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Otazky

» ProcC je autokrinni signalizace destabilizujici faktor pro
normalni tkané?

» Jaké mechanismy mohou bunky uplatnovat pro snizeni
citlivosti k pusobeni ristovych faktoru?

» Jake molekularni mechanismy mohou vést ke konverzi
protoonkogenu na onkogen?



Typicke znaky nadorove bunky

» podpurné proliferacni signaly
» deregulace supresoru rustu/prolifer:

» odolnost k buné&né smrti am

» neomezena replikace

» neoangiogeneze

» invaze a metastazovani

» mutace a genomicka nestabilita

» zanet

» prestavba energetického metabolisi
» unik pred znicenim imunitnim syster.____

Douglas Hanahan & Robert A.
Weinberg: Hallmarks of Cancer:
Next Generation, Cell, 2011



Proc je rakovina tak devastujici?

2012 > 2030

cancer-related death cause estimate

WORLDWIDE CANCER CASES
ARE PROJECTED TO INCREASE BY

1.50%

FROM 14 million 70 21 million

WORLDWIDE CANCER DEATHS
ARE PROJECTED TO INCREASE BY

1.60%

FROM 8 million T0 13 million

metastasis 90
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Proc je rakovina tak devastujici
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Transforming growth factor -  (TGF- (3)

TGF-$ rodina ~ TGF- s,
activins, bone morphogenic
proteins (BMP)

TGF-$,
* pleiotropni cytokin
 negativni regulator

Cellular effects

Differentiation
Growth inhibition
Deposition of
extracellular matrix Nucleus
Apoptosis

Gene
/ transcription \

Epstein, F.H., N Engl J Med 2000; 342:1350-1358, 2000



Biologicke funkce TGF-

» Hraje klicovou ulohu behem embryogeneze;

» reguluje proliferaci, diferenciaci, bunécnou smrt,
motilitu, adhezi (v zavislosti na bunécnem typu) =
ovlivihuje homeostazu,;

» reguluje expresi extracelularni matrix;
— indukuje fibrilarni kolagen a fibronectin;

— inhibuje degradaci ECM (inhibici MMPs a indukci
TIMPs).



Role TGF-§ v rozvoji patologickych stavu

» Fibréza

— deregulace exprese ECM prostrednictvim
indukce proliferace fibroblastu a jejich
myofibroblastového fenotypu.

» Nadorova onemocneni
— ztrata citlivosti epitelialnich bunék k
inhibicnimu pusobeni TGF-f;
— Indukce angiogeneze.
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Role TGF- v carcinogenezi

TGF-p TGF-B Endoglin Type ll Typel Smad?2 Smad4
signaling receptors receptors
component
Cancers Increased ex- Colorectal (30%) | Breast (16%) Colorectal {11%) | Pancreatic (50%)
(somatic mutations) pression leads Gastric {15%) Pancreatic Lung (7%) Colorectal (30%)
to enhanced Endometrial Biliary Hepatocellular Lung {10%)
invasion and Prostate Cervical Breast
metastasis Breast Chronic lympho- Prostate
Lung cytic leukemia Ovarian
Hepatic Head and neck
Pancreatic Esophageal
Cervical Gastric
Glioma Bladder
Head and neck Hepatocellular
Renal cell
Other diseases Fibrosis Hereditary Atherosclerosis Familial juvenile
(germ-line mutations Hy pertension hemorrhagic polyposis
Osteoporosis telangiectasia

or polymorphisms)

Atherosclerosis

NEJM 342, 18 (2000) 1350-1358




Role TGF- v carcinogenezi
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Role TGF-B v carcinogenezi

Normal cells
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NEJM 342, 18 (2000) 1350-1358



'Role TGF-B v carcinogenezi

Rapid growth ——> Clonal —= Carcinoma ——» Metastasis
/ expansion T T

Loss of TGF-B signaling, |”t‘-‘-f[l?asedt |ntCl:£k_3asedt
e.g.TBRII mutation mutation rate mutation rate
TGF-p /
Normal i Benign
5 .
cell lesion
Perturbation of TGF-
signaling, e.g. altered Smad2
T Migration/invasion Reversible EMT

' ’ '

Slowly expanding tumor —J Carcinoma —Jp= Metastasis

TRENDS in Cell Biology

TRENDS in Cell Biology Vol.11 No.11 2001
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Figure 14.3 The Biology of Cancer (© Garland Science 2007)
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primary tumor localized intravasation  transport arrestin extravasation
formation invasion through microvessels of
circulation various organs

interaction with

platelets, lymphocytes, l
and other blood \ formation of a
components AN micrometastasis

colonization -
formation of a
macrometastasis

Figure 14.4 The Biology of Cancer (© Garland Science 2007)




Epithelial

an{ges specific
to cells of the

PGR early lesion

Established tumor
with densely
PGR signaling increases / packed cells

migrating potential

y

of PGR-negative,

HER2-expressing cells /-:

Dissemination

/ DNA

-

DISTANT SITE DISTANT SITE

Accrual of additional
genetic changes results
in proliferation of
disseminated cel /

Figure 1. A Model of Parallel Progression after Early Dissemination.

