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Uvod - Extracelularni matrix (ECM)
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« Co drzi bunky dohromady, aby utvorily tkan?
« Jak spolu bunky a tkané interaguji, koordinuji se, aby utvofily celého jedince?

?

ECM — ExtraCelularni Matrix



Co je extracelularni matrix (ECM)?

Je to trojrozmerna nerozpustna sit extracelularnich makromolekul, jako
je kolagen, enzymy a glykoproteiny atp., ktere poskytuji strukturalni a
biochemickou podporu okolnim bunkam.

« Zprostredkovava bunécnou adhezi, komunikaci mezi bunkami a
diferenciaci.

« Podava instrukce bunkam ,kdy rust, kdy se délit, kdy produkovat ruzné
molekuly, kdy zemfit".

« Sklada se asi z 300 proteinu, pfevazneé: kolagen, proteoglykany, elastin,
glykoproteiny (fibronektin and laminin). Kazda slozka ma urcité fyzikalni
a biochemicke vlastnosti.



Uvod - Extracelularni matrix (ECM)

Urcita analogie mezi cytoskeletem a ECM

« Podobneé jako cytoskelet urCuje vnitrni strukturu bunky, podili se na
pohybu, transportu atp., tak podobnou funkci ma ECM ale vné bunky a
na urovni tkani a organu.

« ECM je slozena z mnoha typu makromolekul, viaken, proteind,

glykoproteinu, nejvice ale Kolagen (cca 30% vSech proteinu).

1 Proteoglycan ~— Elastin
l));.’ —'. P o — A Collagen
e :

| . FibronectM

™ Fibronectin Intagrin—__

i Integrin
Plasma Mémbrane
e A s A e Lol & e

Cytoplasm Actin filament




Uvod - Extracelularni matrix (ECM)

« VSechny komponenty ECM napomahaiji pfichycovat bunky a strukturovat bunky do
tkani.

- Ale také davaji bunkam signal, kdy rust, kdy se délit, kdy produkovat urcité

molekuly a dokonce i kdy umrit.




Extracelularni matrix (ECM)
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Integriny ,propojuji“ cytoskelet s ECM

* Nejvice zastoupen je Kolagen (~30%
vSech proteinl u savcu)



Navaznost na predchozi prednasku — co uz vite
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Co je extracelularni matrix (ECM) - Funkce
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Co je extracelularni matrix (ECM) - Funkce

Provides
structure

* defines tissue
boundaries

* provides
integrity and
elasticity to
developing
organs

* degraded by
invasive cells
during
development
and disease

Senses and
transduces
mechanical
signals

* defines
mechanical
properties
permissive/
instructive to cell
differentiation

* activates
intracellular
signaling
through
interaction with
cell-surface
receptors

* engages
cytoskeletal
machinery and
synergizes with
growth factor

signaling
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Slozky ECM - jak se v tom vyznat?

Slozky ECM

¢ ¥

Proteoglykan Glykoproteiny Proteiny Polysacharidy

¢ % 2 " i\ ¥

Heparan sulfat  Chondroitin sulfat/Laminin Fibronektiny Kolageny Hyaluronova kys.
—Epithelial cell
 Basement membrane |
_ | » Collagen IV
— | e Laminins
| e HSPGs o T

Lutheran

Integrin
glycan

(perlecan, agrin)

- o Plasma membrane
* Nidogen, entactin

Cytosol

Interstitial matrix

* Collagens (collagen I)
¢ Fibronectin

* PGs

* GAGs

¢ Tenascin C

* Elastin

-5 A -5
e ] 1
Proteoglycan ; \'ﬁ ® felom =
{ —Integrin

.'\.\ ‘1\ Extracellular space
S

Laminin

Fibronectin
Goliagen

12



Slozky ECM - Proteoglykany

¢ » Klicova uloha pfi transportu parakrinnich signald.

» Velke molekuly, které se skladaji z centralniho proteinu a kovalentne
vazane polysacharidove retezce.

