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Abstrakt

Uvod: Cirkulujici nadorové buiiky (CTC) a diseminované nadorové buiky (DTC) jsou
zodpovédné za rozvoj metastazovani nddori. Detekce CTC z periferni krve (tzv. liquid
biopsy) mtize ptispét k diagnostice a volbé terapie u pacientii, u kterych neni mozné ziskat
vzorky nadorové tkané pii chirurgickém zakroku. Obdobné monitorovani efektu chirurgické
1é¢by pomoci CTC a zéachyt ¢asné rekurence nadorového onemocnéni predstavuji dalsi

moznosti jejich vyuziti.

Cile: Cilem prace bylo izolovat CTC/DTC z krve ¢i peritonedlni lavaze pacientl s raznymi
druhy solidnich tumorti a nasledné se pokusit o jejich kultivaci in vitro a cytomorfologickou

charakterizaci. Prace méla zodpovédét nasledujici hypotézy:

I.  Vyskytuji se CTC u riznych druht solidnich tumora?
II. Odrazi se ve vyskytu CTC stadium nadorového onemocnéni?
II.  Lze vyuzit CTC k molekularni charakterizaci nddorového onemocnéni?

IV. Je mozZné vizualizovat CTC/DTC ve viabilnim stavu?

Metodika: CTC/DTC detekce probéhla celkem u 288 pacientl v prabéhu chirurgické ¢i
systémové 1écby: u 24 s karcinomem pankreatu, 165 s karcinomem prsu, 98 s kolorektalnim
karcinomem a u 1 s neuroendokrinnim tumorem (NET) tenkého stfeva. Pro obohaceni CTC
byl pouzit separacni protokol zaloZeny na velikosti bunék. Po jednoduché filtraci krve pies
polykarbonatovou membranu s péry byly zachycené buiky (vétsi nez 8 um) inkubovany
in vitro po kratkou dobu (3—5 dnt1) ¢i dlouhodobé (déle nez 5 dnil). Po kratkodobé inkubaci
byly bunky barveny histochemickym barvenim fixovanych bunék, imunohistochemickym
barvenim pomoci specifickych protilatek k identifikaci bunéénych organel ¢i jadra a vitalnimi
fluorescen¢nimi barvivy. Ptfitomnost CTC byla vyhodnocena na zakladé¢ cytomorfologickeé
charakterizace podle definovanych histopatologickych kritérii. Cast vzorkd (n = 43) byla
vyuzita k identifikaci CTC pomoci molekularné-biologickych metod. Ve frakci zachycenych
bun¢k byla upacientek skarcinomem prsu provedena analyza genové exprese pomoci
multimarkerového panelu genii spojenych s tumorigennim ¢i terapeutickym potencialem.
Celkem 20 pacientek bylo v pribéhu lé¢by pravidelné sledovano se zaméfenim na status
HER2 a ER. Vyskyt CTC/DTC (prokazana ptitomnost CTC/DTC v testovanych vzorcich
krve ¢i peritonedlni lavaze) byl u kohorty pacientl srovndn se stadiem nadorového

onemocnéni.



Vysledky: Pritomnost CTC byla prokazana u 216 (75,3 %) testovanych vzorku krve pacientt
s karcinomem prsu, kolorekta a pankreatu. Dale CTC/DTC byly inkubovany jako kratkodobé
1 dlouhodobé bunécné kultury. Nékteré izolované CTC/DTC (kolorektalni karcinom, NET)
byly kultivovany in vitro déle nez 6 mésici. Pozitivita CTC nekorelovala se stadiem
onemocnéni, velikosti nadoru ani postizenim lymfatickych uzlin. Stejné procento pozitivity
CTC bylo pozorovano u metastatickych i non-metastatickych (66,7 % vs. 66,7 %) pacientii
s karcinomem pankreatu. Dale se ukazalo, Ze charakter CTC se béhem sledovaného obdobi
probihajicitho onemocnéni ménil. Z terapeutického hlediska bylo nejvyznamnéjsim zjisténim,
ze status humanniho epidermalniho receptoru 2 (HER2) a estrogenového receptoru (ER)

u CTC se muze lisit od stavu téchto receptort u primarniho tumoru.

Zavér: Pouzitd izolaéni metoda zalozend na velikosti umoznila zavedeni Zivotaschopnych
bunéénych kultur CTC in vitro u pacientli s riiznymi druhy solidnich tumord. Po obohaceni
CTC bylo mozné tyto zivé nadorové bunky vizualizovat a dale analyzovat i v prubéhu 1écby

pacienttl.



Abstract

Introduction: Circulating tumor cells (CTC) and disseminated tumor cells (DTC) are
responsible for the development of metastasis. Detection of CTC from peripheral blood (so-
called "liquid biopsy") may contribute to the diagnosis and choice of therapy in patients in
whom it is not possible to obtain tissue directly from the tumor. Monitoring the effect of

surgical treatment and detecting early recurrence of cancer are other potential uses for CTC.

Aim: The aim of our work was to isolate CTC/DTC from blood or peritoneal lavage of
patients with various types of solid tumors and then try to cultivate them in vitro and to

describe their cytomorphological characteristics. We targeted the following hypotheses:

I. Do CTCs occur in different types of solid tumors?
II.  Does the presence of CTC reflect cancer stage?
II.  Is it possible to use CTC for molecular characterization of cancer?

IV. Is it possible to visualize CTC/DTC in a viable status?

Methods: CTC/DTC detection was performed in a total of 288 patients, including 24 patients
with pancreatic cancer, 165 with breast cancer, 98 with colorectal cancer and 1 with a
neuroendocrine tumor of the small intestine. A cell size separation protocol (MetaCell®) was
used to enrich CTC. After simple filtration of blood through a polycarbonate membrane with
pores, the captured cells (greater than 8 um) were incubated in vitro for a short time (3—5
days) or for a long time (more than 5 days). After short-term incubation, cells were stained by
histochemical staining, immunohistochemical staining with specific antibodies to identify cell
organelles, nuclear staining or vital fluorescent staining. The presence of CTC was evaluated
on the basis of cytomorphological characterization according to defined histopathological
criteria. In a portion of the samples (n = 43) CTC were detected by molecular analysis
(qPCR). Gene expression analysis was performed in breast cancer patients using a
multimarker panel of genes associated with tumorigenic or therapeutic potential. Twenty
patients were monitored regularly during treatment for HER2 and ER status. The incidence of

CTC/DTC was compared with the stage of cancer in a cohort of patients.

Results: The presence of CTC was demonstrated in 216 (75.3%) of total patient cohort.
CTC/DTC were further incubated as both short-term and long-term cell cultures. Some
isolated CTC/DTC (colorectal cancer and neuroendocrine tumors) were grown in vitro for

more than 6 months. CTC positivity did not correlate with disease stage, tumor size, or lymph



node involvement. The same percentage of CTC positivity was observed in metastatic and
non-metastatic (66.7% vs. 66.7%) patients with pancreatic cancer. The characteristics of the
CTC changed during the observed period of ongoing disease. The most significant finding
was that the status of HER2 and ER in the CTC may differ from the status of these receptors

in the primary tumor.

Conclusion: The size-based isolation method used allowed us to introduce viable CTC cell
cultures in vitro in patients with various types of solid tumors. After CTC enrichment, we
were able to visualize and further analyze these living tumor cells during the treatment of

patients.
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1 Uvod

1.1 Karcinogeneze, cirkulujici a diseminované nadorové bunky

Karcinogeneze, tj. vznik a rozvoj naddorového onemocnéni, je vicestupnovy proces, ktery
probihd ve tfech stadiich: iniciace, promoce a progrese. Buniky nadorové populace se
vyznacuji ztratou tady funkci: kontaktni inhibice, kontroly rastu, schopnosti terminalni
diferenciace, schopnosti apoptdzy a snizenim nebo inhibici mezibunééné komunikace. Pokud
nadorové bunky vstoupi do krevniho ¢i lymfatického fecist€ z mista primarniho nadoru,
nazyvaji se cirkulujici nddorové buinky (circulating tumor cells — CTC), zatimco jednotlivé
nadorové bunky rozseté na vzdalenych mistech téla pied detekci vzniklé metastazy jsou

oznacovany jako diseminované nadorové buiky (disseminated tumor cells — DTC).

Cirkulujici nadorové buiky se v obéhové cirkulaci vyskytuji v riiznych formach ovliviiujicich
jejich pfezivani, ato ve formé jednotlivych bunék, bunéénych subpopulaci (klastri) nebo
ve formé tzv. mikroemboll (circulating tumor microemboli — CTM). Tyto CTM jsou sloZeny
znédorovych bunéénych klastri (2 a vice nez 50 bunék), leukocytl, fibroblastu,
endotelialnich bunék a trombocytid (Krebs et al., 2014). Tyto nadorové mikroemboly maji
vysoky metastaticky potencial skrze inhibici apoptozy, podporu bunééné klonalni proliferace
a poskytnuti odolnosti vii¢i mechanickym sildm s ochranou centraln€ uloZenych bunck pred
identifikaci imunitnimi buitkami oznaovanymi jako pfirozeni zabijeci (natural killers — NK

buiiky) (Palumbo et al., 2005).

Ukazuje se, Ze nejvétsim problémem pii 1é€b€ solidnich (pevnych) nadort je faze progrese,
kdy probihd maligni transformace a tvoii se metastatickd loZiska. Tvorba metastatickych
loZisek a progrese maligniho nadorového onemocnéni jsou hlavnimi pfi¢inami umrti pacienti

s onkologickymi onemocnénimi.

K tspésné tvorbé nového metastatického nadorového loziska je potieba nejen CTC schopna
tvofit metastdzy, ale 1 vhodné organové mikroprosttedi (stroma). Pfes zna¢nou
morfologickou, fenotypovou a genetickou rtznorodost CTC je pouze maly pocet z nich

schopen pfezit v krevnim ob¢hu a vytvaret metastazy (Obrazek 1.).
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Obrazek 1. Metastaticky proces narodového onemocnéni

Detekce a identifikace CTC schopnych tvofit metastdzy je nezbytna pii vyvoji terapeutickych
strategii proti diseminaci solidnich nadorti. Rovnéz je nezbytné zkoumdni tumorigenniho
a metastatického potencidlu CTC schopnych metastazovat v ramci in vitro a in vivo

studii (Menyailo et al., 2020).

Nadorové bunky v primarnim tumoru podstupuji zmény znamé jako epitelidlné-
mezenchymalni transformace (EMT), béhem niz nadorové epitelidlni buiiky primarniho
nadoru prochazi vyvojem a méni se v buniky podobné mezenchymalnim. Diky této preméné
jsou nadorové bunky schopny migrace a invaze. Takto jsou schopny uniknout z priméarniho
nadoru ¢i metastatického loZiska. Nékteré z nich prezivaji v krevnim obéhu, kde cirkuluji
anasledné¢ migruji do intersticidlniho prostoru. Tento extravazacni proces nakonec vede

v novém mikroprostiedi k tvorbé vzdaleného nadoru (Plaks et al., 2013).

Tato pfemeéna epitelidlnich bun¢k na pohyblivé mezenchymalni bunky vyzaduje specifické

zmény v genové expresi. Diky snizeni exprese epitelidlnich markert (specifickych znaki),
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napf. E-kadherinu, dochazi k zeslabeni spojii mezi sousedicimi buitkami a spoji mezi
bunikami a extraceluldrni matrix. U mezenchymalnich markerti dochazi k opacnému déji,
ke zvySeni exprese. Mezi mesenchymalni markery patfi vimentin, N-kadherin, tenascin C,
SIP1/ZEB2 (€lenové ,,zinc finger® nuklearnich faktort SEF-1) ¢i laminin B1. Proces EMT se
podili také na degradaci bazalni membrany v epitelech a pfekonéni cévni stény nadorovymi
buitkami. Nadorové bunky pak pifestupuji do lumen cév, kde jsou undseny krevnim nebo
lymfatickym fecistém do dalSich tkani. V cilové tkani pak adheruji k endotelu cév a dochazi
k jejich migraci do tkan€. Na tomto mist¢ pak podstupuji opacny proces od EMT, tedy
mezenchymalné-epitelialni tranzici (MET) (Liberko, 2013).

Molekularni charakteristika CTC se v prib&hu nadorového onemocnéni vyviji. V dasledku
toho CTC c&asteéné odrazi spektrum mutaci a heterogenitu nadoru v daném case (tzv. real-
time biopsy). Na zéklad¢ toho muze byt charakterizace CTC na molekularni urovni kli¢em

k monitoraci vyvoje tohoto onemocnéni a k ur¢eni vhodné terapie (Brown et al., 2018).

1.2 Personalizace 1é¢by nadorového onemocnéni — prognostické

a prediktivni biomarkery

Personalizovany ptistup v 1é¢bé nddorového onemocnéni vyuziva biologickych charakteristik
pacientovy nemoci s cilem urceni efektivni 1é¢by. V klinické praxi jsou pak pacienti rozdéleni
do podskupin na zakladé¢ klinickych, histopatologickych, radiodiagnostickych

a molekularnich charakteristik nadoru. Podle tohoto roziazeni je pak indikovana lécba.

Limitaci k ur¢eni vhodné terapeutické strategie (systémové terapie s optimalnim nacasovanim
chirurgického vykonu) individudlné pro kazdého pacienta je skutecnost, Ze klasicka tumor-
node-metastasis (TNM) klasifikace vyjadfuje statické zhodnoceni rozsahu néadorového
onemocnéni, které nemusi byt v korelaci s aktudlnim stavem (Sedlacek, Vyzula, 2003).
Zohlednit je tfeba skuteCnost, ze soucasné zobrazovaci techniky nemaji dostate¢nou

rozliSovaci schopnost pro zachyceni Casnych stadii metastatického procesu.

Rutinné pouZzivané krevni nddorové markery, napt. karcinoembryonalni antigen (CEA) nebo
karbohydratové antigeny (CA) CA 19-9, CA 19-3 ¢i CA 125, jsou v rdmci diagnostiky
metodou dopliikovou, s ohledem na jejich nizkou orgénovou specifitu, a jsou vyuZivany

hlavné k dynamickému sledovani v pravidelnych intervalech v rdmci monitorace onemocnéni.