Recent experiments with a mouse model of human epidermal growth factor receptor 2 (HER2)—positive breast cancer'?
have uncovered events critical to the dissemination of cancer cells from the early lesion (Panel A) and cells of the
established tumor (Panel B). The cells in the early lesion are loosely arranged; some of them express the progesterone
receptor (PGR) in addition to HER2. These PGR-positive cells secrete soluble factors, such as receptor activator of
nuclear factor-k3 ligand (RANKL) and Wnt4, that induce the migration of PGR-negative cells from the lesion. The
cells in the established tumor (Panel B) are packed more tightly, typically do not express the PGR, and are less likely
to metastasize. The cells that disseminate from established tumors to the bone marrow carry many of the genetic
variants, such as loss of chromosome 8p, that are found in established tumors, whereas those that disseminate from
early lesions do not and instead evolve in parallel with the primary tumor and other disseminated cells.

N ENGLJ MED 376;25 NEJM.ORG JUNE 22, 2017



Lokalni invaze a intravazace

» Invaze do ceév, zavisla na degradaci ECM
» Zavisla na proteazové aktivité

» Nadorové buriky mohou produkovat své vlastni proteazy (MMP-2, -9)
nebo kooptuji stromalni bunky a vyuzivaji jejich aktivity

Figure 14.6a The Biology of Cancer (© Garland Science 2014)
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Figurs T4.6¢ The Bk of Cancer 0 Grland Scnce 20
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Pohyb bunék
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Figure 14.36 The Biology of Cancer (© Garland Science 2014)
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Figure 1439 The Biology of Cancer (© Garland Science 2014)



Pohyb bunek
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Transport, cirkulace
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Figure 14.45 The Biology of Cancer (© Garland Science 2014)
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Figure 14.8 The Biology of Cancer (© Garland Science 2014)
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Metastaticka kaskada

Maligni

Vaskularizace

Cirkulujici nadorové
buriky (CNB) —
klicova uloha

Embolie

S X (T




Proc se cirkulujicimi nadorovymi bunkami zabyvat?

» 90% umrti spojenych
se solidnimi nadory —
metastaze
> Sifeni primarné krvi

Sekundarni
metastdza __—

. , , v
> Klinicky vyznamné E Lokam. iniaze ¢

> ”quUId blopsy“ PFilnuti k endotelu Intravazace

> Prabéh terapie % \ 4 !?
» Prognosticky znak Krouni obh
» Specifické mutace Y o ' el

—> cile terapie




Vlastnosti cirkulujicich nadorovych bunéek

o

> Prekonani anoikis
» Zména fenotypu

A

> 19 (10° bunék) tumor —
uvolnéni 10% bunék/24 h W |

> 1 CNB na 100 mil krevnich — |

@. "

.

" (Bastecné) EMT.

i

bunék [E=——— °©“
> Polocas zivota: 1 — 2 hod Ogbamm fo—4=2 o— sl

@0 Gee
Epitelialni bunky

. v cirkulaci | Heterogenita |
> Velikost a deformovatelnost ==

» Exprese povrchovych znakc "o |
» Moznosti detekce ®..f® @ ‘
_Analyza

)

Detekce a izolace.




Detekce nadorovych cirkulujicich bunék

melanomy,

Priichod

molekularni

(Li et al. 2015)

AdnaTest prostata, imunomagneticka Qiagen [URL1]
prso, tlusté separace EpCAM+
stfevo, -> lyza > izolace
ovaria, RNA
CellCollector | plice, prso, zachyceni molekularni Gilupi [URL2]
tlusté stfevo, | EpCAM+ bunék in | charakterizace,
prostata vivo pomoci sondy | kultivace
potazené
protildtkami proti
EpCAM zavadéné
ptimo do paze
pacienta
CellSearch | metastézujici: | imunomagnetickd | stanoveni Veridex | [URL3]
prostata, separace EpCAM+ | prognozy
prso, tlusté -> permeabilizace | (validovéno)
stfevo -> znadeni na
DNA (DAPD), CK,
CD45 = jako
CNB jsou
vyhodnoceny
CD45-, DAPI+,
CK+
CTC chip plice, jicen, krev protéka pfes | molekularni - (Sequist et al. 2009)
prostata, mikrofluidni &ip se | charakterizace,
prso, thusté sloupegky kultivace
stfevo, aj. s EpCAM
protilatkami
HD-CTC metastézujici: | Iyza erytrocytli = | morfologické - (Marrinucci et al.
prostata, permeabilizace > | znaky a 2012)
prso, znaceni na CK, cytopatologické
pankreas CD45, DNA znaky,
(DAPI) > identifikace
vyhodnoceni shluki CNB
softwarem

