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VYVOJOVA BIOLOGIE

je veda studuijici:

Proces budovani a organizovani organismu
od oplozeneho vajiCka po plné vyvinutého jedince

na zaklade zdedenych (genetickych) informaci
a epigenetiky




Paradox vyvojoveé biologie

V genomu neni tolik genu, aby byla zajiSténa obrovska
komplexita a diverzita dospelého organismu

Geny jsou ve vyvoji ,,recyklovany*
- Casovani, lokalizace, kombinace, davky genu, regulace genové exprese
- Historicky koncept ,jeden gen = jedna vlastnost® je chybny!

Slozité mechanismy vlastni organizace
- Mezibunécné komunikace
- Formovani komplexnich struktur — organu a tkani




Zakladni princip vyvojové biologie

Bunky vytvareji intenzivné komunikujici spolecenstuvi,
ve kterem se jednotlivé bunky navzajem ovlivnuiji,

a formuji mnohobunéecné tkaneé a organy v identickém
casovem a prostorovém vzoru z generace na generaci




Zakladni princip vyvojové biologie

Bunky vytvareji intenzivné komunikujici spolecenstuvi,
ve kterem se jednotlivé bunky navzajem ovlivnuiji,

a formuji mnohobunéecné tkaneé a organy v identickém
casovem a prostorovém vzoru z generace na generaci

K tomuto dcelu buriky vyuZzivayji:

Genetické mechanismy

of jaderna a mitochondridlni DNA, geny vyznamné pro vyvoj

Negenetické mechanismy

of epigenetika, vnitrobuné&né prestavby, fyzikalni sily, adhezni

molekuly, mezibunécné interakce, mezibunécna komunikace
— takzvana bunééna sociologie

...a pretrvavajici zahady vyvojové biologie



Proc ucit vyvojovou biologii na LF?

Ceska republika v roce 2014:
4794 déti s vyvojovou vadou (441 déti na 10 000 narozenych)

307 mrtvé narozenych déti v dusledku vyvojové vady (0,03%)

/ NejCastéjSi vyvojova vada déti: Ventrikularni septalni defekt \

Hole or defect in
ventricular septum

Ventricles




ProcC ucit vyvojovou biologii na LF?

llustraéni priklady mnozstvi a rozmanitosti vyvojovych vad — nejéastéjsi vyvojové vady srdce:

Aortic Valve Stenosis (AVS)

Atrial Septal Defect (ASD)

Coarctation of the Aorta (CoA)
CompleteAtrioventricular Canal defect (CAVC)

d-Transposition of the great arteries
Ebstein'sAnomaly
I-transposition of the great arteries

Patent Ductus Arteriosus (PDA)

Pulmonary Valve Stenosis

Single Ventricle Defects

Tetralogy of Fallot

TotalAnomalous Pulmonary Venous Connection (TAPVC)
TruncusArteriosus

Ventricular Septal Defect (VSD)

NejCastéjSi vyvojova vada déti: Ventrikularni septalnii defekt \

o Boay

From Body

To Lungs .

Fram
Lungs

Hole or defect in
ventricular septum

@ Ventricles

From Body

To Body



http://www.heart.org/HEARTORG/Conditions/CongenitalHeartDefects/AboutCongenitalHeartDefects/Aortic-Valve-Stenosis-AVS_UCM_307020_Article.jsp
http://www.heart.org/HEARTORG/Conditions/CongenitalHeartDefects/AboutCongenitalHeartDefects/Atrial-Septal-Defect-ASD_UCM_307021_Article.jsp
http://www.heart.org/HEARTORG/Conditions/CongenitalHeartDefects/AboutCongenitalHeartDefects/Coarctation-of-the-Aorta-CoA_UCM_307022_Article.jsp
http://www.heart.org/HEARTORG/Conditions/CongenitalHeartDefects/AboutCongenitalHeartDefects/Complete-Atrioventricular-Canal-defect-CAVC_UCM_307023_Article.jsp
http://www.heart.org/HEARTORG/Conditions/CongenitalHeartDefects/AboutCongenitalHeartDefects/d-Transposition-of-the-great-arteries_UCM_307024_Article.jsp
http://www.heart.org/HEARTORG/Conditions/CongenitalHeartDefects/AboutCongenitalHeartDefects/Ebsteins-Anomaly_UCM_307025_Article.jsp
http://www.heart.org/HEARTORG/Conditions/CongenitalHeartDefects/AboutCongenitalHeartDefects/l-Transposition-of-the-great-arteries_UCM_307031_Article.jsp
http://www.heart.org/HEARTORG/Conditions/CongenitalHeartDefects/AboutCongenitalHeartDefects/Patent-Ductus-Arteriosus-PDA_UCM_307032_Article.jsp
http://www.heart.org/HEARTORG/Conditions/CongenitalHeartDefects/AboutCongenitalHeartDefects/Pulmonary-Valve-Stenosis_UCM_307034_Article.jsp
http://www.heart.org/HEARTORG/Conditions/CongenitalHeartDefects/AboutCongenitalHeartDefects/Single-Ventricle-Defects_UCM_307037_Article.jsp
http://www.heart.org/HEARTORG/Conditions/CongenitalHeartDefects/AboutCongenitalHeartDefects/Tetralogy-of-Fallot_UCM_307038_Article.jsp
http://www.heart.org/HEARTORG/Conditions/CongenitalHeartDefects/AboutCongenitalHeartDefects/Total-Anomalous-Pulmonary-Venous-Connection-TAPVC_UCM_307039_Article.jsp
http://www.heart.org/HEARTORG/Conditions/CongenitalHeartDefects/AboutCongenitalHeartDefects/Total-Anomalous-Pulmonary-Venous-Connection-TAPVC_UCM_307039_Article.jsp
http://www.heart.org/HEARTORG/Conditions/CongenitalHeartDefects/AboutCongenitalHeartDefects/Truncus-Arteriosus_UCM_307040_Article.jsp
http://www.heart.org/HEARTORG/Conditions/CongenitalHeartDefects/AboutCongenitalHeartDefects/Ventricular-Septal-Defect-VSD_UCM_307041_Article.jsp

Proc ucit vyvojovou biologii na LF?

wrwas

Vyvojové vady postihuji zhruba 3% novorozencu a jsou hlavni pfic¢inou
novorozenecké mortality v CR

Vyvojové vady vznikaji jako nasledek:
* molekularnich a strukturnich defektl (genetika a epigenetika)

» metabolickych a endokrinnich defektu (genetické, maternalni a environmentalni faktory)

* pusobeni teratogenu (environmentalni faktory)

ALE..!

Etiologie vyvojovych vad je vétSinou nejasna a tedy prevence témér nemozna.



ProcC ucit vyvojovou biologii na LF?

Pochopeni molekularnich mechanismu
=—> Velmi ¢asna diagnostika (nejlépe na trovni ¢asného embrya)

=——> Prfipadna intervence in utero (prenatalni chirurgie, ale i molekularni
Intervence a zasah do vyvoje)

P

Lidské embryo, 5 tydnu
(Lennart Nilsson)



Proc ucit vyvojovou biologii na LF?

Abychom vyvojovym vadam mohli zabranit nebo je v€as
detekovat, musime pochopit jejich molekularni mechanizmus:

« Poznani mechanizmu na@elovych organisme@
» Odhad rizika a strategie prevence




Vyvojova biologie profituje z mnoha modelovych organismii

A. Cerv Caenorhabditis elegans

B. Muska Drosophila melanogaster
C. Zaba Xenopus laevis

D. Rybka Danio rerio

E. Kur

F. Mys

Pro¢ modelové organismy?
- Etické davody

- Rychle rostou
- Rychle se mnozi a maji mnoho embryi

- Neékteré se vyviji mimo matefsky
organismus

- Vyvojové procesy jsou vysoce
evoluéné konzervovany




Vyvojova biologie profituje z mnoha modelovych organismu

Lifecycle of Danio rerio (zebrafish)

Cerv Caenorhabditis elegans

Muska Drosophila melanogaster

14-somite stage

30 minutes
after fertilization
=5y et
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Z4aba Xenopus laevis

. Rybka Danio rerio

Kur

Mys

Pro¢ modelové organismy?
- Etické davody

- Rychle rostou

- Rychle se mnozi a maji mnoho embryi

- Neékteré se vyviji mimo matefsky
organismus

- Vyvojové procesy jsou vysoce
evoluéné konzervovany



Migrace a diferecniace bunék v casném embryu:
Prvnich 16 hodin po opodnénii — Danio pruhované Blastodermu

Zygote Period Cleavage Period - 0.75 - 2.25 hpf

Anterior-

zzs.gf;: 217%?" 3 hpf 3.3 hpf 3.7hr3 4 hpf H 4
Dorzo- _ Gmnta s s25- 1o poste.rlornl
Ventralni 2 @ polarizace
v D
polarizace
Tvorba bt m::v:‘"v g D
ektodermu a , ’ .
endodermu el 7L L) ¢ ) e

ICoNERAENT N ExTENTH

(/ /,/;/‘ // /"

Keller et al., SCIENCE 2008, 322, 1065-9



Migrace a diferecniace bunék v casném embryu:
Kdo je tady séf?!

