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Bunécna adheze

Jak jsou z populaci bunék vytvoreny oddélené tkané?

« Jak se tvori organy na konkrétnich mistech a migrujici
buriky se dostanou do svych cili?

» Co udrZzuje mezoderm oddélené od ektodermu, takze
pokoZka ma dermis i epidermis?

» Jak nékteré bunky - napfiklad prekurzory nasich
pigmentovych bunék a zarodeCnych bunék - cestuji na
dlouhé vzdalenosti, aby dosahly svych koneénych cilu?

: nMéﬁékinekus: was GDMDIB‘tLad. gl

Muaze byt tento termodynamicky model pouzit i na bunky v embryu?




Bunécna adheze

Evolu¢né spjata s vyvojem mnohobunécnych organismu.

Regulace bunécné adheze v Case i prostoru je kliCova pro spravny embryonalni
vyvoj. (Epidermolysis bullosa)

Adhezivni molekuly nejsou jen proteiny, které lepi k sobé bunky, ale maji také néjakou
dalSi funkci — bunécna signalizace. Obsahuiji extracelularni, membranovou a
intracelularni domény -> signalizace (bunka ma prehled o sousednich bunkach a

interakci s ECM).

Apical membrane

Adherens junctions
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Bunéecna adheze v komunikaci

* V embryu spolu buniky komunikuji na kratkou vzdalenost:
* Primym kontaktem (juxtakrinni)
» Sekreci do ECM (parakrinni)

{A) Juxtacrine signaling {B) Paracrine signaling
_c * Proteiny, které jsou sekretovany z buriky (nebo
(A membrene @ jsou na povrchu buriky) a slouzi ke komunikaci
Nucews —<__) < © jsou signalni molekuly (ligandy)
b @ @ % - Proteiny zabudované v membrané, které vazou
j %’ @ @ 4 > @ ligandy (volné nebo vazané) jsou receptory.
Homophilic C5 Heterophilic @ R « Homofilni x heterofilni vazba pfi juxtakrinni
binding ';’ binding L . | izaCi .
U; z 'ﬁtgnnhng , Slgn‘,a : v v .
< \ 5?3:.?1'2:: @ - Po vazbé dojde ke konformacni zméné, ktera
T » vede ke zmene vlastnosti intracelularni domény

ﬁ%ﬂfcvmﬂr receptoru.

« Ddlezita pfi komunikaci burika-burka



Bunécna adheze — pojmy se kterymi budeme pracovat
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Molekuly zprostredkovavajici bunecnou adhezi

Cell-Cell Adhesion

Cadherin

l Glycoprotein

CAYCAD
QPR

Cytosol Cytosol

Y/

Integrin
Lineage ©

+Nectin
+Efrin



Cadheriny
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Bunéecna adheze - Cadheriny

Cadheriny

« calcium-dependent adhesion molecules

» KliCové pro mezibunecné spoje

* Intracelularné se vazou na cytoskelet (Cateniny)

« Komplex Cadherinu a Cateninu pfedstavuje
adhézni spoje (adherens junctions) — typické
pro epitel.

« Cateniny pak slouzi pro signaling do jadra
(kanonicky Wnt signaling)

« Blokace cadherint (protilatky, RNAI) vede k
desintegraci epitelu. S D

Phosphorylation sites

Adhesive recognition
site

Calcium-
binding site Cell
membrane

GSK:!




Bunécna adheze — Cadheriny -Funkce

Adherens Junctions
(Zonula adherens)

* VnéjSi doména Cadherinu slouzi k adhezi bunék
« Cadheriny se vazou na cytoskeletarni aktin ->

Plasma membrane

pomahaji ke tvorbé cytoskeletu -> poskytuji ‘

Catenin

A

mechanickou silu pro formovani tkariovych
struktur.

Slouzi k signalovani do jadra -> zména genové
exprese.

