BUNECNE SPOJE A ADHEZE

VétSina bunék v mnohobunéném organismu je organizovana do kooperativnich spojeni
- tkani a ty jsou slou€eny v riznych kombinacich do vétSich funk&nich jednotek -
organu.

Bunky v tkanich jsou obvykle v kontaktu s komplexni siti sekretovanych mimobunécnych
makromolekul - mimobunéénou matrix (ECM). Ta pomaha drzet buriky v tkanich
pohromadé a vytvari prostor, kde mohou bunky migrovat a interagovat. V mnoha
pfipadech jsou bunky v tkanich udrzovany na misté primymi bunéénymi adhezemi.

U obratlovcl jsou hlavnimi typy tkani nervova, svalova, krevni, lymfaticka, epitelialni a
spojovaci.

V spojovacich tkanich je mnoho ECM a buriky jsou v ni volné rozptyleny. Matrix je bohata
na vlaknité polymery, zejména kolagen a je to matrix (spiSe nez bunky) ktera nese
vétSinu mechanického stresu. Bunky jsou napojeny na komponenty matrix a jejich
vzajemné spojeni neni prilis dulezité.

Naopak v epitelialnich tkanich jsou bunky spojeny tésné mezi sebou do vrstev (epitelll) a
EM tvofi hlavné tenkou basalni laminu, na které lezi epitelialni vrstva. Zde jsou to
zejmeéna bunky, které nesou vétsinu mechanického stresu prostrednictvim silnych
vnitrobunécnych proteinovych viaken (slozek cytoskeletonu), které krizuji cytoplasmu
kazdou epitelialni buriku.

Pro pfenos mechanického stresu z jedné buriky na druhou jsou vlakna pfimo nebo
neprimo na pojena na transmembranoveé proteiny v plasmatické membrane, kde se tvori
specializované spoje mezi povrchy sousednich bunék a se spodni bazalni laminou.
Epitelialni vrstvy vyplnuji dutiny a volné povrchy v téle a specializované spoje mezi
burikami umoznuji t€mto vrstvam tvofit bariéry pro pohyb vody, roztokd a bunék mezi
jednotlivymi télnimi kompartmenty.
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Fig. 1. The anatomy of the small intestinal epithelium. The epithelium is shaped into crypts and villi (left).
The lineage scheme (right) depicts the stem cell, the transit-amplifying cells, and the two differentiated
branches. The right branch constitutes the enterocyte lineage; the left is the secretory lineage. Relative
positions along the crypt-villus axis correspond to the schematic graph of the crypt in the center.
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Kazda tkan je organizovanym seskupenim bunck drzenych pohromadé bunécnymi adhezemi, ECM nebo
obéma.Tkané€ jsou spojeny dohromady v riznych kombinacich a tvofi funk¢ni jednotky - organy




Mezi bunkami navzajem a bunkami a ECM se tvori
specialni spoje (junctions) zprostredkované specifickymi adheznimi
molekulami na bunééném povrchu.

ADHEZNIi INTERAKCE - interakce zprostfedkované membranovymi
molekulami. Na zaklade strukturnich vlastnosti rozlisujeme rodinu:

» kadherinu (asi 80 typu)

» imunoglobulinu (pfes 700 typu)

» integrind

» selektinu

Slouzi nejen ke spojeni bunék navzajem a k jejich zakotveni v daném
kompartmentu, ale jsou spojeny s aktivaci bunek, s prenosem signalu do
nitra bunék a s komplexni bunécnou odpovédi (regulace bunécného
cyklu, indukce diferenciace, apoptozy, atd.).

Adhezni interakce jsou kliCove pro zajisteni aktivity imunitniho systému.




Typy vazeb

1) homofilni (homotypicka) vazba - vazi se stejné molekuly
sousednich b.

2) heterofilni (heterotypicka) vazba - vazi se ruzné molekuly

3) receptory na povrchu bunék jsou spojeny navzajem

sekretovanou spojovaci molekulou.