1924: Hilde Mangold v laboratofi Hanse Spemanna-
Tkan z dorzalni ¢asti mebrya transplantovana do ventralni oblasti:

| Dorsal
| lastocoel
. B .
1 : lastopore
entral

DOHOR ERBRYO RECIPIEHT EHERYO

Organizér — dynamicky umisténa skupina bunék se schopnosti ovlivnit osud okolnich bunék uvolnénim
morfogenu

Morfogen —sloucenina uvolnéna organizérem, kterd vytvari gradient koncentrace signalu

ectoderm binds ectoderm
BMP4; becomes I cannot bind
epidermis (skin) ‘Q‘.; 3 L, ™ BMP4; takes

L default path to
become central
ervous system

Dorsal

Spemann
Yolk organizer

@ - BMP4
+ = chordin, noggin, others

@ - inactive complesxes



Zakladni stadia embryonalniho vyvoje savcu
a epigenetika

(Gametogenez€)_genomicky imprinting >

(Oplozent_paternalni/maternalni epigeneticky imprinting_—>

Aktivace embryonalniho genomu
Embryonalni deleni  inaktivace chromozomu X
Casna polarizace embryi

Gastrulace

Neuralni indukce

Hlavni vina organogeneze



Genomicky imprinting — epigeneticky proces umoziujici expresi gent
dllezitych pro vyvoj jen z JEDNE parentalni alely (bud matefské, nebo otcovské)

Genomicky imprinting je charakteristicky pro savce, probiha “az” béhem maturace gamet,
tedy vajiCek a spermii, a imprintované geny jsou klicové v nejCasnéjsSich vyvojovych stadiich

Bézné geny: kazdy gen - 2 alely
(samci A samici)

Materska alela genu A Otcovska alela genu A

AA

Fenotyp (davkovani genu)

dvé materskeé dve otcovske
sady genomu sady genomu

! !

- _
l hd

normalni vyvoj umély pfenos jadra
- embryo zanika uz pred
implantaci do délozni stény
[McGrath, Cell 1987]

otcovska i materska
sada genomu




Genomicky imprinting — epigeneticky proces umoziujici expresi gent
dllezitych pro vyvoj jen z JEDNE parentalni alely (bud matefské, nebo otcovské)

Genomicky imprinting je charakteristicky pro savce, probiha “az” béhem maturace gamet,
tedy vajiCek a spermii, a imprintované geny jsou klicové v nejCasnéjsSich vyvojovych stadiich

Bezne geny: ‘!(,aZdy ge_?,_ 2 alely otcovska i matefska dveé materske dvé otcovské
(samci A samici) sada genomu sady genomu  sady genomu

Matefska alela genu A Otcovska alela genu A ‘ ‘ ‘

Fenotyp (davkovani genu)

Imprintované geny: 1 alela umi¢ena ~ ~~ -
(sam¢i NEBO samici) normalm VyVOj umely pfenos jadra
- embryo zanika uz pred
implantaci do délozni stény
[McGrath, Cell 1987]

AKX or AA
~96 genes Imprintované geny:
54 : 42 «Zfejmé nahodné rozmistény v genomu, ale priblizné

polovina je na chromozomu 7
«Casto souvisi s délenim bunék (rastem) a
metabolickymi aktivitami bunék (Igf2, Ins2..)



Genomicky imprinting — epigeneticky proces umoziujici expresi gent
dllezitych pro vyvoj jen z JEDNE parentalni alely (bud matefské, nebo otcovské)

Genomicky imprinting je charakteristicky pro savce, probiha “az” béhem maturace gamet,
tedy vajiCek a spermii, a imprintované geny jsou klicové v nejCasnéjsSich vyvojovych stadiich

Bézné geny: kazdy gen - 2 alely
(samci A samici)

Materska alela genu A Otcovska alela genu A

AA

Fenotyp (davkovani genu)

Imprintované geny: 1 alela umic¢ena
(samc€i NEBO samici)

AAK or KA

~96 genes
54 : 42

Biologické dliivody imprintingu:

ovarian time bomb hypothesis:
(zabranéni vyvoje vajicek bez oplozeni)
Obrana pfed partenogenezi a
teratocarcinomy

parentalni konflikt a regulace
metabolismu embrya

Zvyseni maternalniho reprodukéniho
potencialu a zabranéni nadmérného rastu
embrya na ukor matky)



Genomicky imprinting — epigeneticky proces umoziujici expresi gent
dllezitych pro vyvoj jen z JEDNE parentalni alely (bud matefské, nebo otcovské)

Genomicky imprinting je charakteristicky pro savce, probiha “az” béhem maturace gamet,
tedy vajiCek a spermii, a imprintované geny jsou klicové v nejCasnéjsSich vyvojovych stadiich

Abnormality epigenetického

imprintingu [SOU Spojeny S
vyvojovymu poruchami a
rakovinou

Syndromes, such as e.g.:

Beckwith-Wiedemann's
Silver-Russell‘s
Prader-Willi's
Angelman’s..

' Silver-Russell syndrom

Biologické dliivody imprintingu:

ovarian time bomb hypothesis:
(zabranéni vyvoje vajicek bez oplozeni)
Obrana pfed partenogenezi a
teratocarcinomy

parentalni konflikt a regulace
metabolismu embrya

Zvyseni maternalniho reprodukéniho
potencialu a zabranéni nadmérného rastu
embrya na ukor matky)

Prader-Willi syndrom [



Zakladni stadia embryonalniho vyvoje savcu
a epigenetika

« Gametogeneze

* Oplozeni

@(tivace embryonalniho genomu>

 Embryonalni déleni inaktivace chromozomu X

- Casna polarizace embryi
« Gastrulace
* Neuralni indukce

« Hlavni vina organogeneze



K aktivaci embryonalniho genomu dojde
uz behem preimplantacniho vyvoje embrya

Spermie je
transkripcné nekativni
a nevnasi do embrya
cytplazmu s transkripty

Vajicko obsahuje v
cytoplazmé velké
mnozstvi transkriptd
(MRNA)

Po vzniku zygoty je potfeba maternalni mRNA deaktivovat, a naopak aktivovat expresi
genu nutnych pro zygotu a ¢asny vyvoj embrya — aktivace genomu

Kdy probiha epigeneticka deaktivace rodiCovskych genomu
a zacne dochazet k expresi “nového” genomu potomka?



Mechanismus aktivace embryonalniho genomu

hladiny

Aktivace
genomu zygoty

[Miler Lee, 2014, upraveno]

Embryo (rybka zebficka)
21 hodin po oplozeni

Prvnich nékolik hodin produkuje
zygota proteiny z molekul mRNA
pritomnych ve vajiCku uz pred
oplozenim, ale produkovanée
proteiny Oct4 a Nanog brani vyvoji
embrya (napfiklad z neoplozeného
vajiCka partenogenezi).

Poté jsou maternalni mRNA
degradovany pomoci microRNA,
ktera je jednim z prvnich transkriptu
genomu zygoty.



[Lee Nature 2013]

[Bonnet NAR 1999]

Mechanismus aktivace embryonalniho genomu

Maternal genes

Nanog
Pou5f1 "
SoxB1

levels

Zygotic genes

miR-430
3

Autodestrukce maternalnich transkriptu:

time

H ERK

transcriptional
iniciation

II ®

transcriptional
elongation/
splicing

» Matefrské transkripty (NANOG, Oct4,
SoxB1) aktivuji RNA Pol Il z
embryonalniho genomu

» Aktivovana RNA Pol Il procesuje mikro
RNA miR-430

» miR-430 zprostiedkovava deadenylaci
materskych transkriptd.

Vysledek: Novy bunécny cyklus fizeny genomem embrya



Mechanismus aktivace embryonalniho genomu

.
L)

5
Germ cells | o Embryo
I =21
T
Primordial Mature 1 B 2| E5 E10
| |
| 1

Methylation

Reik, 2001

Nature Reviews | Genelics

:> Acetylace histont (demetylace, fosphorylace)

|:> Demetylace DNA

Aktivace embryonalniho genomu pak ma spoleénou dynamiku pro
maternalni i paternalni DNA




Zakladni stadia embryonalniho vyvoje savcu
a epigenetika

Gametogeneze genomicky imprinting
Oplozeni paternalni/maternalni epigeneticky imprinting

Aktivace embryonalniho genomu

Embryonalni deleni < inaktivace chromozomu X >

Casna polarizace embryi
Gastrulace
Neuralni indukce

Hlavni vina organogeneze



naktivace chromozomu X — kliGovy
proces ¢asného vyvoje embrya, ktery
hraje roli v mnoha vyvojovych vadach
- je iniciovan kratce po oplozeni a
dokoné&en pravdépodobné pfi gastrulaci |

Viz prednaska €. 13 — Epigenetika



Inaktivace chromozomu X — epigenetickeé transkripcni
umléenijednoho ze dvou X chromozomu u samic savet:

X
U samic savcu je dvojnasobna davka X-vazanych genu % Y
kompenzovana inaktivaci (uml€enim) jednoho ze dvou
chromozomu X, ke které dochazi uz v bunkach samiciho
embrya (XX).. l/ \1

X
Y

Nekddujici geny Xist a Tsix jsou aktivovany v sav€ich embryich kratce po oplozeni.
Vzajemna komplementarita long non coding RNA (InRNA) epigeneticky proces
vedouci k uml€eni genll na jednom z chromozomu X a naopak k aktivaci gentl na

druhém chromozomu X.