Vinculins

Actin
filaments






Bunécna adheze — Cadheriny - Typy

Surface ectoderm cells
fuse into one layer

'''''

Snail 2
expression along

ﬁ . ;-.lm

E-Cadherin s
* Exprimovan v epitelu Link na pfedchozi pfednasku: ﬁ%
N-Cadherin &

« Exprimovan v pribéhu vyvoje nervové soustavy
* Neural Cadherin

Migratory

R-Cadherin

« Exprimovan v retiné — e p—
. Retinal Cadherin Actoryosin ECSCN Rect | Lamelpodifiopad
P-Cadherin

« Exprimovan v placente
» Placental Cadherin

Protocadheriny
» Postradaji vazbu na cytoskelet. 12



Bunécna adheze — E-Cadherin

Evoluéné konzervovan

Link na predchozi prednasku:

(A)

Signals from
E-cadherin -hun -Lain:'nlm paracrine factors
Apical /
polarity | St 'l it ."—- T _i_::.J-i .'q J/I }L—l .1__
complex - —[n:h {li} { ':Il}a
©dherens u%uau%u
junction

i S il o SOl 1 SO 1

E-Cadherin (E-cadherin, Cadherin-1(CDH1), L-CAM, ARC-1, uvomorulin)
« Exprimovan na vSech savcCich embryonalnich bunkach, pozdéji ve vyvoji jen v epitelu

Cell adhesions broken;

Cell released from
basement membrane dissolved

Lu—J

;}Q = gﬁg

Bl cn i e cfl i
JD

[ ] Epithelial cells [I] Mesenchymal cells

basement membrane

Esencialni glykoprotein ve vyvoiji, diferenciaci bunék a v udrzovani tkaniové homeostaze
Dulezity pro ustanoveni a udrzovani epitelialni polarity

Zprostredkovava homofilni interakce bunka-burika

Strevni krypty

13



Bunécna adheze — E-Cadherin

' E-cadherin

_p120(ctn)
longer
isoform

Zona occludens
protein 1

14




Bunécna adheze — E-Cadherin

« MysSi KO pro CDH1: letalni jeSté pred implantaci, bunky moruly disociuji - Zadna
adheze. Embrya neformuiji epitel, napfr. trofektoderm.
* Proto se CDH1 zkouma pri tkanoveé specifickém KO. Napf. CRE rekombinazou.

* RIP-Cre - Rat insulin promoter -> Cre

rekombinaza je exprimovana pouze Vv /e P cdh1 -
pankreatu. X MOPYEP - > - -

Cdh1 KO

E-cadherin YFP E-cadherin 15

Mandelbaum et al., 2012




Bunécna adheze — E-Cadherin

» Tkanové specificky KO E-cadherinu ve streve.

A

Cdh1"=F* Cdlyh=riex®




Bunécna adheze — N-Cadherin

N-Cadherin, Cadherin-2 (CDH2) nebo neural cadherin (NCAD)

V srdecCnim svalu je N-cadherin integralni slozkou v adhezivnich spojenich
umisténych na interkalacnich disku, které funguji tak, Ze mechanicky a elektricky
spojuji sousedni kardiomyocyty.

Buriky hladké svaloviny

F WY
(a2
i
1
Plasma membrane
!i [t i E .!'
SAABBALARAARAY,

pl20{ctn)
shorter

isoform = [B-catenin

a-catenin vinculin

15 whksd.u.

:,Ié.s,m"t;n ;

Burke-Kleinman



Bunécna adheze — N-Cadherin

« Mysi KO: letalita v E10, abnormalni tvar somit, mensi, abnormality srdce.

Barveni wt na N-Cad

E8S5 C

18

Radice et al., 1997



N-Cadherin vs E-Cadherin

' IN-cadherin
| Extracellular — E-cadherin
domain

&
Plasma membrane ] -
$5100.0'0.010 00006 9,008 KOO0 annesesessessonnd e R T T I L
alahléuli-g!g]-blﬁl-slaia'rzlz:;.LLac- COOOOOSOB0AS000 e 00 edbeatstes o] [ HENPETEEESESEES
p120ictn) = " T p120{ctn)
shorter ) longer
isoform * B-catenin Zona occludens isoform

protein 1

a-catenin vinculin
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Bunéecna adheze — Cadheriny - Signalling

ERTRIAERSSVTEE TLLTe .