Mechanizmy, jimiz mohou povrchové molekuly
zprostredkovat bunééné adheze

k\_,/ " BINDING THROUGH
HOMOPHILIC BINDING HETEROPHILIC BINDING AN EXTRACELLULAR
LINKER MOLECULE

igure 19-26. Molecular Biology of the Cell, 4th Edition.




BUNECNE SPOJE, ADHEZE a MIMOBUNEGNA MATRIX (ECM)

Bunécné spoje (junctions) - tfi funkéni skupiny:

» tight junctions” (TJ) - t&sné spoje (epitel stfeva)
selektivné propustna bariéra - udrzuji lokalni koncentraci tekutin

» “anchoring junctions” - ukotvujici spoje - mechanicky spojuji buriky a jejich
cytoslekelet se sousednimi bunkami nebo ECM - Casté u tkani vystavenych
mechanickému stresu (pokozka)

mista pripojeni filament aktinu:

spoje bunka-bunka (napf. adhezivni pasy u epitell)

spoje bunka-matrix (fokalni kontakty nebo adhezivni plaky )

mista pripojeni intermediarnich filament:

spoje bunka-bunka (desmosomy)

spoje bunka-matrix (hemidesmosomy)

» “communicating junctions”- komunikacni spoje - zprostfedkovavaji prenos chem.
nebo el. signali mezi interagujicimi burikami.

“gap junctions” - mezerovita spojeni

chemické synapse




Tésna spojeni slouzi v epitelech jako bariéra difuze
rozpusténych latek
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Figure 19-3. Molecular Biology of the Cell, 4th Edition.

TJ jsou vysoce dynamické struktury regulujici pfechod iontd a molekul v epitelialnich
a endotelialnich bunkach. Tvoreny specifickymi proteiny — okludiny, klaudiny




Uloha tésnych spojeni v bunééném transportu
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Aktivace signalnich drah regulujicich tvorbu a funkci tésnych spojeni

TGFp, EGF, HGF, IL-1T7,
Oxidative stress, alcohol, endostatin, thiol,
Bile, DF, TGFE3 EGF+TGFf1, glucocorkcoids,
PLGF-1, VEGF, TNFa, IFN-y, esteroids and bile
HIV-Tat, ritonavir, MMP 7/9, /
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Fig. 5. Activation of the MAPK pathway can lead to TT opening or assembby depending on the agent that activates the cascade. The uppermost portion of the figure
indicates the activators of the MAPK pathway that lead to T disassembly (red) or that favor TJ tightening (blue). The hierarchically organization of MAP sipnaling
cascades into three-ticred modules of MAPKKK, MAPKK and MAPK is shown.

Please cite this article as: L. Gonzilez-Mariscal, et al., Crosstalk of tight junction components with signaling pathways, Biochim. Biophys. Acta (2007),
doi: 10.1016/j.bbamem.2007.08.01 8




Ukotvujici (anchoring) vazby (spoje)
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Cell Adhesion Molecules (CAM)

Bunky uvolnén¢ z riznych tkani embrya obratlovci (jsou-li smichany dohromady) znovu
prednostné spojuji s bunikami téze tkané.

Tento tkanové specificky rozeznavaci proces u obratlovcti je zprostiedkovan zejména
rodinou na vapnikovych iontech zavislych adhezivnich proteinu - kadherint, které drzi
bunky pohromad¢ homofilnimi interakcemi mezi transmembranovymi kadheriny
prilehajicich bun€k. Aby bunky drzely pohromadé, musi byt kadheriny pfipojeny

k cytoskeletonu.

V¢étsina ZivociSnych bunék ma také na vapniku nezavisly adhezivni systém bunka-bunka,
ktery zahrnuje zeymeéna Cleny imunoglobulinové nadrodiny, jako jsou neuralni adhezivni
molekuly (N-CAM, ICAM apod.)