T — @ & — @

Y — Inactive X

O\ ™




Inaktivace chromozomu X — epigenetickeé transkripcni
umléenijednoho ze dvou X chromozomu u samic savcu

X

U samic savcu je dvojnasobna davka X-vazanych genu Y

kompenzovana inaktivaci (uml€enim) jednoho ze dvou §

chromozomu X, ke které dochazi uz v bunkach samiciho

embrya (XX).. l/ \1
X
Y

Inactivace chromozomu X je / \‘ NAHODNA
NAHODNY proces nicménée ‘ ‘ INACTIVACE x

PERMANENTNI pro dcefinné buriky -
DETERMINISTICKA
‘ INACTIVACE X

(ZYGOTA)

AN
o ®

VYVOJ



Inaktivace chromozomu X — epigenetickeé transkripcni
umléenijednoho ze dvou X chromozomu u samic savcu

JE VZDY NAHODNE?

. X-VAZANE CHOROBY S NENAHODNOU INAKTIVACI

< X

Muzi: 100% penetrance
Zeny heterozygotky: nendhodna inaktivace X

‘ NAHODNA
INACTIVACE X
: : DETERMINISTICKA

INACTIVACE X

PRIKLADY NENAHODNE
INAKTIVACE U CHOROB:

(ZYGOTA)

‘\

* Duchennova svalova dystrofie
» Syndrom pred€asného starnuti

* Immunodeficience
« Rakovina
« Hemofilie

AN
o ®

VYVOJ



Nenahodna inaktivace X u heterozygotek?

Male Female
Disease (gene or protein) Penetrance Seventy index Penetrance Severnity index
Adrenoleukodystrophy (ABCD I) 90 39 20 Low
Alpha-thalassemia/mental retardation (XH2) 100 100 Low Low
Alport syndrome (COL4AS5) 100 100 15 Low
Amelogenesis imperfecta (AMELX) 100 100 100 Nodata
Androgen insensitivity syndrome (AK) 100 LY 1 Low
Chondrodysplasia punctata (ARSE) 100 100 Low Low
Chondrodysplasia punctata (CDPXZ2) 100 100 93 29
Chronic granulomatous disease (CYBB) High 94 10 Low
Duchenne and Becker muscular dystrophy (dystrophin) 96 65 22 Low
tmery-Dreifuss muscular dystrophy (menn) 100 o8 Low” Low
Fabry disease (alpha-galactosidase) 100 84 70 4
Fragile X syndrome (FMR1) =95 87 53 47
Glycerol kinase deficiency 56 78 Low Low
Hemolytic anemia (G6PD) . 41 10 Low Low
Hemophilia A (F8) or Hemophilia B (F9) 100 68 10 Low
Hunter syndrome (/DS) 100 81 Low Low
Hydrocephalus with aqued uctal stenosis, X-linked 100 97 Low Low
spastic paraplegia (LICAM)

Ichthyosis, steroid sulfatase deficiency (STS) 100 90 24 Low
Kallmann syndrome (KALI) 100 83 67 Low
Kennedy disease (AR) 100 10 58 Low
Lesch-Nyhan syndrome (HPRT) 100 76 Low Low
Lissencephaly and subcortical band heterotopia (DCX) 100 66 >90% <h
Lowe oculocerebrorenal syndrome (OCRLI) 100 75 95 Low
Myotubular myopathy (MTM1) 100 95 Low Low
Norrie disease (NDP) 100 30 Low Low
Ocular albinism, Nettleship-Falls (OAT) 100 96 85 Low
Ornithine transcarbamyl ase deficiency (OTC) 100 50 20 Low
Oro-facialdigital syndrome 1 (OFD1I) 100 100 100 33
Periventricular nodular heterotopia (FLN1) 100 =100 95 29
Pyruvate dehydrogenase deficiency (E1x) 100 78 100 72
Vitamin D resistant rickets, hypophosphatemia (PHEX) 100 93 100 80
Xg blood group (PBDX) 100 35 100 100

- dominantni X-vazana onemocnéni
] recesivni X-vazana onemocneéni



Zakladni stadia embryonalniho vyvoje savcu
a epigenetika

« Gametogeneze genomicky imprinting

 Oplozeni paternalni/maternalni epigeneticky imprinting
« Aktivace embryonalniho genomu
 Embryonalni déleni inaktivace chromozomu X

<+ Casnapolarizace embryi >

« Gastrulace

* Neuralni indukce

« Hlavni vina organogeneze



Polarizace embrya

Ustaveni prostoroveé strukturni a funkéni architektury embrya

predo-zadni (Anterior-Posterialni) a dorzo-ventralni osy téla jsou ustaveny

1. diferenciace bunek, 2 migrace bunék, a 3 asymetrickym bunécnym

délenim

S
= O'D‘ ‘*—
A fﬂ.’

blastomere junction

Day 1: Fertilisation Day 2: Cleavage Day 3: Compaction  Day 4: Differentiation Day 5: Cavitation (Cefa“Cké kr L Iélnl' hlava)
) . 3

uterine
‘epithelium

ventralni

—> (bficho)

dorzalni

(zada) -
Day 12: Bilaminar Day 9: cell mass Day 7: Implantation Day 6: Zona hatching

disc formation differentiation
iotic 5 umbilical cord
ﬂ (54 days)

- zadni — posterialni
- e (kaudalni, kostrg)

Day 12: Mesoderm formation Day 18: Mesoderm spreading Day 23: Amniotic sac enlargment




Polarizace embrya

Polarizace: Proces ve vyvoiji, pfi kterém jednotlivé bunky (blastomery) ziskaji
vlastni identitu (odliSnou od ostatnich blastomer)

0=

Dceriné bunky

Gréglle’nt di Ustaveni
bunééného ~ S rozaiinou téIni osy
signalovani

Dvé bunky (vzniklé diferenciaci nebo asymetrickym
délenim) produkuji také raizné receptory, signalni
prenasece a transkripc€ni faktory, a proto také reaguji
na jiné signaly — to umoznuje dalSi diferenciaci do
specializovanéjSich bunécnych typa a formovani

Vi VIV /s




Casna polarizace embrya — dva mozné scénare

A Definovana lokalizace maternalnich determinant ( @)
Oplozené Asymetrické déleni
vajicko a odli$ny vyvoj blastomer

51 4 3 Polarizované embryo
b “s;? a vznik dvou
- ~w bunéénych typd

B Zadny vliv maternalnich determinant — nahodna diferenciace

Oplozené
vajicko

{CaR10)

Adaptovano z: TakaokaK , and Hamada H Development 2012;139:3-14

?
7
r d

Uz prvni déleni zygoty je u mnoha modelovych organismu polarizované
(u lidského embrya jsou moznosti vyzkumu omezené a tak neni dostatek informaci)



Déleni embrya a ¢asna polarizace

Uz od prvniho mitotického déleni dochazi k fizené (fizené nahodné) asymetrii embrya

Fertilization of egg

30° cortical rotation Cleavage

Late blastula

Animal

(ytoplasm

sperm pigmented
cortex

heavy yolk

l7

17

Activation of canonical Wnt

Direction of pathway on future dorsal side

cortical rotation

ST
/— “iZm Spemann
{4, organizer

(Goldstein and Hird, 1996)

Priklad: Bone morphogenic protein (BMP) antagonists

(kostni morfogenni protein)

]
Dorzo-Ventralni osa predurcena (plasticky)
c v . NOGGIN
Dorzallza.cnl CHORDIN
factory: GREMLIN



Déleni embrya a ¢asna polarizace

Fertilization of egg 30° cortical rotation Cleavage Late blastula
Animal )
sperm pigmented
cortex SR Spemann
vV, _‘:f/* D ofganizer
(ytoplasm A’/ 2
N N [N e onss! 2
I M T o 8
cortex dorsalizing heavy yolk Activation of canonical Wnt
factors Direction of pathway on future dorsal side
Vegetal cortical rotation
\ (Goldstein and Hird, 1996)}
Dorzo-Ventralni osa predurcena (plasticky)
Principy polarizace:
1) Gravitace — zZloutek klesa na spodni stranu vajiCka -
spolu s mMRNA a proteiny obsazenymi ve vajicku BMP4
BMP4 BMP4
=L BMP4g\p4 BMPA4 A
v ’ v , . v BMP4 =
Uz prvnim délenim zygoty tedy vzniknou dvé s aypEMP4 BMP4 inhibice
> P . o BMP4
bunky s rozdilnym obsahem mRNA a proteinu BMP4 BMP4
BMP4
VP Bwpa NOGGIN
. v . w ;s , BMP4
- tam, kde jsou pfitomné dorzalizaéni faktory a neni pfitomny BMP4, BMP4 CHORDIN
vznikne v budoucnu neuralni trubice a pater — dorzalni strana embrya GREMLIN