» Prikladem mohou byt: Heparan Sulfat, Chondroitin Sulfat.
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Slozky ECM - Proteoglykany — Heparan sulfat (HS)

Heparan sulfat (HS)

Linearni polysacharid, ktery se vyskytuje ve formé proteoglykanu (protein s kovalentné navazanymi
fetézci HS) — témér ve vSech zivociSnych tkanich

» KliCova uloha pfi vazbé ligandu na receptory -> bez néj nemusi probihat vazba!

» Mutace, které blokuji syntézu Heparan sulfatu zpUsobuji rizné defekty v migraci bunék, morfogenezi

a diferenciaci.
» RU0zné organy a tkané v prubéhu vyvoje produkuji rizné slozeni HS f
— HS se méni v pribéhu vyvoje => dllezity pro spravny vyvo. , " dc‘g)g Endoreplin
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Slozky ECM - Proteoglykany — Heparan sulfat
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« Proteiny maji rizny pocet mist pro vazbu sacharidu
« Neékteré jesté navic mohou obsahovat chondroitin sulfat
* HS je syntetizovan v Golgi aparatu
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Slozky ECM - Proteoglykany — Heparan sulfat - funkce

~Funkce
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Slozky ECM - Proteoglykany — Heparan sulfat - funkce

Funkce

@Exiracellular matrix formation/regulation « Jako receptory/koreceptory (Wntv FGF, Shh)

(gradients of ligands) « ZvySeni koncentrace ligandu, nebo receptoru na
povrchu bunék v lipidovych raftech

* Regulace pfenosu receptoru

« Kontrola sekrece ligandu
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Slozky ECM - Proteoglykany — Heparan sulfat - funkce

Exostosin Glycosyltransferase 1 Ext1 -/-

Inhibice syntézy HS -> narusSeni gastrulace

Lin et al., 2000

This defect is due to a failure in the production of
heparan sulfate to which Hedgehog binds and uses as
part of its diffusion mechanism
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Slozky ECM - Proteoglykany — Heparan sulfat

» Navaznost na pfedchozi pfednasku

E-cadherin B B-catenin
B-catenin

Ciruna and Rossant, 2001

E-cadherin

Izme

Garcia-Garcia and Anderson, 2003

N

> => Heparan sulféat je kliCovy pro FGF signaling » lzme = mutace v genu Ugdh — UDP-glucose dehydrogenase,
ktera je potfebna pro syntézu bocnich glycosaminoglykanovych
_ _ _ (GAG) fetézcl proteoglykanu.
Bez Heparan sulfatu nebo FGF signalingu nemigruje mezoderm

Fenotypy mutaci v genu pro proteoglykany ¢asto mimikuji mutace v receptorech pro ristové faktory 19



Slozky ECM - Proteoglykany — Heparan sulfat
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Slozky ECM - Proteoglykany — Heparan sulfat

dpErk
HS chains (3G10) (Fgf signal) merge + TOTO3




Slozky ECM - Proteoglykany — Heparan sulfat

Pravo-leva symetrie

Kupffer’s vesicle - is a ciliated organ that controls left-right
(LR) patterning
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Slozky ECM - Proteoglykany — Heparan sulfat
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Slozky ECM - Proteoglykany — Heparan sulfat
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Slozky ECM - jak se v tom vyznat?

Slozky ECM
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Slozky ECM - Glykoproteiny

* Fibronektin, Laminin
« (Odpovédné za samotnou organizaci ECM a bunék do usporadanych struktur

Fibronectin
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Slozky ECM - Glykoproteiny - Fibronektiny

Velké glykoproteiny (cca 460 kDa) — heterodimery slozené z 2 podjenotek

spojenych disulfidickou vazbou

« Dvé skupiny fibronektin(:

* Rozpustny fibronektin (plasmaticky — 300 pg/ml) — vyrabi ho
hepatocyty
* Nerozpustny, bunécny fibronektin

« Vaze se na: kolagen, fibrin, heparin, DNA, aktin, integriny. ,,Link mezi
buinkou (integrinem) a slozkami ECM*

* Funkce: bunécna adheze (kontakt bunka-burika a také zprostfedkovava
kontakt bunka-kolagen, proteoglykan), udrzovani tvaru bunék => vyvoj a
morfogeneze

* Ma nékolik odliSnych vazebnych mist a jejich interakce s pfislusnymi
molekulami vede ke spravnému usporadani bunék v ramci ECM.