Nalezeni a pouziti vhodného markeru u malignich onemocnéni nejen k monitoraci vyvoje

onemocnéni (zachytu progrese ¢i recidivy nddoru), ale i ke stanoveni vc€asné diagndzy
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v redlném case, progndzy Ci predikce odpovédi na 1é€bu mize rozhodujicim zpiisobem piispét

k vysledku 1é€by, a tim zlepsit dobu pteziti nemocného.

K prvnim biomarkertim, které byly rutinn¢€ vyuzity pro cilenou 1é¢bu, patii vySetieni exprese
estrogenovych/progesteronovych receptorti z nadorové tkan€ u karcinomu prsu. Nadmeérna
exprese téchto receptorti se vyskytuje az u 70 % pacientek a je prediktorem dobré 1écebné
odpovédi na hormonalni terapii (Davies et al., 2011). Dalsim vyznamnym objevem byl fakt,
ze gen HER?2 kodujici transmembranovy protein pl185 (rodina receptorti pro epidermalni
rustovy faktor EGFR/ErbB) reguluje rst a diferenciaci bunék. Mutace zpusobujici
nadmérnou expresi proteinu HER2 byva nalezena piiblizn€ u 15-20 % pacientti/pacientek
s karcinomem prsu a je nezavislym negativnim prognostickym faktorem. Néadory prsu
pozitivni na HER2 jsou agresivnéj$i a méné citlivé na standardni chemoterapii (Gutierrez
etal., 2011). V souvislosti s tim lze pak pacientim/pacientkim s HER2 pozitivnim
karcinomem prsu indikovat cilenou biologickou lécbu trastuzumabem (humanizovana
monoklonédlni protilatka IgGl), ato jak v paliativnim, tak neo-/adjuvantnim reZimu

(Koudelakova et al., 2012).

Vedle vySe uvedenych biomarkerd u karcinomu prsu je dnes pouzivana celd tada
molekularnich nddorovych markert detekovanych z nadorové tkéné€, napf. mutacni status

genu KRAS u kolorektalniho karcinomu, a dalsi ptibyvaji.

Dalsi oblasti z4jmu fady studii a moZnosti klinického vyuZiti jako biomarkerti z krevnich
vzorkll jsou v ramci tzv. liquid biopsy (tekutd biopsie) cirkulujici nddorové elementy:
cirkulujici nddorova deoxyribonukleova kyselina (DNA), mikroribonukleové kyselina (micro-

RNA) a jiz vySe zminéné CTC/DTC.

Na buiiky, které jsou pfitomny v periferni krvi a vykazuji podobnost s buitkami primérniho
nadoru, upozornil jiz v roce 1869 australsky lékai Thomas R. Ashworth (Ashworth, 1869).
V dobé¢ zahgjeni této prace v roce 2012 byly jiz CTC/DTC piredmétem intenzivniho vyzkumu
déle nez 10 let. Snaha o objeveni citlivé a specifické metody pro detekci CTC/DTC
a rozkli¢ovani jejich role v procesu metastazovani za ti¢elem vyvinout cilenou a individudlni
ucinnou terapeutickou strategii v 1éCbé malignich nddortt dala vzniknout desitkam

vyzkumnych praci jak ve svété, tak Ceské republice (Elidsova et al., 2013).

Béhem nasledujicich let bylo provedeno nékolik metaanalyz, které hodnotily vysledky
publikovanych studii o vlivu CTC na prognézu pacientii s nadorovym onemocnénim.

Zhao et al. (2011) prokazali na souboru 4 013 pacientii z 24 studii negativni prognosticky
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vyznam CTC v periferni krvi u pacientek s karcinomem prsu. Obdobné Rahbari et al. (2010)
potvrdili analyzou 36 studii prognosticky vyznam CTC u 3 094 pacientli s kolorektalnim
karcinomem. Provedené studie opakované dosly ke stejnému zavéru, a to ze pozitivita CTC u

pacientl s nadorovym onemocnénim koreluje s jejich prognézou (Juratli, 2013).

Novou ¢éru vyzkumu CTC piineslo néckolik tuspéSnych piikladi metod zachytu
zivotaschopnych CTC a ur¢eni vhodnych podminek pro jejich kultivaci. Zatimco pozorovani
dlouhodobych kultur CTC sebou nese velky piislib jako preklinicky model pro vyvoj nadoru
jako takového, vyzkum kratkodobych kultur poskytuje aktudlni molekularni informace
o stavu progrese onemocnéni (Guo et al., 2016). Také mize pomoci identifikovat rozdily
mezi primarnim nadorem a metastdzami na urovni fenotypl a genotypti. Urceni téchto rozdila

je zakladem pro zlepSeni terapeutickych ptistupti (Bobek et al., 2014).

Do soucasné doby pietrvava stale fada problému, které je potieba vyfeSit pro uspésné
zaClenéni stanoveni CTC do klinické praxe. Snaha o vyvinuti dostate¢né senzitivnich
a specifickych standardizovanych postupl pro izolaci a naslednou uspéSnou kultivaci téchto

nadorovych elementl je naro¢né kvuli fadé faktora:

e CTC existuji v periferni krvi ve velmi malém poctu (odhadem 1 CTC na miliardu
krevnich bun¢k),

e velky podil CTC nemusi byt viabilni a je potifeba dostate¢né spolehlivé analytické
metody k rozliSeni viabilnich a neviabilnich nadorovych bungk,

e stale pretrvava fada nejasnosti pii identifikaci biologickych rysi CTC a piiznivého

prosttedi pro jejich rast (Guo et al., 2016).
1.3 Izolace a detekce nadorovych bunék z krve a peritonealni lavaze

Detekce a izolace CTC/DTC miZe byt provedena nckolika riznymi metodami, které vzdy
zacinaji odbérem a zpracovanim nesrazlivé krve. Tyto metody se zakladaji na rozdilech mezi
krevnimi elementy a nddorovymi bunikami, a to bud’ ve vlastnostech biofyzikalnich (hustota,

velikost, elektricky naboj) nebo biologickych (vazba protilatky na urcity povrchovy marker).

Separace zalozené na principu odliSnych biologickych vlastnosti mohou mit pozitivni nebo
negativni vyberovy postup. Tyto technologie jsou zaloZeny na imunomagnetickych nebo

mikrofluidnich zafizenich, kde je na nadorovou buiiku navazana specificka protilatka.
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1.3.1 Imunomagneticka detekce

Hlavni zastupce vyuzivajici tohoto principu je metoda CellSearch®Assay (Veridex, Raritan,
New Jersey), prvni uznana pro klinické vyuziti americkym Ufadem pro kontrolu potravin
a léciv (U.S. Food and Drug Administration — FDA). Jedna se o imunomagnetické obohaceni
CTC frakce z krve pomoci ferrofluidnich nanocastic pokrytych specifickymi protilatkami
proti adhezni molekule epitelovych bunék (anti-epithelial cell adhesion molecule — anti-
EpCAM). Tento proces piedstavuje pozitivni selekci. Nasledné je obohacend frakce
nabarvena fluorescenc¢nim barvivem 4',6-diamidino-2-fenylindolem (DAPI) barvicim bunécna
jadra a fluorescen¢nimi protilatkami specifickymi pro CD45+ (cluster of differentiation)
leukocyty (negativni selekce) a pro intracelularni cytokeratiny 8, 18 a 19 (specifita
k epitelialnim buitkdm). Vzorky jsou analyzovéany Ctyfbarevnym analyzatorem (Cell-Spotter
Analyzer), ktery identifikuje epitelidlni buniky (potencidlni CTC) jako pozitivni
na cytokeratiny, negativni na CD45 marker a s kompaktnim jadrem zobrazenym pomoci

DAPI (Allard et al., 2004).

Na podobném principu je zalozena metoda izolace CTC AdnaTest™ (AdnaGen AG,
Langenhagen, Némecko), kterda selektuje bunky pozitivni na EpCAM. Pro kolorektalni
karcinom a karcinom prsu se vyuziva kombinace protilatek vazanych na magnetickych
casticich EpCAM/Mucin 1 (MUC1), pro karcinom prostaty EpCAM/HER2.
Po imunomagnetické separaci nasleduje v tomto testu analyza specifickych genovych
transkripti pomoci semikvantitativni polymerazové ftetézové reakce (polymerase chain
reaction — PCR) (Zieglschmid et al., 2005). Nevyhodou téchto metod je ale obohaceni CTC
populace na zéklad€ vyuziti specifickych epitelidlnich markert, takZe je detekovéna jen urcita
populace CTC. Studie prokazaly, ze v krvi cirkuluje populace CTC (v rizné fazi EMT), kterd
neexprimuje dostatené mnozstvi epitelidlnich markeri, aby byla témito metodami
detekovana (Mego et al., 2010). EpCAM negativni populaci buné¢k tak v uvedenych ptipadech

vibec nelze zachytit.

Vyvinuté novéjsi technologie vyuzivaji k detekci dalsi markery, jako jsou markery
kmenovych bun€k nebo mesenchymalni markery. Jednim z pfedstavitela je detekéni systém
Mag Sweeper (Deng et al., 2014, Cann et al., 2012). Nicmén¢ ani tyto metody nejsou schopny
izolovat celou populaci CTC, a to v dasledku vysoké heterogenity souvisejici zejména
s procesem EMT. Mimo to jsou cilové epitopy pro protilatky v klastrech CTC mnohdy

nepfistupné, a proto mohou byt bunécné shluky nédsledné zachyceny obtiznéji €1 viibec.
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Ptikladem negativni vybérové technologie zaloZzené na vycerpani krevnich bun¢k (pfedevsim
leukocytil), které jsou Iépe charakterizovany za pouziti protilatek proti antigentim
exprimovanym na téchto buiikdch, je systém EasySEP™ (Stemcell Technologies,
Grenoble, Francie) (Lapin et al., 2016; Yin et al., 2015) ¢i CTC-iChip (Aceto et al., 2018;
Fachin et al., 2017). Tyto metody maji potencial zachytit vSechny subpopulace CTC, avsak

za cenu nizké Cistoty ziskaného vzorku.
1.3.2 Mikrocipové mikrofluidni technologie

V prabehu nékolika poslednich let byly zavedeny také metody izolace CTC vyuzivajici
obohaceni CTC pomoci mikro€ipt, napt. Cell Enrichment and Extraction Technology,
CEE™. Na rozdil od imunomagnetické separace je CEE™ metoda schopna izolovat CTC
nezéavisle na expresi EpCAM nebo cytokeratinli. Builky jsou na ¢&ipu analyzovany
morfologicky, imunohistochemicky a po extrakci RNA nebo DNA jsou také podrobeny

molekularni analyze (Dickson et al., 2011).
1.3.3 Separace zaloZena na velikosti

Mezi Casto vyuzivané metody izolace CTC/DTC z télnich tekutin (krev, peritonedlni lavaz)
patii separace na zaklad¢ rozdilné velikosti nadorovych bun€k a krevnich elementl. Funguje
na principu filtrovani pfes polopropustnou membranu s pory, kterd zachyti bunky vétsi nez
maximalni velikosti port. Krev nesmi pii filtraci koagulovat, a proto se pouZivaji
antikoagulacni Cinidla, napf. kyselina ethylenediamintetraoctovd (EDTA). Pro obohaceni
frakce CTC z krve se vyuzivaji filtry s pory o velikosti 7-8 um. Separacni systémy jako
ISET™ (Broncy et al., 2018; Kallegri, 2018), ScreenCell™ (Sarcella, Francie) (Yanagita,
2018; Kruspe, 2017), CellSieve™ (Adams et al., 2014; Adams et al. 2015) nebo MetaCell™
(Cegan et al., 2014; Kolostova et al., 2016) vychazeji z ptfedpokladu, Ze izolované nadorové
buiikky maji primérnou velikost 15-30 um a svym primérem se zna¢n¢ odliSuji od ostatnich
krevnich bun€k (erytrocytli s primérem 7,4 pm, leukocytli s primérem 7-20 um ). Tento fakt
je z velké miry zalozen ptfedevsim na méfeni velikosti v CTC bunéénych liniich. Ukazuje se,
ze mnoho CTC ve vzorcich od pacientii se velikosti ptfiblizuje k leukocytim. Odhaduje se, ze
na zakladé jednostupnové selekce podle velikosti mize byt ztraceno 20-50 % menSich CTC,

které mohou projit filtrem (Alunni-Fabbroni et al., 2010).

PrestoZe je separace malo sensitivni a malo specifickd (mozna kontaminace CTC vétSimi

leukocyty), maji tyto filtraéni metody nékteré dalezité vyhody, napf. snadné pouziti, nizké
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naklady, moznost rychlého zpracovani materidlu a pfedevSim ziskdni nemodifikovanych
a zivotaschopnych bun¢k (v€etné bunéénych shlukll) vyuzitelnych k nasledné kultivaci

a charakterizaci.

Nicméné¢ snaha o vylepSeni bioinzenyrského vybaveni izola¢nich metod dale pokracuje,

jak ukazuje naptiklad zaclenéni 3D mikrofiltri (Yusa et al., 2014).
1.3.4 Separace zaloZena na hustotnim gradientu

Alternativni metodou k filtraci CTC je separace v hustotnim gradientu zalozena na odd¢leni
bun¢k podle rozdilt v jejich hustoté, kdy CTC jsou oddélené s lymfocyto-monocytarni frakei.
Vyhodami metod zalozenych na centrifugaci, pro které jsou i znacné rozsifené, jsou
spolehlivost, snadné provedeni a nizké ndklady. S ohledem na jejich hlavni nevyhody, a to
ztratu CTC s vysokou hustotou pii separaci frakce a nizkou cistotu vzorku pro vysokou
kontaminaci leukocyty, se bézné pouzivaji jako pocateéni krok pred dalSimi izola¢nimi
metodami. Diky modernizaci v metodice centrifugace byla vylepSena deplece leukocytl
pomoci specifickych protilatek ¢i vloZzenim porézni bariéry do centrifugy. Tim se zvysila
Sistota vzorku a snizila se ztrata vétsich CTC nebo klastrt. Ficoll-Hypaque® (GE Healthcare
Life Sciences, Freiburg, Némecko) nebo Oncoquick® (Greiner Bio One, Courtaboeuf,
Francie) jsou ptiklady bézné uzivanych komercnich testi (Jaeger et al., 2014; Alvarez-Cubero

etal., 2017).
1.4 Identifikace cirkulujicich a diseminovanych nadorovych bunék

Stejn¢ jako buiiky priméarniho naddoru i CTC/DTC jsou extrémné heterogenni, at’ v podobé¢
jednotlivych bunék, nebo ve formé klastri, které se skladaji z fenotypicky a geneticky
odli$nych subpopulaci. V souvislosti s tim se ukazuje, Ze variabilita bunéné populace se
béhem procesu diseminace solidnich nadortt méni v prostoru i v ¢ase a geneticky profil CTC
se muze liSit od primarnich tumort, z kterych pochézeji. Identifikace CTC schopnych tvofit
metastazy 1 CTC jako takovych je zakladnim cilem pfi vyvoji terapeutickych postupli proti

metastatickym onemocnénim (Menyailo et al., 2020).