Déleni embrya a ¢asna polarizace

Fertilization of egg 30° cortical rotation Cleavage Late blastula

Animal )
sperm pigmented
cortex

T Spemann
Vg f:,,/ C4% organizer
/, blastocoel
£h

(ytoplasm

LN LN [N
IZ I I
cortex dofrsalizing heavy yolk Activation of canonical Wnt
actors Direction of pathway on future dorsal side
Vegetal cortical rotation
\ (Goldstein and Hird, 1996)}
Dorzo-Ventralni osa predurcena (plasticky)
Principy polarlzace:
1) Gravitace — zZloutek klesa na spodni stranu vajiCka -
spolu s mMRNA a proteiny obsazenymi ve vajicku BMP4
BMP4 e
« _ BMP4 BMP4g\ip4 BMP4
,,Rfacykllace genu BMP4.. . \ BMP4 — —— — = inhibice
V ¢asném embryu BMP4 indukuje BMP4 BMP4  5\iog
diferenciaci do trofoblastu
. . o BMP4 BMP4
Pozdéji BMP4 indukuje ¢asnou e
neurulaci (tvorbu michy a dorzalizaci S
embrya) il NOGGIN
Jesté pozdéji BMP4 inhibuje riist BMP4 BMP4 CHORDIN

vzhrupavku a podporuje tvorbu kosti GREMLIN




Déleni embrya a ¢asna polarizace

a . b c
No dorsal-
ventral >
polarity
&
Microtubules
Unfertilized | Fertllization Cortical Dorsal—ventral
eqg | Calcium wave rotation polarity established |
< 3

Egg Embryo
(Randall, Nature 2002)

Dorzo-Ventralni osa predurcena (plasticky)
Principy polarizace:

Vstup spermie v
apikalni oblasti

Centrozom
spermie

2) UrcCeni roviny prvniho déleni tim, ze
spermie vnese do zygoty druhy centrozom

Centrozom
oocytu

Lokalizace sperma vazajicich glykoproteina ZP Dlici rovina
v apikalni éasti oocytu a vstup spermie z této preniho ryhovant
strany preduréuje rovinu prvniho ryhovani..



Adhezni molekuly spousteji reorganizaci cytoskeletu
a udrzuji polarizaci

Vazba na dalsi blastomeru

Tlak polarniho téliska

integriny
R‘; Mechanics Signaling

Cadherin bonds

Extracellular signals

Cell-cell adhesion
(Cadherin-cadherin interactions)

kadherin\
N <\

B-katenin <1 min

Cortical

Wnt —I Noggin actomyosin ‘ thoGTPases

(dorzallzace) Local changes in

actomyosin contractility

b

Mature contact Mechanical polarization
> 1-10 min

Principy polarizace:

Amack & Manning, Science, 2012

3) Mechanicky (deformace cytoskeletu napr. tlakem polarniho téliska)

Adhezni molekuly nejen drzi buriky u sebe, ale podili se i na signalizaci:
» Integriny — stabilizuji beta-katenin po vazbé s extracelularni hmotou (ECM) o

c o : o - . B-katenin — viz signalovani WNT
»> Kadherin — uvolnuji beta-katenin v dusledku pfstavby cytoskeletu buriky (slajd 56)



Nasledna epigeneticka modifikace specifickych histonu

DNA H3R26me

embryo ve metylace
stadiu 4
bunék - | polarni

télisko
¢ (‘)/2/

Torres-Padilla et al. Nature, 2007

Modifikace histonu H3 metylaci specifickych argininu:

« metylace histonu H3 je silnéjSi v blastomerach, ze kterych vznika embryoblast, a
zanedbatelna v blastomerach, ze kterych vznika extraembryonalni tkan trofoblast

 rozdily v metylaci jsou patrné uz ve 4-bunécném embryu

Prispivaji epigenetické zmény k polarizaci embrya a preduréeni osudu bunék ???



Regulace genove exprese preimplantacniho embrya

a 4-cell stage b 4-cell stage

H3R26me2 levels

l l Burton, Nature Review Genetics, 2014
budouci budouci
embryoblast trofektoderm

Gradient specifické metylace histonu H3 polarizuje €éasné embryo po prvnim ryhovani

Vysoka hladina H3R26me2: Nizka hladina H3R26me2:
- exprese PRDM14 - budouci trofektoderm
- budouci pluripotentni bunky (diferencuje dfive nez bunky

embryoblastu embryoblastu)




Déleni embrya a ¢asna polarizace

Ustaveni anterior-posterialni osy embrya:

PAR2-GFP « Gradient PAR1 je vytvoren vzajemnym
antagonistickym pusobenim PAR2 a PARG

[ Zdroj: Adriana Dawes ]

anterior-posterialni osa
(urCujici umisténi hlavové a ocasni
strany budouciho embrya)

Sperm entry

Actomyosin
contraction /

Anternior Foaterior

PAR-3

f 8PKC | = paR2 =jp PAR-

PAR-5/14-3-3 PAR-4 7

Suzuki, Journal of Cell Science, 2006



Déleni embrya a ¢asna polarizace

Ustaveni anterior-posterialni osy embrya:

PAR2-GFP

* Protein Mex5 vaze maternalni transkripty

[ Zdroj: Adriana Dawes ]

I Early 1-cell stage era-1 mRNA
W\l with 3’ UTR
Who Q| : @ MEX-5
e WAoo :
e WMo

Sperm entry

Actomyosin
contraction /

Anternior Foaterior

PAR-3

f 8PKC | = paR2 =jp PAR-

PAR-5/14-3-3 PAR-4 7

Suzuki, Journal of Cell Science, 2006



Déleni embrya a ¢asna polarizace

PAR2-GFP

[ Zdroj: Adriana Dawes ]

I

Early 1-cell stag era-1 mRNA
¥ MWV insy U
Yo Al i @ MEXs
mWAo H
o WMo
Late 1-cell stage
«d’f;;‘{d_‘.r‘ aulu uanudpuIL
S 4_65'.‘ :§ ‘ ERA-1 protein
2-cell stage

Ustaveni anterior-posterialni osy embrya:

« Kinaza PAR1 fosforyluj

* Fosforylovana forma m

e Mexb

RNA-Mex5 ma nizsi

mobilitu nez nefosforylovana forma

* Vysledek — hromadéni
v misté aktivni PAR1

maternalniho transkriptu

Sperm entry

Actomyosin
contraction /

Anternior Foaterior

PAR-3

!

PARS *

aPKC | ™" pAR2 = PAR-i
ﬁ

PAR-5/14-3-3 PAR-4 7

Suzuki, Journal of Cell Science, 2006




Geny definujici polarizaci/diferenciaci embrya

Maternalni determinace vs. nahodna diferenciace — podili se obé

)

C\ (A) Homogenni exprese

C>U maternalnihoa

o) zygotického genu Specificka exprese

c .

é Oct4 Vv epiblastu

= udouci embryo
budouci emb

2

(O]

©

o) (B) Apikalné

< determinovana exprese

\CG g . g ,

c Cdx2 3 Specificka exprese

> v trofektodermu

© } . Inside (budouci placenta)

S  SvEanmeny:

(C) stochasticka

C

Gatab

Nahodna exprese
v epiblastu
(budouci embryo)

Expression in

4&

<

\
subpopulation of ICM -

exprese genu : Nziln_og :

Nanog i Nahodn_a exprese
8 """" v epiblastu
S Repression in (budouci embryo)
= subpopulation of ICM
o] Nanog
8_ (D) stochasticka Grb2

exprese genu :

g - Gatab ;
©
(@)
e
~(©
Z

Bazolateralni a apikalni exprese adheznich protein(

Adaptovano z: Rossant J, and Tam P P L Development 2009;136:701-713



Casna polarizace embryi versus plasticita blastomer
(Kdy dochazi k prvnimu asymetrickému déleni?)

Jedna blastomera 2- az 4-bunééného embrya muze vytvorit
uplnou a normaini blastocystu — plasticita

Jednotlivé blastomery nebo dokonce buriky epiblastu se po
vneseni do Casného embrya jiného jedince podili na tvorbé tohoto
noveho jedince —tvofi chimeru,

injekéni vneseni blastomer agregacni chiméra

..plasticita blastomer ma mnoho aplikaci v biomediciné..

Geneticka chiméra vznikla
z bunék jednoho druhu

Mezidruhové chiméry



Plasticita blastomer a vznik monozygotickych dvojcat

zona pellucida blastocysta

Blastocysta opoustéjici degenerujici zonu
pellucidu a pfipravujici se na implantaci do
délozni sliznice.

