INVAZIVITA - VZNIK METASTAZ

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

Série definovanych krokil - metastaticka kaskada:

» uvolnéni bunky (od okolnich buné¢k, ECM)

P prekonani bazalni membrany v epitelech (metalloproteinazy)

P prekonani bazalni membrany a endotelu cév

P prenos krevnim (lymfatickym) feciStém

» prekonani endotelu, bazalnich membran v jine lokalite

» uchyceni v nove tkani (hyaluronan a jeho receptory - CD44, integriny)
P prezivani, proliferace

» vznik mikro- a makrometastaz - letalita onemocnéni

Existuje fada gentl a proteintl, ktere reguluji metastatickou schopnost bunék a ktere
musi byt koordinované exprimovany.

Ztrata funkce tzv. supresorovych genu pro metastazy, ktere zabranuji tvorbe
spontannich, makroskopickych metastaz, aniz by ovliviiovaly riist primarniho nadoru
(prvnim z objevenych gentl je nm23).

Vyznam dostupnosti cév, angiogeneze - tvorba cév v nadoru
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Struktura metastaz

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
MELARGIIA = first capillary bed “downstream ” of most
OFTEN SPREADS = organs. In contrast, because the intestines
TO LUNGS o send their blood to the liver first, the liver
e 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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Benigni versus maligni nadory

neoplastic gland tubules

normal gland fibrous connective- normal gland invasive,
tubules tissue capsule of tubules cancerous
(cross-section) benign tumor gland tubules

ADENOMA (BENIGN) ADENOCARCINOMA (MALIGNANT)
Figure 23-3. Molecular Biology of the Cell, 4th Edition.




Proces vzniku metastaz

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

connective lamina —

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

adhere to blood vessel escape from blood vessel proliferate to form
wall in liver (extravasation) metastasis in liver

Figure 23-15. Molecular Biology of the Cell, 4th Edition.
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genetically heterogeneous
primary tumor

dissemination of metastatic cells,
subsequent removal of primary tumor
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Metody vyzkumu

Metodickym zakladem soucasného vyzkumu je uspésSné klonovani predpokladanych
metastatickych gena a manipulace s jejich expresi nebo funkci genovych produkti.

3 nejobecng¢ji pouzivané testy metastatického procesu.

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

2) test na experimentalni metastazy - nadoroveé bunky jsou injikovany intravenézne. Test
odhaduje schopnost bunék opustit krevni recisté a kolonizovat specificke tkang.

3)_test invazivity - nadoroveé bunky jsou umistény na povrch matrix (tvorené napr z kureci
srdecni nebo chorioalantoidni membrany ¢i umélé membrany) a sleduje se migrace timto
materialem.

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




Vyznam bunéecné adheze

Pro vznik metastaz jsou dilezité zejména zmeény v bunécné adhezi a
komunikaci

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

Kontakt burika-burnka - kadheriny (E-kadherin) na povrchu jsou
propojeny pres katenin, vinkulin, plakoglobin s cytoskeletonem - geny
kodujici tyto proteiny oznaceny jako supresorove geny pro metastazy

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



yJunctional® a ,,nonjunctional® adhezivni mechanizmy zivo¢iSnych bunék pro
vzajemnou vazbu a pro vazbu k extracelularni matrix
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Figure 19-32. Molecular Biology of the Cell, 4th Edition.



