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Diferenciacni potencial v embryu

Cells form | transplantation ~ Cells form
back tissue belly tissue
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Diferenciacni potencial v embryu

(A) EARLY GASTRULA

Presumptive
neural ectoderm Presumptive

—- \ (’ '::f“m Neural plate
l{ 'SJ a\\\(/@/ C. . 7+ Early transplants result in cell fate detemined by host
- ~— - '_ ' '_ position while late transplants result in fate determined
Lo by donor position.
Iy, » Thus between early and late gastrula cell fate is
DETERMINED.

Presumptive
neural ectoderm Presumptive
epidermis

Neural plate

tissue forms
E 2000 Sirauer fscocmtes, Ine.




Diferenciacni potencial v embryu

BUT!

Secondary Primary
\ invagination invagination
y 7 Presumptive ey i e
f'-"\ / notochord et
= Presumptive secondary structures Primary structures
/ somites Somite

wneorge 1 NE dorsal lip region of the late
ansoeted - plastula/early gastrula has
unique properties.

Dorsal Presumptive Presumptive Primary
blastopore endoderm epidermis invagination

lip Notochord
@ 2000 Sinawner fesocmtes, Inc.

ll Lumen of gut

The transplantion of this tissue induced the surrounding
host tissue to form a new embryonic axis.

The dorsal lip of the blastopore is the only self
differentiating region in the early gastrula because
when transplanted it can initiate gastrulation and affect
the surrounding host tissue.
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Navaznost na predchozi prednasku.

Jsou buriky udrZzovany v permanentné diferencovaném stavu?

NE!

Plavodni koncept, Ze terminalné diferencované bunky jen pini svou funkci a jsou ,statické” uz
neplati

Bunky v terminalné diferencovaném epitelu skuteéné mohou zménit svuj fenotyp aktivaci
programu EMT (epitelio-mezenchymalni transformace), ktery umoziuje transdiferenciaci, coz
vede k pfevodu epitelialni bufiky na mezenchymalni derivaty béhem vyvoje a dospélosti.



EMT vs MET

Epitelio-mezenchymalni transformace Mezenchymalné-epithelialni transformace

EMT MET

Série udalosti, kdy jsou epitelialni « Série udalosti, kdy jsou mesenchymalni bunky
buriky transformovany do transformovany do epitelialnich bunék.

mezenchymalnich buneék.

Z polarizované stacionarni epitelialni buriky, ktera
svou bazalni ¢asti interaguje s basalni laminou, se
stane mesenchymalni burika s vysokym migracnim
potencialem, ktera dokaze pronikat do tkani.

V prubéhu embryogeneze proces odpovédny za
tvorbu novych organu

Apikalni
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. 4 Basolateral markers (e.g. E-cadherin)
A Apical markers (e.g. Muc-1)

——— Mesenchymal markers (e.g. vimentin)

Polygonalni/sloupovity tvar bunék
Apiko-basolaterarni polarizace

Silna interakce bunka-burika

Limitovan migracCni potencial

Markery (exprimované geny):

E-cadherin, Cytokeratiny, Occludin, Claudin

Epithelial state Mesenchymal state

;:;MT =

Vfetenovity tvar bunék
Anterior-posterior polarizace
Fokalni interakce bunka-bunka
Silny migracni potencial

Markery (exprimovane geny):
N-cadherin, Vimentin, Fibronectin

Epitelialni bunky typicky vykonavaji néjakou tkanove-
specifickou funkci, zatimco mezenchymalni buriky hraji

spiSe podpurnou ulohu.



Q000

i.—-'"

100 pm N






EMT vs MET - zaver

 Umeét popsat EMT a MET
» Znat rozdily mezi EMT a MET







EMT - mechanismus

Signals from Cell adhesions broken; Cell released from
paracrine factors basement membrane dissolved basement membrane

[ | Epithelial cells [] Mesenchymal cells

Neexistuje zadny ,,master regulator“ EMT ani MET!