Vojtéch Dvorak, BP, MU, 2016

karcinomy mikrofluidnim charakterizace,
kanalem, kultivace
vystaveni
akustickym vinam
- rizné
vlastnosti
(velikost, deform.,
hustota,...) =
rizné vychyleni
Apostream | rizné separace na molekularni Apocell [URL4]
zakladé charakterizace,
dielektrickych kultivace,
vlastnosti
Celsee prostata, prso, mikrofluidni, DNA/RNA DeNovo | [URLS]
tlusté stfevo separace pomoci | FISH, Sciences
filtraénich Kultivace,
komiirek
CellSieve ruzné filtrace za nizkého | molekularni Creatv [URLS6]
tlaku charakterizace, | microtech
kultivace,
MetaCell rizné filtrace usnadnéna histologie, MetaCell | [URL7]
kapilarni silou enzym.
aktivita
Cluster chip | metastdzujici: | mikrofluidni, molekularni - (Sarioglu et al.
melanomy, pomaly pritok charakterizace, 2015)
prso, prostata pres systém izolace shlukt
sloupcit CNB
OncoQuick | karcinomy, gradientova molekularni Greiner [URLS]
melanomy centrifugace charakterizace, | BioOne
kultivace
Spiralni rizné (>12 um) | hydrodynamické | molekularni - (Khoo et al. 2015)
mikrofluidni oddgleni na charakterizace,
zékladg velikosti | kultivace,
izolace shlukt
CNB




Detekce nadorovych cirkulujicich bunéek

Table 1

Circulating tumor cell (CTC) isolation technologies. Relevant performance characteristics of the discussed CTC isolation technologies.
Capture efficiency refers to the percentage of cells isolated in cell spike experiments with cancer cell lines in whole blood. Purity refers to
the captured number of target cells as opposed to captured non-target cells as expressed either as a percentage or log depletion. Blank
spaces indicate that this metric was not provided by the reference

Technology Year  Capture efficiency Purity Throughput Clinical verification References
CellSearch 2004 85.50% Low Breast, bladder, colorectal,  [3]
gastric, lung, ovarian,
pancreatic, prostate, renal
CTC Chip 2007 =>60% 50% 1 mlL/h Breast, colon, lung, [8,11,43*7]
pancreatic, prostate
GEDI 2009 78-85% 68% 1ml/h Breast, gastric, pancreatic, [12,13,38]
prostate
HTMSU 2008 94.50% 1.6 ml/h Pancreatic (PDX mouse) [14,39]
HT-CTC Chip 2014 86% 1.38 mL/h Prostate [15]
NanoVelcro 2011 95% 0.5 mU/h Lung [16%]
Hb Chip 2010 92% 14% 1.2 ml/h Prostate [17,41]
LbL Hb Chip 2015 96% High Breast, lung [18]
Oncobean 2014 82.7-100% Higher with increased  Up to 10 mL/h Breast, lung, pancreatic [19]
flow rates
GO Chip 2013 94.20% High 1ml/h Breast, lung, pancreatic [20%]
CTC-iChip 2013 77.8-98.6% 2.5-3.5 log depletion 8 ml/h Breast, colorectal, lung, [21°*,42°°,44°°]
pancreatic, prostate
VerlFAST 2014 90% Lung [22]
SB microfilter 2014 78-83% 1.7-2 x 10® Around 5 mUh Tested in mouse model [26]
FMSA device 2014 92.6% 1.4 x 10* Around 45 mL/h  Breast, colorectal, and [27°,40]
lung
Vortex technology 2014 10-20% 57-95% for clinical Lung, breast [29]
samples
Multiplex spiral 2013 >85% 10% 3 ml/h Lung [34]
device
ApoStream (DEP) 2011 70% Reduction of WBCs 1 ml/h Prostate, breast, lung, [35]
99.33% =+ 0.56% hepatocellular, bladder
(2-3 log depletion)
taSSAW 2013 >83% Around 90% removal 1.2 ml/h Lung [36,37%]

rate of WBCs
(1 log depletion)