Zachyceni typickych tumor-asociovanych znakiit CTC/DTC lze na urovni cytomorfologické
nebo molekuldrni. Ziskana obohacend frakce CTC/DTC obvykle stile obsahuje urcité
mnozstvi leukocyti. Je tedy potfebné pouzit detekéni metodu, kterd je schopna odlisSit

nadorovou buiiku od bunék kontaminujicich, a tim vyloucit faleSn€ pozitivni vysledky.
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Detekce probihé nejcastéji t€émito zplsoby:

e imunocytochemickou ¢i imunofluorescencni detekci specifickych antigeni, které jsou
vyluéné exprimovany na nadorovych buiikach,
e pomoci kvantitativni PCR (qPCR) molekularni analyzy nukleovych kyselin CTC,

e detekci nadorové specifickych proteint produkovanych CTC.

Pro ucely cytomorfologické analyzy je nutné vizualizovat morfologii bunécnych struktur
pomoci barveni. Vyuzivaji se zakladni cytologick4 barveni fixovanych bunék, také in vivo
barveni bunék pomoci specialn¢ upravenych fluorescencnich barviv ¢i imunohistochemické
barveni pomoci specifickych protilatek pro identifikaci bunécnych organel. Pro detekci CTC
jsou pouzity markery pro cytokeratin 19 (CK-19), leukocyty (CD45) a bunécné jadro (DAPI).
Pomoci vicebarevné zobrazovaci analyzy za pouziti fluorescen¢niho mikroskopu jsou CTC
pak definovany jako CK+/CD45-/DAPI+ buiky. Mimo to Ize piidanim dalSich
markerd (tumor-asociovanych genid, napi. EpCAM, MUC1 a HER2) zhodnotit expresi

urcitych terapeutickych cilt u riznych subpopulaci.

Geneticky profil CTC/DTC je v prvnim kroku molekularni analyzy determinovan na zakladé
exprese znakll asociovanych s konkrétnim nadorovym onemocnénim, podobné jako v ptipadé
diferencialni diagnostiky u histopatologického vySetfeni tkané. Pro zjiSténi exprese
specifickych genovych transkripti je vyuzivana qPCR. Reakce qPCR umoziuje amplifikaci
urcitetho useku DNA za soucasné kvantifikace replikdtu po kazdém cyklu PCR pomoci
uvolnéné fluorescence. Tento fluorescencni signal je detekovan a je Umérny mnoZstvi

amplifikované DNA.

Pomoci qPCR je k identifikaci CTC/DTC detekovana pozitivita v minimalné¢ jednom
z markert: cytokeratin 7 (KRT?7), cytokeratin 18 (KRT18), cytokeratin 20 (KRT20), CEA,
EpCAM. Nasledné je mozné ve frakci CTC analyzovat expresi dalSich tumor-asociovanych
geni ¢i genli chemorezistence. UrCeni chemorezistentniho profilu u CTC mulze mit

prediktivni vyznam pro odpovéd’ onkologickych pacienti na 1é€bu.
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2 Cile prace a stanovené hypotézy

2.1 Cile prace

Cilem prace bylo izolovat CTC z krve pacientl s riznymi druhy solidnich tumorti a nasledné

se pokusit o jejich kultivaci in vitro a cytomorfologickou charakterizaci.

Zlepsenim a stanovenim vhodnych postupii pii detekci CTC z periferni krve (tzv. liquid
biopsy) bychom radi piispéli k diagnostice a volbé vhodné terapie (v¢etné chirurgicke),
napf. u pacientl, kterych neni mozné ziskat vzorky nadorové tkang pfi chirurgickém zékroku.
Obdobn¢ monitorace efektu chirurgické 1écby pomoci CTC a zachyt ¢asné rekurence
nadorového onemocnéni (kdy jesté nejsou piitomny metastazy) predstavuji dals$i z moznych

zpisobil vyuziti téchto nadorovych elementd.

Ze skupiny pacientil se solidnimi tumory jsme se v rdmci prace zaméfili na pacienty s nadory
gastrointestindlniho traktu a prsu. U pacientek s karcinomem prsu bylo cilem pokusit se

o molekularni charakterizaci cirkulujicich nddorovych bunék v pribéhu 1écby.

Zamérem rovnéz bylo zjistit, zda je pomoci identifikace CTC a specifikace vztahu vyskytu

CTC a stadia nemoci mozné rozdélit pacienty do prognostickych skupin.
2.2 Stanovené hypotézy

Hypotéza I: Vyskytuji se CTC u riznych druhi solidnich tumoria?

Zakladem 1écby vsSech solidnich nadort je jejich chirurgické odstranéni. Otazkou, kterou

si klademe, je, zda vyskyt CTC souvisi s ur€itym histologickym typem tumoru.
Hypotéza II: Odrazi se ve vyskytu CTC stadium nadorového onemocnéni?

V klinické praxi slouZi k jednoduchému popisu rozsahu nadoru a urceni stadia onemocnéni
TNM systém (klinickd klasifikace ¢cTNM a patologickd klasifikace pTNM). Staging
nadorového onemocnéni je jednim z kritérii, podle kterého se Iékai rozhoduje o nacasovani
atypu vhodné terapie: lokoregionalni (chirurgicky vykon, radioterapie) ¢i systémové.
Restaging v pribéhu 1€¢by ¢i po jejim ukonceni monitoruje odpoved’ nadorového onemocnéni
na lécbu. S ohledem na skutecnost, ze pritomnost CTC v krvi doprovézi Sifeni maligniho
onemocnéni hematogenni cestou, nas zajima, zda vyskyt CTC koreluje se stadiem nddorového

onemocnéni.
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Hypotéza III: Lze pouzit CTC k molekularni charakterizaci nidorového onemocnéni?

Profily subpopulaci CTC pfedstavuji prostiedek identifikace individualnich zmén
v kancerogenezi a citlivosti na 1écbu (tzv. real-time nadorova biopsie) a diky tomu vhodny

biomarker pro monitoraci nadorového onemocnéni v prubéhu 1€¢by.
Hypotéza IV: Je mozné vizualizovat CTC/DTC ve viabilnim stavu?

Stanoveni viability nadorovych bunék je zalozeno na detekci zivotné dulezitych funkci
pomoci selektivniho znaCeni fluorescencnimi barvami (napf. meéfenim intracelularni
esterazové aktivity ¢i sledovanim membranové integrity). Ke sledovani znacenych bunck je
tradicné vyuzivan fluorescenéni mikroskop, ktery poskytuje néhled na jednotlivé bunky

a umoziuje analyzu jejich vlastnosti.
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3 Material a metodika

3.1 Pouzité metody

3.1.1 Zpracovani vzorki od pacienti se solidnimi tumory

Vzorky (krev, peritonealni lavdz) byly shromazdovany od pacienti s nadory

gastrointestinalniho traktu. V ramci testovani byly pacientiim odebirany vzorky:

e periferni krve ptfed operaci (nesrazliva ve zkumavkach s 1,6 mg EDTA/ml),

e peritonedlni lavaze (vyplach fyziologickym roztokem z oblasti peritonealni dutiny pfi
operaci)

e krve z cévy z oblasti nadoru v priibéhu operace (ve zkumavkach s 1,6 mg EDTA/ml),

e (asti primarniho nadoru ve sterilni nadob¢ s RPMI-1640 médiem.

Vzorky byly odebirdny v rdmci pldnovaného operaéniho vykonu za Gcelem resekce nddorové
tkané. Do studie bylo zafazeno 24 pacienti s karcinomem pankreatu a 98 pacientl

s karcinomem kolorektalnim.

U pacientek s karcinomem prsu byly vzorky krve (8 ml, nesrazlivd ve zkumavkach
s 1,6 mg EDTA/ml) odebirdny v perioperacnim obdobi nebo béhem planovani ¢i pribchu

onkologické 1écby. Do studie bylo zafazeno 167 pacientek.

Ob¢ skupiny pacienti/ek podepsaly informovany souhlas se zafazenim do studii v souladu
s Helsinskou deklaraci. Zpracovani vzorki probéhlo vzdy bezprostiedné po odebrani
biologického materialu, nejpozdéji vSak do 24 hodin od odbéru. Prace se vzorky probihala
v laboratofi Oddéleni nadorové biologie 3. 1ékaiské fakulty Univerzity Karlovy a v laboratofi
Oddé¢leni laboratorni genetiky Fakultni nemocnice Kralovské Vinohrady. Pracovni postupy
byly provadény v laminarnim boxu, ktery byl pravidelné vysvécovan lampou s ultrafialovym

svétlem (UV).

Pied zpracovanim byly vzorky ulozeny pii +4 °C. Cast nadorové tkan& byla uskladnéna pro

dalsi analyzy v 1 ml roztoku RNA later pti +4 °C.
3.1.2 Izolace cirkulujicich/diseminovanych nadorovych bunék

K izolaci CTC byl aplikovan separacni protokol zalozeny na velikosti bun¢k a separacni

kolona MetaCell® (Cegan et al., 2014; Kolostova et al., 2016). Cela izolace probihala pri
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pokojové teploté. Podrobnéji je metodika popsdna v piilozenych publikacich (Bobek et al.,
2014; Elidsova et al., 2017; Jakabova et al., 2017).

3.1.3 Kultivace cirkulujicich/diseminovanych nadorovych bunék in vitro

Zalozené bunécné in vitro kultury z bunck izolovanych z analyzovaného biologického
materidlu (krev/peritonedlni lavaz) byly pravidelné¢ kontrolovany pomoci mikroskopu.
Prace s bunénymi kulturami a kultivace probihaly podle zaveden¢ho protokolu pro
kratkodobé (do 5 dnii) a dlouhodobé (déle nez 5 dnti) CTC kultivace in vitro spolu s kultivaci
DTC izolovanych z peritonealni lavaze u pacientd s kolorektalnim karcinomem a karcinomem

pankreatu.

Inkubace bunééné kultury v desti¢ce probihala standardné 3—5 dni v termostatu (37 °C; 5,0 %
tenze CO2). Ristové médium R+ bylo vyméinovano, pokud se jeho pH snizilo (kontrolovano
pomoci indikdtoru v médiu fenolové cervené) nebo pokud inkubace byla delsi nez
tyden (dochazelo k degradaci antibiotik). Nejpozdé€ji po dvou tydnech kultivace bunék bylo
rustové médium odsato, bunééné kultury byly zabarveny pro vizualizaci jader bunck.

Nésledovalo vyhodnoceni ptitomnosti CTC pod svételnym ¢i fluorescenénim mikroskopem.
3.1.4 Cytomorfologicka a molekularni charakterizace cirkulujicich nadorovych bunék

Vizualizace a cytomorfologicka charakterizace CTC

Prvnim krokem v analyze separovanych bunck bylo popsani morfologie bun€k na zakladé
cytomorfologickych parametrii pomoci svételného ¢i fluorescenéniho mikroskopu ve dvou

krocich:

1. skrining pfi 20nasobném zvétSeni pro lokalizaci bunék,

2. pi1 40—60nasobném zvétSeni pro detailni cytomorfologickou analyzu.

Izolované bunky nebo shluky bunék byly vybrany, digitalizovany a zhodnoceny zkuSenym
vyzkumnikem, cytologem ¢i patologem. CTC byly definovany jako bunky spliujici
nasledujici histopatologicka kritéria pro CTC:

1. viditelna cytoplazma — velké mnozZstvi cytoplazmy (velikost buitkky> 15 pm),
2. nepravidelnost okrajii jaderné membrany,

3. velikost jadra stejna nebo vétsi nez 10 pum,
4

. prominentni nukleoly (jadérka),
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5. vysoky pomér mezi velikosti jadra a cytoplazmy — N/C pom¢r,

6. pritomnost 2D/3D struktur proliferujicich bun€k — proliferace, plasticita.

Obohacena frakce CTC z krve byla po barveni tzv. MGG (cytologické barveni pomoci barviv
May-Griinwald a Giemsa-Romanowski; jadra — cCervenofialova barva, cytoplazma — svétle
fialova barva) pozorovana u fixovanych bunék nad i pod membranou pomoci invertované¢ho
mikroskopu. Byla sledovéana proliferace nadorovych bunék a jejich plasticita (prorustani pory

membrany na dno kultiva¢ni misky) (Obrazek 2.).

Obrazek 2. CTC zachycené u pacienta s kolorektalnim karcinomem, barveni MMG, a) membranova
frakce, b) spodni frakce

Pro ucely cytopatologické analyzy CTC/DTC in vivo bylo pouzito specialné¢ upravenych
vitalnich fluorescenénich barviv bun&éného jadra (NucBlue™) a cytoplazmy (CellTracker™

Green CMFDA) k vizualizaci bunééné morfologie (Obrazek 3.).

Obrazek 3. Vizualizace bunécné morfologie, a) nativni diseminovana nadorova bunka (DTC)

neuroendokrinniho tumoru (NET), b) DTC NET s fluorescenénim barvenim jadra (NucBlue™),

¢) DTC NET s fluorescenénim barvenim cytoplazmy (CellTracker™ GreenCMFDA)

Molekuldrni charakterizace nadorovych bunék — analyza genové exprese
Pro stanoveni molekuldrniho profilu CTC u karcinomu prsu byl pouzit multimarker panel
genu asociovanych s tumory (tzv. tumor asociované geny) a s terapeutickym potencidlem:

Actin, CD45, CD68, EPCAM, MUCI1, KRT18, KRT19, ESR, PGR, mamaglobin, HER2,
CD24, CD44. Krom¢ toho byly testovany geny spojené s chemoresistenci (MRP1-10, MDR1,
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ERCCI). Geny byly do panelu vybrany na zékladé standardnich postupti diferencialni

diagnostiky v cytopatologii pfi ur€ovani typt tumort s nezndmym ptvodem.