Sit’ proteinovych spoju u normalnich epitelialnich bunék




Adheze bunék

CELLULAR ADHESION

EXTRACELLULAR MATRIX
CELL-CELL ADHESION MOLECULES

RECEPTOR FOR EXTRACELLULAR MATRIX

IMPORTANCE OF CELL-CELL ADHESION

INVASIVE CELL

DETACHED CELL

IMPORTANCE OF ADHESION
TO EXTRACELLULAR MATRIX
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Malignita — bunky pronikaji pres bazalni laminu

non-dividing dividin
lumen cancer cell 9
cancer cell

invasion

- stroma
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Adheze nadorovych bunék na cévni stény ve vzdalenych organech




Metastaticka nadorova bunka se déli a tvori
sekundarni nador
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EPITHELIAL
STATE

adherens
junctions
1

/
plasma membrane

B-catenin

BB
linkage to actin
cytoskeleton

MESENCHYMAL
STATE

loss of y & translocation
E-cadherin & to nucleus

free B-catenin
in cytosol

binding to
\ /- Tcf/LEF TFs
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Table 14.2 Cellular changes associated with the epithelial-mesenchymal transition

Loss of
Cytokeratin (intermediate filament) expression
Epithelial adherens junction protein (E-cadherin)
Epithelial cell polarity

Acquisition of
Fibroblast-like shape
Motility
Invasiveness
Mesenchymal gene expression program
Mesenchymal adherens junction protein (N-cadherin)
Protease secretion (MMP-2, MMP-9)
Vimentin (intermediate filament) expression
Fibronectin secretion
PDGF receptor expression
avp6 integrin expression




epithelial markers mesenchymal markers

+
control
vector

+
Twist
vector

E-cadherin B-catenin v-catenin fibronectin  vimentin




" E-cadherin " fibronectin

. . a-catenin vimentin
epithelial mesenchymal

markers markers

B-catenin N-cadherin

| y-catenin | a-sm-actin

B-actin B-actin
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E-cadherin a nadory

Hlavni adhezivni molekula epitelialnich bunek.

Exprese cadherinu je modulovana béhem
morfogeneze - bunky se pohybuji z jedne bunecne
vrstvy do druhé, a to je vzdy spojeno se ztratou
exprese puvodnlho cadherinu a s indukci exprese
jiného cadherinu.

Ztrata exprese E-cadherinu je casto detekovana u
epitelialnich nadoru.

Ztrata exprese nebo funkce E-cadherinu vyrazne
koreluje s invazivitou a tvorbou metastaz nadoru -
casto koinciduje s ,prepnutim” benigniho nadoru na
Invazivni typ.



Integriny a nadory
« Zmeny exprese nebo funkce integrinu popsany béhem

promény nadoru v metastazujici invazivni formy.

« Zmeéeny exprese nebo funkce integrinu zpusobuji ,anchorage-
iIndependence”: za normalnich okolnosti prave integriny
spoustéji anoikis (apoptdzu v dusledku ztraty adheze).

 FAK - fokalni adhezivni kinaza — nereceptorova tyrosin
kinaza - hraje kliCovou roli pfi pfenosu signalu preziti z ECM
(anoikis) - pravdépodobné inaktivaci proapoptotickych
proteinu Bad a prokaspazy-9.

Existuje funkcni vztah mezi integriny a metaloproteinazami:

* Nektere integriny ovlivnuji expresi nekterych
metaloproteinazovych (MMP) genu.

» Nektere integriny ovlivauji sekreci nekterych MMPs.

» Nektere integriny ovlivauji aktivitu MMPs.

Nektere komponenty ECM aktivuji integriny a nasledkem je
specificka degradace ECM: ,integrin-guided proteolysis®



Postupna role adhezivnich molekul behem invaze

Behem tvorby metastaz nadorové bunky nejdrive uvolni
- sve vazby s ostatnimi bunkami v nadoru (cadheriny)
- prostoupi ECM smérem ke krevnimu systemu (integriny).

