Nadorova progrese

Invazivita a vznik metastaz
Angiogeneze




Invazivita — vznik metastaz

Metastazy - tvorba progresivné rostoucich sekundarnich nadorovych
fokusl v mistech nespojenych s primarnim nadorem.

Metastaticka kaskada - série definovanych krokd:

« uvolnéni bunky (od okolnich bunék, ECM)

- prekonani bazalni membrany v epitelech (metalloproteinazy)

« prekonani bazalni membrany a endotelu cév

« prenos krevnim (lymfatickym) recistém

- prekonani endotelu, bazalnich membran v jiné lokalité

« uchyceni v nové tkani (hyaluronan a jeho receptory - CD44, integriny)
- prezivani, proliferace

« vznik mikro- a makrometastaz - letalita onemocnéni



MELANOMA
OFTEN SPREADS
TO LUNGS

PATTERNS OF METASTASIS can be
explained in part by the architecture of
the circulatory system. Tumors in the skin
and many other tissues often colonize the
lungs first because the lungs contain the
first capillary bed “downstream” of most
organs. In contrast, because the intestines
send their blood to the liver first, the liver
is often the primary site of metastasis for
colorectal cancers. Yet circulation is not
the only factor: prostate cancer, for ex-
ample, usually metastasizes to the bones.
This tendency may result from an affinity
between receptors on prostate tumor cells
and molecules in bone tissues (inset).
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Vzmk a struktura metastaz

Existuje fada gend a proteind, které
reguluji metastatickou schopnost bunék a
které musi byt koordinované exprimovany.
Ztrata funkce tzv. supresorovych gent pro
metastazy, které zabranuji tvorbé
spontannich, makroskopickych metastaz,
aniz by ovliviovaly rlst primarniho nadoru
(prvnim z objevenych gent je nm23).

Vyznam dostupnosti cév, angiogeneze -
tvorba cév v nadoru.

Nadory kiize a dalSich tkani nejcasté;ji
kolonizuji prvni plice obsahuijici prvni spad
kapilar vétsiny organd.

Ze streva tece krev do jater - nadory streva
metastazuji do jater. Nadory prostaty
metastazuji do kosti diky afinité mezi
receptory nadorovych bunék prostaty a
molekul v kostni tkani.
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Figure 23-3. Molecular Biology of the Cell, 4th Edition.
Adenomy - benigni, morfologicky stejné jako plvodni tkan, ohranic¢ené
od okolni tkane, neinvazivni

Adenokarcinomy — maligni, zméneéné morfologicke i funkcni viastnosti,
prorUstaji do okolni tkané, invazivni, vznik metastaz



Proces vzniku metastaz

cells grow as a benign
tumor in epithelium break through basal lamina invade capillary

(less than 1 in 1000 cells
will survive to form metastases)

[ { i
ood vessel escape from blood vessel
wall in liver (extravasation) metastasis in liver

Prechod z benigniho do progresivniho maligniho stadia — prinik bunék bazalni
laminou, uvolnéni bunék a prtinik do cévniho recisté, putovani cévami (preziva
cca 1 burika z 1000), adheze na cévni sténu, prinik cévni sténou, zahajeni
proliferace - tvorba metastaz ve vzdaleném organu

travel through bloodstream

Figure 23-15. Molecular Biology of the Cell, ¢th Edition.
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Vyznam bunecné adheze

Pro vznik metastaz jsou dllezité zejména zméeny v bunécné
adhezi a komunikaci

Bunky se pro predani signalu musi dotykat - “juxtacrine
signaling”

Kontakt bunka-bunka - kadheriny (E-kadherin) na povrchu
jsou propojeny pres katenin, vinkulin, plakoglobin

s cytoskeletonem - geny kddujici tyto proteiny oznaceny jako
supresoroveé geny pro metastazy

Kontakt bunka - extracelularni matrix (ECM) - integriny
Anchorage dependence - zavislost na podkladu
Area code - specificka oblast bazalni membrany




,Junctional™ a ,nonjunctional™ adhezivni mechanizmy zivocisnych
bunék pro vzajemnou vazbu a pro vazbu k extracelularni matrix
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. Figure 19-32. Molecular Biology of the Cell, 4th Edition.
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Adheze bunék

CALUIAR ADHESION Pro uvolnéni bunék z nadorové
masy i pro jejich uchyceni a
tvorbu metastaz ve vzdalené tkani
jsou ddlezité jak vzajemné
S bunécne vazby tak vazby k ECM.
REGESHICR ORIRIRACEEL A MATHD Uvolnéna bunka bez prislusnych
IMPORTANCE OF CELL-CELL ADHESION vazeb za normalnich okolnosti
neni schopna prezit.
Preziti umoznuji poruchy regulace
apoptozy — anoikis (,,detachment-
induced apoptosis").