» pokud v této fazi dojde k rozpadu
blastocysty— vzniknou dvé geneticky
identicka embrya — monozygoticka
(identicka) dvoj€ata

(blastomery blastocysty jsou dostatecné plastické a

https://embryology.med.unsw.edu.au vytvori plné vyvinuté organizmy)

Identicka (monozygoticka) dvojcata

z vajeéniku se uilolhuje
jedno vajicko, aje
oplodnéno jednou spermii

Neidenticka (dizygoticka) dvojcata

Z vajeéniku se 7
uvolfuji dvé vajicka N w}
Kazdé vaijicko je @/
i
\ ¢
P 4 H*-.WF‘J

oplodnéno jinou spermii g




Dalsi diferenciaci a migraci bunék se tvori nejprve dveé a poté tri
zarodecné vrstvy — ektoderm, mezoderm a endoderm

Morula: pevna koule
bunék vytvorena
ryhovanim zygoty

Casna blastocysta:
duta koule bunék

vyplnéna
tekutinou

Pozdniblastocysta:
pre-embryo s
embryonalnim

Gastrula: embryo se tremi
primarnimi zarodeCnymi
listy (ektoderm,
mezoderm a endoderm)

diskem — dveé vrstvy
bunék, ze kterych
vznikne embryo

vnitfni bunééna masa
dutina blastocysty
trofoblast

amnioticka
dutina

embryonalni disk

(zarodecny tercik)

Zloutkovy vacek
ektoderm
mezoderm

endoderm



Puvod tkani a organu z blastocysty

| Primitivni ektoderm |

Ektoderm

» epidermis klze, vlasy, nehty, zuby

» o€ni CoCka, rohovka, sitnice

* nervovy systém (mozek, micha, nervy)

« dfen nadledvin

* prsni zlazy

Mezoderm

« svaly, kosti, chrupavka, pojivova tkan

« tukova tkan, dermis kuze, vétSina
urogenitalniho traktu

* obéhova soustava, lymfaticky systém

* notochord, meta-, mezo-, pro-nefros)

* hlavovy mezenchym

Endoderm

« epitelialni vystelky vnitfnich organu

« travici soustava (hltan, jicen, Zaludek,
jatra, slinivka, streva, atd.), prvostrevo

» dychaci soustava (plice, epitelialni
vystelka trachey a prudusek)

* moCovy méchyf, §titna Zlaza a pristitna
téliska, epitel sluchové trubice

Zarodecéné bunky
* gamety

Primitivni endoderm

Visceralni endoderm
Parietalni endoderm

Trofektoderm

N

Polarni trofektoderm
Extraembryonalni ektoderm
Choriovy ektoderm
Trofoblast placenty

Muralni trofektoderm } Parietalni

Placenta

Ektoplacentalni konus Zloutkovy
Obfi buriky trofoblastu vadek

A

Predtim, nez dojde k implantaci blastocysty, diferencuiji
buriky vnitfni bunééné masy do primitivniho
ektodermu (epiblastu), ze kterého pozdé&ji vzniknou

vesteré tkané embrya, a do primitivniho endodermu
(hypoblastu), ktery prispiva k tvorbé extraembryonalnich
tkani. Hlavnim zdrojem budoucich extraembryonalnich
tkani (napriklad placenty) je nicméné trofektoderm
(pochazejici z trofoblastu).




Morphogeny v prubéhu embryonalniho vyvoje

Extracelularni matrix; ligandy FGF, BMP, WNT, NOTCH, SSH signalovani a jejich inhibitory,
Retinova kyselina, inhibitory histone deacetylaz (kyselina askorbova) a mnoho dalsich..

A Anterior visceral C Oropharyngeal
/ endoderm ./ membrane

Prechordal Shh
plate \. Cerberus-related 1

Goosecoid
HNF-3§
h Early primitive
; Chordin  Steak ——n 3'»31’ s
, Notochord Noggin Sce °
i Nodal o —
aidhz g‘ Va1 Chordi T
Shh BMP-4
RA"‘ = HNF3f
/’ \ Q;Gefg Cerberus-related 1
. HeSXL Shh —— Later inductions of:
1 -Ventsa/c endoderm Otx-2 FGF-8 floorplate
l ~ Lim1 Primitve Goosecold  somites
: node HNF-33 dorsal endoderm
R Fgf signalling Primitive Activin
-:_s%y It nod Chordin
%' Wnt3a = Nodal
Brachyury Shh
Goosecoid .l:odal
HNF-3 Regressing gene
primitive
streak
Nodal
Prmitive Wnt-3a
streak '(l?;gtnoe Signaling molecule |
(ractiyiry) Transcription factor ']

Jak mohou organizovat vyvoj slozitého organizmu?



Morphogeny v priubéhu embryonalniho vyvoje

Model francouzské vlajky

Ak o i pei o emiey Ruzné transkripCni programy jsou
“aktivovany v zavislosti na
’ “koncentraci morfogenu..

D =

v
Position of each cell is defined by the
concentration of morphogen

L )

Concentration
of morphogen

Morfogen - signdlni molekula vyskytujici se v

vlalz |5 s ] rtiznych ¢astech embrya v rtizné koncentraci
¥ (vétSinou gradient)
Positional value s interpreted by the cells -je schopny indukovat bunécné signalovani
which differentiate to form a pattern . o er s ’ .
A -a tedy expresi genu kontrolujicich vyvoj

Concentration

thresholds
of morphogen

mebrya
Rlizné koncentrace — rlizné geny

............................

-:[- Priklady: Retinova kyselina, WNT, Shh, TGF-b,
FGF)




Osud kmenovych bunék v morfogenezi:
Morphogeny a tvorba organizéru

Retinoic acid

AP axis establishment

Raldh2

RA

Wnt8a/c
i
ifi_ Fgf signalling
Nt
%7 Wnit3a
|
! Brachyury

Limb development as a model example of organ development:
at the beginning was vitamin A...

LETTERS TO NATURE

Limbs generated at site of tail
amputation in marbled balloon
frog after vitamin A treatment

P. Mohanty-Hejmadi, S. K. Dutta & P. Mahapatra

Department of Zoology, Utkal University. Bhubaneswar 751004,
Orissa, India

NiAzi and Saxena' first observed that vitamin A has an inhibitory
and modifying influence on tail regeneration in Bufo andersonii
tadpoles. A positive relationship was later found between the
inhibiting influence of vitamin A and the developmental stage of
the regenerating tail in the same spccics". There have been several
subsequent reports® ” on the effects of vitamin A and its derivatives
on limb development and regeneration. Thus in regenerating
amphibian limbs, application of retinoids produces pattern dupli-
cation in the proximodistal and anteroposterior axes of the
1imb™*°, and local application of retinoic acid to the anterior side
of developing chick limbs causes duplications in the
anteroposterior axis of limb'"'". Here we show that vitamin A can
cause limb development when applied to amputated tail stumps of
the tadpoles of the marbled balloon frog Uperodon systoma (Anura
Microhylidae). This is the first report of homeotic transformation
mediated through vitamin A in vertebrates.

Following amputation through the middle of the tail at the

hind-limb bud stage, tadpoles were exposed to a solution of

10 IU per ml vitamin A palmitate (Arovit, Roche; see Table 1
for dataile) far 24 h (crt TV 48 h (crt TIY 72 h (cet 111 QA h (cnt

RALDH2
— RA

SHH
induction

5 mm

FIG. 1 Effects of vitamin A {(101U) treatment for various times on limb

generation from amputated tail stump. a Treatment for 24 h, 3 limbs are

generated; b, 72 h, 4 limbs; ¢ and d 96 h, 2 limbs; 8, 120 b, 7 limbs; £, 120 h,

3 limbs; g 144 h, 3 limbs; h 144 h, 2 limbs, plus an extra pair of limbs HAND?2
below the original hindlimb s

In 1992 it was found out that application of vitamin A to the sites of amputated frog limbs leads to
regrowth of these limbs, moreover in extra numbers. Today we understand that vitamin A is
transformed by RALDH2 enzyme into retinois acid (RA), which binds specific nuclear receptors,
thus triggering the transcription of target genes. As a result, a bud ("precursor" of future limb or
organ) is formed, which develops further due to the influence of Shh, FGF and other signalling.

a Pre-bud
Flank Pre-bud
mesoderm |  ectoderm

RALDH2 - retinaldehyde dehydrogenase 2

Retinova kyselina je schopna indukovat tvorbu extra pupene koncetiny




Osud kmenovych bunék v morfogenezi:
Morphogeny a tvorba organizéru

Retinoic acid

H, H, OH

H,C CH, | ™

H,

AP axis establishment

Raldh2

|

RA

:i‘ .‘" L A4 [ V4 v W re
1L Morfogeny tedy ovliviuji bunécné
=§: .’i L I 4 r V 4
[ /| Wnisae signalovani...
i

i Fgf signalling
Y t

.:'f"’ W'ntSa
%
! Brachyury



Uvod do ontogeneze élovéka

. Uvod do vyvojové biologie

II.  Molekularni podstata fizeni vyvoje savct v
norme a patologii

— Rustové faktory a prenos signalu ve vyvoji a
patologii

V. Morfogeny a hlavni transkripcni faktory v
savsim vyvoji a patologii




Ur€eni osudu bunék a jejich diferenciace

Osud kmenové bunky je urcen mikroprostredim (niche) cilového organu, nebo prostoroveé
c¢asovou lokalizaci vembryu

Urceni osudu bunky

Sebeobnova L
Kmenova bunka

W, '~ Diferenciace

Niche
(mikroprostredi)

Bunécné
signalovani

w7\

Exprese
specifickych
transkripCnich
faktor(




Urceni osudu bunék a jejich diferenciace

5 zakladnich vyvojovych signalnich drah prenasi signal z niche do jadra bunky

" Transcription

= faﬁrs

i &
>

Urceni osudu bunky

Niche
(mikroprostredi)

Bunécné
signalovani

7 M

: ey, Exprese
Epigeneticky -
S specifickych

transkripCnich
faktor(




Urceni osudu bunék a jejich diferenciace

5 zakladnich vyvojovych signalnich drah prenasi signal z niche do jadra bunky

Urceni osudu bunky

Niche
(mikroprostredi)

" Transcription Bunécné
> taﬁrs signdlovani

7 M

: eV, Exprese
Epigeneticky -
stav specifickych

transkripCnich
faktor(




Signalni drahy kostniho morfogenniho proteinu (BMP) a transformujiciho
ristového faktoru beta (TGFp)

Pri gastrulaci a dalSim vyvoiji

Antagonista FGF signalovani

FGF | BMP
V ¢asném embryu
pusobi proti
dorzalizaci
BMP4
BMP4
BMP4 BMP4
BMP4 BMP4gnipa BMPA
BMP4  oiios svpa| F— =inhibice
BMP4 BMP4

BMP4
BMP4 BMP4

BMP4

BMP4 BMP4

NOGGIN
CHORDIN
GREMLIN

BMP4 BMP4

Mnohokrat recyklovan ve vyvoii..