Pro vstup do vaskulatury musi prostoupit take vaskularnim
endoteliem a v teto

fazi se uplatiuji predevsim - selektiny
a clenove imunoglobulinove nadrodiny - divergentni skupina
receptoru:

Imunoglobuliny, hlavni histokompatibilni receptory, receptory T-
bunéek

receptory spojené s ruznymi neoplasiemi:
CEA - onkofetalni protein (,carcinoembryonic antigen®)
DCC - ,deleted in colorectal carcinoma®

receptory odpovedne za ,cell-cell recognition™:
NCAM -  neural cell adhesion molecule®



Do imunoglobulinové nadrodiny dale patfi:
Receptory spojené s pohybem bunék
ICAM-1, -2, 3 - ,intercellular adhesion molecule”
VCAM-1 - ,vascular cell adhesion molecule”
PECAM-1
a dalsi
MAdCAM-1 - ,mucosal addressin cell adhesion molecule®

Pfi metastazovani nadoru se nejvice uplatriuji receptory odpovédné
za interakce s endotelialnimi burikami - napf. ICAMs a VCAM-1.

CEA - receptor spojen s progresi kolorektalnich karcinomd.
NCAM - spojen s progresi nékterych neuroendokrinnich nadordu,
Wilmsova nadoru, malobunécnych nadoru plic, pheochromocytomd,...

Pri pohybu vaskulaturou dale funguiji integriny, CD44, glykoproteiny
nalezené u lymfocytt a organové
a specificke endotelialni adhezivni molekuly



CD44

Rovnéez zprostredkovava interakce s endoteliem.

Ma schopnost vazat hyaluronovou kyselinu.

Existuje mnoho ruznych isoforem s ruznou velikosti (od 80
do 200 kDa): zpusobeno alternativnim sestfihem a ruznou
mirou glykosylace.

Ruzne isoformy maiji zfejmé ruzny adhezivni potencial.
Byla pozorovana korelace mezi expresi nekterych isoforem
CD44 a metastatickym potencialem nékterych nadoru.



MUCINY

Velké glykosylovane proteiny syntetizované bunkami
gastrointestinalniho, dychaciho a mocCopohlavniho ustroji.
Chrani epitel proti mechanickému, chemickému,
enzymatickemu a mikrobialnimu poskozeni.

Kodovany radou genu, tkariové specifické

Hlavni mucin sekretovany gobletovymi bunkami ve streve —
MUC?2.

Poruchy povrchovych mucinu jsou obecnou
charakteristikou maligni transformace. Jsou odpovedné za
abnormalni chovani bunek: zmeny adheze nebo
metastazovani a uniknuti z imunologického dozoru.



— Extracellular Mucin-expressing
martrix

Endothelial cells

Red blood cell

Figure 4 | Tumours use mucins for invasion, metastasis and protection. a | Tumours use the
anti-adhesive effect of mucins to detach from the tumour mass and surrounding stroma and invade
(see FIG. 5). b | Tumours use the adhesive effect of mucins to attach to endothelia and invade (see
FIG. 6). ¢ | Tumours also use mucins to escape immune surveillance (see FIG. 7).

Nadory vyuzivaji antiadhezivni vlastnosti mucint k oddéleni od nadorove hmoty
a okolniho stromatu a k invazi.

Muciny umoznuji rovnéz nadorovym bunkam uniknout imunologickému
dohledu
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Figure 5 | Anti-adhesion by membrane-associated mucins in cancer. Normal epithelial cells express membrane-ass
mucins on the apical surface, thereby allowing cell-celland cell-substratum adhesion. Tumour cells aberrantly express
associated mucins that are not apically restricted, which block cell-celland cell-substratum adhesion in two ways. Cisint
between membrane-associated mucins and receptors on the same cell could prevent the receptors from interacting with:
to mediate adhesion. Through steric hindrance, membrane-associated mucins can non-specifically block adhesion via the



Poruchy proteolytické — antiproteolytické rovnovahy

Kooperativni aktivita systému proteolytickych enzymu:

» Lyzozomalni proteazy (aspartyl a cystein proteazy — katepsiny)

» Serinove proteazy — plasminogen, plasminogenove aktivatory (PA)
» Metalloproteinazy

Plasminogenoveé aktivatory - premenuji plasminogen na plasmin.
Plasmin degraduje ruzné slozky ECM vcetné fibrinu, fibronektinu,
lamininu atd. Plasmin také aktivuje nékolik typu metaloproteinaz.