Pro sledovani pfitomnosti a frekvence mutaci genu ESR/Her bylo potieba analyzovat DNA
z primarniho nadoru (DNeasy, Qiagen, Némecko). Dale byly stanovovany exprese gend na
urovni messenger RNA (mRNA) v nadorovych buiikdch v periferni krvi. U vzorkl
pozitivnich na CTC nebo DTC byla RNA piepsana reverzni transkripci do komplementéarni
DNA (cDNA). Stanoveni expresi genti probéhlo pomoci qPCR.

RNA byla izolovana z celé krve a z frakce bohaté na CTC, tedy z frakce bunék péstovanych
na separacni membrané in vitro (tzv. membranova frakce). Buniky zachycené na membrané
byly podrobeny lyze pomoci RLT-pufru s B-merkapto-ethanolem (Qiagen, Némecko). RNA
pak byla izolovana pomoci RNeasy Mini Kit (Qiagen, Némecko). RNA z celé krve byla
izolovana modifikovanym postupem a kvalita’koncentrace RNA byla zméfena pomoci Nano-
Drop (ThermoScientific, USA). Vzhledem k tomu, Ze na membrané bylo jen do nékolika
stovek bunék, stfedni koncentrace RNA byla pomérné nizkd (5-10 ng/pl). Pro vytvoteni
cDNA byla pouzita vysokokapacitni cDNA reverzni transkripcni sada (Life Technologies,
USA). Exprese genid byla pro vSechny testované geny zajisténa pomoci TagMan chemistry,

TagMan MGB-probes (Life Technologies, USA).

Oproti pivodnimu protokolu (Life Technologies, USA) bylo zvolen vyssi pocet cykla reakce,
aby bylo moZno detekovat i velmi malé koncentrace cDNA, protoZe mnoZstvi genetického
materidlu z CTC je detekovano na pozadi jadernych imunitnich bunck, kterych je v télnich

tekutinach mnohem vice.
3.1.5 Statisticka analyza

Statistickd  analyza  byla  provedena pomoci  klinickopatologickych  informaci
transformovanych na proménné 0 a 1, pokud byly pouZitelné pro testované vlastnosti. Chi-
¢tvercovy (Chi Squared) test byl pouzit k uréeni, zda existuje vyznamny vztah mezi dvéma
nominalnimi (kategorickymi) proménnymi (napf. pfitomnost metastizy a CTC-pozitivita).
Statisticky vyznamna incidence rozdili mezi dv€éma porovnanymi skupinami a pfitomnosti

CTC byla stanovena na p <0,05.
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4 Vysledky

4.1 Izolace cirkulujicich/diseminovanych nadorovych bunék z krve

u pacientt s riznymi druhy solidnich tumort

Ptitomnost CTC/DTC byla prokazana v 75,3 % ptipadech z celkového poctu 298 testovanych
vzorki krve pacientd, kteti podstoupili chirurgicky zakrok ¢i systémovou 1é€bu pro malignitu.
K izolaci CTC/DTC jsme pouzili separaéni metodu zaloZenou na velikosti (MetaCell™)
a uspésné jsme timto zpiisobem detekovali CTC/DTC u pacientd s raznymi druhy zhoubnych
solidnich nadorti — s karcinomem prsu (pfitomnost v 72,1 % ze 165 pacientek), karcinomem
pankreatu (pfitomnost v 66,7 % z 24 pacientll), karcinomem tlustého stfeva (pfitomnost

v 88,9 % ze 45 pacientll) a karcinomem rektosigmoidea (pfitomnost v 77,4 % z 53 pacientit)

(Bobek et al., 2014; Eliasova et al., 2017; Jakabova et al., 2017).

U pacienta s inoperabilnim NET tenkého stieva (tkanova histologicka verifikace metastazy
peritonea — Obrazek 4.) jsme izolovali DTC z peritonedlni lavdze ziskané pii operaci

(Obrazek 5).

Obrazek 4. Imunohistochemické vysetfeni tkan¢ primarniho naddoru pacienta s inoperabilnim
neuroendokrinnim tumorem, a) chromogranin, b) proliferacni aktivita (Ki67 20 %), c) serotonin,
d) CDX 2-marker specificky pro stievni epitel
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Obrazek 5. Diseminovana nadorova buiika izolovana a kultivovana in vitro z peritonealni lavaze
pacienta s inoperabilnim neuroendokrinnim tumorem

4.2 Vyskyt cirkulujicich nadorovych bunék a rozdéleni pacientii

do prognostickych skupin

Do studii byli zafazeni pacienti s diagnostikovanou malignitou v riizném stadiu onemocnéni,
od kterého se odvijela 1 jejich prognoza. Prognostické faktory jako velikost tumoru,
pritomnost metastaz v regionalnich uzlinach ¢i ve vzdalenych organech a histologicky typ
nadoru ¢i jeho grade jsme se snazili dat do souvislosti se shromaZzdénymi udaji o CTC
pozitivité. Nasim piekvapivym zjisténim byl fakt, Ze CTC pozitivita nekorelovala se stadiem
onemocnéni a Ze jsme u pacientek s karcinomem prsu detekovali CTC 1 v preinvazivnim
stadiu 0 (karcinom in situ) (Tab. 1, Bobek et al., 2014; Tab. 1, EliaSova et al., 2017; Tab. 2,
Jakabova et al., 2017).

Stejné procento pozitivity CTC jsme pozorovali u metastatickych 1 non-metastatickych
pacientd s karcinomem pankreatu (66,7 % vs. 66,7 %) (Tab. 1, Bobek et al., 2014).
U pacientli s kolorektalnim karcinomem bylo procento pozitivity u metastatickych o néco
vys$§i nez u non-metastatickych nadort (87,1 % vs. 80,6 %), ale ani hodnoceni vyskytu
vzdalenych metastaz ani metastatické postizeni uzlin (u NO pacientl pozitivita CTC v 82,7 %
vs. 85 % u N1 pacientll) neprokazalo zadny statisticky vyznamny rozdil ve vztahu s vyskytem

CTC v krvi (p > 0,05) (Tab. 1, ElidSova et al., 2017).
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Obdobné u kohorty pacientek s karcinomem prsu nebyl zjistén zadny vyznamny rozdil mezi
testovanymi podskupinami s rozdilnou prognézou. Nejvyssi vyskyt CTC byl pozorovan
ve skupin€ pacientek pifed operaci (86,6 %) nebo pied zahdjenim neoadjuvantni 1écby

(82,3 %).

4.3 Molekularni charakterizace cirkulujicich nadorovych bunék

v prubéhu 1é¢by pacientek s karcinomem prsu

Cast vySetfovanych pacientek s karcinomem prsu (n=20) jsme pravidelnd v priib&hu
onemocnéni a 1écby sledovali a mimo pfitomnost CTC jsme zkoumali také molekularni
charakteristiku CTC se zvlaStnim zaméfenim na stav receptort HER2 a ER. Analyza genové
exprese odhalila (celkem 43 qPCR vysetieni), ze status HER2 a ER se u CTC muze lisit

od jejich statusu u primarniho tumoru.

Nejcastéjsi zmény byly pozorovany ve skupiné pacientek s triple negativnim karcinomem
prsu (ER-/PR-/HER2-; n = 12), u kterych bylo hodnoceno 27 vzorkl. U 4 z 12 pacientek jsme
zachytili zménu HER2, a to z HER2 — stavu detekovaného z tkan¢ primarniho tumoru na
HER2+ detekovany z CTC. Zména byla relevantni pro 33, 3 %, coz je jiZ vyznamnym ¢islem.
Podobné se u dalSich 50 % pacientek status HER2 zménil z HER2+ u primarniho tumoru
na HER2- u CTC (3 z 6 pacientek). Stav ER v CTC se zménil pouze v jednom sméru, a to
z ER+ na ER- (3 z 3 pacientek). Toto zjisténi potvrdilo naSi hypotézu, ze CTC lze vyuzit

k molekularni charakterizaci nadorového onemocnéni (Jakabova et al., 2017).

4.4 Kultivace in vitro a cytomorfologicka charakterizace cirkulujicich/

diseminovanych nadorovych bunék

Po izolaci CTC/DTC jsme za predem definovanych podminek Gspésné zalozili Zivotaschopné
bunééné kultury in vitro, které byly dale inkubovany jako kratkodobé (do 5 dni) nebo
dlouhodobé (déle nez 5 dni) kultury. Nékteré izolované DTC byly péstovany a proliferovaly
in vitro 1 déle nez 6 mésict (Bobek et al., 2014; Eliasova et al., 2017; Jakabova et al., 2017).

Ke stanoveni viability nddorovych bun¢k jsme pouzili detekci zivotné dulezitych funkci
bun¢k pomoci selektivniho znaceni fluorescenénimi barvivy, napf. sledovani membranové
integrity a bunééného déleni prostiednictvim sledovani jaderné morfologie (NucBlue®)
¢i pohybu bunék (Celltracker®). Ke sledovani znadenych bunék jsme pouzili fluorescenéni

mikroskop, ktery nam poskytl nahled na jednotlivé builky a umoznil analyzu jejich
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cytomorfologie a chovani (Obrazek 1., ElidSova et al., 2017; Obrazek 1., Jakabova et al.,
2017). Zivotaschopné CTC/DTC jsme uspéiné zachytili a zobrazili u pacientd se viemi typy
nadort, které jsme vySetfovali. V tadé piipadi jsme byli schopni zachytit i proliferaci
nadorovych bunék a jejich pfesun pies pory separacni membrany (Obrazek 1., Bobek et al.,

2014).
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5 Publikace in extenso s impakt faktorem, které jsou podkladem
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Abstract

Introduction. Liquid biopsies are noninvasive tests using blood or body fluids to detect circulating tumor cells
(CTCs) or the products of tumor cells, such as fragments of nucleic acids or proteins that are shed into biolo-
gical fluids from primary tumor or its metastates. The analysis of published clinical studies provides coherent
cvidence that the presence of CTCs detected in peripheral blood is a strong prognostic factor in patients with
colorectal carcinoma (CRC). The aim of the study was to implement size-based separation protocol of CTCs
in CRC patients.

Material and methods. Patients diagnosed with different stages of CRC (n = 98) were included in the study.
All patients have been diagnosed for colorectal adenocarcinoma by pathology examination, 45 patients with
colon carcinoma and 53 with rectosigmoid cancer. A size-based separation method (MetaCell®) for viable CTC
enrichment from peripheral blood was used to assess the presence of CTCs by cytomorphological evaluation
using vital fluorescence microscopy.

Results. Cytomorphological analysis revealed that 81 (83%) tested samples were CTC-positive and 17 (17%)
were CTC-negative. We report a successtul isolation of CTCs with proliferation potential in patients with CRC.
The CTCs were cultured in vitro for further downstream applications. Some of the isolated CTCs were able to
grow in vifro for 6 months as a standard cell culture.

Conclusions. We established a reliable, inexpensive and relatively fast protocol for CTCs enrichment in CRC
patients by means of vital fluorescence staining which enables their further analysis in vitro.

(Folia Histochemica et Cytobiologica 2017, Vol. 55, No. 1, 1-5)

Key words: circulating tumor cells; colon cancer; rectosigmoid cancer; staging; cell culture; MetaCell®

Introduction

An idea of a minimally invasive way to obtain accu-
rate information on tumors from a blood sample,
also known as liquid biopsy, has gained increasing
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attention in cancer diagnosis, risk stratification and
monitoring treatment response. Liquid biopsies are
noninvasive tests using blood or bodily fluids to detect
circulating tumor cells (CTCs) or the products of
tumor cells, such as fragments of nucleotides or pro-
teins that are shed into biological fluids from primary
or metastatic tumors [1]. The analysis of published
clinical studies provides coherent evidence that the
presence of CTCs detected in peripheral blood is
a strong prognostic factor in patients with colorectal
carcinoma (CRC) [1-3].
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The majority of the studies used immunomagnetic
methods or RT-PCR for CTCs detection [1, 3-5].
These methods are dependent on specification of
separated CTCs, especially, their cell surface antigens
such as epithelial cell adhesion molecule (EPCAM)
or they rely on a specific targeting of RNA sequenc-
es. This seems problematic for these methods because
one of the key aspects that emerged from the analysis
of CTCs is their remarkable heterogeneity, both con-
sidering the expression of specific cancer-associated
markers, and also their phenotypic characteristics
such as tumor-seeding potential. Therefore, we have
taken a different approach based on the implementa-
tion of cell-size separation protocol of CTCs in CRC
patients. This study presents first data of the appli-
cation of this method to determine the occurrence of
CTCs in the differently staged CRC patients.

Material and methods

Patients. To date 98 patients with diagnosed CRC have been
enrolled into the study in accordance with the Declaration of
Helsinki. All paticnts were candidates for surgery or surgical
diagnosis. Based on the informed consent, clinical data were
collected from all patients, For each patient, approximately
18 mL of venous blood was drawn from the antecubital vein
and placed into S-Monovette tubes (Sarstedt AG & Co.,
Numbrecht, Germany) containing 1.6 mg EDTA/mL ot
blood as an anticoagulant, The samples were processed at
room temperature using an isolation procedure completed
within 24 hours after the blood draw.

CTCs enrichment and culture. A size-based separation
method for viable CTC enrichment from peripheral
blood has recently been introduced (MetaCell®, MetaCell
s.r.o., Ostrava, Czech Republic) [6, 7]. The size-based en-
richment process is based on the filtration of peripheral
blood through a porous polycarbonate membrane (with
pores of 8 um diameter). The minimum and maximuvm
volume of the filtered peripheral blood may be adjusted
up to 50 mL with physiological fluid. The standard 8 mL
peripheral blood sample from patients sulfering from
CRC was transferred into the filtration tube. Detailed
separation protocol has been described previously [8-10].
The CTCs were grown in RPMI medium with 10% fetal
blood serum (FBS, both purchased from Sigma-Aldrich,
St. Louis, MO, USA) for a minimum of 3 days on the
mcmbrane. Alternatively, the enriched CTCs fraction can
be transferred from the membrane and cultured directly
on any plastic surface or a microscopic slide, or the sep-
aration membrane may be transferred on a microscopic
slide. Microscopic slide is preferred if cytological analysis
is planned. If an intermediate analysis of CTCs is awaited,
the CTCs fraction is transferred in phosphate-buffered
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saline (PBS, 1.5 mL) to a cytospin slide. The slide is then
dried for 24 h and analyzed by cytology (May-Griinwald
staining) and/or by automated immunocytology protocols
(Ventana, Benchmark Ultra, Roche, Tucson, AZ, USA)
using standard differential diagnostic antibodies for the
pathology evaluation process.