» Zprostfedkovavaji nejen fyzicky kontakt - .,.u::h"llﬂ“_k-”-'“.;!"-”"""““_Ihtg_lﬂ
mezi burikami, ale také signaling do "."'t~h'.:E.1;1'&:%"!'!1'.::":’-Ir”""'" g |
jadra. Napf pres cateniny — crosstalk s g1l N—— Intercellular space
Wnt signalingem. i et hiBetn |

Nuclcis — Degradat;o: Extracellulardnmain-.,_____-_‘ i ‘Hlli.ll]s { ”l :1,1“
E-ca%“éﬂh‘m 1511'.“&'1"_!1' 1y Ui

263 Proteasome

E-cadherin
Intracellular domain '-—'__'

Actin Cytoskeleton

Cadherin

20
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Bunécna adheze — Cadheriny - Signaling
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Neural plate
cells

Cross section

Epidermalni bunky z pigmentovanych embryi a bunky
neuralni plotny z nepigmentovanych embryi byly
disociovany a smichany dohromady. Bunky se znovu

agregovaly tak, epidermis zakryl nervovou tkan.
Townes and Holtfreter, 1955 23




Bunéecna adheze

differential adhesion hypothesis

,<According to this hypothesis, the early embryo can be
viewed as existing in an equilibrium state until some
change in the adhesive properties of the cell’s plasma
membrane changes. The movements that result seek
to restore the cells to a new equilibrium configuration.”

,2Hranice mezi tkdnémi je tak tvofena ruznymi typy
bunék, které maji na svém povrchu rizné adhesivni
molekuly v rizném mnozstvi.*

(B)
Tissue

Limb bud

(green)

Heart
(yellow)

Liver

(blue)

(orange)

Surface tension Equilibrium
(dyne/cm) configuration

20.1

12.6

8.5

4.6
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Bunécna adheze

(B) () (D) (E)

Epidermis Neural plate
+ +
Epidermis Mesoderm mesoderm Neural plate axial mesoderm 1 1 TaYl
g % + ! 3 Selektivni afinita
mesoderm endoderm endoderm epidermis epidermis

* Vnitfni povrch ektodermu
ma pozitivni afinitu k
mesodermu a negativni k
endodermu. Mesoderm
ma pozitivni afinitu k endo-
| ektodermu.

,Somehow, the cells are able to sort out
Newra INtO their proper embryonic positions.
plate Townes and Holtfreter, 1955

» Selektivni afinita se v
prabéhu vyvoje méni.

Ip“;gﬂl * Bunky musi interagovat

rozdilné s ostatnimi

burikami/tkanémi v
konkrétnim Case a
ménicich se podminkach.

« Kli¢ové pro morfogenezi.

25

Epidermis + Mesoderm

Epidermis e




Bunéecna adheze — Cadheriny

Bunécna adheze je dana mnozstvim Cadherinu na bunéné membrané.

[B)

Green cells have 2.4 times more Green cells sort to center
M-cadherin than red cells with red cells at periphery

Dokonce i kdyz bunky exprimuji rozdilné Cadheriny

(A)
t;_ —

5

(C) P-cadherin = E-cadherin P-cadherin = E-cadherin P-cadherin = E-cadherin

./ o N-cadherin

Aggregate surlace tension (erg/cm-)
T

1 e o P-cadherin
) /' » E-cadherin
[:. 1 1 1 1 ]
1] 50 100 150 200 250

Surface cadherins per cell (thousands)
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Cadheriny v ustaveni P/L asymetrie

' ‘ Proteolysis l
‘ .

——
-

=~ ~
-~
//’. ~

¥ d A Y
(| E .,
\\ e Target genes ,'

7
~
\ﬁ'-—- _.."//

§ N-Cadherin molecules “ Sequestered B-catenin . Free B-catenin

@ Phosphorylated B-catenin . .’ Degraded B-catenin 28




Cadheriny v ustaveni P/L asymetrie

e (g m: @ » \Vysoka exprese N-Cadherinu v pravé poloviné vede k sekvestraci [3-
. e cateninu, ktery by jinak byl pristupny pro Wnt signaling, tim je Wnt
% WBJT o) inhibovan v pravé poloviné inhibovan.
c&’nR\J “

Pitx2 Pitx2

No treatment NCad antibody
RIGHT LEFT
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N-Cadherin molecules “ Sequestered B-catenin . Free B-catenin