Rodina metaloproteinaz (MMP) - asi 16 ¢lenu, vétSina jsou rozpustné
sekretovane enzymy nebo transmembranove proteiny schopné digesce
ECM nebo komponent bazalni membrany. Ruzné typy podle struktury a
substratove specifity (kolagenazy, gelatinazy, stromelysiny). PA a
MMPs jsou sekretovany spolu se svymi inhibitory (za normalnich
podminek nizka hladina), coz zajistuje prisnou kontrolu lokalni
proteolyticke aktivity a je tak zachovana normalni struktura tkani.



Aktivita PA 1 MMP je kontrolovana na n¢kolika urovnich:

P exprese se zvysuje pusobenim angiogennich ristovych
faktorti a cytokinu

» pro-MMP a pro-PA mohou byt proteolyticky aktivovany
» MMP, plasmin a PA jsou regulovany tkanovymi inhibitory
MMP (TIMP).

Béhem nadoroveho ristu a tvorby metastaz je kontrola
proteolyticke aktivity narusena.

U mnoha typt nadort (kolorekta, prsu, zaludku, moc¢. méchyre,
prostaty) byla detekovana vysoka aktivita MMPs.

Byla take nalezena dobra korelace mezi mnozstvim MMPs a a
agresivitou a invazivitou nadoru.
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Table 1 Proteases participating in degradation of ECM components

Protease family

Protease

Protease function

Protease inhibitors

Aspartyl protease
Cysteine

proteases

Serine proteases

Neutrophil serine

proteases

Matrix metalloproteinases

CathepsinD

Cathepsins B,L, H, K

Plasmin

Urokinase-type plasminogen activator (uPA)
Tissue-type plasminogen activator (tPA)
Elastase

Cathepsin G

Collagenases [MMP-1, 8, 13]

Stromelysins [MMP-3, 10]

Gelatinases [MMP-2, 9]

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

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

Degradation of ECM components

Conversion of cysteine procathepsins into cathepsins
Degradation of ECM components

Conversion of pro-MMPs into MMPs

Degradation of ECM components

Activation of uPA

Conversion of inactive elastase into elastase
Conversion of plasminogen into plasmin
Conversion of plasminogen into plasmin

Degradation of ECM components

Degradation of collagens and other ECM proteins
Activation another pro-MMPs into MMPs
Degradation of collagens: I, IL, IIT, VII, X and
gelatins

Degradation of proteoglycans, laminin, gelatins,
collagens III, IV, V, IX, fibronectin, entactin, SPARC,
collagenases-1

Degradation of gelatins, collagens: [, IV, V, VIL X,
fibronectin, elastin, procollagenase-3

Degradation of collagen I, I1, 1], gelatins, aggrecan,

fibronectin, laminin, vitronectin, MMP-2,13, tenascin,

nidogen
Degradation of proteoglycans, laminin, fibronectin,
gelatins, collagens IV, elastin, entactin, tenascin, oy

-antiproteinase, amelogenin

Cystatins, stefins, kininogen

op-antiplasmin,

op-macroglobulin

PAI-1,2,3

oy-antiplasmin
o;-macroglobulin

secretory leukoprotease inhibitor
TIMP-1,2,3. 4

op-macroglobulin




,Docking*“ Transition ,Locking“

N R ER N BN o

EC

* slabé a prechodné * Aktivace nadorovach a * pevnéjsi adheze nadorovych
vazby hostitelskych bunék bunék k endotelialnim b.