Cytomorphelogical analysis. After 3-5 days of culture,
nucleus and cytoplasm of viable cells were stained by vital
fluorescent dyes Nucblue® Reagent (Thermo Fisher Scien-
tific, Waltham, MA, USA) and Celltracker ™ Green CMF-
DA Dye (Thermo Fisher Scientific), respectively. Staining
procedures followed manufacturer protocols.

The stained fixed cells captured on the membrane were
examined using light microscopy in two steps: (i) screening
at X 20/x 40 magnification to locate the cells; (ii) observation
at x40/x60 magnification for detailed cytomorphological
analysis. Isolated cells and/or clusters of cells of interest (im-
munostained or not) were selected, and their digital images
were then examined by an experienced researcher and/or
pathologist. CTCs were defined as cells with the following
characteristics: (i) with a nuclear size = 10 um); (ii) irregular
nuclear contour; (iii) visible cytoplasm, cells size over 15 pm;
(iv) prominent nucleoli; (v) high nuclear-cytoplasmic ratio;
(vi) presence of proliferating cell, (vii) actively invading cells
creating 2D or 3D cell groups.

Cell cultures of CTCs obtained from colorectal cancer
patients. Membrane with captured cells was washed with
RPMI medium and transferred into culture plate. Four
mL of RPMI medium supplemented with 109% FBS, am-
photericin B (Sigma-Aldrich) and penicillin-streptomycin
(Sigma-Aldrich) were added to the culture medium. Cap-
tured cells were cultured iz vitro under standard conditions
(37°C, 5% CO,) for 3-5 days.

Statistical analysis. The Chi-Square test was used to de-
termine il there is a significant relationship between two
nominal (categorical) variables (e.g. metastasis presence
and CTC-positivity). Contingency tables in order to decide
whether or not effects are present were analyzed (http://
vassarstats.net/newcs.html). Statistical significance of dif-
ferences between two compared groups and CTC presence
was sct at p < 0.05,

Results

Patients’ characteristics

Patients diagnosed with different stages of CRC
(n = 98, 61 male and 37 female patients) were
included in the study (Table 1). The median age
was 61.7 years (range 38-90 years). All patients
were diagnosed with colorectal adenocarcinoma by
pathology examination, 45 patients presented with
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Circulating tumor cells and colorectal cancer staging

Table 1. Clinical-pathological characteristics of the colorectal cancer patients’ cohort and the occurrence of circulating

tumor cells (CTCs) in blood

Patients n Positive CTC %o Negative CTC %o ]
Colon cancer 45 40 88.89 5 11.11 n.s.
Rectosigmoid cancer 53 41 7136 12 22.64 n.s.
Tumor size Positive CTC Negative CTC

T1 6 5 83.33 1 16.67 n.s.
T2 19 13 68.42 6 31.58 n.s.
T3 52 44 84.61 8 15.38 n.s.
T4 21 19 90.48 2 9.52 n.s.
Lymph node involvement Positive CTC Negative CTC

NO 52 43 82.69 9 17:31 n.s.
N1 20 17 85.00 3 15.00 n.s.
N2 26 21 80.77 5 19.23 n.s.
Metastasis Positive CTC Negative CTC

MO 67 54 80.60 13 19.40 n.s.
M1 31 27 87.10 4 12.90 ns.
Grade Paositive CTC Negative CTC

Gl 3 3 100.00 0 0 ns.
G2 63 50 79.37 13 20.63 n.s.
G3 32 28 87.50 4 12.50 ns.
Stage Positive CTC Negative CTC

I 18 14 7178 4 22:22 ns.
I 28 26 92.86 7.14 ns.
1T 18 13 72,22 5 27.78 ns,
v 33 28 84.85 5 15.15 ns,

The characleristics of the patients’ cohort and CTC occurrence was compared by chi- square tesi. Al p = 0.05 the comparison showed no significant

(n.s.) difference for the tested subgroups.

colon carcinoma and 53 with rectosigmoid cancer
(Table 1).

Cytomorphological analysis revealed that
81 (83%) of all CRC patients were CTC-positive in
peripheral blood. Into study were enrolled 45 pa-
tients with colon cancer of which 40 (89%) were
CTC-positive and 53 patients with rectosigmoid
cancer of which 41 (77%) patients were CTC-posi-
tive (Table 1).

The presence of CTCs in different stages of colorec-
tal cancer according to TNM classification

The frequency of the CTC positivity is reported
for different patient subgroups in relationship to
tumor size, lymph node involvement and distant
metastases. The CTC positivity for different disecase
stages and tumor grade subgroups is summarized
in Table 1. Patients were CTC positive in majority
of all TNM stages, and disease and grade stages
(Table 1).
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Cultures of CTCs isolated from blood of colorectal
cancer patients

We report a successful isolation of CTCs with pro-
liferation potential in patients with CRC. The cells
captured by size-based filtration approach showed
a viable condition, which enabled setting up cultures
of CTCs which viability was unaffected by antibodies
(e.g. anti-EPCAM antibodies) or lysing solutions (e.g.
erythrocyte lysing solution). The CTCs were cultured
in vifro for further downstream applications (Fig. 1).
Some of the isolated CTCs were grown in vitro for as
long as 6 months as a standard cell culture.

Discussion

The classification of tumor (pTNM staging) and the
residual tumor status following treatment are the
strongest predictors of outcome for patients with
CRC. A careful pTNM classification enables an ac-
curate estimation of prognosis; therefore, it can be
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Figure 1. Morphology of CTCs isolated from patients with CRC. A, CTCs captured on the separation membrane; B. CTCs
after successful short term in vitro cultivation — 5 days after isolation. Cells were visualized by vital fluorescent staining with
NucBlue® and Celltracker® as described in Material and methods. Bars represent 10 ywm.

considered the gold standard for analyzing the results
of any treatment [11].

Similarly, CTCs enumeration has been established
as a prognostic marker for CRC[1, 12-14]. In a large
meta-analysis including 12 studies between 1998 and
2011, the presence of CTCs in patients with metastatic
colorectal cancer (mCRC) correlated with shorter
progression-free survival (PFS) and overall survival
(OS) [14].

Matsusaka et al. showed that patients with >3 CTCs
in 7.5 mL blood at 2 and 8-12 weeks after initiation of
chemotherapy had shorter median progression-free
survival (PFS) and overall survival (OS) than patients
with < 3 CTC counts. Patients with CTC counts > 3 at
baseline with a decrease in the CTC count to < 3 du-
ring treatment had a median PFS that was similar
to patients with persistently low CTC counts. They
concluded that a decrease in CTC count to < 3 at
2weeks after initiating chemotherapy was an indicator
of treatment efficacy [15].

The use of different methodologies for CTC
detection has shown conflicting results, and the lack
of a standardized technology complicates the imple-
mentation of CTCs examination in routine clinical
practice. In addition, significant differences in CTC
detection rates among the molecular methods of their
detection have been reported [16-18].

In comparison with other studies [1-3, 12-15] the
detection rate of CTCs in the present study seems
high. However, a recent study of breast cancer showed
that tumor cells can leave the primary site very early
during tumor progression and evolve independently
at the metastatic site [19, 20]. The genetic analyses
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showed that 80% of metastases were derived from
early disseminated tumor cells [20].

CTCs can be used for longitudinal molecular
and genetic analyses of the tumor and may aid in
targeted therapy investigations. CRC patients with
CTCs carrying wild-type KRAS show longer PFS
and OS when treated with chemotherapeutics and
cetuximab [21]. The detection of KRAS mutation
in CTCs from peripheral blood may predict the
response to cetuximab plus chemotherapy in CRC
patients [21]. These findings indicate that the
detection of KRAS mutational status in CTCs by
using gene expression array has potential clinical
applications for selecting CRC patients who may
benefit from cetuximab therapy.

CTCs detection and characterization may be a va-
luable tool to refine prognosis and CTCs can be pre-
dictive biomarkers in treatment of colorectal cancer.

Here we presented high accordance of the TNM
stages of CRC with the occurrence of CTCs in pa-
tient's blood detected by a reliable, inexpensive and
relatively fast method for CTCs enrichment and
evaluation based on cytomorphological analysis by
means of vital fluorescence staining.
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Komentar vysledki

V na$i préci jsme prezentovali spolehlivy, levny a relativné rychly zpiisob pro detekci CTC
zkrve pacientd s kolorektdlnim karcinomem. K vyhodnoceni pozitivity jsme pouzili
cytomorfologickou analyzu izolovanych bun¢k za pomoci prostredktt vitdlniho

fluorescen¢niho barveni (Obrazek 1.).

Bylo vySetieno 45 pacientu s karcinomem tlustého stfeva a 53 pacienti s karcinomem
rektosigmoidea. Z této skupiny bylo 83 (81 %) pacientt CTC pozitivnich. Tato CTC
pozitivita u ndmi hodnocenych pacientli byla ddna do souvislosti s klinickopatologickymi
charakteristikami. Podskupiny pacientd ve vztahu k TNM Kklasifikaci vykazovaly CTC

pozitivitu ve vSech stadiich bez signifikantniho rozdilu (Tab. 1.).

V nami prezentované studii piednasime uspéSnou izolaci CTC =z krve pacientl
s kolorektalnim karcinomem. Ukazalo se, Ze CTC ziskané filtranim pfistupem zaloZenym na
velikosti v zivotaschopném stavu umoznuji zavedeni kratkodobych 1 dlouhodobych
bunéénych kultur (Obrazek 1.). Nekteré izolované CTC byly péstovany in vitro jako

standardni buné¢na kultura az 6 mésicu.

Detekce a charakterizace CTC muze byt vyuzita jako cenny nastroj pro zlepSeni prognézy

v 1é¢be kolorektalniho karcinomu.
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Abstract

Introduction This study analyzes peripheral blood samples
from breast cancer (BC) patients. CTCs from peripheral
blood were enriched by size-based separation and were
then cultivated in vitro. The primary aim of this study was
to demonstrate the antigen independent CTC separation
method with high CTC recovery. Subsequently, CTCs
enriched several times during the treatment were charac-
terized molecularly.
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Methods Patients with different stages of BC (N = 167)
were included into the study. All patients were candidates
for surgery, surgical diagnostics, or were undergoing
chemotherapy. In parallel, 20 patients were monitored
regularly and in addition to CTC presence, also CTC
character was examined by qPCR, with special focus on
HER2 and ESR status.

Results CTC positivity in the cohort was 76%. There was
no significant difference between the tested groups, but the
highest CTC occurrence was identified in the group
undergoing surgery and similarly in the group before the
start of neoadjuvant treatment. On the other hand, the
lowest CTC frequencies were observed in the menopausal
patient group (56%), ESR+ patient group (60%), and DCIS
group (44.4%). Tt is worth noting that after completion of
neoadjuvant therapy (NACT) CTCs were present in 77.7%
of cases. On the other hand, patients under hormonal
treatment were CTC positive only in 52% of cases.
Discussions Interestingly, HER2 and ESR status of CTCs
differs from the status of primary tumor. In 50% of patients
HER2 status on CTCs changed not only from HER2+ to
HER2-, but also from HER2- to HER2+ (33%). ESR
status in CTCs changed only in one direction from ESR+
to ESR—.

Conclusions Data obtained from the present study suggest
that BC is a heterogeneous disease but CTCs may be
detected independently of the disease characteristics in
76% of patients at any time point during the course of the
disease. This relatively high CTC occurrence in BC should
be considered when planning the long-term patient
monitoring.

Keywords CTCs - Circulating tumor cells - Breast cancer -
Cultivation - In vitro - MetaCell - Gene expression
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Introduction

Enumeration of circulating tumor cells (CTCs) has
showed a prognostic role in various stages of the breast
cancer (BC). Hormone receptors (estrogen and proges-
terone) and HER2 status of primary BC tumor have been
established during standard clinical biopsies and are of
crucial importance in the choice of treatment. Real-time
tumor monitoring through CTC enumeration could be
an important indicator of individual cancer development
[1].

CTCs as biomarkers can offer some valuable informa-
tion about a patient’s tumor, if detection, separation. and
characterization are performed in a reliable manner.
Although occurrence of CTCs in patients’ peripheral blood
is often very low, enrichment methods can be introduced
for CTC separation before their characterization. They are
usually based on surface protein expression, size, density,
electric charges, or deformability of CTCs.

This study analyzes peripheral blood samples from
patients with BC. CTCs from peripheral blood were enri-
ched by size-based separation and then cultivated in vitro.
The primary aim of this study was to demonstrate the
antigen independent high sensitive separation method and
a possibility of molecular characterization of CTCs enri-
ched several times during the treatment.

Materials and methods
Patients

To date 167 patients with diagnosed BC have been enrolled
in the study in accordance with the Declaration of Helsinki.
All patients were candidates for surgery, surgical diag-
nostics, or with planned or applied chemotherapy. Based
on their informed consent, clinical data were collected
from all participating patients. Basic cytopathological data
are reported in Table 1. For each patient, approximately
2 x 8 mL of venous blood was drawn from the antecubital
veins and placed into S-Monovette tubes (Sarstedt AG &
Co.. Numbrecht, Germany) containing 1.6 mg EDTA/mL
blood as an anticoagulant. The samples were processed at
room temperature using an isolation procedure completed
within 24 h after the blood draw.

CTCs enrichment and culture
The recently introduced size-based separation method for
viable CTC enrichment process (MetaCell®, MetaCell s.r.