EMT - mechanismus

Epithelial phenotype Intermediate phenotypes Mesenchymal phenotype

as cells transition
B

Epithelial - Mesenchymal
cells cells

E-cadherin Syndecan FTS binding protein FAP ~ Snail
Cytokeratin MUC1 FSP-1 Slug
201 Desmoplakin N-cadherin ETS
Laminin-1 a1 (IV) collagen Progressive loss of epithelial markers Vimentin SIP1

Entactin miR200 family and gain of mesenchymal markers Fibronectin o-SMA

B-catenin Twist

OB-cadherin Goosecoid

o5p1 integrin LEF-1

Syndecan-1 FOXC2

miR10b miR21

» Snizeni exprese Cadherinu

* Reorganizace cytoskeletarniho aktinu

« Sekrece enzymu, které narusuji a degraduji basalni laminu (metaloproteinazy)
« Bunécna proliferace



EMT - mechanismus

Pamatujte si 5 hlavnich drah F

epithelial state
E-cadherin/CDH-1 I
Occludin

Claudin
Desmoplakin MET
miR-34/miR-200




EMT - mechanismus

Kde/kdy se EMT mUze odehravat:

A Type 1 EMT Primitive
streak Epiblast

EMT v

« Embryonalnim vyvoiji

« Rakoviné (resp. metastazich)
= TR M S e - Zanétu a fibréze
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Primary mesenchyme Hypoblast
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metastatic cell




EMT — v embryonalnim vyvoji

« Béhem vyvoje jsou nékteré bunky epitelu ,plastické” — jsou schopny pfechazet epitel <—>
mezenchym prostfednictvim procest EMT a MET

Implantace embrya
Embryogeneze

Vyvoj organu

Regenerace a homeostaza




EMT - ve vyvoiji

KliCova uloha EMT ve vyvoji — bez ni by nebyl vyvoj viibec mozny.

Uvedeme si 4 Priklady:

* Implantace embrya

» (Gastrulace a tvorba mesodermu
« Formovani neuralni listy

* Formovani obratlt ze somit




EMT - ve vyvoiji

KliCova uloha EMT ve vyvoji — bez ni by nebyl vyvoj viibec mozny.

Uvedeme si 4 Priklady:

 Implantace embrya

» (Gastrulace a tvorba mesodermu
« Formovani neuralni listy

* Formovani obratlt ze somit




EMT - implantace embrya

Emhbryology
al a Glance

_ Second Edition

: ' Samuel Webster

Rhiannan de Wreede
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WILEY Blackwell




EMT - ve vyvoiji

KliCova uloha EMT ve vyvoji — bez ni by nebyl vyvoj viibec mozny.

Uvedeme si 4 Priklady:

* Implantace embrya

« Gastrulace a tvorba mesodermu
« Formovani neuralni listy

* Formovani obratlt ze somit




EMT - ve vyvoji gastrulace

Gastrulace:
* Proces kdy dochazi k preméné blastuly (resp. blastocysty) na gastrulu

» Pred gastrulaci je embryo tvoreno jen jednou vrstvou epitelialnich bunék.
Vrstvy gastruly se transformuji na zarodec¢né listy ekto-,endo- a mezoderm ->
nutna EMT

U strunatcu poté nasleduje neurulace

Pred gastrulaci je embryo zavislé jen na maternalni mRNA, poté uz si dokaze

syntetizovat svou vlastni mRNA

Gastrula
EBDy Ectoderm

Blastula

Endoderm

Blastocoel

Blastopore




EMT — ve vyvoji gastrulace

ecné existuje asi pét zakladnich mechanismu, diky nimz dochazi ke gastrulaci:
sinvaginace — vchlipovani urcité skupiny bunek, podobne jako se promackava propichnuty
miC (Tunicata)
sinvoluce — zavinuti vnéjsi vrstvy bunek tak, ze zcela prekryje vnitfni povrch této vrstvy
bunek
singrese — migrace jednotlivych bunék z povrchove do hlubsi vrstvy
edelaminace — rozdéleni jedné vrstvy bunék do dvou viceméné paralelnich
scpibolie — vnejSi epitelialni vrstva zvnejSku preroste a prekryje budouci entoderm
s g,
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Delamination- the splitting of one sheet of cells
into two parallel sheets of cells