* zprostiedkované (platelety, leukocyty, * zprosttedkované v zakladu
zejména endotelialni bunky atd.) . integrinovymi receptory
rozpoznanim *tvorba zanétlivych cytokind, Integriny jsou hlavnimi prenaseci
uhlovodik - chemokinii a bioaktivnich lipida S19nalu pro nasledne molekularni
uhlovodik déje (uvolnéni od endotelialnich

* Exprese inducibilnich b., interakce s ECM, proteolyza,
adhezivnich molekul (selektiny, pohyb bunék a invaze)

ICAM, VCAM)

Hypotéza ,,docking a locking®. Interakce nadorovych bunék s cévnimi endotelialnimi
bunkami muiize byt rozdélena do pocatecni faze slabé adheze (,,docking“) a pozdéjsi faze
pevné adheze (,,locking”). Je znazornéna ucast specifickych skupin adhezivnich molekul
v téchto dvou fazich. Prechod je zprostiredkovan Sirokou Skalou bioaktivmich mediator
jako jsou 12(S)-HETE. TC = Tumor cell; EC = endothelial cells; ECM = extracellular matrix.



Table 14.4 Candidate metastasis suppressor genes
Name Cellular location

BRMS1 nuclear protein

CRSP3 nuclear protein
KAI1/CD82 transmembrane protein
KISS1 secreted protein

NM23 cytoplasmic kinase
RhoGDI-2 cytoplasmic protein
SseCKs cytoplasm

VDUP1 cytoplasm

CDH1 (=E-cadherin) cell surface adhesion protein
TIMPs secreted protein

MKK4 cytoplasm

Adapted in part from P.S. Steeg, Nat. Rev. Cancer 3:55-63, 2003.

Mechanism of action

involved in chromatin remodeling
transcription factor

cell-cell association (?)

ligand of G-protein-coupled receptor
regulator of MAPK cascade (?)

negative regulator of Rho action
cytoskeleton-associated protein

regulator of MAPK cascade (?)

favors formation of epithelial cell sheets
inhibitor of metalloproteinases

protein kinase component of MAPK cascade




Angiogeneze

Endothelial cells in
the capillary release
| protein growth factors

IN SITU TUMOR Capillaries proliferate;
tumor begins to grow

Tumor cells release angiogenic
proteins and suppress levels
of angiogenesis inhibitors
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Tumor continues to expand, After treatment with antiangiogenic
eventually spreading to other organs drugs, tumor diminishes in size

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.




ANGIOGENEZE

Angiogeneze je proces tvorby novych krevnich kapilar.

U dospé¢leho jedince je proliferace endotelialnich bunck velmi nizka.
Fyziologickou vyjimku, kde je ale angiogeneze prisné regulovana, tvori
zensky reproduktivni system a hojeni ran.

Neregulovana angiogeneze je spojena s radou patologickych stavi jako
je revmaticka artritida, psoriasis, diabeticka retinopatie a nadorova
onemocheéni.

Nadorovy rist a tvorba metastaz jsou zavislé pravé na angiogenezi.

Uloha:

» Zzasobovani zivinami a kyslikem.

» cesta, kudy se nadorove bunky dostavaji do obéhu a mohou tak
metastazovat v riznych vzdalenych organech.

Angiogeneze je komplexni proces zahrnujici sirokou souhru mezi

bunkami, rozpustnymi faktory a slozkami extracelularni (mimobunéecne)
matrix (ECM).



Uloha ROS v proteolytické — antiproteolytické rovnovéaze

ROS e : :
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Enhanced proteolysi's



Hlavni endogenni induktory angiogeneze

Peptidoveé rustove faktory a prozanétlivé mediatory

» vascular endothelial growth factor family (VEGF) a angiopoetiny pusobi
specificky na endot. burniky. Pusobi pres tyrosin kinazove receptory a funguji
protiapopticky

» cytokiny a chemokiny pfimo pusobici - aktivuji Fadu dalSich bun. typu.
Prototypem je bFGF (basic fibroblast growth factor) a PDGF (platelet growth
factor), IL-8, IL-3

» neprimo pusobici faktory (TNF alpha a TGF beta), které pusobi uvolfiovani
dalSich faktort z makrofagu, endotelialnich nebo nadorovych bunék. Napr. TNF
alpha stimuluje uvolfiovani VEGF, IL-8 a FGF-2 z endotel. bunek.