0., Ostrava, Czech Republic) [2-6] is based on the filtration
of peripheral blood through a porous polycarbonate
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Table 1 Basic cytopathological characteristics of patients

N (%)
Stage
0 3 2
IA 45 30
1A 64 427
1B 20 13.3
A 13 8.7
B 1 0.67
mc 4 2.67
Histopathological features
Benign 2 17
DCIS 9 7.6
LCIS 1 0.85
IDC (NST) 76 65.6
ILC 14 11.86
Mixed 16 13.6
Menopausal status
Premenopausal 65 39.39
Menopausal 18 10.9
Postmenopausal 82 49.7
Tumor size
Tl 63 61.1
T2 36 349
T3 4 38
Nodal involvement
NO 56 56.5
N1 37 373
N2 6 6
Grading
Gl 7 11.8
G2 24 40.6
G3 28 47.4
HR and HER2 status
HR+ HER2+ 16 11.7
HR— HER2+ 7 5.1
HR+ HER2- 91 66.4
HR- HER2- 23 16.8

membrane (with pores of 8 um diameter). The minimum
and maximum volume of the filtered peripheral blood may
be adjusted up to 50 mL of fluid. The standard 8 mL
peripheral blood sample from patients suffering from BC
was transferred into the filtration tube. Gradual transfer of
the blood in several steps is preferred to prevent blood
clotting on the membrane filter. The peripheral blood flow is
supported by capillary action of the absorbent touching the
membrane filter. The filtered CTCs were observed imme-
diately after filtration on the membrane. The control and
presence of filtered CTCs immediately after isolation
eliminates false negative results. The membrane filter is
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kept in a plastic ring that is transferred into the 6-well
cultivation plate, 4 mL. RPMI media is added to the filter top
and CTCs are cultured on the membrane in vitro under
standard cell-culture conditions (37 °C, 5% atmospheric
CO») and observed by inverted microscope. The CTCs were
grown in FBS-enriched RPMI medium (10%) for a mini-
mum of 14 days on the membrane. Alternatively, the
enriched CTC fraction can be transferred from the mem-
brane and cultured directly on any plastic surface or a
microscopic slide, or the separation membrane may be
translocated on a microscopic slide. Microscopic slide is
preferred if immunohistochemistry/immunofluorescence
analysis is planned. If an immediate CTC analysis is
awaited, the CTC fraction is transferred in PBS (1.5 mL) to
a cytospin slide. The slide is then dried for 24 h and ana-
lyzed by histochemistry (May-Griinwald staining) and/or by
automated immunohistochemistry protocols (Ventana,
Benchmark Ultra, Roche) using standard differential diag-
nostic antibodies in the pathological evaluation process.

Cytomorphological analysis

The stained fixed cells captured on the membrane were
examined using light microscopy in two steps: (i) screening
at x20 magnification to locate the cells; (ii) observation at
x40/x60 magnification for detailed cytomorphological
analysis. Isolated cells and/or clusters of cells of interest
(immunostained or not) were selected, digitized, and the
images were then examined by an experienced researcher
and/or pathologist. CTCs were defined as cells with the
following characteristics: (i) with a nuclear size =10 pm);
(i) irregular nuclear contour; (iii) visible cytoplasm, cells
size over 15 um; (iv) prominent nucleoli; (v) high nuclear-
cytoplasmic ratio; (vi) proliferation; (vii) actively invading
cells creating 2D or 3D cell groups.

Gene expression analysis (GEA)

The key purpose of GEA was to compare gene expression
of tumor-associated markers in the CTC-enriched fractions
to that in the whole blood (white blood cells). Gene
expression analysis can be performed to confirm the origin
of the captured cells on the separation membrane. Gene
expression analysis (GEA) allows up to 20 tumor-associ-
ated markers in RNA from different cell fractions to be
tested within a single quantitative polymerase chain reac-
tion (qPCR) run. Differential diagnostics markers for gPCR
test are chosen in accordance with the expected diagnosis.

RNA is isolated from the whole blood and CTC-en-
riched fraction on the membrane. The CTC-enriched
fraction of cells grown on the separation membrane in vitro
(the so-called “membrane fraction™) was used for RNA
isolation.
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Finally. CTC-gene expression analysis allows identifi-
cation of the relative amount of tumor-associated (TA)
markers in the whole blood and in CTC-enriched fractions.
If the tumor-associated genes are highly expressed in the
CTC fraction, a subsequent analysis of chemoresistance-
associated (CA) genes is performed. Molecular analysis
helps to identify which type of chemotherapeutic agents
may be of use in tumor therapy and assigned as personal-
ized cancer therapy based on CTC.

The cells captured on the membrane are lysed by RLT-
buffer with beta-mercapto-ethanol (Qiagen). RNA is then
isolated using the RNeasy Mini Kit (Qiagen). RNA from
the whole blood is isolated with a modified procedure and
the quality/concentration of RNA is measured by Nano-
Drop (ThermoScientific). As there are only up to a few
hundred cells on the membrane, the median concentration
of RNA is quite low (5-10 ng/ul). High Capacity cDNA
Reverse Transcription Kit (Life Technologies) was used for
¢DNA production. Gene expression analysis was per-
formed using Tagman chemistry with Tagman MGB-
probes for all the tested genes (Life Technologies).

The following genes associated with tumorigenic character
and therapeutic potential in breast cancer were chosen for the
multimarker GEA panel: ACTIN, CD45, CD68, EPCAM,
MUCI, KRT18, KRT19, ESR, PGR, MAMMAGLOBIN,
HER2, CD24, CD44. Additionally, genes associated with
chemoresistance were tested (MRP1-10, MDR1, ERCC1).

Statistical analysis

All analyses were performed using clinicopathological
information transformed into variables 0 and 1 if applicable
for tested characteristics. Chi squared test, ¢ tests, cluster
analysis, and correlation analysis of qPCR data were out-
performed using GeneX (MultiD, SE) and GraphPadPrism
versus 5 (Graphpad, US). P value of less than 0.05 was
considered statistically significant.

Results

The main focus of the study was to detect CTCs shortage in
BC patients by a new methodological approach which is
based on size-dependent separation of CTCs and subse-
quent cytomorphological evaluation. Cytomorphological
evaluation using vital fluorescence microscopy approach
(Fig. 1) enables further use of the viable captured cells for
RNA/DNA analysis.

Patients diagnosed with different stages of breast cancer
(BC) (N = 167) were included into the study. The patients
were divided based on clinicopathological criteria and CTC
presence was tested. Summary of the collected CTC
positivity data is presented in Table 2.

@ Springer



Breast Cancer Res Treat

Fig. 1 CTCs isolated from a patient with breast cancer, captured on
the separation membrane (vital fluorescent staining— NucBlue™ and
Celltracker™). Bar represents 10 um

CTC positivity in tested cohort was 76%. There was no
significant difference between tested subgroups, identify-
ing a possible CTC presence, but the highest CTC
occurrence was observed in the group undergoing surgery
(86.6%) and similarly in the group before the start of
neoadjuvant and adjuvant treatment (82.3%).

It is important to comment on relatively high CTCs
presence even after neoadjuvant therapy has been com-
pleted (77.7%). It can be assumed that in these patients
therapy did not diminished all the cancer cell types.

There were no significant differences in CTC frequen-
cies observed based on stage definitions. Considering the
histopathological character of the primary tumor, the
lowest CTC positivity was observed in DCIS (44.4%).
Relatively low CTC frequency was observed in the
menopausal patient group (55.5%).

Furthermore, it can be concluded that in tumors with
ESR expression (ESR+) and without PGR expression
(PGR-) CTCs were detected only in 60% (9/15) of tested
cases, whereas in ESR+/PGR+ tumors CTC positivity was
73% (68/93). On the other hand, in patients with ESR-
negative tumors CTCs were detected in 96.7% which is
almost all of the patients under study (30/31). Therefore, it
must be mentioned that during the therapy only 52.9% (9/
17) of patients exhibited CTCs. Nevertheless, menopausal
stage has to be considered if ESR/PGR expression is
evaluated. The correlation of the menopausal status and
ESR/PGR expression is illustrated in Fig. 2 which shows
that hormonal receptor-positive tumors exhibit the lowest
CTC detection frequencies in comparison to the HR-
groups.

Similarly, even if not statistically significant, it can be
seen that HR 4+/HER2~ tumors, irrespective of the meno-
pausal stage show the lowest CTC frequency rates (see
Fig. 3).

In parallel, 20 patients were monitored regularly during
the course of the disease and in addition to CTC presence,
CTCs character was also examined by qPCR with special
focus on HER2 and ESR status. In total 43 qPCR analysis
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Table 2 CTC positivity identified in BC—patient subgroups

N (%)
CTC Positivity CTC+
CTC+ 119 72.1
CTC 46 27.9
Stage
0 3 100
IA 31 68.9
A 47 73.4
1B 16 80
IIA 10 76.9
1B 0 0
mc 4 100
Histopathological features
DCIS 4 44.4
LCIS 1 100
IDC (NST) 55 724
ILC 13 92.9
Mixed 9 56.3
Menopausal status
Premenopausal 51 78.4
Menopausal 10 555
Postmenopausal 58 70.7
Tumor size
Tl 63 74.6
T2 36 88.8
T3 4 75
Nodal involvement
NO 23 82
NI 17 78
N2 2 66
Grading
Gl 5 70
G2 14 58
G3 23 82
HR and HER2 status
HR+ HER2+ 13 81.3
HR- HER2+ L 100
HR+ HER2- 64 70.3
HR- HER2- 22 95.7
ESR+ PGR+ vs, ESR+ PGR~
Therapy
Before therapy 28 82.3
During HT 9 52.9
After NACT 7 T
Before surgery (after biopsy) 39 86.6

were evaluated. Therapeutically, the most relevant findings
are as follows: HER2 and ESR status of CTCs may differ
from the status of primary tumor.
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CTC positivity based on menopausal and HR
status in primary tumor

-~ 22/23 i
£ 80 28/38 42/58
>
z =
=
8 40
a
g 2
0
HR+ HR- HR+ HR-
premenopausal postmenopausal

Menopausal and HR status in primary tumor

Fig. 2 CTC positivity in relation to menopausal stage and primary
tumor HR— expression

CTC positivity based on menopausal, HR and
HER2 status in primary tumor
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Fig. 3 CTC positivity in relation to menopausal stage and primary
tumor HR and HER2- expression

The most frequent changes were seen in the triple negative
BC (TNBC) group (N = 12) where 27 samples were evalu-
ated. HER2 presence was confirmed in CTCs in four cases,
which means that the change from HER2- to HER2+
occurred in 15% of tested samples, but that these four changes
can be ascribed to four different patients. The change was
relevant for four out of 12 patients (33.3%) which is already a
significant number. Similarly, in 50% of patients, HER2 status
changed from HER2+ to HER2- (3/6).

ESR status in CTCs changed only in one direction from
ESR+ to ESR— (3/3). These patients’ primary tumors were
diagnosed as ESR+/PGR+/HER2—. This group of patients
will most probably exhibit very frequent changes.

Taken together, due to relatively high numbers of CTC
positivity in different patient groups, we may conclude that
a certain number of CTCs are always present in the blood
of the patients. The cells have to be under selection pres-
sure of treatment uninterruptedly. As soon as the selection
pressure is stopped, new gene expression profile is dis-
played by CTCs.

The data obtained in the present study suggest that BC is
a heterogeneous disease, but CTCs may be detected inde-
pendently of the disease characteristics in 76% (119/165)
of patients at any time point of the course of the disease.
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This relatively high CTC occurrence in BC should be
considered in planning the long-term patient monitoring.

Discussion

Treatment decisions in BC are based on the characteristics
of the primary tumor without considering the character of
minimal residual disease or metastasis. However, tumors
are evolving entities and genetic heterogeneity has been
detected comparing the primary tumor with subsequent
recurrences and metastases and analyzing different regions
of the same tumor [7]. It has been hypothesized that the
success of personalized treatments greatly depends on the
capability to capture and monitor tumor heterogeneity over
time and to consequently modulate therapies [8].

Detection and characterization of CTCs can contribute
to the understanding of the disease and improved therapy
monitoring as well as personalized treatment options. The
key step is sensitive isolation and detection of CTCs. To
date, various approaches have been also used to visually
identify CTCs; however, the techniques employed to per-
form cell enrichment, immunohistochemical detection, and
image analysis are complicated [9, 10]. Moreover, epithe-
lial markers are currently used to detect CTCs; tumor cells,
however, may lose their epithelial features during metas-
tasis/dissemination or may not express these markers
because of their heterogeneity [11]. Therefore, some CTCs
could be unidentified during epithelial-mesenchymal tran-
sition (EMT) by the common CTC-enrichment strategies
relying on epithelial markers [12]. According to recent
findings, more invasive CTCs may lose their epithelial
antigens as a result of the EMT process [13] and EMT has
been increasingly recognized as the key mechanism of
cancer drug resistance [14].

We have used a simple method, without any compli-
cated processing steps, for detecting viable human CTCs in
the peripheral blood by using physical features of CTCs.
We believe that viable CTCs may be a less invasive,
repeatable biomarker for monitoring tumor responses.

In our study more than 76% patients were CTC positive.
This result provides evidence that BC cells migrate and
disseminate from morphologically very early lesions.
Hosseini et al. demonstrated that metastatic dissemination
often occurs early during tumor formation [15]. Dissemi-
nated cancer cells detected in patients before the
manifestation of breast-cancer metastasis contain fewer
genetic abnormalities than primary tumors and indicate that
dissemination occurs during early stages of tumor growth
[16-19].

As demonstrated by the SWOG S0500 trial, the simple
enumeration of CTCs is not sufficient to guide therapy
[20]. There is increasing evidence that cancer evolves over
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time because of its genomic instability and under the
selection pressure of systemic treatments. These changes
can be responsible for the appearance of drug-resistant
clones. In studies of metastatic breast cancer (MBC), a
discrepancy was observed between metastases or CTCs and
the primary tumors in terms of HER2, estrogen and pro-
gesterone receptor expression [21, 22]. The loss of
progesterone or estrogen hormone receptor expression in
CTCs was described in 40% of receptor-positive MBC,
while increased hormone receptor expression was detected
in only 8% of triple negative MBC [21].