.P Phosphorylated B-catenin s o Degraded B-catenin



Cadheriny v EMT a gastrulaci: link na predchozi prednasku

Epithelial phenotype Intermediate phenotypes Mesenchymal phenotype
as cells transition

- Mesenchymal
cells
Syndecan ‘ FTS binding protein FAP  Snail
MUCT — Slug
ZO-1 Desmoplakin ETS
Vimernin

Epithelial
cells

Laminin-1 a1 (IV) collagen Progressive loss of epithelial markers SIP1
Entactin miR200 family and gain of mesenchymal markers Fibronectin o-SMA
B-catenin Twist
OB-cadherin Goosecoid
a5p1 integrin LEF-1
Syndecan-1 FOXC2
miR10b miR21

30



Cadheriny a asymetricke déleni: link na prvni prednasku

Drosophila ovarian stem cell niche

Egg chamber

Germ stem

(B) Germ cell Stem cell niche Egg chamber
@3 m} differentiation —_— . A
=3 O Q ermstem—_| 7 _ Cystoblast
- o - o c cGell (GStC)______..----' ﬁ Cm\bl t
) S aiiAG, . @,
¢ Cap cells Z\—\;Q@ Q C
@@~ @
K f&ii'fiﬁf“.' /;( e x\x\‘ Cystoblast
Junction- '.* f‘_""' L '\ ‘*%f_
Symetrical cell divisi Asymetrical cell divisi 6] e ()
ymetrical ce IVISION symetrical ce IVISION o3 mvpsig (S0
O ),i transduction ©_ OFF /
. A\ o 5 P
Cytoplasmatic determinants distributed Cytoplasmatic determinants distributed ,+j_'- 2 Signal # bam N\
evenly to both daughter cells, unevenly, generating two different cells . “{E%/’Q&‘K 3 | '\l\ 05}'
generating the same cells Q . Tf}@" NS
e gloffeqrr:}tiaﬂun



Cadheriny a asymetricke déleni: link na prvni prednasku

a Asymmetric Division Symmetric Division

HUB Mutations in HUB
tumor suppressors
—_— >
Apical
GSsC
Basal Gonialblast I
GSsC GSC

M DE-cadherin, Arm
Il Apc2

.:
X

MOCK T15%
Wild fype E-cad {(+DOX)
T151 E-cad-HA [-DOX)

Cyiosolic
al

domain

E-cad ubulin DA

—~ B0
%‘  Zkracena varianta E-cadherinu,
' S vedla k indukci asymetrického

déleni

]

+ D00 — D

E-cad p-ubulin CMA

32
Gloerich et al., 2016



Cadheriny shrnuti

—

"

..-r'f

» Ca-dependentni vazba

» Vazou se na aktin - vazba na cytoskelet

» Signaling pres cateniny (kanonicky Wnt signaling)
» N- a E-cadherin link na EMT a MET

» KO na N- a E-Cadherin

33




Nectiny

34




Nectiny

» Rodina proteinu (4 ¢lenové - nectin-1 az 4)

» Geny pro nectiny jsou PVRL1-4 (Poliovirus receptor-like), vaze také
alphahepesviry

» lg-like proteiny, Ca%* nezavisla adheze

» Zprostredkovavaji homo ale prevazné heterofilni mezibunécné trans
interakce

| Afadin | B
, Par-3 J
L PICK1 J

Mmtin-1\%‘v}‘m‘

Cis-dimerization Cis-clustering

Ellndlng ) |
s f - A - BABR- ¢
5-5 4 @ ¢

Emdmg

Trans-interaction

39



Nectiny

» Cadheriny uprednostniuji homofilni interakce

» Nectiny upfednostnuji heterofilni trans interakce -> zpusobuje mozaiku,
Casto je najdeme tam kde je zapotfebi mozaika bunek (napf. sluchové
ustroji — kombinace podpurnych bunék a viaskovych bunék)

» Na adhezi mohou participovat s Cadheriny, nebo samostatne

Cell expressing Cell expressing
E-cadherin N-cadherin

nnnnnnn

36




Nectiny

» Nectiny jsou tam, kde je zapotrebi heterotypicke spojeni, nebo mozaika
» Napriklad v nervovych synapsich

Key
= Afadin

=% Nectin-1
—gn Nectin-2

= Nectin-3
=8 Nectin4
== Catenins
=== N-Cadherin

Dendrites

I P-Cadherin

CA3 pyramidalcells/ @ '/ @O \/ O .