Current Opinion in Chemical Engineering 20186, 11:59-66



Priklad: Filtrace

» CNB: epitelidlni pivod = vétsi

velikost > Vyhody — nezavislost
» Platformy: MetaCell, CellSieve, na povrchovy(’:h znacich
Celsee,... > Heterogenni populace

» Neni nutna aktivace

Nt

» Nativni stav

Erytrocyty

Granulocyty 12-15

Monocyty 15-25

Lymfocyty 7-10,14-20 » Nevyhody

CNB 17-52 » Mozny prekryv s
leukocyty

» Nutné vyuzit dalSich
znaku (CD45)
» RuUzna velikost CNB?




Priklad: Filtrace

» polycarbonate membrane with 8 um pores (CTCs over 20 um)
» capilary force-driven filtration

The “ membrane”
cell population

OO0
)

=
Polycarbonate | —
membrane (PCM) A Flux driven by diffusion
supported by the shape of The “ bottom*” cell
e the g population MetaCel L
Growing media
(without any concentration 2. ;
gradient) 3
_

IHC slide




Priklad: mikrofluidni separace

CTC Chip

7 J

Immunocapture

CTC-iChip
VerlFAST

. Ruuluualliu
& While bloed cel (5 x 104l
¢ ©TC laboled wilh magnete

10l

Immunomagnetic separation

Current Opinion in Chemical Engineering




Priklad: mikrofluidni separace

Size Based Separation

® | ® Microfilter Inertial Effects
FMSA device
=5 g - ‘ - e re ‘
Captured tumor cells ™ Leukocytes

Red blood cells

parylene-C membrane

SB microfilter

J‘l

Inrer wall b -
migration ¥

R \
single paint %,
tocusing |
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Spiral devices

Current Opinion in Chemical Engineering




Priklad: mikrofluidni separace

20 p.s.i.
Size-based Sorting Viagnetic Separation *
Yy
REB;CS,éJIa{eIt'ts, other
blood components Blood
~630 pl/min | Buffer ~120 plmin
Waste 1
syringe (RBC. PLT) CTC-iChip
pump | <t
600 pl/min
. . Red blood cell (8 x 10%/ml) _
punning ®  White blood cell (5 x 10mi) WBC CTC-Chip
b CTC labeled with magnetic beads (1-100/ml) Stage 2
Waste 2a %
(WBC-hi) H u

~60 pl/min V| waste 2b
Product (WBC-low)
(CTC) ~36 ul/min

~54 ul'min

CTC-iChip running platform

Microfluidic, marker-free isolation of circulating
tumor cells from blood samples

Nezihi Murat Karabacak!4, Philipp S Spuhler!-#, Fabio Fachin!, Eugene J Lim!, Vincent Pail!, Emre Ozkumur!,
Joseph M Martell, Nikola Kojic!, Kyle Smith!, Pin-i Chen!, Jennifer Yang!, Henry Hwang!, Bailey Morgan!,

Julie Trautwein2, Thomas A Barber!, Shannon L Stott!»2, Shyamala Maheswaran?2, Ravi Kapur!, Daniel A Haber23
& Mehmet Toner!

IDepartment of Surgery and Center for Engineering in Medicine, Massachusetts General Hospital, Boston, Massachusetts, USA. ZCancer Center, Massachusetts

General Hospital, Boston, Massachusetts, USA. *Howard Hughes Medical Institute, Chevy Chase, Maryland, USA. 4These authors contributed equally to this work.
Correspondence should be addressed to M.T. (mtoner@hms.harvard.edu).

Published online 27 February 2014; doi:10.1038/nprot.2014.044



Priklad: mikrofluidni separace
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Izolace CTC pomoci deplece CD45+ bunék krve

@ @ ® @

Add RosetteSep™ Layer over density Centrifuge for 20 minutes* Coallect cells
Antibody Cocktall gradient medium

Incubate
20 minutes
) Plasma
Enriched cells
Density gradient Density gradient medium
medium Highly purified cells

Red blood cells and

unwanted cells (rosetted) are left untouched

*Use SepMate™ to reduce centrifugation time to 10 minutes with brake on.