» 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, -10, TGF,
bFGF — aktivace MAPKs.

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

Zahajeni nadorové angiogeneze je vysledkem posunu v rovhovaze
stimulatoru a inhibitoru.
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The development of tumour vasculature — angiogenesis — is important for
progression of many tumour types, although tumours frequently form
abnormal leaky vessels. Angiogenesis is induced by factors such as
vascular endothelial growth factor (VEGF), basic fibroblast growth factor
(bFGF) and platelet-derived growth factor (PDGF). VEGF receptors (VEGFRSs)
are expressed on the endothelial cells of the tumour vessels, whereas PDGF
receptors (PDGFRs) are expressed by the pericytes that support blood-
vessel growth. VEGF is produced by both pericytes and endothelial cells,
and PDGF is produced by endothelial cells, so each cell type produces the
growth factor that promotes proliferation and survival of the other cell type.

A number of mAbs and receptor tyrosine kinase (RTK) inhibitors have
been developed to block these signalling pathways, and have been shown
to slow tumour growth in preclinical and clinical studies. Endothelial cells
also produce endogenous inhibitors of angiogenesis, such as
thrombospondin, endostatin and tumstatin. These are also being developed
as anticancer agents.



Uloha bunééné adheze

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

(selektiny, imunoglobulinova supergenova rodina, kadheriny
a integriny).

Clenové kazdé z nich se uplatiuji v angiogenezi.

K zahajeni angiogenniho procesu se musi endotel. bunky
uvolnit od sousednich bunek.

Po proteolyticke degradaci zahajuji "vedouci” endotelialni
bunky migraci pres degradovanou matrix.

Jsou nasledovany proliferujicimi endotelialnimi bunkami, ktere
jsou stimulovany radou faktoru, z nichz nékteré jsou
uvolnovany z degradovane ECM.



Béhem invaze a migrace je interakce endotel. bunék s ECM
zprosfedkovana integriny. Také konecna faze angiogenniho procesu,
vcetne konstrukce kapilarnich smycek a urceni polarity endotelialnich bunek
vyzaduje bunécneé kontakty a kontakty s ECM.

Integriny (2 nekovalentné spojené jednotka alfa a beta) - heterodimerizuji ve
vice nez 20 kombinacich. Endotel. buriky tak exprimuji nékolik raznych
integrint - napojeni na Siroké spektrum proteinu ECM. V aktivovaném
endotelu mohou suprimovat aktivitu p-53 a p21 a zvysovat pomer Bcl2:Bax,
coz ma antiapoptické ucinky

Dalsi molekuly:

» vaskularni endotelialni kadherin zprostredkovava na Ca2+ zavisle
homofilni interakce mezi endotel. bunkami.

» clenové ICAM zprostiedkovavaji heterofilni adheze. Jsou zvysSovany
TNFalfa, IL-1 nebo INF-gamma.

» P- nebo E-selektin - podporuji adhezi leukocyti k cytokiny aktivovanemu
endoteliu




The Reductionist View A Heterotypic Cell Biology

Figure 3. Tumors as Complex Tissues

The field of cancer research has largely been Cancer cells
guided by a reductionist focus on cancer cells
and the genes within them (left panel)—a fo-
cus that has produced an extraordinary body
of knowledge. Looking forward in time, we
believe that important new inroads will come
from regarding tumors as complex tissues in
which mutant cancer cells have conscripted
and subverted normal cell types to serve as
active collaborators in their neoplastic agenda
(right panel). The interactions between the
genetically altered malignant cells and these

supporting coconspirators will prove critical %y
to understanding cancer pathogenesis and to O {a ~Endothelial cells

the development of novel, effective therapies.

Immune calls

Nador je komplexni tkan.