# Connexin
¥ F-actin
) Nucleus

Axons

37




Nectiny ve vyvoji oka

» Nectiny jsou tam, kde je zapotrebi heterotypicke spojeni, nebo mozaika
» Napriklad v kontaktu mezi epitely v oku

Mysi s deficientnim nectinem1 - mikroophthalmie

Key
= Afadin
Pigment epithelia

=@ Nectin-1
—gn Nectin-2

S — - Mectin-3
epithelia —i0 Nectin-4

== Catenins

=== N-Cadherin

Ep"fh&l E P-Cadherin

¢ Connexin

5 F-actin
@) Nucleus

Nectin1 -/-

Inagaki et al., 2005



QOuter enamel
epithelium

Strellate
reticulum

Inner enamel
epithelium

T Ameroblast




Nectiny ve vyvoji

» Ektodermalni dysplazie rozStépu patra mutace v genu PVRL1 (nectin-1)
» Vede ke zkracené verzi proteinu, ktery postrada intracelularni a transmembranovou
domeénu

Cleft lip and palate




Nectiny ve vyvoji

Cleft lip and palate

Onemocneéni je autozomalné recesivni, rodiCe
jsou vétSinou heterozygoti }
Vysoky vyskyt na Margarita Island..PROC?

Rezistence heterozygotu k alfa herpesvirim
(plané nesStovice) -> evolucni vyhoda?

b= trans-Dimer

41



Nectiny ve vyvoji

* Protoze nectin-1 s nectinem-4 ¢asto tvori heterofilni vazbu, tak mutace v nectinu-4
jsou Casto fenokopii mutaci netctinu-1

b \ nectin-4

Mutace v nectinu-4 v

= trans-Dimer

42




Nectiny ve vyvoji sluchového ustroji

Sluchové ustroji tvofi ,mozaika“ bunék - nékolik riznych bunéénych typu

Nectin-1/MyoVlla Nectin-2/MyoVlla Nectin-3/MyoVlla

B c
Cochlea Reissner’s membrane /N /N
.- Kinocilium g Supporting cell
Scala vestibuli Stereociliary N\ pp g
Scala media bundles Outer hair cell
Nectin-3
I?:""\,l C I /,'\ /°\ Outer pillar cell
i ! Nectin-1
. yy N .
z QA Inner pillar cell
—= | /.\ /.\ /.\ Inner hair cell
Scala tympani Supporting cell
Inner hair cell Quter hair cell
Inner pillar cell  Outer pillar cell

B
EGFP/mCher Nectin-1/Nectin-1

Suspenze bunék, které exprimuiji
ruzné nectiny

Togashi et al., 2011



Nectiny ve vyvoji sluchového ustroji

Deficience nectinl vede k poruseni mozaiky

B ] C ) D _
Nectin-1 KO Nectin-2 KO Nectin-3 KO

Togashi et al., 2011



|Flarna membrane

Nectiny a signaling

Reorganization of the

* Nectiny spolupracuji s cadheriny. Nectiny iniciuji
spojeni bunka-bunka a nasledné rekrutuji cadheriny
- klicové pro tvorbu adherens junctions

« Tim, Ze spolupracuji s Cadheriny, tak také reguluji
kanonickou Wnt signalizaci

actin cytl:rskeleton
Mectin-based
cell-cell adhesion

Far H Cadherin ; — o
: HH+HH+H+IHHH+HHHH;HIPH+H+HH+HH T 1 Testracelitar matrix
: b Apical surface

p-Catenin Cadherin

a-Catenin s

i

Afadl"u N t'"
/ & ]
Ptdlns-l

™, * FDGF
) Mectin-mediated inactivation
Cell survival G#, integrin oviid after the
4 (antiapoptotic) J_ Talin Eﬂnmr of Ak

Integnn

Destruction complex

B-catenin accumulation
I

| Cell proliferation

-
-
-
-
#
K
4/

[
I
I
1
I
1
1

1

' B
| Target genes depressed Target genes activated / _f'ﬂ': ve
I " T '_ " R




Nectiny souhrn

« lg-like proteiny, vazba nezavisla na Ca?*
« Dulezité pro heterofilni trans interakci mezi burikama
» (Casto esencialni pro tvorbu mozaiky




Selectiny
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Selectiny

_—'-'-.-._._._

"

—_

» Membranové glykoproteiny

» Rozeznavaji molekuly sacharidd na povrchu sousedni buriky — nejde tedy o interakci
dvou stejnych typu molekul, jako v pfipadé cadherinl, nebo nectinu.