&RosetteSep”

CD45 Depletion Cocktail for Enrichment of
Circulating Epithelial Tumor Cells
For labeling 200 mL blood

Kit Contains:
CD45 Depletion Cocktail for Enrichment of Circulating
Epithelial Tumor Cells (5 x 2 mL)

FOR RESEARCH USE ONLY

Catalog #15162 o
Lot #00000 Store at 2-8°C

#“RosetteSep"”

Unique Immunodensity Cell Isolation

RosetteSep™ kits offer one-step enrichment of cells directly from human whole blood. By crosslinking
unwanted cells to red blood cells (RBCs) present in the sample, CTCs are enriched during standard
density gradient centrifugation. RosetteSep™ is easy to use, does not require additional equipment,
reduces sample handling time and maximizes convenience. RosetteSep™ can be easily combined with
SepMate™, a specialized isolation tube that standardizes and minimizes variability when isolating cells
using density gradient centrifugation. Learn more at www.RosetteSep.com and www.SepMate.com.




Klinické vyuziti detekce cirkulujicich nadorovych bunék

» QOdhad progndzy pacienta
» Monitoring priubéhu onemocnéni
» \/Casna detekce

» Metastazujici karcinomy prsu a prostaty — hranice 5
CNB/7,5ml

» Metastazujici karcinom tlustého stfeva — hranice 3 CNB/7,5 ml
» CellSearch system Veridex — schvaleno FDA




Mnozstvi cirkulujicich nadorovych bunék koreluji s prognézou
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The Prostate
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Molekularni charakterizace CNB - cilena terapie

» Biopsie — identifikace mutaci — zacileni terapie
» Uvolnovany i z metastaz - komplexita
» Vyvoj onemocnéni - chemorezistence, identifikace

novych cill
» Vyuziti v budoucnu?

Pocatecéni stav

Iniciaéni klon v pfevaze

Cilena

Cilena

terapie A :
(napf. terapie B
EGFR nebo

inhibitor) chemoterapie

@
@)@@@3

Pfevaha vyselektovanych klont Vétsi komplexita?



Cirkulujici nadorové bunky — prekurzor metastaz

» Mnozstvi CNB nekoreluje s
mnozstvim metastaz

» Rozsev nadorovych bunék
muze probihat v ¢asnych
stadiich (b)

» K vytvoreni metastaz
nutna dalsi stimulace —
mikroprostredi,
mutageneze

» Relaps: metastaze

puvodem z rozesetych Hrman:
Tumor & Kg??x
> ,Tumor self-seeding” o o R

> Oblast intenzivniho P |
Vkaumu OOO OOOOOOOOOOO

M 6060600000060 0303606

Lung Liver Liver Lung Primary
metastasis metastasis metastasis metastasis tumour




Plasticita cirkulujicich nadorovych bunéek

> Tvorbu metastéz ovliviiuje .
fada faktoru — mj. plasticita :
CNB Vznik metastaz Podnéty z prostiedi: Karcinom in situ
zént, hypoxie Lokélni invaze
> Epitelialné-
mezenchymalni prechod Proliferace
» Podil na vzniku CNB

» VySSi motilita a invazivita

» Vznik chemorezistence

» Detailni mechanismy stale
predmeétem vyzkumu

> Vyz.nam pOpSén u ‘r’.ady Y\& Krevni crrkullgt?:\l?fay
karcinomu (prsu, prostaty, Zeny . . Primérni

plic, tlustého streva, | .. nador
vajecniku, atd.) o

I

Krevni desticky
TGF-B1

Invazivni karcinom




Epitelialne-mezenchymaini prechod

» U CNB popsan
epitelialni i
mezenchymalni
fenotyp

» M+ bunky — spojeny
S progresi
onemocneni

» Dynamicke zmeny

Circulating Breast Tumor Cells
Exhibit Dynamic Changes in Epithelial
and Mesenchymal Composition

Min Yu,“®* Aditya Bardia,** Ben S. Wittner," Shannon L. Stott,* Malgorzata E. Smas,
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Cirkulujici nadorové bunky: shrnuti

Nadorove bunky uvolnéné do cirkulace
» Klicova uloha ve vzniku metastaz
» Heterogenita a plasticity

» Detekce
» QOblast intenzivniho vyzkumu

» Klinicky vyznamné
» Pocet koreluje s prognozou
» Molekularni charakterizace — personalizace mediciny




Extravazace

» Penetrace bunék do okolni tkané
» Interakce nadorové burky se sténou cevy
» Moznost proliferace uvnitf lumen cévy

tissue endothelial
(1) cancercell  parenchyma (2) platelets cells (3) capillary basement membrane

(4) (5)

Figure 14.9d The Biology of Cancer (© Garland Science 2014)




Kolonizace

» Velice nizka ucinnost
» Dormantni mikrometastazy
» Metastaticky relaps

& genetically heterogeneous
PN et primary tumor
).