The clinical use of new CTC detection technique and the
molecular characterization of isolated CTCs may lead to
the development of personalized anticancer strategy in near
future.
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Komentar vysledki

CTC pozitivita v kohort¢ nami sledovanych pacientek s karcinomem prsu byla 76 %.
Nezjistili jsme zadny statisticky vyznamny rozdil mezi testovanymi skupinami pacientek, ale
nejvyssi vyskyt CTC byl identifikovdn ve skupiné pied zahdjenim neoadjuvantni lécby
a u pacientek indikovanych k operaci. Na druhou stranu nejnizsi frekvence CTC pozitivity
byla pozorovana u zen v menopauze (56 %) a u pacientek s nalezem duktalniho karcinomu
in situ (DCIS, 44,4 %). Za zminku stoji, ze po dokonc¢ené neoadjuvantni terapii byla CTC
pozitivita zjisténa v 77,7 % ptipadi. Na druhé stran¢ u pacientek po ukoncené hormonélni
lécbeé byla CTC pozitivita zjiSténa v 52 % piipadi. Tento relativné vysoky vyskyt CTC
u pacientek s karcinomem prsu by mél byt zvazen pii dlouhodobé monitoraci relapsu

onemocnéni v ramci dispenzarizace pacientek.
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Abstract

AIM: To investigate the feasibility of separation and
cultivation of circulating tumor cells (CTCs) in pancre-
atic cancer (PaC) using a filtration device.

METHODS: In total, 24 PaC patients who were can-
didates for surgical treatment were enrolled into the
study. Peripheral blood samples were collected before
an indicated surgery. For each patient, approximately
8 mL of venous blood was drawn from the antecubital
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veins. A new size-based separation MetaCell* technol-
ogy was used for enrichment and cultivation of CTCs
in vitro. (Separated CTCs were cultured on a mem-
brane in FBS enriched RPMI media and observed by
inverted microscope. The cultured cells were analyzed
by means of histochemistry and immunohistochemistry
using the specific antibodies to identify the cell origin.

RESULTS: CTCs were detected in 16 patients (66.7%)
of the 24 evaluable patients. The CTC positivity did not
reflect the disease stage, tumor size, or lymph node
involvement. The same percentage of CTC positivity
was observed in the metastatic and non-metastatic
patients (66.7% vs 66.7%). We report a successful
isolation of CTCs in PaC patients capturing proliferat-
ing cells. The cells were captured by a capillary action
driven size-based filtration approach that enabled cells
cultures from the viable CTCs to be unaffected by any
antibodies or lysing solutions. The captured cancer
cells displayed plasticity which enabled some cells to
invade the separating membrane. Further, the cancer
cells in the “bottom fraction”, may represent a more
invasive CTC-fraction. The CTCs were cultured /in vitro
for further downstream applications.

CONCLUSION: The presented size-based filtration
method enables culture of CTCs /7 witro for possible
downstream applications.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Pancreatic cancer; Circulating tumor cells;
Biomarker; Cultivation

Core tip: Circulating tumor cells role in the process of
pancreatic cancer dissemination should be studied in
the context of the disease management. The ability
to /n vitro culture pancreatic circulating tumor cells
(CTCs) could potentially help with the development of
innovative treatments and diagnostic technologies. We
presented simple size-based separation device for the

December 7, 2014 | Volume 20 | Issue 45 |
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isolation of viable CTCs. The isolation process is gentle
allowing the subsequent CTC-cultivation /n vitro and is
antibody independent.

Bobek V, Gurlich R, Eliasova P, Kolostova K. Circulating
tumor cells in pancreatic cancer patients: Enrichment and
cultivation. Werld J Gastroenterol 2014; 20(45): 17163-17170
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i45/17163.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
145.17163

INTRODUCTION

The lethal nature of cancer is caused by its invasive char-
acter, and spread #« blood and lymphatic system to dis-
rant locations generating metastatic disease. Moreover,
pancreatic cancer (PaC) counts to the solid tumors with
the shortest overall survivals. The aggressiveness of the

disease is demonstrated in clinic by very early metastatic
11-3]

disease and chemoresistance

Prognostic value of tumor cells disseminated to the
blood and bone marrow has been shown for various
types of solid tumors. Circulating tumor cells (CTCs) are
cells shed from primary tumor and metastatic sites to the
peripheral blood.

Large patient series of breast, prostate, lung, colon
cancer have been tested for CT'Cs, but no complete re-
sults have been reported so far in pancreatic cancer clini-
cal trials™™,

The limitation of the recently available tumor mark-
ers in PaC could be overcome by CTC.

The analytical methods developed to identify CTCs in
PaC include direct and indirect CTCs- detection. Analyti-
cal assays based on antibodies against EpCAM antigen
expressed on the cells surface count to the direct CTC-
solation methods together with size based separations.
The polymerase chain reaction-based assays analyzing
DNA and RNA count for indirect detection methods”™,

Characterization of CTCs in PaC including enumera-
ton could be an important part of the diagnostc pro-
cess. CTCs detection aims to reveal the mamor recurrence
risk, chemo and radiotherapy resistance matkers™,

Moreover, the conventional prognostic indicators to
predict patient outcome are often imperfect, owing main-
ly to mmor plasticity and subjective assessment ctiteria.
Therefore, there is an urgent need for the establishment
of new sensitive prognostic methods capable of identi-
fying patients with a worse prognosis or those who will
progress quickly.

In the present study, we have employed size-based
separation method to detect CTCs. Our goal was to cre-
ate an accurate assay that would improve the both detec-
tion and cultivation of CTCs/disseminated tumor cells
(DTCs) of pancreatic cancer patients avoiding false-
positive results and to allow for the personalization of
therapy regimens.

P
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Table 1 Patient characteristics and circulating tumor cells ex-

amination results 77 (%)

Patient characteristics Total patients (;7)  With detected CTC

T stage 24
Tl 0 0 (0)
T2 2 1 (50)
T3 11 9 (81.8)
T4 11 6 (54.5)
N stage
NO 7 6 (85.7)
N1 17 10 (58.9)
M stage
MO 21 14 (66.7)
M1 3 2 (66.7)
Grading
1 1 0 (0)
2 13 8 (61.5)
3 9 8 (88.9)
4 1 0 (0)
Disease stage
[ 1 1 (100)
A ) 4 (80)
B 5 5 (71.4)
o 8 4 (50)
i 3 2 (66.7)

CICs: Circulating tumor cells.

MATERIALS AND METHODS

Patients

To date, 24 patients with diagnosed PaC have been en-
rolled into the study in accordance with Declaration of
Helsinki. All patients were candidates for surgery treat-
ment, but 9 out of the 24 patients (37.5%) were seen

as inoperable within surgery. Based on the informed
consent clinical data were collected from all participating
patients. The patient sample characteristics are shown
in Table 1. Peripheral blood (PB) was collected prior to
surgery. For each patient, peripheral blood (8 mL) was
withdrawn into S-Monovette tubes (Sarstedt AG and
Co., Numbrecht, Germany) containing 1.6 mg EDTA/
ml. blood as an anticoagulant. The isolation procedure
was completed within 24 h after the blood withdrawal (the
samples were stored at 4-8 'C up to 24 h).

CTCs enrichment and culture

Recently, a new size based separation method for viable
CTC - enrichment from PB has been introduced (Meta-
Cell®, MetaCell s..0., Ostrava, Czech Republic)™. The
size-based enrichment process is based on the filtration
of peripheral blood through a porous polycarbonate
membrane (pores with 8 um diameter). The minimum
and maximum volume of the filtered PB may be ad-
justed up to 50 mL with fluid. The standard 8 mL of PB
from patients suffering with PaC was transferred into
the filtration tube-set. Successive blood transfer in sev-
eral steps is preferred to prevent the blood cotting on
the membrane filter. The PB flow is driven by capillary
action of the absorbent touching the membrane filter.
The whole isolation procedure runs at room tempera-
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Figure 1 Circulating tumor cells captured and cultured on the membrane filter (A), cultured in vitro (A, B, C, D) with visualized nucleoli and nucleus coun-
terstained with DAPI. The circulating tumor cells (CTCs) cultured in vitro may grow through the membrane via the ability of changing the cell shape (C, D)

10 pm

Figure 2 Circulating tumor cells captured and cultured on the membrane filter, incubated with CK-18-FITC antibody, nucleus was counterstained by DAPI (A, B).

ture. The filtered CTCs were observed on the membrane
immediately after fileration by light microscopy and
subsequently (after 2 h) by fluotescent microscopy using
unspecific nuclear stain (NucBlue™, Life Technologies).
For some of the tested samples unspecific cytoplasmic
stain (Cell Tracker™, Life Technologies) has been used
as well to identify viable CTCs. The fluorescent analysis
enables to distinguish cytomorphology of the recently
enriched CTC fraction with a very high percentage of
sensitivity.

The control of presence of the captured CTCs im-
mediately after the isolation process helps to avoid false
negative results of examination.

The membrane filter is kept in a plastic ring that is
transferred into the G-well cultivation plate, 2 mI. RPMI

-
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media is added to the filter top and 2 mL to the well bot-
tom. CTCs are cultured on the membrane 7# #ro under
standard cell culture conditions (37 'C, 5% atmosphere
of CO2) and observed by inverted microscope (I'igure
1). The CTCs were grown in FBS enriched RPMI me-
dium (10%) for the period of minimum 14 d on the
membrane. The cultured cells were analyzed by means of
histochemistry (May-Griinwald staining) and immunohis-
tochemistry using the specific antibodies to identify cell
origin [anti-eytokeratin 18 -FITC conjugated antibody
(Sigma, Germany)|, monoclonal CEA, cytokeratin CK7
and vimentin (Dako Denmark 8/V) and unspecific DAPI
staining (Sigma, Germany) (Figures 1, 2 and 3).
Alternatively the enriched CTCs fraction can be trans-
ferred from the membrane and cultured directly on any

December 7, 2014 | Volume 20 | Issue 45 |
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20 um

20 um

Figure 3 Circulating tumor cells captured on the separating membrane shown after different inmunohistochemistry stainig proving the gastrointestinal
origine of the captured cells. A: May-Gruenwald stain; B: CEA-antibody staining; C: CK7-antibody staining; D: Vimentin-antibody staining.

plastic surface or a microscopic slide. Microscopic slide
culture is preferred if immunohistochemistry/immuno-
fluorescence analysis is planned. If an intermediate CTCs-
analysis is awaited, the CTCs-fraction is transferred in PBS
(1.5 mI) to a cytospin slide. The slide is then dried for 24
h and analyzed by means of immunohistochemistry.

Cytomorphological analysis
The fixed and stained cells on the membrane were exam-
ined using light and fluorescent microscopy. The analyti-
cal process can be divided into two steps: (1) observing
at smaller magnification (up to X 20) to identify cells or
cell nuclei; and (2) observing at higher magnification (up
o X 6) for more detailed evaluation of cytomorphology.
Cells captured on the separating membrane (single
cells or cells within clusters) were located, digitized, and
cvaluated by a trained rescarcher and/or experienced pa-
thologist. Cells presenting below listed characteristics were
defined as CTCs: (1) nucleat size equal or latger than 10
um); (2) presence of a visible cytoplasm; (3) prominent
nucleoli; (4) high nuclear-cytoplasmic ratio, which is not
necessatily truc in casc of i vifre cultured cells; and (5) ir-
regular nuclear contour.

RESULTS

The frequency of the CTCs positivity is summarized
for different patient subgroups in Figure 4. CTCs were
detected in 16 padents of 24 patdents (66.7 %), (lligure
4A), with comparable frequencies in operable and inop-
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erable patients (60% s 77.8%). Due to the low number
of partients in the different disease stage groups, CTC-
positivity does not reflect the disease stage (igure 4B),
wmor size (Iigure 4C), or lymph node involvement
(Figure 4D). The same percentage of CIC positivity
was observed in the metastatic and nonmetastatic pa-
tients (66.7% zs 66.7%) (Figure 41%). Interestingly 88.9%
patients with tumor grade 3 were affected by the spread
of the pancreatic disease defined by CTCs (Figure 4F).
The CTC - positivity reported for each patient individu-
ally is shown in the Table 2. We are not able to report
any correlation of CTC-abundance and histology tumor
subtype.

We evidence successful CTCs isolation in patients with
pancreatic cancer, capturing viable cells with proliferation
potential. The cells captured by size-based filtration ap-
proach are enriched with good fitness, what enables the
culture of the CTCs unaffected by any antibodies or lys-
ing solutons, The CTCs were cultured s wtre for further
downstream applications. The confluent cell growth was
reached in the majority of the cultivated C1'C cases.

The size of the captured cells guided us in the cancer
cell identification process even without any additional
staining (e.g., May-Grinwald -MGG). This standard
staining protocol (MGG) has enabled us to analyze the
nuclei including nucleoli. Generally the nucleus was big-
ger than 10 um itself and the cells did not present much
of cytoplasm immediately after separation process. The
nuclear-cytoplasmatic ratio is relatively high in cancer
cells, but not in the /# wvitre cultured CTCs. The CTCs

December 7, 2014 | Volume 20 | Issue 45 |



A CTCs in pancreatic cancer patients B

Inoperable (77.8% with CTC)

Operable (60% with CTC)

Total (66.7% with CTC)

0 10 20 30
C CTCs in relationship to tumor size (T stage) D
V. (54.5% with CTC)
M. {81.8% with CTC) 7
1. {50.0% with CTC)
0 I5 16 15
E CTCs in relationship to metastasis (M stage) F
1. (66.7% with CTC)
0. (66.7% with CTC)
0 1;) 20 30
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B With detected CTC
B Without CTC

CTCs in relationship to disease stadium
IV. (66.7% with CTC)
1. (50% with CTC)

118, (71.4% with CTC)

LA, (80% with CTC)
I . (100% with CTC)
0 5 10

CTCs in relationship to lymph node
involvement (N stage)

1. (58.9% with CTC)

0. (85.7% with CTC)

a 5 10 15 20

CTCs in relationship to grade (G)
IV. (0% with CTC)
3. (88.9% with CTC)
2. (61.5% with TC) [

1. (0% with CTC)

0 5 10 15

Figure 4 Circulating tumor cells positivity reported for patient subgroups. A: Circulating tumor cells (CTCs) in PaC patients, reflecting operability of the primary
tumor; B: CTCs in PaC patients in different disease stages; C: CTCs in PaC patients, grouped according the tumor size; D: CTCs in PaC patients, grouped according
the lymph node involvement; E: CTCs in PaC patients grouped according the metastasis; F: CTCs in PaC patients, grouped according to tumer grade.

get big and long in the culture, changing the nuclear-
cytoplasmatic ratio. The cytoplasm of CTCs is rather
pale than condensed.