75% epiboly 90% epiboly


https://cs.wikipedia.org/w/index.php?title=Invaginace&action=edit&redlink=1
https://cs.wikipedia.org/wiki/Involuce
https://cs.wikipedia.org/w/index.php?title=Ingrese&action=edit&redlink=1
https://cs.wikipedia.org/w/index.php?title=Delaminace&action=edit&redlink=1
https://cs.wikipedia.org/w/index.php?title=Epibolie&action=edit&redlink=1

EMT - ve vyvoji gastrulace

Invagination Involution
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EMT - gastrulace

Gastrulation

Gastrulation is the process whereby the bilaminar embryonic disc undergoes reorganization
to form a trilaminar disc.
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EMT — gastrulace

(A)

Extracellular

matrix fibril Basal lamina Skeletogenic

| Ii]astumn:-l mesenchyme cell
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EMT — gastrulace

Medial cells —
(C) e ., o
Lateral cll undergoing Rizeno kanonickym Wnt — Wnt3, TGF- (Nodal, Vg1) a FGF
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EMT — gastrulace

FGF

E-cadherin ~ * B-catenin

Netvofi se mesoderm — selhani EMT (akumulace E-cad+ bunék) Ciruna. 2001



EMT - ve vyvoiji

KliCova uloha EMT ve vyvoji — bez ni by nebyl vyvoj viibec mozny.

Uvedeme si 4 Priklady:

* Implantace embrya

» (Gastrulace a tvorba mesodermu
* Formovani neuralni listy

* Formovani obratlt ze somit




 EMT - Formovani neuralni listy

Co je to neuralni lista”?

,Ctvrta zarodeéna vrstva“ - “the only interesting thing about
vertebrates is the neural crest” (Thorogood 1989)
Ektodermalni pavod

Transientni — neni u dospélce

Vznika z neuralni trubice prostfednictvim EMT a bunky
migruji podél anterior-posteriorni osy a diferencuji (zmeéna |
prostredi A-P osy vede ke tvorbé rozdilnych bunéénych i
typd) |

TABLE 15.1 Some derivatives of the neural crest
Derivative Cell type or structure derived et

migration of | [ -
ral 1
Peripheral nervous system (PNS)  Meurons, including sensory ganglia, sympathetic and parasympathetic ganglia, and plexuses i s
Meuroglial cells
Schwann cells and other glial cells

Endocrine and paraendocring Adrenal medulla

Notochord ——_y
)

Physical barriers Long-range guidance cues

Pathfinding axon .

Growth substrate

Individually
migrating
neural crest cell

Growth substrate

derivatives Calcitonin-secreting cells
Carotid body type | cells
Pigment cells Epidermal pigment cells =
Facial cartiage and bones Facial and anterior ventral skull cartiage and bones pincal il e oy
Connective tissue Comeal endothelium and stroma
Tooth papillas

Dermis, smooth muscle, and adipose tissue of skin, head, and neck
Connective tissue of salivary, lachrymal, thyrmus, thyroid, and pituitary glands
Connective tissue and smooth muscle in arteries of aortic anch origin




 EMT - Formovani neuralni listy
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Rosa2é locus in Mouse, Chré Cre recombination
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FIGURE 15.3 Lineage tracing of trunk neural crest cells in mouse
provas they are multipotent stem cells. (A) Premigratory and earky
migratory neural crast cells were marked by Cre-mediated recom-
binaticn in a “confatti” mouse. As many as 10 different colors could
be induced (see also Figure 2.13). (B) Researchers followed individual
colored clones to their fated structures later in development. Flucres-
cant calls were seen in the dorsolateral pathway wheare malanocytes
differentiate; in the dorsal root ganglia (DRG), as part of the Schwann
call population on the vantral root, and in the sympathstic ganglia
(=03). Micrographs show the tracing of pramigratory calls labelad by
the Wnit1-CreERT driver. which shows a unigue YFP/RFP flucrescent
combination in three different peripheral structures visualized with
call typa-specific markers. (After Baggliolini ot al. 2015.)