INVASIVE CELL

IMPORTANCE OF ADHESION DETACHED CELL
TO EXTRACELLULAR MATRIX

DEAD CELL

CELL ATTACHED
TO INAPPROPRIATE
EXTRACELLULAR MATRIX

DANA BURNS-PIZER
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Malignita — bunky pronikaji pres bazalni laminu a
stroma

non-dividing widi ‘
hot Sy dividing : '
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Invaze do krevnich a lymfatickych cév
- naruseni endotelové bariéry




Adheze nadorovych bunéek na cévni
stény ve vzdalenych tkanich
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Metastaticka nadorova bunka pronika
pres endotelovou bariéru do tkane, uchyti
se, zacne se délit a tvori sekundarni nador




Hypotéza ,docking a locking". Interakce nadorovych bunek s cévnimi
endotelialnimi bunkami mdze byt rozdélena do pocatecni faze slabé adheze
(,docking™) a pozdejsi faze pevné adheze (,locking™). Je znazornéna ucast
specifickych skupin adhezivnich molekul v téchto dvou fazich. Prechod je
zprostredkovan Sirokou Skalou bioaktivnich mediatorl. TC = Tumor cell; EC =
endothelial cells; ECM = extracellular matrix.

,Docking"

- slabé a prechodné
vazby

» zprostredkované
zejména rozpoznanim
uhlovodik - uhlovodik

Transition

« aktivace nadorovych a
hostitelskych bunék
(platelety, leukocyty,
endotelialni bunky atd.)

- tvorba zanétlivych cytoking,
chemokint a bioaktivnich
lipid@

« Exprese inducibilnich
adhezivnich molekul
(selektiny, ICAM, VCAM)

EC

« pevnéjsi adheze nadorovych bunék
k endotelialnim bunkam

« zprostredkované v zakladu
integrinovymi receptory

« integriny jsou hlavnimi prenaseci
signalu pro nasledné molekularni
déje (uvolnéni od endotelialnich b.,
interakce s ECM, proteolyza, pohyb
bunék a invaze)




Interakce nadoroveé bunky s
endotelem

Metastatic
colonization

Uloha nadorové supresorového proteinu KAI1/CD82 (tetraspanin) — blokuje
migraci a tvorbu metastaz. Interaguje s fradou molekul (EGFR, integriny) a
DARC (Duffy antigen receptor for chemokines) na endotel. bunikach- indukce

senescence. Nadorove bunky bez KAI1 uspésné kolonizuji okolni tkan.

lilzumi M et al. Microvascular Res 74:114, 2007



Prostup (diapedeze) nadorovych bunéek kolonu
endotelem

0‘\ Tumour cell Direction of flow
2

Rolling Attachment Diapedesis

Endothelial cell

a E-selectin
/ 1. Paracellular 2. Mosaic 3. Trans-

IL-1p
cellular

Basement membrane

Volné putuijici nadorové bunky nejdrive tvori volné vazby s endotelem,
pak roluji a tvori pevné vazby zprostfedkované specifickymi adhezivnimi
molekulami jako je E-selektin. Po vytvoreni pevné vazby zahajuiji
nadorové bunky diapedezu: 1) migruji mezi spoji endotelialnich bunék
(paracelularni diapedeza), 2) tvori mozaikovitou chimerickou vrstvu
obou typt bunék a 3) pronikaji skrz endotelialni buriky ve velké vakuole
(transcelularni diapedeza).

Woodward J. Cell Adhesion & Migration 2008



Adherentni spoje mezi sousednimi epitelialnimi
bunkami (E-kadherin), organizace a stabilita ovlivnéna
glykany (zvysena biosyntéza koreluje s migraci a invazi)
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Interakce mezi bunkami a ECM
Vazebna mista integrinl pro slozky ECM (fibronektin, laminin)

RGD binding
site for o
fibronectin Bm@g site for
laminin
Integrins N-terminal
subunits globular

—

domain

C-terminal
Cytoplasmic
domain

B subunit linked
to cytoskeleton

Rambaruth N.D.S. a Dwek M.V., Acta Histochemica 113:591, 2011




P-, E- and L-selektiny u aktivovanych endothelialnich bunék a
leukocyti se vazou ke specifickych nadorovym ligandiim

Selectin Ligands

LIJ L-selectin D

I P-selectin ‘
\(E-selectin v ¢

activated platelet (Apt)

:arcinoma cell

activated
endothelial cell

Rambaruth N.D.S. a Dwek M.V., Acta Histochemica 113:591, 2011



Galektiny se Gcastni adhezi bunka-ECM, migrace, ristu,
apoptozy a diferenciace.

