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Otazky na 20.3.

» ProcC je autokrinni signalizace destabilizujici faktor pro
normalni tkane?

» Jaké mechanismy mohou bunky uplathovat pro snizeni
citlivosti k pusobeni rlstovych faktoru?

» Jakou roli hraji integriny v procesu bunécné motility?

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



Typické znaky nadorové buiiky

» podpurné proliferani signaly

» deregulace supresoru rustu/proliferace
» odolnost k bunécné smrti

» neomezena replikace

o
» neoangiogeneze

» invaze a metastazovani a

» mutace a genomicka nestabilita a
oz,
E5] ¢ o

» zanét
» unik pred zniCenim imunitnim systémem

» prestavba energetickeho metabolismu

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



Whole-body scan of a patient with
metastatic non-Hodgkin's lymphoma
(NHL). This is a fusion image of a CT
(computed X-ray tomography) scan of the
body's tissues (gray, blue) and a PET
(positron-emission tomography) scan in
which the uptake of radioactively labeled
fluorodeoxyglucose (FDG) in various
tissues (yellow) has been detected. FDG
uptake indicates regions of high glucose
uptake associated with aerobic glycolysis.
The activity associated with the brain is
normal. However, the yellow spots in the
abdominal regions indicate multiple NHL
metastases.

Figure 14.1 The Biology of Cancer (© Garland Science 2007)
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Biologicke funkce TGF-f

» Hraje klicovou ulohu behem embryogeneze;

» reguluje proliferaci, diferenciaci, bunecnou smrt,
motilitu, adhezi (v zavislosti na bunécném typu) =
ovlivauje homeostazu,;

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

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



‘Eq_le TGF-B v rozvoiji patologickych stavu

» Fibroza

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

» Nadorova onemocneéni
— ztrata citlivosti epitelialnich bunék k
inhibicnimu pusobeni TGF-f;
— Indukce angiogeneze.




Role TGF-B v carcinogenezi

TGF-B TGF-B Endoglin Type ll Typel Smad2 Smad4
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Role TGF-B v carcinogenezi
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Role TGF- v carcinogenezi
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Role TGF- v carcinogenezi
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Figure 14.4 The Biology of Cancer (© Garland Science 2007)



Lokalni invaze a intravazace

» Invaze do cév, zavisla na degradaci ECM

» Zavisla na proteazové aktivité

> Nadorové burfiky 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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Pohyb bunék
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Pohyb bunék
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Transport, cirkulace
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Metastaticka kaskada

Maligni

Vaskularizace

Cirkulujici nadoroveé
buriky (CNB) —
klicova uloha




ProcC se cirkulujicimi nadorovymi bunkami zabyvat?
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Viastnosti cirkulujicich nadorovych bunék

» Prekonani anoikis
» Zmeéna fenotypu

YO0 000,
Potencial

@@@

(Castecné) EMT
Lesnat L AT

,ouini

> 1g (10° bunék) tumor —
uvolnéni 10° bunék/24 h

> 1 CNB na 100 mil krevnich
bunék bt

» Poloc¢as zivota: 1 — 2 hod

Obalovani

A
r;\eeo \ooef

JEpltellaln[ bunk

Kmenovost

. Vv cir i " Heterogenita .
> Velikost a deformovatelnost e e
» Exprese povrchovych znakt o |
. : @
> Moznosti detekce @..® | l
Detekce a izolace| . ~ Analyza




Detekce nadorovych cirkulujicich bunek

melanomy,

Prichod

molekuldmi

(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
protilatkami proti
EpCAM zavadéné
pfimo do paZe
pacienta
CellSearch metastdzujici: | imunomagneticka | stanoveni Veridex | [URL3]
prostata, separace EpCAM+ | prognézy
prso, tlusté - permeabilizace | (validovano)
stfevo -> znaleni na
DNA (DAPI), CK,
CD45 2 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, tlusté sloupecky kultivace
stfevo, aj. s EpCAM
protilatkami
HD-CTC metastazujici: | lyza erytrocyti 2 | morfologické - (Marrinucci et al.
prostata, permeabilizace > | znaky a 2012)
prso, znaceni na CK, cytopatologické
pankreas CD45, DNA znaky,
(DAPI) > identifikace
vyhodnoceni shlukii CNB
softwarem