Jednotlivé bunééne typy pouzivaji mnohonasobneé molekularni mechanismy pro adhezi
k jinym bunéénym typtim nebo EM, avSak specifita vzajemn¢ bunécne adheze
pozorovand v embryondlnim vyvoji musi vyustit v integraci fady ruznych adhezivnich
systému, z nichZ nékteré jsou spojeny se specializovanymi bunéénymi spojenimi a jiné
ne.




Adherentni spoje bunika-burnka

P zivislé na Ca2+

U epitelti Casto tvorfi souvisly adhezivni pas (zonula adherens) kolem kazd¢ interagujici buriky,
lokalizovany hned pod tésnymi spojenim.

Homotypickeé mezibunécne interakce jsou zprostiedkovany transmembranovymi vazebnymi glykoproteiny
- kadheriny (E-k. - epitelia, N-k. - nervove bunky, P-k. - placenta a epidermis). Na cytoplazm. stran¢
membrany se tvoii komplexy CAC (Cadherine Associated Complex) spojujici pies vazebné proteiny (Q,

B, Y- katenin, vinkulin, a-aktinin) kadherinové molekuly se svazky vlaken aktinu.

Desmosomy funguji jako nyty epitelia a spojovacich tkani. Uvniti bun€k funguji jako ukotveni pro
intermediarni filamenta - keratinova filamenta (epitely), desminova filamenta (srdec¢ni sval)

Selektiny (P-, E-, L-) — mensi rodina transmembranovych glykoproteinli vazicich se na cukerné zbytky na
bilkovinach - ptechodné vazby bunék v krevnim tecisti - umoziuji napt. bilym krvinkam vazbu
k endotelialnim b. a tak migrovat z krve do tkani v mistech zanétu.

P nezavislé na Ca2+
zprostfedkované Cleny imunoglobulinové superrodiny - zejména na leukocytech, ale 1 na endotelovych,

epitelidlnich a dalSich bunikkach. ICAM (InterCellular Cell Adhesion Molecules)

Heterotypické mezibunécne vazby — aktivované u endotelialnich bunék, kde se vazi s integriny bilych
krvinek




Schéma ukotvujiciho spoje ze dvou trid proteinu
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Napojeni klasickych kadherinu k aktinovym filamentim
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Figure 19-29. Molecular Biology of the Cell, 4th Edition.




Interakce kadherin-katenin
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Dimerizace molekul E-cadherinu je zavisla na Ca2+

Cell membrane

Calcium

concentration 20 MM 50 - 500 uM 500 -1000 yM  >1000 uM




Poruchy adheze
zprostfedkovan¢ E-kadherinem
mohou vést k uvolnéni bun¢k z
tkan¢

Vyznam pro vznik nadorovych
metastaz
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Struktura a funkce selektinu

vyznam pro funkci bunék imunitnino systemu
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Adherentni spoje bunka - mimobunécna matrix

Specializované oblasti membrany - fokélni kontakty nebo adhezivni plaky, kde
konci svazky aktinovych vlaken.

» Integriny - transmembranove vazebné proteiny - ¢lenové velke rodiny
povrchovych bunécnych receptort pro matrix zprostiedkovavaji adhezi a slouzi
jako spoj mezi matrix a svazky aktinu v placich. Tvofi heterodimery (fetézce alfa a
beta)

» Hemidesmosomy - podobné morfologicky desmosomiim, ale funk¢né a
chemicky odlisSn€ - spojuji bazalni povrch epitelidlnich bunék s bazalni laminou.




INTEGRINY

Zékladni receptory pro vazbu k ECM se slabou afinitou k ligandu

Alfa a beta podjednotky jsou spojeny nekovalentnimi vazbami

Funguji také jako prenaSece signalii — po aktivaci vazbou na matrix aktivuji rizné
vnitrobunécnée signalni drahy, mohou kooperovat s jinymi receptory a regulovat
bunécnou proliferaci, prezivani 1 diferenciaci.

S cytoskeletem, kindzami a s receptory pro riistove faktory jsou integriny propojeny
adaptérovymi proteiny.

Nahloucen¢ integriny tvoti tzv. imunologicke rafty.

