BOX FACTORS

DNA binding domain derived from the prototype gene called transcription factor T.
Limb identity factors Tbx4 and Tbx5

Thx5'9%10% .pry1Cre



8. HIGH MOBILITY GROUP (HMG)-box FACTORS

Operate via bending DNA to bring regulatory sites with transcriptional complex
So0x9 (Sry-Box9) — master inducer of cartilage

collagen type II
[HC




10. RUNT DOMAIN-CONTAINING FACTORS

Runx2 (Runt-related transcription factor 2)

C dl5.5 d16.5 d17.5 d18.5 newborn
L5 ﬁlrﬁ l
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2006- INDUCIBLE PLURIPOTENT CELLS (iPS)

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

Kazutoshi Takahashi' and Shinya Yamanaka'*"*

! Dapartmert of Stermn Call Biology, Institute for Frontier Medical Sclences, Kyoto University, Kyoto 606-8507, Japan
? CREST, Japan Science and Technology Agency, Kawaguchi 332-0012, Japan
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SUMMARY or by fusion with ES cells {Cowan et al., 2005, Tada

et al., 2001), indicating that unfertilized eggs and ES cells
Lifferentiated cells can be reprogrammed to an contain factors that can confer totipotency or pluripotency
embryonic-like state by transfer of nuclear con- to somatic cells. We hypothesized that the factors that
tents into oocytes or by fusion with embryonic play important roles in the maintenance of ES cell identity

stem (ES) cells. Little is known about factors also play pivotal roles in the induction of pluripotency in
[T MR U NPT LI I | [ [ J—— snmatic ol