Vojtéch Dvorak, BP, MU, 2016

karcinomy mikrofluidnim charakterizace,
kanalem, kultivace
vystaveni
akustickym vinim
- riizné
vlastnosti
(velikost, deform.,
hustota,...) >
riizné vychyleni
Apostream | riizné separace na molekuldrni Apocell [URL4]
zaklad® charakterizace,
dielektrickych kultivace,
vlastnosti
Celsee prostata, prso, | mikrofluidni, DNA/RNA DeNovo | [URLS]
tlusté stfevo separace pomoci | FISH, Sciences
filtradnich Kultivace,
komurek
CellSieve riizné filtrace za nizkého | molekuldrni Creatv [URL6]
tlaku charakterizace, | microtech
kultivace,
MetaCell riizné filtrace usnadnéné histologie, MetaCell | [URL7]
kapilarni silou enzym.
aktivita
Cluster chip | metastazujici: | mikrofluidni, molekularni - (Sarioglu ef al.
melanomy, pomaly priitok charakterizace, 2015)
prso, prostata pfes systém izolace shlukl
sloupcil CNB
OncoQuick | karcinomy, gradientova molekuldmi Greiner [URLS]
melanomy centrifugace charakterizace, | BioOne
kultivace
Spiralni riizné (>12 um) | hydrodynamické | molekuldmi - (Khoo et al. 2015)
mikrofluidni oddé&leni na charakterizace,
zdkladé velikosti | kultivace,
izolace shluki
CNB




Detekce nadorovych cirkulujicich bunek

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 ml/h Breast, colon, lung, [8,11,43"]
pancreatic, prostate
GEDI 2009 78-85% 68% 1 ml/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 ml/h Lung [167
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 1 ml/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 mL/h 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% 3ml/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 2016, 11:59-66



Priklad: Filtrace

»CNB: epitelidIni pavod - vétsi

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

> Neni nutna aktivace

L N
» Nativni stav

Erytrocyty 6-8

Granulocyty 12-15

Monocyty 15-25

Tymfocyty 7-10,14-20 » Nevyhody

CNB 7.5 » Mozny prekryv s
leukocyty

» Nutné vyuzit dalSich
znaku (CDA45)
» RuUzna velikost CNB?



Priklad: Filtrace

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

The “ membrane”
cell population

Polycarbonate
membrane (PCM) A Flux driven by diffusion
supported by the shape of The “ bottom” cell
(without any concentration
gradient) s ot o
> =t o=

IHC slide



Priklad: mikrofluidni separace

CTC Chip

7 3

Immunocapture
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VerlFAST ,

Immunomagnetic separ,ago_n

Current Opinion in Chemical Engineering




Priklad: mikrofluidni separace

Size Based Separation
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iklad: mikrofluidni separace

RBCs, platelets, other
blood components

Blood
~630 pl/min | Buffer ~120 plmin

\
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Waste 1
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Priklad: mikrofluidni separace
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Klinické vyuziti detekce cirkulujicich nadorovych bunék

» Odhad progndézy pacienta
» Monitoring priubéhu onemocnéni
» VCasna detekce

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

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




Mnozstvi cirkulujicich nadorovych buneék koreluji s progndzou
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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?
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CII'kUlUjICI nadoroveé bunky — prekurzor metastaz

» Mnozstvi CNB nekoreluje s
mnozstvim metastaz

» Rozsev nadorovych bunék
muZze probihat v Casnych
stadiich (b)

» K vytvoreni metastaz
nutna dalSi stimulace —
mikroprostredi,
mutageneze

» Relaps: metastaze "
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Plasticita cirkulujicich nadorovych bunek

» Tvorbu metastaz ovlivhuje
fada faktorl — mj. plasticita
CNB

Epitelialne-
mezenchymalni prechod
» Podil na vzniku CNB

» VySSi motilita a invazivita
» Vznik chemorezistence

» Detailni mechanismy stale
predmétem vyzkumu

» Vyznam popsan u fady
karcinomu (prsu, prostaty,
plic, tlustého streva,
vajecniku, atd.)
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_Epiteliélné-mezenchymélni prechod

> U CNB popsan : Do o
epitelialni i )
mezenchymalni
fenotyp

» M+ bunky — spojeny
S progresi
onemocneni

» Dynamickeé zmeny

[ PIBK+MEK ] Chemotherapy |

Circulating Breast Tumor Cells
Exhibit Dynamic Changes in Epithelial
and Mesenchymal Composition
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Cirkulujici nadorové bunky: shrnuti