Vznikaji multimolekulové agregaty — mista fokalni adheze

Bez zakotveni pres integriny buiikky nemohou preZivat. Integriny aktivuji tyrosin kinazy,
napt. fokalni adhezivni kinaza (FAK -Focal Adhesion Kinase) a kindzy rodiny Src.
FAK je spojena s proteiny talinem a paxilinem. Fosforylaci dochazi k aktivaci systému.
Po ztraté kontaktu s ECM dochazi k tzv. anoikis (detachment induced apoptosis)

— apoptoze indukované uvolnénim bunék s fyziologickych vazeb.




Indukce bunecne smrti-anoikis a zmeny adhezivnich
vlastnosti epitelialnich bunek kolonu

. predstavuje typ bunécne
smrti, kterou umiraji epitelialni
bunky pokud dojde k naruseni jejich
kontaktu s extracelularni matrix.

*VVznik rezistence bunek k anoikis
predstavuje jeden z kritickych
momentu v karcinogenezi tlustého
stfeva —podpora invazivity

Pro indukci anoikis v podminkach

in vitro je pouzivan model
neadherentni kultivace bunék
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Struktura subjednotek integrinového receptoru
(bunécny povrch-matrix)
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Regulace mimobunécné vazebné aktivity integrinu
zevnitr bunky
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Interceliiac e Fyepiasn nlclshe Regulace komplexu E-kadherin/katenin
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muUze akumulovat pfi dysregulaci tohoto procesu
nebo defektivnim E-kadherinu. Pak je
translokovan do jadra, kde se vaze na LEF/TCF

transkripcni faktor aktivujici transkripci fady genu

Katenin se rovnéz muze vazat na APC protein,

ktery spolu s dalSimi proteiny v
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FIG. 2. Schematic overview of the nuclear protein complexes containing B-catenin or p120™". The B-catenin protein lacks a nuclear
localization signal, but may be translocated into the nucleus through binding of its Armadille repeats with the nuclear pore complex [103].
The transcription of particular target genes is activated when nuclear B-catenin interacts with the amino-terminal domain of LEF/TCF
transcription factors. The high mobility group (HMG) domain of LEF/Tef proteins binds specific responsive sequences, resulting in changed
[INA-bending [52]. Pontind2 may act as a molecular bridge between B-catenin, by itself in complex with LEF/TCF, and the TATA box binding
protein TBP [104]. Several target genes were already described: siamois, Xnr3and Twin in Xenopus, Ubx in Drosophila, and c-myc, cyclin-D1,
matrilysin, c-junand c-fra-1 in mammalians. Transcription of these target genes is blocked upon interaction of the transcriptional repressors
TLE/Groucho and CREB-binding protein (CEP) with the LEF'TCF transcription factors [105-107]. In Drosophila, dCBP was reported to
downregulate the Armadillo-dTCF complex by acetylation of a conserved lysine residue in the amino-terminal S-carenin-binding region of
dTCF [105]. The interaction of pl 20™" with the Zinc finger transcription factor Kaiso was recently described [16]. Transcriptional regulation

iptio
of particular target genes by the latter protein complex is unreported to date.