ASA ARA

A

dissemination of metastatic cells,
subsequent removal of primary tumor

micrometastases
@?) v @® é?éﬁ ‘ ’ scattered throughout

the body (minimal
acquisition of residual disease)
l ability to colonize

macroscopic metastasis

new, secondary shower of
metastatic dissemination

new colonization-competent micrometastases
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multiple macroscopic metastases,
disease relapse
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Y

Figure 14.11c The Biology of Cancer (© Garland Science 2014)

CK+ buniky v kostni dreni
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Figure 14.10d The Biology of Cancer (© Garland Science 2014)



Genetic determinants of cancer
metastasis

Don X. Nguyen and Joan Massagué

Tumorigenic genes

Metastasis initiation gen

Metastasis progression genes
= Proliferative autonomy = Detachment = Survival in circulation
« Genomic instabiity * Motility + Embolism
= Self-renewal = Invasion = Capillary adhesion
« Evasion of death » Marrow progenitor-cell » Extravasation
» Evasion of cytostasis recruitment » Adaption to new environment
= Evasion of immunity = Angiogenesis = Emergence from dormancy
« Resistance to hypoxia » Intravasation » Organ-specific colonization

Dormant
rmicrometastasis
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Epithelial-Mesenchymal Transition (EMT)

» Zmeéna bunécného fenotypu spojena se ztratou
adheze a zvysenim motility

Table 14.1 Examples of EMTs during mouse embryonic development

Process Transition
To
Gastrulation epiblast mesoderm
Prevalvular mesenchyme in  endothelium atrial and ventricular septum
the heart
Neural crest cells neural plate neural crest cells, which can

yield bone, muscle, peripheral
nervous system

Somitogenesis somite walls sclerotome
Palate formation oral epithelium mesenchymal cells
Mullerian duct regression Mullerian tract mesenchymal cells

Adapted from P. Savagner, BioEssays 23:912-923, 2001.

Table 14.1 The Biology of Cancer (© Garland Science 2014)



EMT & nadory

EMT
—
primary tumor invasive edge liver metastasis
Figure 14.18a The Biology of Cancer (© Garland Science 2014)
carcinoma in situ invasive carcinoma  ENT epithelial [Jlj mesenchymal
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Figure 14.18b The Biology of Cancer (© Garland Science 2014)



Znaky a regulatory EMT
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Transforming growth factor-g (TGF-p)

Jian Xu, Samy Lamouille, Rik Derynck
Cell Research (2009) 19:156-172.

Snail family ZEB family b:ﬁgf‘:ﬂ"’
Snail1 ZEB1 Twist
Snailz ZEB2 lda
Transcription I
Ssiee Claudins : : : :
Cccludin Claudins Claudins
E-cadherin Z0 Occludin
Desmoplakin E-cadherin E-cadherin
Plakophilin Plakophilin Desmoplakin
Crumbs3 Crumbs3 Plakoglobin
Cytokeratins : :
Fibronectin
Vitronectin ) Fibronectin
M-cadherin Vitronectin Vitronectin
Collagen N-cadherin N-cadherin
MMPs MMPs SPARC
Twist, Ids o 5-integrin
ZEB1/2
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Klicové objevy v EMT a rakovine

» EMT creates cells with cancer stem cell characteristics
Mani SA, et al., Cell. 2008 May 16;133(4):704-15.

» Cross-regulation between ZEB1/2 and miR-200 family

Gregory PA, et al., Nat Cell Biol. 2008 May;10(5):593-601.
» Cross-regulation between Twist and Slug

Epithelial Mesenychmal transition

e

E cadherin . Cancer stem cell

smeralda Casas, Jihoon
im, Andrés Bendesky, et
ancer Res; 71(1) January
11 '
achi Jain, Suresh K. Alaharii
ontiers in Bioscience 16,
24-1832, January 1, 2011
|

) ) Metastasis
Zhang, Y Li and M Lai

cogene 29, 937-948
8 February 2010)



Experimentalni pristupy

ESTABLISHMENT AND CHARACTERIZATION OF AN IMMORTALIZED BUT Malignant Transformation in a Nontumorigenic Human Prostatic Epithelial
NON-TRANSFORMED HUMAN PROSTATE EPITHELIAL CELL LINE: BPH-1  Cell Line'

Simon W, Ha‘\'warli,’ Yuzhuo Wang, Mei Cao, Yun Kit Hom, Baohui Zhang, Gary D. Grossfeld, Daniel Sudilovsky,
and Gerald R. Cunha
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Analyza migracniho potencialu
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Figure 14.41c The Biology of Cancer (© Garland Science 2014)
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Diseminace solidnich nadoru