Slozky ECM - Glykoproteiny - Fibronektiny

« Ddlezita uloha v migraci bunék
» Fibronektin oznaCuje cesty kudy migruji buriky — napf. migrace zarodecnych
bunék do gonad, migrace srdeCnich bunék do stfedni Casti embrya.

Linask, Lash, 1988 28



Slozky ECM - Glykoproteiny - Fibronektiny

» Ddlezita uloha v migraci bunék
» Fibronektin oznacuje cesty kudy migruji buriky — v pribéhu gastrulace je kliCovy
pro migraci bunék mezodermu.

(A)

(o

Fibronectin
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Components of ECM — Glycoproteins - Fibronectins

M. Marsden and D. W. DeSimone, 2001



Components of ECM — Glycoproteins - Fibronectins

=

Intra-blastocoelar injection of anti-FN mAbs disrupts
gastrulation. (A-C,G) Embryos injected at stage 9.5
with mAb 4H2 show normal development at stage
10.5, as indicated by dorsal lip formation (A,
arrowhead). (B) At stage 11.5 the blastopore is
almost closed (arrowhead) and embryos go onto
develop into tadpoles (C,G). mAb 1F7-injected
embryos (D-F,H) develop a normal blastopore at
stage 10.5 (D, arrowhead). (E) By stage 11.5, there is
a significant delay in blastopore closure and little
movement of the blastopore lip is apparent
(arrowhead). (F) mAb 1F7-injected embryos are
truncated along the AP axis and bent ventrally. The
blastocoel is retained and displaced ventrally
(arrowhead). (H) Blastulae injected with mAb 1F7
develop into tadpoles that have small eyes, display
head edema, and lack gut (arrowheads), heart, blood
vessels and blood.

M. Marsden and D. W. DeSimone, 2001
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Slozky ECM — Glykoproteiny - Fibronektiny
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Slozky ECM - Glykoproteiny - Laminin

« Spolu s kolagenem je zakladni slozkou basalni laminy

Vazba na ostani lamininy a slozky ECM

(A) Signals from Cell adhesions broken; Cell released from
Apical E-cadherin Actin  Catenins paracrine factors basement membrane dissolved basement membrane
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Slozky ECM - Glykoproteiny - Laminin

 Nomenklatura:
Laminin-521 obsahuje a5, B2, y1 fetézce.

Vazba na ostani lamininy a slozky ECM
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Slozky ECM - jak se v tom vyznat?

Slozky ECM
Proteoglykany Glykoproteiny Proteiny olysacharidy
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Slozky ECM - Proteiny - Kolageny

» Hlavni strukturalni protein ECM (cca 30% vSech proteinl u savcu)

» Produkovan prevazné fibroblasty

- Zelatina je v podstaté hydrolyzovany kolagen.

* 90% kolagenu tvofi Kolagen I, celkem cca 30 typu kolagenu

« Kolagen je glykosilovan prostrednictvim prolyl-4-hydroxylazy and lysyl-hydroxylazy
— potfebuji Vitamin C jako kofaktor. Nedostatek vitaminu C pak vede ke Kurdé&jim

TNl inign in Strectural E\ﬂlogy
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ECM - remodelace

- Sté&peni ECM komponent je kliovym procesem v priibéhu ECM remodelace.
» Regulace mnozstvi ECM
» Regulace slozeni ECM
* Regulace struktury
» Uvolnéni rastovych faktoru (a dalSich regulacnich molekul)

« Matrix metaloproteinazy (MMP)
« Hlavni enzymy, které degraduji ECM
« VolIné (sekretovaneé) nebo vazané na bunéCnou membranu.
« Sekretované v podobe zymogenu — aktivace az v ECM (jinou MMP nebo oxidaci
thiol. skupiny).