FIG. 1. Schematic overview of the regulation of the E-cadherin’catenin complex and the mechanism of degradation of 3-catenin protein
in epithelial cells. In the intercellular space, Ca’*-stabilized E-cadherin dimers (light green) interact via their first extracellular domain with
the E-cadherin dimers of a neighboring cell (dark green). Beta-catenin (Armadillo in Drosophila), plakoglobin and p120™ are cyroplasmic
proteins with armadillo repeats, which bind to the carboxy-terminal cytoplasmic domain of E-cadherin. The amino-terminal domain of
B-catenin interacts with a-catenin, linking the E-cadherin/catenin complex to the actin cytoskeleton, either directly through interaction of
aE-catenin with F-actin microfilaments, or indirectly through binding of aE-catenin with e-actinin. Free cytoplasmic B-catenin is normally
degraded but can accumulate provided that this degradation process is disregulated and that the cytoplasmic E-cadherin tails are saturated
or defective. In the latter case, B-catenin may translocate to the nucleus where it forms a transcriptional complex with the LEF/TCF
transcription factors (see Fig. 2]. Cytoplasmic but not E-cadherin-associated B-catenin can also bind to the adenomatous polyposis coli (APC)
protein, both to 20-aa and 15-aa repeats. APC can homodimerize via its amino-terminal domain whereas its carboxy-terminal domain can
bind to microtubules, probably via the EB1 protein [101]. In addition, APC contains SAMP repeats to which the sophisticated adaptor protein
conductin binds [66]. Axin is a homologue of conductin. This macromolecular complex contains also the serine/threonine kinase GSK-38 and
the protein phosphatase PP2A. GSK-3# phosphorylates both S-catenin and APC, triggering in this way -catenin interaction with the F-box
protein FWD-1 or g-TRCP [10Z]. The latter is a companent of an E3/SCF ubiquitin ligase complex, which comprises also Cul-1 and Skp-1
subunits. This interaction eventually results in proteasome-dependent degradation of the B-catenin protein. Various other proteins with
either enhancing or downregulating effects on the E-cadherin/catenin complex are also depicted and further discussed in the text. C,
carboxy-terminal domain: N, amine-terminal domain: P, phosphorylation on serine, threonine or tyrosine residues. Modified after [57].




GAP JUNCTIONS —~-MEZEROVITA SPOJENI

gap junctional intercellular communication (GJIC)

mezibunécne spoje z transmembranovych proteinl - konexinu (asi 30 typu)

Kratky polocas Zivota (nékolik hodin), rychla biosyntéza a degradace, reakce na
zmény fyziologickych podminek

6 molekul konexinii tvori konexon.

Konexony sousednich bunék se spojuji v kandlek preklenujici mezeru (gap)
2-4nm propustnou jen pro mal¢ molekuly. Permeabilita je regulovana. Otevirani
a zavirani zavislé napft. na pH, konc. divalentnich 1ontu.

Aby se tvorily GJ musi buniky adherovat k podkladu a byt spojeny kadheriny.




Model gap junctions

Small ions and molecules pass through gap junction
channels, but macromolecules cannot.

Connexon 1 Connexon 2

Gap junctional channels are comprised of two connexons.
Each connexon contains six connexin subunits.

FIGURE 1. Model of gap junction particles embedded in the plasma membranes of two adjacent cells.
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Figure 2 Assembly of connexins into gap junclions

Cx23 and Cx45, a3 examples of connexin family membe-s, typically thread through the membrane four times, with the AT, CT and CL exposed to the cytoplasm. Connexin arrangement inthe membrane
also yiclds two extracellular loops designated EL 1 and EL 2. Sixcannexirs oligomerize into 1 conncxon or hemichannel that docks in Fomotypic, heteratyoic and combined heterotypic/hezromeric
arrangementz. In -otal, as many as 14 differen: connaxon arrangemens cat form when two membars of the connexin family intarmix.
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Figure 4 Cx43-hinding proteins

Protein kinases known to phosphorylate Cx43 are shown along the top of a diagrammatically represented gap-junction plague. A number of scaffolding proteins and proteins of unknown function
that have been shown to bind directly or indirectly to Cx43 are shown along the bottom of the gap-junction plague. It is imaortant to note that I7 is not necessarily expected that all proteins shown
here bind to Cx43 wrile it is a resident ofthe gap-junction plaque. MAP kinase, mitogen-activated protein kinase; CIP85, Cx43-interacting proten of 85 kDa.
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Figure 19-15. Molecular Biology of the Cell, 4th Edition.
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FYZIOLOGICKA ULOHA GJIC

» HOMEOSTAZA

rychla rovnovaha Zivin, iontl a tekutin

» ELEKTRICKA SPOJENI

slouzi jako el. synapse u neuronii, bun¢k hladkého svalstva, srdeCnich myocytt

» TKANOVA ODPOVED NA HORMONY

second messengers (Ca2+, cAMP, ceramid, IP3) prochazeji ze stimulovanych
bunck dale - Sifeni signalt v bun. populacich