Ve vyvoji kosti a homeostaze chrupavky

TGF-
i ‘ TGF-3 “Bone resorption ¢ resorption & TGF- B
pi

S @ ERK1/2
Degradation
'Smad7—
: cai
—|RANKL/OPG

\

LTBP CM

C Condensation

.........
Pro||ferat|on Early D|fferent|at|on Differentiation
commitment

chemotaxis differentiation Mieralization

osteoblast

Osteoprogenitor Immature

osteoblast Mieralization

osteocyte




Mutace signalni drahy BMP a TGFf3 v patologii

TGF-B/BMP mutations involved in bone diseases

Gene Disease MIM Bone defects Referenc
Acvrl Fibrodysplasia ossificans 135000 Ectopic bone formation 3132.251-
progressive (FOP) 233
BEmp2 Brachydactyly type A2 (BDAZ) 112600 Hypoplasia of finger 254
Bmprlb Brachydactyly type A2 (BDAZ) 112600 Hypoplasia of finger 255236
Gdfs Brachydactyly type A2 (BDAZ) 112600 Hypoplasia of finger 237238
Symphalangsism Joint disorder 238
Chondrodysplasia, Greve type 200700 Severe abnormality of the limbs and limb 220
joints
Osteoarthritis, susceptibility 612400 Hip osteoarthritis 16
Smad4  Myhre syndrome 139210 Short stature, facial dysmorphism 118241
Nag Brachydactyly type B 2 (EDBZ) 611377 Distal symphalangism, multiple joint fusion 222
of distal bones
Tarsal-Carpal coalition 186570 Brachydactyly, multiple joint fusion of distal 223
syndrome (TCC) hones
Stapes ankylosis with broad 184460 Stapes ankylosis with broad thumbs and 2Lk
thumbs and toes toes, hyperopia, and skeletal anomalies
Segregating proximal 185800 Multiple joint fusion of distal bones Lss
symphalangism (SYM1)
Segregating multiple synostoses 186500 Multiple joint fusion of distal bones 138
syndrome (SYNS1)
Tgfbl Camurati-Engelmann disease 131300 Osteosclerosis affecting diaphysis of long 245,246
(CED) bone, hyperostosis, bone pain
Smad3  Aneurysms osteoarthritis (A0S) 613795 Mild craniofacial feature, skeletal 156061

doi: 10.1038/boneres.2016.9
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Mutace signalni drahy BMP a TGFf3 v patologii

TGF-B/BMP mutations involved in bone diseases

Gene Disease MIM Bone defects Referenc
Acvrl Fibrodysplasia ossificans 135000 Ectopic bone formation 3132.251-

progressive (FOP) ZEE]

BEmp2 Brachydactyly type A2 (BDAZ) 112600 Hypoplasia of finger 238

Bmprlb Brachydactyly type A2 (BDAZ) 112600 Hypoplasia of finger 235,236

Gdfs Brachydactyly type A2 (BDAZ) 112600 Hypoplasia of finger 257,238
Symphalangsism Joint disorder 238
Chondrodysplasia, Greve type 200700 Severe abnormality of the limbs and limb 220

joints
Osteoarthritis, susceptibility 612400 Hip osteoarthritis 16
qﬂadﬁﬁ Myhre syndrome 139210 Short stature, facial dysmorphism 118241 )
Nag Brachydactyly type B 2 (EDBZ2) 611377 Distal symphalangism, multiple joint fusion 222

bone, hyperostosis, bone pain

Smad3  Aneurysms osteoarthritis [A0S) 613795 Mild craniofacial feature, skeletal 1560561 doi: 10.1038/boneres.2016.9
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Mutace signalni drahy BMP a TGFf3 v patologii

TranskripCni faktor RUNX2 je zodpovédny za osifikaci

Sucasti rodiny transkripénich faktort RUNT

Absence RUNX2:

-chrupavka neosifikuje

-letalni kratce po narozeni (chrupavcita
Zzebra nejsou schopny podpory dychani)

KOST
d15.5 d17.5 d18.5
wt ‘; ) g_r
4\4 - ’ /.5
NS
e £ 9
s ) A 4
g4 o 4{%
Runx2* - 4 2 2
T
- ‘e %
Runx2" ’> % ‘?%

on factor 2)
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Mutace signalni drahy BMP a TGFf3 v patologii

Cileni TGFb signalizace v protinadorové léchée

‘ VEGF, bFGF,

CTGF

.
AN

Immunosuppression EMTand invasion
and ‘

Inflammation

https://doi.org/10.1016/j.pharmthera.2014.11.001



https://doi.org/10.1016/j.pharmthera.2014.11.001
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Notch signalni draha

» Notch neni aktivovano rozpustnym ligandem

» Sousedni bunky se vazi ligandem (Delta, Jagged) a receptorem (Notch), jehoz
Stépenim a transportem do jadra je aktivovan transkrip¢ni faktor CSL

Notch signalovani je esencialni napfriklad pro:
vyvoj cév, senzorickych chloupkl u drozofily, nebo pruhl zebficky (Danio) d

b Wild type Notch defective
a

Networks

of arteries
Delta

= Spaced
sensory
organs

Y-secretase

-
Py S T P & <y
C::\ Pigmented °'°,f&\°' *a ;g;‘;' ;i "'.:Q
e

melanophore

-
: ” < " ez i
o stripes = e = wre —
N|CD Notch Target gerieh ?.:. o< - B s o. Q:‘.“.’.._’t
intracellular active E% 5 Zock A PR M

domain



Notch signalni draha

Mutace v ligandech Delta, Jagged a receptorech Notch...

Algillv syndrom

Delta

Hajdu-Cheney syndrom

Y-secretas

m\nl‘ Dédi¢na kardiomyopatie

DASIL (L . el .
NICD - Notch CADASIL (Leukodystrofie — postiZeni bilé hmoty mozkové)

intracellular

domain
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Receptor tyrosine kinase (RTK) family

EGFR PDGFR FGFR NGFR EPHR TIE DDR ROS ROR LMR
InsulinR VEGFR KLG/CCK HGFR AXL RYK LTK MUSK ?
of o EGFD

n J % % H | 4 5
L o |p h | ;
Ecno % [J\ L’)) [9 %Lao ;b b [Z?
ENIII E’))\ [?\/ AB [;2 < 53 b ) | E
T ? 2 i §° JL f
a u'n J) J) J :’\)) n ‘ B 0 KrinD
— - k
| i | H' ﬁ |

EGFR INSR PDGFR-a VEGFRTJFGFR-1RCK4" TRKA MET EPHA1 AXL TIE RYK' DDR1 RET ROS LTK ROR1 MUSK | RTK106

ERBB2 IGF-1R PDGFR-p VEG FGFR-2 TRKB RON EPHA2 MER TEK DDR2 ALK ROR2
ERBB3" IRR CSF-1R  VEG FGFR-3 TRKC EPHA3 TYRO3
ERBB4 KIT/SCFR FGFR-4 EPHA4
FLK2/FLT3 EPHAS
EPHAB
EPHA7

Fibroblast growth factor Eeriise

receptors (FGFR) EPHB2 AATYK?
EPHB4 AATYKS
EPHB5
EPHB6

v" In the human genome, there are 58 genes coding for receptor tyrosine kinases

v" Qveractivity of receptor tyrosine kinases is involved in the development of many
diseases, particularly cancer. Several RTK receptors were identified as
products of oncogenes causing tumour transformation of cells



Signalni draha fibroblastového rustového faktoru

Aktivovany receptor signaluje MAP . e
kindzovou (mitotickou) a PI3K/AKT | “

drahou (antiapoptotickou).. (D ee /'g_’crc

CYTOPLASM

FGF — fibroblast growth factor

MEK/ERK PISK/AKT FGF signalni drahy jsou
zapojeny v embryonalnim
1 l vyvoji do:
> Proliferace bunék
CYCD CASPASES > Diferenciace bunék
PROLIFERATION SURVIVAL » Migrace bunék

» Zména morfologie bunék



Gradient morfogenu jako architekt vyvoje

FGF10

FGF10 — mesoderm proliferation —» limb bud growth

normal

When gene for FGF10 is
inactivated in mouse embryo,
development of tracheas and
growth of limb buds stops, and
an individual without lungs and
forelimbs is developed.

Expression of FGF10 is triggered
by the Tbx transcription factors,
and FGF10 expression then
maintains the expression of FGF8
which is required for further growth
and development of limb bud.