 Adamalysins (ADAMTS), Meprins
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ECM - remodelace
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ECM - remodelace
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ECM - remodelace - apoptoza

Cell death

.il ARl R I AR RN RN RL R RIRLERERERERILE.LELERLERLD]

ADAMTS - a disintegrin and metalloproteinase with thrombospondin motifs

« Degradace interdigitalni (mezi prsty)
tkané zahrnuje intensivni remodelaci

ADAMTS ECM.

 Remodelace pomoci ADAMTSS a
jejiho substratu — slozky ECM
versicanu.

* Produkt stépeni versicanu indukuje
apoptozu

» V pfipadé absence ADAMTSS
dochazi k syndaktylii.
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ECM - remodelace - apoptoza

Adamts5-/-; bt/bt

Pri absenci ADAMTSS dochazi k syndaktylii...

Wf.l'dtype

HINDLIMB FORELIMB
Wildtype Adamts -/~ bt/bt

“IDT

Sy

....Protoze nedochazi k apoptoze
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ECM - remodelace - apoptoza

B Versican Cleaved Versican

TIINFI

Samotna pritomnost stépené formy
Versicanu je schopna indukovat
apoptozu
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Muscle

Larval epithelium
Connective tissue

ECM - remodelace
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ECM - remodelace
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Slozky ECM - Zaveér

« Znat zakladni slozky ECM, skladba, funkce + uvést funkcni pfiklady
« Znat principy remodelace ECM + uvést priklady
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Slozky ECM — Receptory

Bunka musi néjak ,vnimat® jestli a jak je ukotvena v ECM => je to pro ni dulezity
zdroj signald a informaci
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Slozky ECM — Receptory - Integriny

* Schopnost bunky vazat adhesivni glykoproteiny ECM (laminin, fibronektin) zavisi na
expresi membranovy receptoru.

 Integriny = integruji extracelularni a intracelularni matrix, tak aby spolu pracovaly.

« V ECM se vazou na arginine-glycine-aspartate (RGD) motiv — pfitomen u adhesivnich
proteini ECM — fibronektin, laminin, vitronektin.

'\ )
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Uvnitf bunky se vzdy vaze
na cytoskelet.
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Slozky ECM — Receptory - Integriny

* Maji schopnost signalizovat z vnejsku bunky dovnitf, coz vede ke zméene genoveé

exprese.
« Vnimat napéti (tlak, tuhost) ECM, aktivuji/deaktivuji rizné signalni drahy.
« KliCovy k Fizeni exprese genu v pribéhu vyvoje tkani (mlééna Zlaza - schopen
signalizovat expresi genu estrogenového receptoru a kaseinového proteinu)
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Slozky ECM — Receptory - Integriny

 Aktivace integrini muze:
« Stimulovat proliferaci
* Inhibovat apoptozu
« Aktivovat procesy nutné ke zméné tvaru bunky, nebo polarity
« Zménit motilitu bunky

50




Slozky ECM — Receptory - Integriny
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Anoikis

» Pokud se burika oddéli od epitelu (nebo od ECM), je potencialné nebezpeéna — ztraci dulezitou

regulacni slozku (basalni laminu/ECM).

» Proto existuje anoikis = programovana bunéénou smrt, pokud se burnka oddéli od ECM, dochazi
ke spusténi signalni drahy, ktera vede k programované bunécné smrti.

» Vazba integrinu na slozky ECM zabranuje Anoikis — stale neznamy mechanismus.

RGD-dependent
substate

c

Connective
tissue

No ECM substrate
> Plasma

membrane

o8B1
integrin

A J

A J



Integriny - Signalling

Extracellular matrix

“Outside-in signaling”

RGD-dependent
substate Connective

tissue

a8PB1
integrin

Actin crganization

Cytoskeletal

Polymerization

Extracellular matrix

“Inside-out signaling”™

A J

£ Kindlin

Actin filaments
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ECM receptory - zavéer

Znat zakladni slozky ECM

* CO se stane, kdyz néktera slozka ECM chyobi.

« Veédét co jsou to Integriny, jejich strukturu a funkci.
» Jak bunka ,vnima“ kontakt s ECM.

« ANOIKIS — i apoptdza je dulezita v prubéhu vyvoje.
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ECM - Dotazy?
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Tomas Barta
tbarta@med.muni.cz
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