Tvori propojeni dllezita pri aktivaci receptor( a indukci vnitrob.
signall

Jsou zméneny v patologickych podminkach

NH, NH,

galectin dimer

galectin
receptor

extracellular space

cell membrane

cytosol

COOH COOH

Rambaruth N.D.S. a Dwek M.V., Acta Histochemica 113:591, 2011



Poruchy proteolytické — antiproteolytické
rovhovahy

Kooperativni aktivita systému proteolytickych enzyma:

- Lyzozomalni proteazy (aspartyl a cystein proteazy — katepsiny)

- Serinove proteazy — plasminogen, plasminogenové aktivatory (PA)
- Metalloproteinazy

Plasminogenoveé aktivatory - preménuji plasminogen na plasmin.
Plasmin degraduje rlizné slozky ECM vcetné fibrinu, fibronektinu, lamininu
atd. Plasmin také aktivuje nékolik typl metaloproteinaz.

Rodina metaloproteinaz (MMP) - asi 16 c¢lendl, vétSina jsou rozpustné
sekretované enzymy nebo transmembranoveé proteiny schopné digesce
ECM nebo komponent bazalni membrany. Rzné typy podle struktury a
substratové specifity (kolagenazy, gelatinazy, stromelysiny). PA 2 MMPs
jsou sekretovany spolu se svymi inhibitory (za normalnich podminek nizka
hladina), coz zajistuje prisnou kontrolu lokalni proteolytické aktivity a je
tak zachovana normalni struktura tkani.



Kontrola aktivity PA a MMP

Aktivita PA i MMP je kontrolovana na nekolika Urovnich:

- exprese se zvysuje plsobenim angiogennich rlstovych faktord a
cytokind

« pro-MMP a pro-PA mohou byt proteolyticky aktivovany

« MMP, plasmin a PA jsou regulovany tkanovymi inhibitory MMP (TIMP).

Béhem nadorového ristu a tvorby metastaz je kontrola proteolytické
aktivity narusena.

U mnoha typ{ nadord (kolorekta, prsu, zaludku, moc¢. méchyre,
prostaty) byla detekovana vysoka aktivita MMPs.

Byla také nalezena dobra korelace mezi mnozstvim MMPs a a agresivitou
a invazivitou nadoru.

Po proteolytické degradaci zahajuji "vedouci" endotelialni buriky migraci
pres degradovanou matrix.

Jsou nasledovany proliferujicimi endotelialnimi bunkami, které jsou
stimulovany fadou faktort, z nichz nékteré jsou uvoliovany z
degradované ECM.,



Proteazy degradujici ECM a jejich inhibitory

Table 1 Proteases participating in degradation of ECM components

Protease family Protease Protease function Protease inhibitors
Aspartyl protease CathepsinD Degradation of ECM components
Conversion of cysteine procathepsins into cathepsins
Cysteine Cathepsins B,L, H. K Degradation of ECM components Cystatins, stefins, kininogen
proteases Conversion of pro-MMPs into MMPs
Serine proteases Plasmin Degradation of ECM components o-antiplasmin,
Activation of uPA op-macroglobulin
Conversion of inactive elastase into elastase
Urokinase-type plasminogen activator (uPA) Conversion of plasminogen into plasmin PAL1.2.3
Tissue-type plasminogen activator (tPA) Conversion of plasminogen into plasmin
Neutrophil serine Elastase Degradation of ECM components op-antiplasmin
proteases Cathepsin G oz-macroglobulin

Matrix metalloproteinases

Collagenases [MMP-1, 8, 13]

Stromelysins [MMP-3, 10]

Gelatinases [MMP-2, 9]

Membrane-type [MMP-14, 15, 16, 17, 24, 25]

Others [MMP-7, 11, 12, 19, 20, 23]

secretory leukoprotease inhibitor
Degradation of collagens and other ECM proteins TIMP-1, 2,3, 4
Activation another pro-MMPs into MMPs op-macroglobulin
Degradation of collagens: I, I1, III, VIL, X and
gelatins
Degradation of proteoglycans, laminin, gelatins,
collagens 111, IV, V. IX, fibronectin, entactin, SPARC,
collagenases-1
Degradation of gelatins, collagens: [, IV, V, VIL X,
fibronectin, elastin, procollagenase-3
Degradation of collagen I, II, 11, gelatins, aggrecan,
fibronectin, laminin, vitronectin, MMP-2,13, tenascin,
nidogen
Degradation of proteoglycans, laminin, fibronectin,
gelatins, collagens [V, elastin, entactin, tenascin, oy