Fgf-10 is required for both
limb and lung development
and exhibits striking
functional similarity

to Drosophila branchless

Hosung Min,! Dimitry M. Danilenko,? '
Sheila A. Scully,” Brad Bolon,” Brian D. Ring,>
John E. Tarpley,> Margaret DeRose,"
and W. Scott Simonet'?

arrow — limb bud



a Normal FL and HL
growth
factors

Fgf8
Fgf4
Fgf9 Fgfl7 expression

Initial size

sz

Size at condensation
il B - —
AER KO mutant phenotypes
b Fgf8 single KO FL
L

w oo

] H—
€ Fgf4; Fgf8 double KO FL
[ —
(PO D
m| m—

d Fgf8 single KO HL

rrrrrrsy

H—
€ Fgf4; Fgf8 double KO HL
CEH LA LA L P,
o

B —> No skeletal development

...followed by other FGFs

Specific expression of proteins
from FGF family controls the
development of three parts of
vertebrate limbs (S/stylopod,
Z/zeugopod, A/autopod) by
affecting chondrocyte
progenitors required for
developing the individual limb
components. FGF affects both
the initial size of population of
these progenitors and the
speed of their proliferation,
thus determining the final size
of limbs.

LJ
l
i\

/l

HL - hindlimb; FL - forelimb

Gail Martin (1944) is famous for
isolation and cultivation of
embryonic stem cells and her
research on the
function of FGF -
fibroblast growth
factor - during
vertebrate
organogenesis.

I-g




How the limbs grow and what happens when something
In the growth goes wrong

In mammals and reptiles, growth of long bones is provided by two cartilaginous growth plates.
In each plate there is a proliferation zone, where chondrocytes intensively divide, then follows
hypertrophic zone, where chondrocytes increase in size and subsequently in the ossification
zone they are eliminated and in their place, osteoblasts form new bone tissue.

Resting cartilage
age

Growing cartilage

at the site of growth plate
Bone

Growing cartilage

at the site of growth plate

Resting cartilage



Signalni draha fibroblastového ristového faktoru

Pocet kopii retrogenu FGF4

Achondroplezie — (bodova) mutace receptoru FGFR3

FGF signalni drahy jsou

zapojeny v embryondlnim
vyvoji do:

» Proliferace bunék

» Diferenciace bunék

» Migrace bunék

» Zména morfologie bunék




Chuxia Deng

Cell 1996,
84(6):911-21.

Fgfr3”
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0 20 40 60 80 100120 140160180200220
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FGFR3 codes for receptor, the function of which is to limit
ossification, and therefore inhibit growth of bones. When gene
for FGFR3 is inactivated in developing mouse embryo, bone
dysplasia occurs (characterized by kyphotic spinal bend, long
and bended femurs and prolonged tail).

Histological sections show that in mice with both FGFR3
alleles inactivated, the hypertrophic cartilage zone is wider.

Heterozygotes show standard phenotype comparable with
dominant homozygotes, affected are only recessive
homozygotes — one functional FGFR3 allele is sufficient for
standard embryonic development.




FGFR3 and bone dysplasias

When FGFR3 is mutated in such way that the resulting protein (receptor)
is overly activated, the individual affected in this way does not grow
sufficiently. The more a given mutation activates FGFR3, the more

affected the individual is.
Height of stature

Hypochondroplasia (HCH)
Achondroplasia (ACH)
SAD DAN (severe achondroplasia with

developmental delay and acanthosis nigricans)

L

FGF se vaze

)

zde

NG

+ Thanatophoric dysplasia (TD)

Right: Scheme of FGFR3 receptor containing several extracellular parts (which
contain also binding site for FGF), transmembrane region (TM) and intracellular
region the part of which are tyrosine-kinase domains (TK) with inherent catalytic
activity. The scheme contains sites of some frequent mutations: arginine in the

II1
vnéjsi prostiedi
2120

TRIReA

e

G0 TV (e ‘:"I‘
FRRLRELY ™ Irrend

TK

cytoplazma

_

position of 248 (causes TD), glycine 380 (ACH), lysine 650 (causes HCH, SADDAN G—
or TD, depending on the amino acid which substitutes the original lysine). When

stop-codon 807 is mutated (usually substituted for arginine), receptor longer by 141
amino acids gets formed (and affected individual suffers from TD).



FGFR3 and bone dysplasia

Achondroplasia Thanatophoric dysplasia

Nat Genet 1995, 9:321-8.

Achondroplasia is an autosomal dominant (AD)
disease characterized by short height of stature Thanatophoric dysplasia (type | and I1) is an

(men are 131 cm tall in average), short limbs, AD disease, where skeletal development is
enlarged head and prominent forehead. It occurs in  affected in even more serious way, usually

1 new-born out of 15 000 up to 40 000 (depending  affected individuals are stillborn or die shortly
on the population), 99% cases occur due to G380 after birth due to respiration failure. It occurs in
mutation, in 80% cases due to de novo mutation. 1 newborn out of 20 - 50 000.
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Wnt/B-kateninova daha

E‘ME_

with

without \

Wnt

VYPNUTO:
aktivni ,, destrukéni komplex“ nici
transkripcni faktor B-katenin

Vazba ligandu (WNT) na receptor
FRIZZLED (FZ) vede ke zniceni
destrukéniho komplexu, stabilizaci
B-kateninu a jeho transportu do
jadra, kde se vaze na transkripcni
faktory TCF/LEF a spousti transkripci

Recyklace WNT signalovaniv

embryogenezi:

* Prvnipolarizace embrya (D-V osa)

e UstavenidalSich os

e Gastrulace

e UdrZovani pluripotence a
diferenciace (v kontextu niche)

e Epitelidlni-Mezenchymalni
tranzice

V. Bryja



Nedostatecné Wnt/B-kateninové signalovaniv
prubéhu gastrulace = ztrata zadni casti téla

wild type (wt) Wht-3a knockout (KO)

control healthy embryo gene for WNT-3a inactivated

Umlceni WNT-3A (Clen rodiny WNT) u mysi vedlo k
nedostateCcnému vyvoji posteriorni ¢asti embrya.

V. Bryja



Absence inhibitoru Wnt/B-kateninové signalizace v
prubéhu gastrulace = ztrata anteriorni casti embrya

wild tvpe

Dkk1 knockout

Bunky v anteriorni
casti embrya produkuji
WNT inhibitor Dkk1
(dickkopf1). U mysis
umlcenym Dkk1 se
nevyvine predni cast
embrya

VV Brvia
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Ligandy z rodiny DNA

Hedgehog u savcd Hedgehog signalni draha ciliary protein ARL13B
- Sonic (Shh) _
_ Indian (Ihh) R—
- Desert (Dhh) cilium

SMO |
inhibitors

Pfigwdaztcilia - @ » GLI funguje jako
Modietors J_ transkripéni represor
SMO] J. ” HPTCH » Vazba SHH transformuje
UnUnUn N{inN GLI na transkripcni
Cytoplasm l SUFU B o J UU U U J \ aktivator
— @ Basal \o [T Hedgehog ve vyvoji embrya:
degradation

Spravné ¢lenéni téla
Organogeneze
Napfr. vyvoj koncetin

>
GLIAé g Hh target genes ON

Neil Smith

Nucleus



Hedgehog (SHH) signalni draha

T BEZ HEDGEHOG LIGANDU:
— Patched inhibits Smoothened which
GLI is repressor====no transcription

» Rl e

Patched (Ptcl) Smoothened (Smo)

GLIis TF === transcription

Nucleus

Ligandy hedgehog rodiny u savcu:
Desert hedgehog Indian hedgehog Sonic Hedgehog




Hedgehog signalni draha

Hypertelorism Cyclopia

Zvysené Shh signalovani Snizené Shh signalovani

Rozstép (rtu a patra), polydaktylie atd..



Gradient morfogenu jako architekt vyvoje

Pr.: Shh urcuje pocet prstl na koncetinach a jejich identitu

Organizér na posteriorni strané pupenu
produkuje Sonic Hedgehog (Shh):

* Malicek — potfebuje nejvice Shh (inaktivni
Gli)

* Palec— nepotrebuje Shh —aktivni Gli

Digit | - SHH independent

thumb

Anterior Digit Il - low SHH concentration

Digit Ill - brief SHH expression,
high SHH concentration

Digit IV - moderate SHH expression

Posterior

® Descendants of SHH expressing cells

Forelimb
a 234
: 5
1 »
+ 4
- hu ra
ul
b
thumb
| -
= hu
L g
“ ra/ul
C
|
T
) hu
3 ra
ul

Right: (a) standard limb, (b) Shh gene
knockout leads to development of limb
with one finger — thumb, (¢) G/i3 gene
knockout leads to development of limb
with multiple fingers, moreover the fingers
have altered identity.



Uvod do ontogeneze élovéka

. Uvod do vyvojové biologie

II.  Molekularni podstata fizeni vyvoje savct v
norme a patologii

Ill. Rustové faktory a prenos signalu ve vyvoji a
patologii

. Morfogeny a hlavni transkripcni faktory v
savsim vyvoji a patologii




Form and shape versus Growth and proportion

'

PR
- ' ROCKETS

|

To properly develop a whole individual, it is not enough to
ensure "only" a proper shape of developing organs. All the
organs also have to be properly sized so that they are
mutually compatible.

Example: If length of cell cycle is decreased by 2% in a
population of cells, size of the whole population is increased
by 50% after 30 cell cycles |




Form and shape versus Growth and proportion

P Left: Chalones are peptides, which are expressed in a
More A strictly tissue-specific manner and they inhibit the

chalone

growth of organs by whose tissues they are
produced. They represent a feedback loop which
regulates organ growth - the bigger an organ is, the
more specific chalone it produces, and the more its
growth is inhibited.