Short latency
Aggressive disease course
Multi-organ metastasis

Lung cancer

Breast cancer

Sequential metastasis

Colon cancer

Long latency
Strong preference for bone metastasis

Osteoblastic BM

e
>

Prostate cancer




bone marrow

igure 14.42 The Biology of Cancer (© Garland Science 2007)




Metastaticky tropismus

tissue
tropism

bone

High5 Low5 High-4 High-3
IL-11, CTGF, IL-11, CTGF,
CXCR4, MMP1 MMP1

Figure 14.53 The Biology of Cancer (© Garland Science 2014)

Thirty-three cells from a large population of human MDA-MB-231 cells were each expanded into a clonal population in culture. The mRNA expression pattern of each subclone
was analyzed (columns, arrayed left to right) using probes for the mRNAs of five genes—IL 11 (interleukin-11), OPN (osteopontin), CTGF (connective tissue growth

factor), CXCR4 (chemokine receptor 4), and MMP1 (matrix metalloproteinase-1)—and, as loading control, a probe for GAPDH (glyceraldehyde-3-phosphate dehydrogenase)
mRNA. In addition, the expression patterns of the original tumor cell population (ATCC, left column) and a subcloned cancer cell population termed 2287 (which was selected
for its ability to generate osteolytic metastases; 2nd column) were analyzed. The five experimental genes were chosen because of their overexpression in osteotropic
metastatic cells and their known biological properties in promoting osteolytic metastases. Clone 2 cells (red box), when injected into the arterial circulation of mice, showed a
tendency to produce osteotropic metastases, as indicated by in vivo imaging; these cells expressed high levels of all five experimental mMRNAs. Clone 3 cells (yellow box), in
contrast, expressed low levels of all five mMRNAs and preferentially formed lung metastases. And clone 26 genes (yellow box), which expressed essentially none of these
mRNAs, formed no metastases at all. Moreover, when otherwise poorly metastatic cells were forced to express combinations of three of these genes, they acquired the ability
to form bone metastases efficiently (not shown), pointing to the causal role of these genes in forming these metastases. Metastases were visualized through the presence of a
luciferase gene in the tumor cells, which causes cells to release a bioluminescent signal. (From Y. Kang et al., Cancer Cell 3:537-549, 2003.)




Organoveé specifické bariéry
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Cel 733, 6677, April 4, 2008

TGF3 Primes Breast Tumors
for Lung Metastasis Seeding

through Angiopoietin-like 4

and Joan Massague'3*
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LETTERS

Genes that mediate breast cancer metastasis
to the brain

PaulaD. Bos', Xiang H.-F. Zhang', Cristina Nadal'f, Weiping Shu', Roger R. Gomis'{, Don X. Nguyen', Andy J. Minn?,
Marc J. van de Vijver’, William L. Gerald*, John A. Foekens® & Joan Massagué'®
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Metastaticka kolonizace plic
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Metastaticka kolonizace mozku
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Metastaticka kolonizace jater
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Osteotropni metastaze

» Parathyroid hormone-
related peptide (PTHrP)

» Behém laktace produkovan
normalnimi MECs -
mammary epithelial cells — >
mobilizace vapniku

» Nadorové bunky - adaptuji
tento mechanismus —
osteolyza kosti vede k
uvolnéni fady rdsovych
faktoru stimulujicich
nadorove burky

MDA-MB-231cells transfected with:

dn TGF-BRII dn TGF-BRII

+ ca TGF-BRI

+ PTHrP

Figure 14.49 The Bioloqy of Cancer (© Garland Science 2014)
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Aktivace rustovych signalu

KEY == Activation = Amplification

Soluble factors
and ECM molecules

Faracrine cytokines
Growth and and chemokines

survival factors
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Autocrine amplification Paracrine Paracrine Cell-cell contact
activation activation amplification and activation
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Stem-cell growth and survival pathways
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Metastaze pred a po terapii

Survival

Seeding from
primary tumour
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Terapie cilena na metastazovani

Table 1| Preclinical and clinical history of four metastasis-directed drug development efforts

Denosumab
Monoclonal T
antibody to C:ﬂ'lour @
RANKL
J Denosumab
A £
LRANKL J RANK 5
p AL, A, °g
Osteoblast Osteoclast
Bone
Bevacizumab
Monoclonal '
antibody to Jt Bevacizumab
VEGF ll