-antiproteinase, amelogenin



Reaktivni metabolity kysliku (ROS)
v proteolytické — antiproteolytické rovnovaze

ROS
o H,0, HOCI Oxidativni zmény biologicky
\ \ / / aktivnich protein{ zavislé na
PROTEIN typu a koncentraci ROS

|

Fragmentation -«———— Altered primary structure —— Cross-linking

[ ~ |

Incereased proteolytic susceptibility Altered antigenicity Activated neutrophils
ROS

’ 9. H,0, HQIO
Modifikace struktury proteolytickych /eg 1.0, Q]
enzymu a jejich inhibitorl vede k
Pro-proteases

poruseni rovnovahy. Tyto zmény Protease inhibitors
zpétné podporuji dalsi produkci l l
ROS granulocyty a makrofagy. Y o

ZW§ené proteOI)'lza a destrukce Protease inhibitors I * Metalloproteinases
ECM - invaze - metastazy ™~

\ Enhanced proteolysis

Active




Vyznam interakce hyaluronan a CD44

CD44 — pleomorfni doména vazici hyaluronan a dalsi molekuly
Hyaluronan — dilezity pro vazbu nadorové buriky s ECM

prenos signalu reorganizujici cytoskeleton a aktivujici spec. molekuly

Hyaluronan
binding domain
B J ' 7 [+ Hyaluronan <> ECM molecules .e.
S versican)
Amino=terminal * Growth factors (i.e. HGF, FGF, VEGF)
domain = Growth factor receptors (i.e. PDGFR,
c-Met, ErbB2, TGFR)
L * MMPs (i.e. MMP7, MMPS, MT1-MMP)
Stem region Variant
insertion
1 ..T.T nonnnnnonnnonnonn N * demﬂhn {dymm association
Transmembrane NECRCICNRCCEU R EO0 KL X XN T XKL X ER e S s v with lipid rafts)
Cytoplasmic domain * Actin=binding proteins (i.e. ankyrin,
ERM,merlin)
+ Non=receptor kinases (i.e. Src)

» Adaptors/signal transducers (i.e.
IQGAP1, PI3K/AKt, MAPK)

#— O-linked glycosylation  esesssssse Chondroitin/heparan sulfate chain
NHinked glycosylation S5 - Disulfide bonds

Fig. 1. Structure, binding domains and interactions of CD44. The ectodomain of CD44 contains hyaluronan-binding motifs and is decorated
with chondroitin/heparan sulfate that both affect its hyaluronan-binding capacity and enable its interactions with growth factors/growth fac-
tor receptors and matrix metalloproteinases (MMPs). Transmembrane and cytoplasmic domains undergo multiple post-translational modifica-
tions, including palmitoylation and phosphorylation on cysteine and serine residues, respectively, promoting the binding of proteins with
crucial functions in cytoskeletal organization and signaling. ErbB2, epidermal growth factor receptor-2; ERM, ezrin—radixin—-moesin; FGF, fibro-
blast growth factor; HGF, hepatocyte growth factor; IQGAP1, 1Q motif containing GTPase activating protein 1; MAPK, mitogen-activated pro-
tein kinase; PDGFR, platelet-derived growth factor receptor; PI3K, phosphoinositide 3-kinase; TGFR, transforming growth factor receptor;

VEGF, vascular endothelial growth factor.

Misra S et al., FEBS J 278:1429, 2011
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Model interakce mezi nadorovymi
bunkami a stromatem

Stromal
factor

Tumor associated
myofibroblast

Tumorigenesis

Misra S et al., FEBS J 278:1429, 2011

Fig. 2. Proposed model for the cross-talk between tumor cells (epi
thelial cells) and tumor-associated stromal myofibroblasts. Cancer
cells and stroma-derived fibroblasts influence each other's develop-
ment. The extracellular domain of CD44 variants, which contains
the sequence encoded for variants of CD44 and their interaction
with HA, is required for the stromal factor-dependent activation of
receptor tyrosine kinases (RTK, such as hepatocyte growth fac-
tor/Met) and its downstreamn anti-apoptotic signaling involving
phosphoinositide 3-kinase (PI3K)/AKT and mitogen-activated pro-
tein kinase (MAPK) pathways. Tumor-associated stromal myofibro-
blast-derived hyaluronan, synthesized in response to stromal
factors (such as hepatocyte growth factor) and cancer celkderived
CD44 variant, and RTK are involved in tumorigenesis.