Kidney

ganglia {neurons)

Dorsolateral
pathway
imelanocytes)

— Dorsal moot

ganglia (neurons)

W == Ventral root

(Schwann cells,
other glia)




« EMT - Formovani neuralni listy

FIGURE 13.5 The neurulating chick embryo (dorsal view)
at about 24 hours. The cephalic (head) region has undergons
naurulation, while the caudal (tail) region is still undergoing
Posterior gastrulation. (After Pattan 1971)







EMT — Formovani neuralni listy

Bunky neuralni listy ztraceji adhezivni spoje a oddeluji se od
epitelu — tento proces se nazyva delaminace

Surface ectoderm cells

(c) Neu.llral plate Tl:ﬂe:.:jr:i plate Into one layer \ Ecadherin BMPme
@ E— ﬁ ;ﬂ ~Monneural I ] 0
0 ectoderm ' ] k H
Notochord—""
i , Differential
l ﬁﬁﬂﬁ_ﬁ;ﬂtﬁ Cnnta;tinhibiﬂon :521 Li zah )
e Neural fold Premigratory CQ A e -

Epidermis

— Delaminating
neural crest
cells

\C/_/ T Neural tube

__Control 'PF-5?3§%§ SU6656
; ':: - - Y . ;l o

oc

Retraction Directed growth
&?C]l @ ;\f{]gmtnrv Actomyosin fd T8 m Lamellipodia/filopodia
neural crest stress fibers focal adhesions

cells



Neurulation

Neurulation marks the beginning of the formation of the central nervous system and is the process
whereby the neural plate forms into a neural tube.




 EMT - Formovani neuralni listy




 EMT - Formovani neuralni listy
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EMT - ve vyvoiji

KliCova uloha EMT ve vyvoji — bez ni by nebyl vyvoj viibec mozny.

Uvedeme si 4 Priklady:

* Implantace embrya

» (Gastrulace a tvorba mesodermu
« Formovani neuralni listy
 Formovani obratli ze somitu




EMT - formovani obratlli ze somitu

Somity a segmentace tela

,HOw can a tissue be developmentally cut up into precisely sized segments?
How can snakes have some 300 segments while humans have only about 357¢
— Gilbert and Barresi

Somity jsou epitelialni bloky (klastry) bunék, které jsou umistény v blizkosti neuralni trubice.
« Clankovani t&la - obratle @) ®




EMT - formovani obratlu ze somitu

SoxZ expression

Paxth expression




MET — ve vyvoji — vznik somitu

» Architekturu somitl tvori epitelialni bloky, ale pre-somiticky mezoderm je tvoren
mesenchymalnimi bunkami

* Proto se musi mezenchymalni bunky transformovat do epitelialnich bunék => MET

T Mesp (Mesodermal posterior)




MET — ve vyvoji — vznik somitu

(B)
eph-A4, ephrin-B2




MET - ve vyvoji — vznik somitu

Somite number
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Link na predchozi predasku: Pamatujete si blastoidy?

I ——
Liu, 2021, Nature

- 7
psc — @ @ @_, Tak jsou i gastruloidy!

J‘_44 [A) Mouse 3D gastruloid protocols N2B27 medum I Apgregation phase

/ /

V2o 4 [ |

Smal number of

mauss ES calis E4.5 E5.5 EB.5 E7.5 E8.5 ES.5

8 U J ¥ ce=

E— |—|—| o | Vi Vo
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b Blastoids Blastocyst (E6) @ 407

20 i Irm#u\fﬂ.‘" M

3
§‘ 48 p * Chiren YEh 96 h 120 h 144 h 168 h
o
£ Original protocol Extended protocol
w {van den Brink Development 2014; Bailie-Johnson Jove 2015) {Beccari Mature 2018)
Cardiogenic gastruloids Somitogenesis protocol Trunk-like structures
Day 2 Day 3 Day 4 Day 5 Day 6 {Raossi Cell Stem Call 2020) [wan den Brink Nature 2020) (Veanviiet Science 2020)

188 h ___ 120 h 120 h
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(B) Human 3D gastruloid protocol 6 medium B Aggrogation phase
400-6040 hurran
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Maximum projection Single plane 18-21 dpt

g X2 SOX17 GATA3 DAPI ~14-15 dpt ~16 dpf
Ll CL NJF'S?"" rredr-Ju B

E—:_w_é » == - r . ] I Human protocol

(Moris Nature 2020)