» REGULACE EMBRYONALNIHO VYVOIJE

cesta pro chemické a elektrickeé vyvojove signaly
Homologni a heterologni komunikace - mezi stejnymi nebo riznymi bunécnymi

typy

Zmény v GJIC spojeny s kontrolou ristu, vyvoje, diferenciace, apoptozy a
adaptivni odpovédi




Model rustové kontroly prostrednictvim gap junctions (GJ)

Rustové stimulacni signal

Rustové stimulac¢ni signal difunduje do sousednich bunék pres GJ a
dosahuje substimulacni irovné

K difuzi signalu nedochazi u bunék postradajicich GJ a je zahajeno
bunécné déleni




Model ristové kontroly prostrednictvim gap junctions (GJ)
Rustové inhibi¢ni signal

Rustové stimulacni signal difunduje do sousednich bunék pres GJ a
zabranuje bunéénému déleni

r~r

Signal se neSiri do bunék postradajicich GJ a dochazi k bunénému
déleni




Gap Adherens Tight
Junction Junction Junction

Figure 5 Junctional complexes arranged in a nexus

Gap junctions composed of connexins, adherens junctions consisting of cadhering and tight junctions made up of occluding and clauding are often closely arranged in epithelial cells and share
common binding proteins that scaffold to actin and microfilaments. Binding-protein-mediated cross-talk allows these three junctional complexes to act as a nexus and be governed by some common

regulatory events,




EXTRACELULARNI (mimobunééna) MATRIX (ECM)

ECM muze ovliviiovat tvar, preziti a proliferaci bunék. Reciprocni interakce mezi ECM
a cytoskeletonem. VétSina bunék musi byt ptfipojena k ECM, aby mohly rist,
proliferovat a prezivat — zavislost na substratu (anchorage dependence) —
zprostfedkovana integriny a jimi vybuzenymi vnitrobunéénymi signaly.

Makromolekuly tvotici ECM jsou produkovany lokaln€ bunkami v matrix, které take
pomahaji jeji organizaci.

Ve vétsin€ spojovacich tkani jsou makromolekuly matrix sekretovany fibroblasty
(chondroblasty ve chrupavce, osteoblasty v kostech apod.)

Dv¢ hlavni tfidy molekul tvoricich matrix:

1) Glykosamylglykany (GAG) — polysacharidove fetézce z opakujicich se
disacharidovych jednotek

vetSinou kovalentn€ vazany s proteiny — proteoglykany

4 hlavni skupiny - podle typu cukru, vazby mezi cukry a poc¢tu a lokalizace sulfatovych
skupin:

Hyaluronan, chondroitin sulfat a dermatan sulfat, heparan sulfat a keratan sulfat

2) Vlaknité proteiny — kolagen, elastin, fibronektin, laminin —strukturalni a adhezivni
funkce

Degradace komponent ECM — matrix metaloprotedzy a serin proteazy
Inhibitory metaloprotedz




TFi zpusoby organizace bazalni laminy
MUSCLE
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Figure 19-55. Molecular Bioclogy of the Cell, 4th Edition.



Souhrn spojovacich a nespojovacich adhezivnich mechanizmu vazby savéich
bunék navzajem a s ECM
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Figure 19-32. Molecular Biology of the Cell, 4th Edition.



Souhrn ruznych bunéénych spojeni
nalezenych u epitelialnich bunék obratlovcu
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Figure 19-19 part 1 of 2. Molecular Biology of the Cell, 4th Edition.

function

seals neighboring cells together in an

epithelial sheet to prevent leakage
of molecules between them

joins an actin bundle in one cell
to a similar bundle in a
neighboring cell

joins the intermediate filaments
in one cell to those in a neighbor

allows the passage of small
water-soluble ions and molecules

anchors intermediate filaments
in a cell to the basal lamina