Metody vyzkumu

Metodickym zakladem soucasneho vyzkumu je uspesné klonovani
predpokladanych metastatickych genl a manipulace s jejich expresi nebo funkci
genovych produktg.

3 nejobecnéji pouzivané testy metastatického procesu:

1) test na spontanni metastazy - nadorové bunky jsou subkutanné injikovany
do syngennich nebo imunodeficientnich zvirat. Test napodobuje prirozenou
situaci.

2) test na experimentalni metastazy - nadorové bunky jsou injikovany
intravendzné. Test odhaduje schopnost bunék opustit krevni reciste a
kolonizovat specifické tkane.

3) test invazivity - nadorové bunky jsou umistény na povrch matrix (tvorené
napr. z kureci srdec¢ni nebo chorioalantoidni membrany ¢i umeélé membrany) a
sleduje se migrace timto materialem.

Poznatky o povrchovych a intracelularnich regulacnich molekulach Gcastnicich se
metastatického procesu jsou voditkem pro nové terapeutické pristupy -
myuziti specifickych monoklonalnich protilatek nebo ,,antisense™ techniky.



Uloha mucint v karcinogenezi

Muciny - velké glykosylované proteiny syntetizované
bunkami gastrointestinalniho, dychaciho a mocopohlavniho
ustroji. Chrani epitel proti mechanickému, chemickému,
enzymatickému a mikrobialnimu poskozeni.

Kddovany rfadou gend, tkanové specifické
Hlavni mucin sekretovany gobletovymi bunkami ve streve —
MUC2.

Poruchy povrchovych mucint jsou obecnou charakteristikou
maligni transformace. Jsou odpovédné za abnormalni chovani
bunék: zmény adheze nebo metastazovani a uniknuti z
imunologického dozoru.



Extracellular a Mucin-expressing
matrix turmour cell

Endothelial cells

Red blood cell

Nadory vyuzivaji

a) antiadhezivnich vlastnosti mucind k uvolnéni z nadorové masy a okolniho
stromatu a k invazi,

b) adhezivnich vlastnosti mucin{ k pfipojeni k endotelu a k invazi,

c) muciny k uniku z imunologického dohledu.



Antiadhezivni vlastnosti mucint

Normal cell adhesion Tumour anti-adhesion

Cis interactions

Apical
expression
of mucins

Receptor/ligand

for cell-cell
adhesion

Receptor for - Extracellular
cell-ECM adhesion Steric hindrance matrix

Figure 5 | Anti-adhesion by membrane-associated mucins in cancer. Normal epithelial cells express membrane-associated
mucins on the apical surface, thereby allowing cell-celland cell-substratum adhesion. Tumour cells aberrantly express membrane-
associated mucins that are not apically restricted, which block cell-cell and cell-substratum adhesion in two ways. Cis interactions
between membrane-associated mucins and receptors on the same cell could prevent the receptors from interacting with other cells
to mediate adhesion. Through steric hindrance, membrane-associated mucins can non-specifically block adhesion via therr large,
glycosylated tandem repeat.

Normalni epitelialni bunky — s membranou spojené muciny na
apikalnim konci — adheze bunka-bunka a bunka-substrat.
Nadorovée bunky — exprese mucind po celém povrchu blokuje
receptory a adheze s ostatnimi burikami.




Angiogeneze — neovaskularizace

Angiogeneze je proces tvorby novych krevnich kapilar.

U dospélého jedince je proliferace endotelialnich bunék velmi nizka.
Fyziologickou vyjimku, kde je ale angiogeneze prisné regulovana, tvori
zensky reproduktivni systém a hojeni ran.

Neregulovana angiogeneze je spojena s fadou patologickych stavl jako je
revmaticka artritida, psoriasis, diabeticka retinopatie a nadorova
onemochneéni

Nadorovy rist a tvorba metastaz jsou zavislé pravé na angiogenezi.

Uloha:

« zasobovani zivinami a kyslikem.

« cesta, kudy se nadorové bunky dostavaji do obéhu a mohou tak
metastazovat v rliznych vzdalenych organech.

Angiogeneze je komplexni proces zahrnujici sirokou souhru mezi bunkami,
rozpustnymi faktory a slozkami extracelularni (mimobunécné) matrix
(EGM).



D Angiogeneze
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IN SITU TUMOR

[umor continues to expand,
sventually spreading to other organs

Capillaries proliferate;
tumor begins to grow

After treatment with antiangiogenic
drugs, tumor diminishes in size

Endothelial cells in
., the capillary release
J protein growth factors

Proliferace novyc
krevnich kapilar, k
prokrvuji nador (kyslik,
vyziva) a umoznuji
rozsSirovani nadorovych
bunék krevnim reciStém
do dalSich mist.