Bottom: Chalones are produced by differentiated cells
and they specifically silence cell division and
differentiation of stem/progenitor cells of a given tissue.

Chalones The best knows
) _ chalones include
Differentiated cells

myostatin (GDF8),
/ \ but similar
Production peptides were
" Progenitor

© i ; discovered also in
= ® =

renewal neural tissue
Inhibition (GDF11, activin)
or in liver.




Form and shape versus Growth and proportion

Myostatin Mutation Associated
with Gross Muscle Hypertrophy in a Child

Markus Schuelke, M.D., Kathryn R. Wagner, M.D., Ph.D., Leslie E. Stolz, Ph.D.,
Christoph Hubner, M.D., Thomas Riebel, M.D., Wolfgang Kémen, M.D.,
Thomas Braun, M.D., Ph.D., James F. Tobin, Ph.D., and Se-Jin Lee, M.D., Ph.D.

N ENGL ) MED 350;26 WWW.NEJM.ORG JUNE 24, 2004

Folistatin

Myosatin (GDF8 z rodiny TGFbeta)

Proliferace satelitnich bunék

Neonate 7 Months



Form and shape versus Growth and proportion

UZziti folistatinu proti kachexii, a svalové dystrofii (zneuziti u atletll — dopingové
kontroly na rekombinantni folistatin)

...ale také vysSi hladina folistatinu asociovana s mortalitou u kardiometab. chorob

Folistatin

Myosatin (GDF8 z rodiny TGFbeta)

svalova hypertrofie kachexie

Proliferace satelitnich bunék




Role transkrip¢nich faktort ve vyvo

Transcription regulators in the trophoblast lineage

CDX2
TEAD4 GATA3

TEAD4 KLFs TCFAP2C
TEAD4 TEAD4 KLF5 SOX2 ELF5
KLF5 KLF5 SOX2 TCFAP2C EOMES
SOX2 SOX2 TCFAP2C CDX2 ETS2
TCFAP2C TCFAP2C GATA3 GATA3 OCT1?
Specification Determination

Late
eight-cell Morula

~ Apical
T f pole

§ Initiation )

of
cavitation

Morula/early
blastocyst

Early Late
blastocyst blastocyst

Transcription regulators in cardiac development

Ne-8-&

Linear Heart Looping Chambered Mature

Cardiac
Crescent

Stage of Dayl5
development

Genes NKX2-5
GATA4
MEF2C
SRF
FOXP1

Tube Heart
Day20 Day30

GATA4/5/6 NKX2-5
MESP1/2 SNAIL
TBXS5 PITX2
miles-apart  HANDI1/2
XIRP1
LEFTY1/2
FOXH1
FOXP1

Heart Heart
Day40-birth

NKX2-5
GATA4
MEF2C
HAND1/2
TBXS
PAX3
FOXcC1/C2
FOXP1

Cell fate determination

Niche

(micro-environment)

Cell
signaling

/4

Epigenetic  mmmmm)
S

status

Specific
transcription
factor expression




Role transkripénich faktoru ve vyvoji

Priklady dulezitych (rodin) transkripCnich

faktort ve vyvoji a patogenezi:

homeobox TF (pf NANOG - viz stem cells)

RUNT rodina (viz TGFb signalovani)
Rodina TBX
Rodina PAX

Rodina obsahujici HMG doménu

Cell fate determination

Niche
(micro-environment)

|

Cell
signaling

4

Epigenetic  mmmmm)
S

Specific
transcription
factor expression

status




NK2 rodina homeobox transkripénich faktoru

Pf. NANOG ..Irska myticka zeme
vécneho Zivota Tir na nOg

Sebeobnova Pluripotentni

FGF signaling kmenova
Transkripcni faktory: bufika

mmm) NANOG - \
Oct4 C \
Sox?2 & :

Diferenciace

Primovana/Diferencovana bun

Mutations: (embryonicaly lethal), Teratocarcinoma, Germ cell and embryonal cancer..



Klicové trankripcni faktory v embryonalnim vyvoji

Transkripcni faktory TBX rodiny

Tbx5 — transkripCni faktor
- Zodpovédny za vyvoj prednich koncetin
- Mys Tbx5-/- nemd vyvynuty predni koncetiny

Tbx4 — dtto pro zadni koncetiny

F
&

control
H |

Tbx5'°1°% .prx1Cre



Klicové trankripcni faktory v embryonalnim vyvoji

Transkripéni faktory TBX rodiny — urcuji identitu konéetin (kfidla/nohy)

Stage 14/15 (A) Normal RS e

(early day 3) Forelimb TOQ left: During

l)ud - )
——» Wing experlments with .
chicken embryos it was

found out that zones of

— Thx4 and Thx5
hud ; expression determine
“® " the identity of limb which

gets developed in those

o zones (A). When growth
Tbx3 aktivity zone of another limb is

Tbx4 aktivity zone induced by artificially

introduced growth factor
— —>  Wing FGF (B) and this site is
at the border of

>
® )
@B@@&@@@@%‘"
|

onoe

A~
\-

1 | Thx4/Tbx5 expression,
oF — » Chimera @ limb with mixed
| identity gets developed -
A part of the limb develops
— as wing, part as leg.

“ '’ EE0BE00LE 5
- ‘

Bottom left: When development of a
new limb bud is induced in the site
of Thx4 expression, second limb
with the same identity is developed
(wing in this case) .




Transcription factors of PAX family (ax - paired box genes)

In developing embryo, PAX transcription factors control differentiation of specific progenitors,
and in this way they are involved in embryo morphogenesis; they are important also for tissue
regeneration.

There are 9 members of PAX family in mammals (Pax1-Pax9) and their diversity is further
increased by alternative splicing (due to that, different protein products can bind different DNA
regulatory sequences), allowing for the complex regulation of developmental processes

Pax6 is the most explored
member of PAX family, it is the
main regulator of development
of sensory organs and it is
required for proper development
of pancreas (together with
Pax4). In the picture you can
see halted development of eye
in an embryo with both copies
of Pax6 gene inactivated.

se — surface ectoderm

ms — mesenchymal-like cells

rpe — pigmented retinal epithelium
ret — retina

0s — optic stalk

ov — optic vesicle

nc — nasal cavity

Is —lens

paired box

7l J -

gene 6) Pax6”-




Transcription factors of PAX family (ax - paired box genes)

Pax6 mutations cause aniridia in humans

A

https://doi.org/10.1038/hgv.2017.53

%




TranskripCni faktory obsahujici HMG doménu

Rodina obsahuje transkripcni faktory duilezité pro vyvoj:

SRY - vyvoj pohlavnich organu (mutace: Swyertuv syndrom-kompletni dysgeneze gonad)

LEF1, TCF1 — vyvoj sommitl, nervového systému a lymfocytd (mutace: leukémie u déti,

détska diabetes 3 typu)

SOX rodina:

&/

/ A
&
&

'+ SOX2/3 & SOX9: otic placodes
* SOX10: cochlear progenitors

Ocular system
+ SOX2 & SOX9: retinal progenitors

Embryonic development * SOX4/11: retinal ganglion cells

¥ * SOX2, SOX5/6 & SOX8/9/10:
'\\ : neural crest cells
S * SOX4/11/12. multipotent

progenitor cells
* SOX2: pluripotent stem cells

Muscular system
+ SOX6: fetal myoblasts
* SOX15: satellite cells

Cardio-vascular system
* SOX7/17/18: endothelial progenitors
* SOX7/17/18. hematopoietic stem cells
* SOX8/9/10 & SOX4/11: outflow tract
* SOX6: cardiomyocytes

Reproductive system

* SRY & S0OX8/9: Sertoli cells

* SOX30: germ cells

+ SOX3: undifferentiated spermatogonia

Auditive system ——e

Hair and skin

* SOX2: dermal papilla

+ SOX9 & SOX18: hair bulb
* SOX10: melanocytes

_fv, Central nervous system

* SOX1/2/3: neural stem cells

* SOX4/11: neuronal progenitor cells

* SOX5/6: neuronal and glial progenitors
* SOX8/9/10: glial cells

* SOX5: subcortical projection neurons
* SOX6: cortical interneurons

Peripheral nervous system

' = ¢
7AA w « SOX10: satellite glial progenitors
\ * SOX10: Schwann cells
Endoderm-derived tissues
= m P~ * SOX7/17. endodermal progenitors
f 1 « SOX2: intestinal stem cells

= X « SOX9: intestinal epithelial cells
| 4 ‘ s
’ A
- Renal system

v 4 + SOX11: nephrogenic cord
* * SOX9: tubular epithelial cells
A
fe———— Skeletal system
* SOX4/11/12: skeletal precursor cells
* SOX9 & SOX5/6: chondrocytes
* SOX4: osteoblasts

Mutace SOX:
Mentalni retardace
XX male sex reversal
Coffin-Siristv
syndrom
Lamb-Shaffertuv
syndrom
Campomelicka
dyslplazie

A mnoho dalSich..




Thank you for your attention...

Vladimir Rotrekl
vrotrekl@med.muni.cz

Department of Biology, Faculty of Medicine, Masaryk University
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