» Vazba je zavisla na pfitomnosti Ca2*

% Uplatnhuji se pfi vazbé imunitnich bunék k endotelu.

— Glycoprotein

_.-""—'-_-_-“"‘--

tissue T e R 48




Selectiny v prubéhu implantace embrya

» Hraji ulohu nejen v ,leukocyte rolling/homing®, ale také v prubéhu implantace embrya.

» Mechanismus implantace zahrnuje prechodnou interakci blastocysty a délozniho
povrchového epitelu predtim, nez burky trofoblastového epitelu proniknou do délozni

steny.

Uterine cavity

Saas §tage1

Endometrial Blastocele
Blastocyst

DR
&k

Uterine
gland
otrophoblast
Trophoblast
Syncytiotrophoblast:

Endometrium

49



Selectiny v prubéhu implantace embrya

Iniciace implantace embrya

« L-selectin je exprimovan na povrchu
trofoblastu

« Jeho ligandy jsou exprimovany na
povrchu endometria

* Mechanismus pro infertilitu?




Selectiny v prubéhu implantace embrya

Po implantaci trofoblast prorista do
endometria

» Interakce s endotelem je zajiSténa
prostfednictvim P- a E-selectinu




Selectiny a signalizace

Cytoplazmaticka doména interaguje s Calmodulinem - Ca?* dependentni signaling a s actinem

(a) (b)
L-selectin (CD62L)

C type lectin
domain  —2

EGF-like
domain

Short
consensus <
repeats
Proteolytic —=
cleavage site ss’s’s’

Calmodulin

52




Selectiny shrnuti

» Ca-dependentni vazba na polysacharid
» Popsany ve vazbée imunitnich bunek k endotelu

» Dulezité pfi implantaci embrya - interakce trofektodermu s endotelem
matky

» Signaluji do jadra pres calmodulin

53






Ephriny

» Ephriny (Eph receptor-interacting proteins) jsou ligandy Eph receptoru
(erythropoietin-producing human hepatocellular receptors).

» Jak Eph receptory, tak ephriny jsou membranoveé proteiny — vazané na
bunku.

» Pro aktivaci receptoru je nutna interakce bunka-bunka
» Eph receptory: patri mezi tyrozinkinazove receptory -> signalizace

» Hrajou rO|| ve VyVOJL naVédéni F'orwalv'd Inhibits_cell Pror:note.scell Promotes cell
signalling migration migration migration
[e] /4 V4 V4 Vé " " .”—*.
axonu, formovani tkani, migraci T

bunek a segmentaci tela.

C
T . . .
o 4@
EphB EphA2

AAAA
G owth

EphrinAl EphrinB

EphrinB
‘f__—f_—_‘—_- S
_— x

Reverse signalling




Ephriny - signaling

» U savcu: 16 typu receptoru (2 skupiny EphA,
EphB), 14 ligandu (opét ve dvou skupinach -
EphA/B).

» Zajimavost: obousmérny signaling — klasicky muze .
signalizovat receptor (,forward signaling®), ale i Oystons o rogn
ligand (,reverse signaling®). 1

PDZ-binding motif

Cytoplasmic tail

‘ Globular domain

Fibronectin-type Il repeats

Plasma

membranel Transmembrane region

e
Juxtamembrane region

Kinase domain

B\ —}— SAM domain

PDZ-binding motif
Eph receptor

Nature Reviews | Molecular Cell Biology
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Ephriny a segmentace
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» Je zakladni proces embryogeneze probihajici u vétsiny bezobratlych a vSech obratlovcu,
kterym je télo zpoCatku rozdéleno na funkCni jednotky.
» K Cemu vlastné je ta segmentace?