Tumor cells release angiogenic
proteins and suppress levels
of angiogenesis inhibitors

Endotelialni bunky
produkuji rlstové faktory
a nadorové bunky
produkuji angiogenni
proteiny a suprimuji
angiogenni inhibitory

ANGIOGENESIS, or neovascularization,
involves the proliferation of new blood
vessels. The process transforms a small,
usually harmless cluster of abnormal cells
(known as an in situ tumor) into a large
mass that can spread to other organs.
Drugs that aim to interfere with angio-
genesis—for example, by halting the ac-
tion of angiogenic proteins—can reduce
the size of tumors and potentially main-
tain them in a dormant state.




Hlavni endogenni induktory angiogeneze

Peptidové rlstové faktory a prozanétlivé mediatory

evaskularni endotelialni rlstovy faktor (rodina VEGF) a angiopoetiny
plsobi specificky na endotelidlni bunky. Plsobi pres tyrosin kinazové
receptory a funguji protiapopticky

-cytokiny a chemokiny primo pUsobici - aktivuji fadu dalSich bunéénych
typU. Prototypem je bFGF (basic fibroblast growth factor) a PDGF
(platelet growth factor) a interleukiny (IL-8, IL-3).

‘neprimo plsobici cytokiny (tumor necrosis factor — TNFa a tumor
growth factor - TGFB), které ptsobi uvolnovani dalsSich faktord z
makrofagl, endotelidlnich nebo nadorovych bunék. Napf. TNFa
stimuluje uvolnovani VEGF, IL-8 a FGF-2 z endotelialnich bunék.

*Enzymy (COX-2, angiogenin), hormony (estrogeny), oligosacharidy
(hyaluronan), hemopoeticke faktory (EPO, G-CSF, GM-CSF), adhezivni
molekuly (VCAM-1, E-selektin), oxid dusiku atd.



Geny MMP transkripcné regulovany AP-1 — indukovany cytokiny (IL-
4, IL-10, TGF, bFGF — aktivace MAPK (mitogen-activated protein

kinase).

Endogenni inhibitory angiogeneze: trombospodin-1,
interferon o/B, prolactin, angiostatin, endostatin, vasostatin
atd.

Zahajeni nadorové angiogeneze je vysledkem posunu

v rovhovaze stimulator( a inhibitora.
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Nadorova tkan produkuje prozanétlivé faktory a vasoaktivni latky podporujici
neovaskularizaci (VEGF, cytokiny). Ta je podporovana i progenitorovymi burikami
z kostni drené (EPC) a z obéhu, hemopoetickymi kmenovymi burikami (HPC) a
dalSimi diferencovanymi bufikami monocytarni fady (makrofagy, dendritické

bunKY)- Furuya M, Vacular Health and Risk Management 2005



Uloha bunééné adheze

Proces bunécné invaze, migrace a proliferace je zprostredkovan take
adhezivnimi molekulami.

Interakce bunka-bunka a bunka-ECM
Bunécné adhezivni molekuly (cell adhesion molecules — CAM)
déleny do 4 zakladnich skupin v zavislosti na jejich biochemickych a
strukturalnich vlastnostech:

* selektiny

- imunoglobulinova supergenova rodina

« kadheriny

* integriny

Clenové kaZdé z nich se uplatfiuji v angiogenezi.
K zahajeni angiogenniho procesu se musi endotelialni buriky uvolnit
od sousednich bunék




Béhem invaze a migrace je interakce endotelialnich bunék s ECM
zprostredkovana integriny. Také konecna faze angiogenniho procesu,
vCetné konstrukce kapilarnich smycek a urceni polarity endotelialnich
bunék vyzaduje bunécné kontakty a kontakty s ECM.

Integriny (2 nekovalentné spojené jednotka alfa a beta) -
heterodimerizuji ve vice nez 20 kombinacich. Endotelialni bunky tak
exprimuji nékolik rlznych integrinl - napojeni na Siroké spektrum
proteinl ECM. V aktivovaném endotelu mohou suprimovat aktivitu p-
53 a p21 a zvySovat pomér Bcl2:Bax, coz ma antiapoptické ucinky

Dalsi molekuly:

vaskularni endotelialni kadherin zprostredkovava na Ca2+ zavislé
homofilni interakce mezi endotel. burikami.

-Clenove ICAM zprostredkovavaji heterofilni adheze. Jsou zvySovany
TNFalfa, IL-1 nebo INF-gamma.