Blastoid

Trends in Cell Biology

Blastocyst (E6)

Van der Brink, 2021



Stainings and time-lapse imaging of somite formation in
gastruloids

da 10% Matrigel Bright field b 0% Matrigel Bright field Lfng C 10% Matrigel Tbx18
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Priklad MET — Vyvoj nefronu

- |
ﬁi:‘:fﬁiﬁi’;iim/@ el ¥ | » Bunky mezenchymu mohou diferencovat v progenitorové buriky
- Prtubiar nefronu.
= e « Odpovidaji na Wnt9b and Wnt6 produkovany z ,ureterického
pupenu.

| |8 Glomerulus
= |
it (G) |
Bownian's Collecting
B

capsile / i ‘ duct
Distal — T

tubule
Proximal —
tubule ;

* Wnt9b and 6 jsou kliCové pro transformaci metanefrického
mesenchymu v tubularni epitel.

 Mesenchym ma receptory pro tyto Wnt, coz vede k produkci Wnt4,
ktera dokonci transformaci.

+ Bez Wnt4 mesenchym je kondenzovan, ale neformuje se epitelium

| (A) wntsh Wwntll

(F)

Podocyt -

Mesonephric
-/- (Wolffian)
k
u

L

(B}

wild-type Witoh







EMT — zaneét a fibroza

Endothelial cells

|
S <S5
B B

T Activated fibroblasts T
M

Bone marrow—derived E
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Proliferation E




BONUS: EMT - rakovina

Invasive and Secondary
—__metastatic cells epithelial tumor

Basement Epithelial Primary epithelial
membrane cell cancer cells

Blood vessel

Normal epithelium Carcinoma in situ EMT _Cancer cell Cancer cell MET
intravasation extravasation







BONUS: Embryonalni puvod adenohypofyzy

Fatrnaian af puiied faferml iy
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Median sagittal through the hypophysis of an
adult monkey. Semidiagrammatic.

Details

Precursge” neural and oral ectoderm,
including Rathke’s pouch

Artery superior hypophyseal artery,
infundibular artery, prechiasmal
artery, inferior hypophyseal artery,
capsular artery, artery of the
inferior cavernous sinus!"!

ldentifiers

Latin hypophysis, glandula pituwitana
MeSH 0010902 &
NeuroLex birnlex_13536

1D

TASS A11.1.00.001
TA2 28538

FMA 138896

Anaromical terms of neuroanatomy



BONUS: Embryonalni puvod adenohypofyzy
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RESEARCH

DEVELOPMENTAL BIOLOGY . ; othalamus
Lineage analysis reveals an endodermal contribution ¥ JADH
to the vertebrate pituitary \ .
Peter Fabian®, Kuo-Chang Tseng’, Joanna Smeeton'2, Joseph J. Lancman?, P. Duc Si Dong®*#, / .
Robert Cerny®, J. Gage Crump®*
A
ADH primordium
(Rathke's pouch)
h@%e;léggj_s | endodermal

 (Seessels)
~ pouen

00.00000 g msec

B

ADH hypothalamus
|

primordium = ——

ectoderm




Diky za pozornost

) SCIENCE REPORT Sumaas HALF, 19 teg,

Nave ~ GURDON Droision 123%  Subjecr Bllogey .

kT k&
Place == —=— Marks Q20
e

It has been a disastrous half. His work has been far from satisfactory.

His prepared stuff has been badly learnt, and several of his test pieces

have been torn over; one of such pieces of prepared work scored 2 marks

out of a possible 50. His other work has been equally bad, and several

times he has been in trouble, because he will not listen, but will insist

on doing his work in his own vay. I believe he has ideas about becoming

a Scientist; on his present showing this is quite ridiculous, if he ecan't P4 2
learn simple Biological facts he would haveho chance of doing the work TomaS Barta

D of a Specialist, and it would be sheer waste of time both on his part, P
and of those who have to teach him, tbarta@med'munl'cz
0 sz,