» Segmentované oblasti embrya pfedstavujou hranice pro ruzné biochemické a
morfologické pochody - chovani bunék drasticky odliSné — Zivotné dulezité pro budouci
diferenciaci a funkci organu/organismu. © Pt X

> Link na prednasku EMT a MET: (el
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Ephriny a segmentace Denans etal., 2015
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Ephriny a segmentace

Overexprese ephrin-B2
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Ephriny a navadéni axonu
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Miliardy neuronu spolu potfebuji komunikovat pres synapse.
Spojeni neuronl se netvofri jen v prubéhu embryonalniho vyvoje, ale také po narozeni.
Nespravné napojeni nebo pocet neuront vede k zavaznym problémUim ve vyvoji nervové soustavy.
Jak mohou miliardy bunék spolu spravné komunikovat?
Jak kazda burika vi, kde a na kterou buriku se ma napojit? f
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Ephriny a navadéni axonu







Ephriny a navadéni axonu

Neuronova spojeni jsou zprostifedovana molekularnimi |
pruvodci, ktefi fidi axony (navadéni axonu). A
Eph/ephrin signalizace reguluje migraci axon( do jejich cilovych &=
destinaci z velké Casti tim, Ze inhibuje rust axonalnich

rustovych kuzell a odpuzuje migrujici axon pry¢ z mista
aktivace Eph/ephrin.

(B) Tubb2b mRNA (c)

Tento mechanismus zavisi na relativnich urovnich exprese Eph
a efrinu a umozniuje gradientim exprese Eph a efrinu v cilovych
burikach fidit migraci ristovych kuzell axonu na zakladé jejich
vlastnich relativnich urovni exprese Eph a efrinu.

TubbZb

Il 2pc

Napf. ,forward signaling” EphA a EphB receptory
zprostredkovavaji kolaps rustovych vrcholud, zatimco ,reverse
signaling” prostrednictvim ephrin-A a ephrin-B indukuje preziti
rustovych vrchold.




Ephriny a navadéni axonu

Jak se to da studovat? Napf. micropatterning.




Ephriny a navadéni axonu: priklad Chiasma opticum

Jednotlivé neurony sitnice (cca milidny retinalnich gangliovych bunék) posilaji své axony do
oblasti mozku, kde se procesuje zrakovy vijem (zrakové tectum).

Misto kfizeni optickych nervu je definovano repulzi mezi jednotlivymi Ephriny a jejich receptory
(+semaforiny).

Eph receptory jsou na rostoucich axonech, ligandy na okolich bunkach.

[A) Ephrin B2

. Chondroitin sulfate

Retina | A [l DCC. Robo2
Eph [l zic2. Eph B1
S 7 / - [l etrin
A = "
= p Semaphorins
Metrin D]:Inic nerve Ephrin B2

(NCAM/L1
fasciculated)

o Slit1y2 (Slit2/3 in fish)
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Ephriny a navadéni axonu: priklad Chiasma opticum

Demonstrace kfizeni optickych nervl prostfednictvim barev vpravenych do retiny Jak vznika neporuseny obraz?

(Al (B) Caudal
1pnster:iurj
d Memal el :
Tecta
/M
L aterala-__‘\ @
]
Rostral | R %ﬁz’
(anterior)——— T____ _f;“ \ ‘F{a\
Optic tract——— T\
FIGURE 15.38 Retinotectal projections. {A) Confocal micrograph Optic chiasm——_ \
of axons entaring the tecta of a 5-day zabrafish embryo. Fluorescent Temporal

Optic nerve—______

dyes ware injected into the eyes of zebrafish embryos mountad in {posterior)
agarcse. The dyes diffused down the axons and into each tectum,
showing the retinal axons from the right eye going to the left tactum
and vica versa. (B) Map of the normal refinctectal projection in adult
Xanopus. Tha right eye innervates the keft tectum, and the left aye
innervates the right tectum. The dorsal (Y portion of the retina inner-
vates the lateral (L) regions of the tectum. The nasal {anterior) region of

Eves
{retinae)

the refina projects to the caudal (C) region of the tectum. (A courtesy of o ?"-“5‘11 )
M. Wilson; B after Holt 2002, courtesy of C. Holt) ce’ {anterior)
Egh
Visual image

» Kdyz je skupina bunék v retiné aktivovana (napf. posteriorni ¢ast retiny),
podobna skupina v optickém tectu (napf. kaudalni) je taktéz aktivovana.