-P- nebo E-selektin - podporuji adhezi leukocytd k cytokiny
aktivovanému endoteliu



Interakce heparan sulfatu (HS) s VEGF na
receptorech endotelialnich bunék béhem
angioaeneze.

NH,
core protein VEGF
VEGF
heparan sulphate
VEGF VEGF
VEGF VEGF
AN\~ activated
endothelial cell
( A I I ) receptor tyrosine
VEGFR-1 VEGFR-2 COOH kinases
\_ AN J

Proteoglykany podporuji rozsev nadord. HS proteoglykan byva

slozkou ECM, vaze se na VEGF a usnadnuje vazbu receptorovych
tyrozin kinaz k rlstovym faktorlim. Je zvySen béhem angiogeneze.
Rambaruth N.D.S. a Dwek M.V., Acta Histochemica 113:591, 2011
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Model angiogeneze - interakce bunécnych typi

V nadorovych bunkach prostaglandiny (PGs) tvofené pres cyklooxygenazu-2
(COX-2) zvysuiji produkci rlstovych faktorl jako je VEGF, které plsobi pfimo
na endotelidlni bunky a bFGF, ktery stimuluje produkci COX-2 u fibroblastd.
PGs tvorené ve fibroblastech stimuluji produkci VEGF, ktery plsobi
parakrinnim zplsobem na endotelidlni b. a opét zvysuje aktivitu COX-2 a
usnadnuje permeabilitu cév a angiogenezi. Inhibitory COX-2 blokuji produkci
PGs a tak zabranuji angiogenezi indukované rlstovymi faktory.



Stupen angiogeneze jako prognosticky
faktor

Uzky vztah mezi angiogenezi a tvorbou metastaz.
Cim intenzivnéjsi angiogeneze, tim vétsi riziko metastaz a horsi
progndza nadorového onemocneéni.

Histologické rezy a detekce fokalnich oblasti tzv. ,hot spots™ pomoci
monoklonalnich protilatek proti cévnimu endotelu nebo adhezivnim
molekulam CD31 a CD34.

Kvantitativni hodnoceni je prognostickym faktorem napf. u rakoviny
prsu, délozniho Cipku, mocového méchyre a melanomu.

Zvysena vaskularizace kostni drené — horsi prognoza u akutni
leukémie.

Inhibice angiogeneze — léCebna metoda




Antiangiogenni terapie

Vyhody proti terapii mirené primo proti nadorovym burikam. Endotelialni buriky
jsou geneticky stabilni, diploidni a homogenni cil a zfidka zde dochazi k mutacim.

Takeé jejich obnova je 50 krat vyssi nez v normalni klidové tkani a aktivované
krevni cévy vykazuji specifické markery jako jsou integriny a selektiny nebo VEGF
receptory. Hustota cév uvnitf nadoru ma také prognostickou hodnotu.

Byla nalezena pozitivni korelace mezi nadorovou angiogenezi a rizikem vzniku
metastaz, znovuobnoveni nadoru a smrti.

-inhibitory bunécné invaze, motility a adheze (inhibitory MMP aktivity, inhibice
bunécnych adhezivnich molekul)

-inhibitory aktivovanych endotelialnich bunék (trombospodin-1 - fyziologicky
inhibitor angiogeneze, ktery je snizen béhem aktivace angiogeneze a jeho
produkce je regulovana p53, angiostatin a endostatin - zdrojem jsou samotné
nadorové bunky, umeéle syntetizované latky (talidomid)

-latky, které interferuji s angiogennimi rlistovymi faktory a jejich receptory
(specifické protilatky, INF-alfa)

-inhibitory enzymt jako je COX-2 (NSAIDs)

«tzv. "vascular targeting" - inhibice riistu nadoru destrukci nadorovych cév



Endogenni inhibitory angiogeneze

Table 1. Some endogenous inhibitors of angiogenesis

Name

Description

Thrombospondin-1 and internal fragments
of thrombospondin-1

Angiostatin
Endostatin
Vasostatin

Vascular endothelial growth factor inhibitor
(VEGI)

Fragment of platelet factor 4 (PP4)
Derivative of prolactin

Restin

Proliferin-related protein (PRP)
SPARC cleavage product
Osteopontin cleavage product

Interferon o/

Meth 1 and Meth 1

Angiopoietin-2

Anti-thrombin III fragment

Thrombospondin is a 180 kDa, large, modular extracellular matrix protein
(53)

A 38 kDa fragment of plasminogen involving either kringle domains 1-3,
or smaller kringle 5 fragments (58,163,164)