Nadorové bunky meni normalni bunecne typy tak, aby s nimi
spolupracovaly v rozvoji maligniho fenotypu. Porozumeni interakcim mezi
geneticky zmenenymi nadorovymi bunkami a dalSimi okolnimi bunecnymi
typy je dulezita i pro vyvoj novych protinadorovych lécebnych strategii.
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Model angiogeneze - interakce bunécnych typu.

V nadorovych bunkach prostaglandiny (PGs) tvorené pres cyklooxygenazu-2
(COX-2) zvysuji produkci rustovych faktoru jako je VEGF, které pusobi primo
na endotelidlni buiiky a bFGF, ktery stimuluje produkci COX-2 u fibroblastu.
PGs tvorené ve fibroblastech stimuluji produkci VEGF, ktery pusobi
parakrinnim zplisobem 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 rustovymi faktory.



Stupen angiogeneze jako prognosticky faktor

Uzky vztah mezi angiogenezi a tvorbou metastaz.
Cim intenzivnejSi angiogeneze, tim vétsi riziko metastaz a horsi
prognoza nadoroveho onemocneni.

Histologicke rezy a detekce fokalnich oblasti tzv. ,hot spots® pomoci
monoklonalnich protilatek proti cevnimu endotelu nebo adhezivnim
molekulam CD31 a CD34.

Kvantitativni hodnoceni je prognostickym faktorem napr. u rakoviny
prsu, delozniho Cipku, mocoveho mechyre a melanomu.

Zvysena vaskularizace kostni drené — horsi prognoza u akutni
leukémie.

Inhibice angiogeneze — lecebna metoda



Antiangiogenni terapie - vyhody proti terapii mifené primo proti nadorovym
bunkam. Endotelialni bunky jsou geneticky stabilni, diploidni a homogenni cil a
zridka zde dochazi k mutacim. Take 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 take
prognostickou hodnotu.

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

¢ inhibitory bunecné invaze, motility a adheze (inhibitory MMP aktivity, inhibice
bunecnych adhezivnich molekul)

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

¢ latky, které interferuji s angiogennimi rustovymi faktory a jejich receptory
(specificke protilatky, INF-alfa

¢ inhibitory enzymu jako je COX-2 (NSAIDs)

¢ tzv. "vascular targeting” - inhibice rustu nadoru destrukci nadorovych cév.



Endogenni inhibitory angiogeneze

Table I. 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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From National Cancer Institute Database (updated August 1999).



Ziskané vlastnosti nadoru

V¢étsina nadort ziskava behem
vyvoje stejny soubor funkcnich
vlastnosti, 1 kdyz ruznymi
mechanismy

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



A
Component Acquired Capability Example of Mechanism

Self-sufficiency in growth signals Activate H-Ras oncogene

Insensitivity to anti-growth signals  Lose retinoblastoma suppressor

Evading apoptosis Produce IGF survival factors

Limitless replicative potential Turn on telomerase

Sustained angiogenesis Produce VEGF inducer

Tissue invasion & metastasis Inactivate E-cadherin
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Figure 4. Parallel Pathways of Tumorigen-
esis

While we believe that virtually all cancers
must acquire the same six hallmark capabili-
ties (A), their means ot doing so will vary sig-
nificantly, both mechanistically (see text) and
chronologically (B). Thus, the order in which
these capabilities are acquired seems likely
be quite variable across the spectrum of can-
cer types and subtypes. Moreover, in some
tumors, a particular genetic lesion may confer
several capabilities simultaneously, decreas-
ing the number of distinct mutational steps
required to complete tumorigenesis. Thus,
loss of function of the p53 tumor suppressor
can facilitate both angiogenesis and resis-
tance to apoptosis (e.g., in the five-step path-
way shown), as well as enabling the charac-
teristic of genomic instability. In other tumors,
a capability may only be acquired through the
collaboration of two or more distinct genetic
changes, thereby increasing the total number
necessary for completion of tumor progres-
sion. Thus, in the eight-step pathway shown,
invasion/metastasis and resistance to apo-
ptosis are each acquired in two steps.
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