» To demonstruje napojeni jednotlivych retinalnich bunék k jejich odpovidajicim
burikam v tectu.

» Jak se ale pfesné napoji? 66




Ephriny a navadéni axonu: priklad Chiasma opticum

Gradientem Eprinu (v tectu) a jejich receptort (na navadéném axonu)

(E) Gradient of ephrin

in tectal membranes
Temporal retina Masal retina

- | - - —
ﬁu.raru'ﬂn| Repulsion  Attraction Repulsion
Equilibrium Equilibrium
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Bunécna adheze — Spermie a oocyt




Examples of cell-cell adhesion proteins found in spermatozoa and oocytes and evidence of their participation in fertilization-related events.

Bunécna adheze — Spermie a oocyt

Adhesion Gamete Involvement in fertilization- References
molecules expression related events
Immunoglobulins®
Basigin Sand O Sperm-zona pellucida interaction  Ding et al. (2002), Saxena et al. (2002), Saxena and Toshimori (2004)
CDh4 Sand O Homologous fertilization Gobert et al. (1990), Mori et al. (1991), Guo et al. (1995)
ICAM-1, 0 Embryo development Kimber et al. (1994 ), Campbell et al. (1995)
NCAM,
VCAM-1
EWI-2 0 Sperm-oolemma interaction Glazar and Evans (2009)
Growth factor Sand O Sperm capacitation, acrosomal Yoshida et al. (1998), Einspanier et al. (2002), Prochazka et al. (2003), Cotiton et al. (2006), Breitbart
receptors exXocytosis and Etkovitz (2011)
Oocyte maturation
[zumo ) Sperm-oolemma fusion Inoue et al. (2005), Hayasaka et al. (2007), Kim et al. (2013)
JAM-A S Sperm motility Shao et al. (2008)
MHC class [I S Homologous fertilization Mori et al. (1990)
Selectins
L-selectin Sand O Sperm-zona pellucida interaction  Campbell et al. (1995), Lucas et al. (1995)
P-selectin ) Sperm-zona pellucida interaction  Fusi et al. (1996a), Geng et al. (1997)
Sperm-oolemma interaction
Integrins
Different wand S and O Sperm-oolemma interaction Tarone et al. (1993), Fusi et al. (1993, 1996b), Almeida et al. (1995), Campbell et al. (1995), Takahashi
p subunits Oocyte activation et al. (2000), Tatone and Carbone (2006), Barraud-Lange et al. (2007), Vjugina et al. (2009)
Cadherins
E-cadherin Sand O Sperm-oviduct interaction Campbell et al. (1995), Rufas et al. (2000), Ziv et al. (2002), Purohit et al. (2004), Marin-Briggiler et al.
Sperm-zona pellucida interaction (2008), Takezawa et al. (2011), Caballero et al. (2014)
Sperm-oolemma interaction
Homologous fertilization
N-cadherin Sand O Sperm-oolemma interaction Goodwin et al. (2000), Rufas et al. (2000), Ziv et al. (2002), Marin-Briggiler et al. (2010)
P-cadherin Sand O - Rufas et al. (2000), Ziv et al. (2002)
Others S - Johnson et al. (2004)

S=spermatozoa; O=oocyte.
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? This superfamily comprises more than 700 known proteins, examples of some members of this superfamily are provided.



Integriny
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Integriny

» VetSinou maji funkci v interakci bunka-ECM - budeme probirat pristé
» Ale také v interakci bunka-bunka

direct cell-cell
interaction

cell-cell
adhesion
through linker
molecules
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Bunéecna adheze - zaver

« Juxtakrinni signalizace

* Principy adheze

« Co to jsou cadheriny, princip vazby, zaklady signalovani cadherinu
« Sila adheze zavisi na mnozstvi canderint na povrchu burky

« Differential adhesion hypothesis

« Ostatni molekuly, které ucastni na mezibunécném kontaktu
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