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

» Detekce
» Oblast intenzivniho vyzkumu

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




Extravazace

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

tissue endothelial
(1)  cancercell  parenchyma

(2) platelets cells (3) capillary basement membrane
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Figure 14.9d The Biology of Cancer (© Garland Science 2014)



Kolonizace

» Velice nizka uc€innost
» Dormantni mikrometastazy
» Metastaticky relaps

genetically heterogeneous
primary tumor

dissemination of metastatic cells,
subsequent removal of primary tumor

. (3)() micrometastases
scattered throughout
the body (minimal

acquisition of residual disease)
1 ability to colonize

macroscopic metastasis

new, secondary shower of
metastatic dissemination
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disease relapse
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Figure 14.11c The Biology of Cancer (© Garland Science 2014)
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Genetic determinants of cancer

metastasis

Don X. Nguyen and Joan Massagué

Tumorigenic genes

Estasis initiation gene

» Proliferative autonomy
+ Genomic instabiity

+ Self-renewal

« Evasion of death

= Evasion of cytostasis
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« Resistance to hypoxia

Metastasis progression genes
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Epithelial-Mesenchymal Transition (EMT)

» Zména 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)
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Figure 14.18a The Biology of Cancer (© Garland Science 2014)
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Kllcove objevy v EMT a rakovine
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» 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
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Diseminace solidnich nadoru

Time to overt metastasis after diagnosis

Months Years

Short latency
Aggressive disease course
Multi-organ metastasis
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Metastaticky tropismus

tissue
tropism

bone none

High5 Low5 High-4 High-3
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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 mMRNA expression pattern of each subclone
was analyzed (columns, arrayed left to right) using probes for the mRNAs of five genes—IL11 (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.)
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TGFB Primes Breast Tumors
for Lung Metastasis Seeding
through Angiopoietin-like 4
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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' f, 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 mozku
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Osteotropni metastaze

MDA-MB-231cells transfected with:
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Metastazi pred a po terapii
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Terapie cilena na metastazovani

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

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°-5

* Synergy with therapeutics in
melanoma primary tumour
growth“’. synergy with radio-

Denosumab
Monoclonal i
antibody to cl;rlmur@
RANKL h JI; Denosumab
RAN KL JL RANK
I
Osteoblast Osteoclast
Bone
Bevacizumab
Monoclonal B < s
Bntibody to k evacizuma
VEGF JL Gt
Cilengitide
3 =
:':ﬁ avps Cilengitide ECM
integrin oty integrin
peptide
inhibitor
SAdh )
. Mctlllty = Angiog: is|
* Viability * Viability |
Tumour cell Endothelial cell
Dasatinib and saracatenib
SRC
kinase and
BCR-ABL
kinase
inhibitor

ALL, acute lymphoblastic leukaemia; CML, chronic my

herapy 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 or in
combination®*2

* Prevention of metastasis
in multiple cancer model

254256

58, but not
259

osteosarcoma
® Inhibition of prostate cancer

growing in bone and bone

remodelling®®

kaemia; DFS, di

genous |

SREs* in metastatic setting;
adjuvant trials used time

to first bone metastasis or
fracture®*

* Recurrent ovarian cancer,
PES3338

* Metastatic colorectal
cancer, Q57021

* Metastatic or resistant
HER2* breast cancer, PFS*

* Metastatic renal cancer,
P FSI“

# Glioblastoma, OS, PFS%3

* Advanced lung cancer, 0S*

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

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

* Phase |l trials in melanoma
and lung and prostate
cancers, PFS5¢-68

= Cytogenetic response end
points for CML

* Response for advanced
solid tumours’-°

* OSin Phase |ll 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 Il trial
with docetaxel

* Multiple adjuvant
trials terminated

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
tyrosine 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.
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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, nejméne efektivni je
kolonizace

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

» Motilita je rizena malymi GTPasami, Rho rodina

» Proteazy (MMP) umoznuiji invazi nadorovych buneék,
degradace ECM

» Tkanovy tropismus nadorovych bunek Ize v nékterych
pripadech vysvetlit organizaci obéhoveho systemu, Casto
prozatim neobjasnén



» Jaké je mozné vysvétleni nizké ucinnosti kolonizace
mikrometastaz?

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

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