ED

VEGFR

Cilengitide
avp3 et
a‘r’lg avp5 Cilengitide ECM
integrin o integrin
peptide
inhibitor |
* Adhesion |
* Motility * Angiogenesis
« Viability o Vi
Tumour cell Endothelial cell
Dasatinib and saracatenib
SRC RTK ECM
kinase and
BCR-ABL
kinase
inhibitor

Tumour
cell

ALL, acute lymphoblastic leukaemia; CML, chronic myelogenous leukaemia: DFS, disease-free survival: ECM, extracellular matrix; FAK, focal adhesion kinase:
FDA, US Food and Drug Administration; OS, overall survival; PFS, progression-free survival; RANK, receptor activator of NF-kB; RANKL, RANK ligand; RTK, receptor

RANKL activates osteoclasts
and promotes bone destruction;
denosumab reduced bone

resorption in mice expressing
human RANKL*

* Bevacizumab inhibited
corneal angiogenesis and
lymphangiogenesis®**

* In multiple cancer xenograft
models, bevacizumab reduced
primary tumour growth rates
and, in some studies, enhanced
survival. Reduced angiogenesis
and vessel normalization was
observed™*

 Prevention or, less frequently,
abrogation of metastasis®****

* Stabilization of glioma growth
and angiogenesis. Synergistic
inhibition of glioma with TMZ&-%+

* Synergy with therapeutics in
melanoma primary tumour
growth®, synergy with radio-
immunotherapy in breast cancer
tumour growth®

* Inhibition of metastasis®

* Synergy with verapamil increased
angiogenesis and reduced
metastasis’*

¢ Inhibition of CML models™?

* Inhibition of primary tumour
growth in multiple model
systems, as monotherapy orin
combination®'?**

* Prevention of metastasis
in multiple cancer model
systems**#*% but not
osteosarcoma’’

# Inhibition of prostate cancer
growing in bone and bone
remodelling®#*

SREs* in metastatic setting;
adjuvant trials used time
to first bone metastasis or

fracture’™

* Recurrent ovarian cancer,
PF§#536

* Metastatic colorectal
cancer, QS0

* Metastatic or resistant
HER2* breast cancer, PFS*

* Metastatic renal cancer,
PFS22

* Glioblastoma, OS, PFS*%

* Advanced lung cancer, 05

* Adjuvant therapy in
triple-negative breast
cancer, DFS*

* Phase IIl CENTRIC EORTC,
with radiation therapy and
TMZ, for glioma, OS. Newly
diagnosed glioma, same
combination, recurrence®

* Phase Il trials in melanoma
and lung and prostate
cancers, PFS&-

* Cytogenetic response end
points for CML

* Response for advanced
solid tumours”#°

* OSin Phase lll prostate
cancer®’

FDA approved for
prevention of SREs

in solid tumours;
approved as adjuvant
therapy in prostate
cancer

* FDA approved for
resistant ovarian,
cervical and
colorectal cancers,
glioblastoma,
also advanced or
metastatic lung,
colorectal and renal
cancers

* Revoked for
metastatic breast
cancer

* Negative trials for
first-line treatment of
glioblastoma

All advanced trials were
negative

* FDA approved for
CML and resistant
ALL

* Discontinued in
advanced lung,
ovarian, colorectal
and breast cancers

* Negative in prostate
cancer Phase lll trial
with docetaxel

* Multiple adjuvant
trials terminated

NATURE REVIEWS | CANCER

tyrasine kinase; TMZ, temozolomide; VEGF, vascular endothelial growth factor. *Skeletal-related event (SRE) captures the deleterious effects of new lesions and

progression of existing lesions to cause patient morbidity.



Shrnuti

» 90% umrti na nadorova onemocnéni souvisi s
metastazovanim

» Invazivni kaskada zahrnuje: lokalni invazi, intravazaci,
transport, extravazaci, formovani mikrometastaz a
kolonizaci

» Nizka efektivita celé kaskady, nejméné efektivni je
kolonizace

» EMT, fizena pleiotropnimi TF v ruznych fazich
embryogeneze, adaptovana béhem tumorigeneze

» Motilita je fizena malymi GTPasami, Rho rodina

» Proteazy (MMP) umoznuji invazi nadorovych bunék,
degradace ECM
» Tkanovy tropismus nadorovych bunek lze v nekterych

pripadech vysvetlit organizaci obehového systemu, casto
prozatim neobjasnén



Otazky

» Jake je mozné vysvetleni nizké ucinnosti kolonizace
mikrometastaz?

» Jaky mechanismus muze vysvétlit korelaci mezi velikosti
nadoru a progndzou vzniku metastaz?

» Jaké dukazy podporuji zapojeni EMT v nadorové
patogenezi, jaké jsou naopak proti?