A 20 kDa zinc-binding fragment of type XVIII collagen (59)
An N-terminal fragment (amino acids 1-80) of calreticulin (61)

A 174 amino acid protein with 20-30% homology to tumor necrosis factor
superfamily (60)

An N-terminal fragment of PP4 (63)

16 kDa fragment of the hormone (57)

NC10 domain of human collagen XV (165)

A protein related to the pro-angiogenic proliferin molecule (166)
Fragments of secreted protein, acid and rich in cysteine (62)
Thrombin-generated fragment containing an RGD sequence (65)
Well known anti-viral proteins (56)

Proteins containing metalloprotease and thrombospondin domains, and
disintegrin domains in NH, termini (65)

Antagonist of angiopoietin-1 which binds to tie-2 receptors (39,44)

A fragment missing C-terminal loop of anti-thrombin III (a member of the
serpin family) (64)




Inhibitory angiogeneze v klinickych
zkouskach
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Ziskané vlastnosti nadoru

Self-sufficiency in
growth signals

Evading
apoptosis

Insensitivity to
anti-growth signals

Sustained
angiogenesis

Tissue invasion
& metastasis

Limitless replicative
potential

Hanahan D. and Weinberg R:A., Cell 100:57, 2000

VétsSina nadord ziskava béhem
vyvoje stejny soubor funkcnich
vlastnosti, i kdyz rGiznymi
mechanismy.

«Samostatnost s ohledem na
rlstové signaly

Necitlivost k rlistové inhibi¢nim
signalim

-Neomezeny proliferaCni potencial
Poruchy apoptozy

Zachovani angiogeneze

*Tkanova invaze a tvorba metastaz



Paralelni drahy vzniku a rozvoje nadorového

onemocneéni
A
Component Acquired Capability
n Self-sufficiency in growth signals
| ’ Insensitivity to anti-growth signals
“ Evading apoptosis
m Limitless replicative potential
'i‘ Sustained angiogenesis
u Tissue invasion & metastasis
B
Ed

Example of Mechanism

Activate H-Ras oncogene

Lose retinoblastoma suppressor

Produce IGF survival factors

Turn on telomerase

Produce VEGF inducer

Inactivate E-cadherin
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Obecné vSechny nadory
ziskavaiji stejnych
6 charakteristickych znakd.

R{zné typy nadorovych typl a
subtypl se vsak lisi zplisobem
jak je ziskavaji i chronologickym
poradim.

U nékterych nadord mize
geneticka porucha vybudit
nékolik téchto znakl soucasné.

Napr. ztrata funkce p53 usnadnuje
jak angiogenezi tak rezistenci
k apoptoze a vyvolava genomovou
nestabilitu (5 krokovy model).

U jiného nadoru dochazi k souhre
2 a vice rliznych genetickych
zmén, ¢imzZ se zvysuje pocet krokd
vedoucich k dokonceni nadorové
progrese (8 krokovy model).

Hanahan D. and Weinberg R:A., Cell 100:57, 2000



Nadorové mikroprostredi - podpora nadorového

stromatu
H oxia Low pH , , v. s
w» p Nadoroveé stroma prispiva
ke genetické nestabilité
nadorovych bunék.
Ovidative stress

Hypoxie, nedostatecna vyziva,
necrosus

snizené pH a tvorba volnych
radikald ve stromatu jako
dlsledek nedostatecného
prisunu krve a faktory
/’ ' - uvolfiované zanétlivymi

Free radicals Nutrient deprivation bunkami a aktivovanymi
fibroblasty podporuji mutace

DNA a tlumi reparacni

Increased DNA damage mechanismy.

Mulator phenolype - nibition of DNA damage pathways

Mutatorovy fenotyp nadorovych
l bunék dovoluje tvorbu a selekci
agresivnich klon{ s velkym

Creation and selection of aggressive clones metastatickym potencialem.

Li H et al, J Cell Biochem 101:805, 2007



Nadory jako komplexni tkane

The Reductionist View A Heterotypic Cell Biology

Cancer cells Cancer cells Fibroblasts

Immune cells

Endothelial cells

V nadorech mutované nadorové bunky premeénuji normalni bunécné
typy tak, aby s nimi spolupracovaly v dalSim rozvoji onemocnéni.
Objasnéni interakce mezi nadorovymi geneticky zménénymi a
normalnimi bunkami je zasadni pro porozuméni rozvoje nadord a
pro vyvoj novych efektivnich terapeutickych pristupd.

-~ Hanahan D. and Weinberg R:A., Cell 100:57, 2000 ﬁ
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