Due to the cell size (15 um), nucleus size (10 pm),shape,
and nucleoli visualized by MGG or simple DAPI-stain in
the formerly fixed cells, cancer cells are detected on the
separating membrane (FigurelA), and also on the plastic
bottom of the 6-well plate (Figure 1B-D). These results
indicate that the captured cancer cells display plastic-
ity cnabling to grow through the separating membrane.
Concerning the shape of the cancer cells in the “bottom
fracton”, these cells could present a mote invasive CTC-
fraction with a spindle cell-like shape. The immunohis-
tochemical analysis has shown the abundance of the
cytokeratin-18 in the “membranc” fraction as well as in the
“bottom” fraction proving the carcinoma origin. We see an
enormous potental in the gene expression analysis, which
could reveal the epithelial - mesenchymal character of the
detected cancer cells, The mesenchymal like type pheno-
type of CTCs after an cpithelial- mesenchymal transition
(EMT), was described by expression of CK7, CEA and
vimentin (Figure 3).
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DISCUSSION

The presented study aimed to successful isolation of CTCs
from patients with PaC using a simple size-based separa-
tion device, The gentle antibody independent isolation
process allows the subsequent CT'C-cultivation 2 wiro.

The antibody independence could be of advantage
because the detection of CTCs cannot be based only on
the expression of epithelial makers (EpCAM) or cyto-
keratins due to their lost within EMT process!" ',

The epithelial markers can be down regulated during
umor cell dissemination, affecting the detection rates
of CTCs"""". Relatively low CTC-detection rates were
reported using the isolation methods relying on EpCAM
expression (e.g., CellSearch®, Adnagen™) in the catly

disease stages suggesting, EpCAM-based isolation pro-
[17-19]

cesses may not be efficient for CTC-detection

Two platforms for CTC- enumeration based on differ-
ent isolation principles (CellSearch™ and ISET) were com-
pared in the study of pancreatic cancer by Khoja e/ ™
prospectively. CellSearch® works on the antibody depen-
dent principle of CTCs-separation. All CTCs expressing

December 7, 2014 | Volume 20 | Issue 45 |
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2 Individual patient characteristics and circulating tumor cells examination results

Stadium Tumor histology CTC T
1B Ductal YES 2
nA Cylindrocellular YES 3
oA Ductal YES 3
oA Ductal YES 3
A Ductal NO 3
A Ductal YES 3
nB X VES! 3
nB Ductal YES 3
18-] X NO 3
uB Ductal YES 3
B Ductal YES 3
B Ductal YES 3
B Anaplastic NO 2
s Ductal NO 4
m Ductal NO 4
iig Ductal /cylindrocellular NO 4
m Ductal YES 4
s Ductal/cribriform NO 4
m Ductal YES 4
I Ductal/neurcendocrine YES 4
1 Ductal YES 4
v Ductal YES 4
I Ductal NO 4
v Ductal YES 4

Surgery

Operabile

Operabile

Operabile

Operabile
Inoperabile
Operabile
Inoperabile
Inoperabile
Inoperabile
Operabile

Operabile
Inoperabile
Operabile

Operabile

Operabile

Operabile
Inoperabile
Operabile

Operabile

Inoperabile
Inoperabile
Inoperabile
Operabile

Operabile

oD oo oo oD oo oa =1

B2L RS L2 R R R W =R R s ROTO W MW W R R W W W D)

o s oo g

CTCs: Circulating tumor cells.

epithelial markers should be captured by immunomagnet-
ic separation. ISET is asize-based, blood filtration device.
It has been reported that CTCs were detected in 93% of
patients ziz ISET and in 40 % by CellSearch®™.

We detected CTCs in the 66.7% cases. If the patients
are subcategorized, the CTC- positivity reaches 80% in
some subgroups (eg., T3-stage). In discussing the results
of the CTC-frequency in the pre-defined patient sub-
groups we should report the relationship between the
CTCs and operability of the PaC patients. The CTCs
were detected in the 77.8 % of inoperable patients. In the
future the CTCs-tests could be used for pre-screening
patients before operation. Stage lll encompasses pa-
tents whose tumors can be surgically removed which
represents more than a half of the patients. The CTCs
positivity results show, that also in the resectable cases,
the CTC-positivity number is very high (60%), There is
a possibility to pre-treat the CTC-positive patients within
neoadjuvant therapy (chemotherapy or radiotherapy)
combined regimens. The survival analysis of the PaC pa-
dents in the tested group is not available yet to show how
different the patient performance and therapy resulted
following CTC testing.

We have to acknowledge the potential of CTCs in un-
derstanding and discovering the biological principles of
cancer dissemination. The information on CICs should
help to manage patients according the CTC- presence.
The zn witro proliferation of CTCs in PaC could enable an
implementation of new analytical methodologies such as
genome profiling, microRNA studies, protein expression

[+ 9
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testing, chemoresistance analysis, and discovery of new
therapeutic regimens and targets. To use the CTCs as
biomarker monitoring the therapeutic efficiency in PaC
could be of advantage in near future. Subsequently, CTC-
testing is helping to improve patient stratification for new
rargeted drugs regimens™ >

Nevertheless, due to the lack of treatment possibilities
in PaC, it is not possible yet to identify by help of CTCs
new “druggable targets” But it is possible to identify in
CTCs susceptible genes, which could be used for gene
therapy development and immunotherapy optimalization
in individual patients””.

CTCs may help to identify differences between pri-
mary mumor and metastasis on the phenotype and geno-
type level. The clonal heterogeneity of the primary tumor
could explain differences between populations of dis-
seminated cells and the evolution of their new genotypes
and phenmypesm. To identify the differences on the
gene expression level between the primary tumor cells
and CTCs should be a base for improving the therapeu-
tical approaches. To answer all the questions discussed
above one needs larger number of CTCs. There are
several ways how to obtain larger numbers of cells: (1)
have more precise and specific separation techniques; (2)
To analyze bigger blood volumes; or (3) culture CTCs in
witro enabling their proliferation and further downstream
analysis, This could be reached by separation technolo-
gies as presented here. The newly reported successful i
vitre CTCs-culture could be a tool to overcome the low-
number CTCs limits, enabling any further research eg.,
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COMMENT

Background

Metastasis in visceral tissue is the major cause of cancer death .The dissemina-
tion process is based on the plasticity of malignant cells enabling their migration
from primary tumors to other microenvironments. Hematogenous dissemination
is the most common dissemination route even in tumors spreading through
lymphatic system. Circulating tumor cells (CTCs) are messengers in the cancer
dissemination process-holding a promise to determine new therapeutical regi-
mens for the advanced cancer. There have been many clinical studies which
showed the utility of CTCs abundance in the bloodstream as a prediction and
prognostic marker of the pancreatic disease.

Research frontiers

The authors still don't know yet how many tumor cells and how often are shed
from the primary tumar into the bloodstream. It is hypothesized that 1 g of tumor
tissue may release 10°of the cells into to bloodstream every 24 h. It is essential
to establish sensitive and specific technologies to detect CTCs, which would
enable their analysis on molecular level to further understand CTCs biology.
CTCs present an apportunity to offer information on more effective treatment
strategies and metastatic process prevention in individuals.

Innovations and breakthroughs

Innovation and improving of CTC detection methods has been reported recently
for CTC microchips, filtration based methodologies, quantitative reverse tran-
scription polymerase chain reaction. Improvements in CTC capture efficiency,
quantification, imaging and molecular analyses are likely to enable further
clinical applications. In this original research paper, we demonstrate that it is
possible to isolate human CTCs from patients with pancreatic cancer, with sub-
sequent cultivation and proliferation in viro.

Applications

CTCs provide a novel prognostic and predictive biomarker enabling to monitor
the efficacy of systemic therapy. CTCs may help to identify differences between
primary tumor and metastasis on the phenotype and genatype level. The
clonal heterogeneity of the primary tumor could explain differences between
populations of disseminated cells and the evolution of their new genotypes and
phenotypes. To identify the differences on the gene expression level between
the primary tumor cells and CTCs, CTCs should be a base for improving the
therapeutical approaches.

Terminology

CTCs the cancer cells circulating in the bloodstream. Size-based enrichment
process: CTC-enrichment based on cell size, addresses the problem of reduced
EpCAM expression.

Peer review

This paper provides a size-based method to isolate and culture pancreatic
CTCs from clinical blood samples. The major point of this paper is the culture
of CTCs. Many downstream tests are possible for the characterizations of
these cells.
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Komentar vysledki

Proces metastazovani je zalozen na plasticité¢ malignich bunék, kterd umozinuje jejich migraci
z primarniho nadoru do jiného mikroprosttedi. Identifikace rozdilti mezi buitkkami priméarniho
nadoru a populaci Sifenych bunék muze vysvétlit rozdily ve vyvoji klondlni heterogenity.
Cirkulujici nddorové buiky jako prostfednici hematogenniho Sifeni nadoru skryvaji potencial

pro stanoveni novych 1écebnych rezima u zhoubnych onemocnéni.

Inovace a zlepSovani detekénich metod CTC jsou velmi dulezité k zavedeni dostatecné citlivé
a specifické technologie pro detekci CTC, kterd by umozZnila jejich analyzu na molekuldrni
urovni nutnou k pochopeni metastatického procesu. ZlepSeni efektivity zachytu, kvantifikace,
zobrazovaci a molekularni analyzy pravdépodobné umozni jejich dalsi klinickou aplikaci
v podobé nového prognostického a prediktivniho biomarkeru umoziiujictho monitoraci

ucinnosti systémové terapie.

Tento c¢lanek poskytuje informace o zplsobu izolace zalozené na velikosti a kultivace
pankreatickych CTC z vzorkl krve pacientli s karcinomem pankreatu. Hlavnim bodem nasi
prace je zavedeni Zivé kultury CTC, které¢ jsou dale schopny dalSich testd k jejich

charakterizaci.
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Abstract: Circulating tumor cells (CTCs) and disseminated tumor cells (DTCs) are responsible for the deve-
lopment of metastatic disease, and may also hold the key to determining tailored therapies of advanced cancer
disease. Our review summarizes the prognostic significance of the detection of CTCs and DTCs in various
gastrointestinal cancers with an overview of their possible use as prognostic biomarkers. This could be used in
the future as a starting point for new clinical trials focusing on the predictive potential of circulating and disse-
minated tumor cells. (Folia Histochemica et Cytobiologica 2013, Vol. 51, No. 4, 265-277)
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chain reaction; MVB — mesenteric venous blood; NA
— not available; OS — overall survival; PB — peri-
pheral blood; PFS — progression-free survival; gPCR
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— quantitative real-time polymerase chain reaction;
RFA — radiofrequency ablation; RT — radiotherapy;
RT-PCR — reverse transcription polymerase chain
reaction; TGFS1 — transforming growth factor 1;
TRC method — transcription reverse-transcription
concerted method

Introduction

Single tumor cells occurring in blood circulation are
called circulating tumor cells (CTCs), while the single
tumor cells seeding distant organs prior to detection
of metastasis are termed DTCs (disseminated tumor
cells) [1]. CTCs and DTCs are believed to be respon-
sible for the development of metastatic disease, as
shown in the parallel-progression model of metastatic
cascade [1, 2].

Over the last decade, various methods and systems
have been developed to isolate and characterize CTCs
and DTCs. The presence of these cells accompanies
tumor invasion through the bloodstream and dissemi-
nation into other distant sites. Much effort has been
necessary to understand the biology of cancer disse-
mination and to make clinical use of CTCs and DTCs.
Our review summarizes the prognostic significance of
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the detection of circulating and disseminated tumor
cells in various gastrointestinal cancers with a view of
their future use in testing processes in clinical studies.

A cancer cell in circulation: a rare event

Recently, our understanding of cancer has conside-
rably improved. While the basic definition of cancer
remains unchanged, it is now considered a complex
disease. CTCs and DTCs may be rare events of pri-
mary tumor progression. Many clinical studies have
been conducted showing the utility of CTC detection
in the peripheral blood as a valuable predictor of the
clinical outcome for patients with solid tumors [3-5].
Detection, monitoring, and molecular analysis of
these extremely rare cancer cells (estimated as one
tumor cell per billion normal blood cells in patients
with diagnosed metastatic cancer) could provide new
possibilities in cancer treatment [6].

The methodology used for CTCs studies in gastro-
intestinal cancer has been reviewed in depth by Negin
et al. [6]. There is no doubt that the development of
new more sensitive detection techniques is crucial,
and is aimed at gaining higher counts of CTCs and
DTCs to make these methods into powerful tools of
prediction. We have tried to produce a useful overview
of recent methods of detection, isolation, and charac-
terization of CTCs, such as immunomagnetic separa-
tion, flow cytometry, fluorescent in situ hybridization
(FISH), and reverse transcription polymerase chain
reaction (RT-PCR).

Nowadays, the only predictive marker used in co-
lorectal carcinoma (CRC) is the KRAS gene, tested
by gene mutational analysis. It is believed that we are
close to discovering other genes for predictive purpo-
ses. This can also be achieved using CTCs, but their
counts seem currently to be insufficient for proper
analysis. CTC counts in analyzed peripheral blood in
gastrointestinal cancers (e.g., esophageal and gastric
cancer), are low compared with other malignancies
such as breast and prostate cancer. The absolute num-
bers in gastrointestinal cancers (such as metastatic
colorectal cancer) are reported as 1-2 CTCs/7.5 mL of
blood, while in metastatic prostate and breast cancer,
counts are on the level of 3-5 and 6-7 CTCs/7.5 mL
of blood, respectively [7-10]. It has been discussed
that that liver could filter the blood coming in from
the peritoneum, so CTCs may remain in the liver and
occupy hepatic tissue, developing local metastasis [6].
This could be the reason that significantly higher rates
of CTCs can be found analyzing mesenteric venous
blood (MVB) in comparison to the peripheral blood
[11]. This fact should be reflected in clinical studies,
where perioperative blood sampling might be a source
of CTCs for predictive analysis.
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The range of possible diagnostic and therapeutic
uses of CTCs is very wide. Firstly, monitoring cancer
disease and demonstrating the therapeutic success
achieved by molecular testing of CTCs (which in
future may be known as ‘liquid biopsy’) are possible
applications. Secondly, useful methods for inoperable
patients where there is no other possibility of obta-
ining information about the tumor character (which
could be called ‘real-time tumor biopsy’) is another
option. In addition, it seems that CTCs and DTCs
could provide a very good source of information about
the chemosensitivity and chemoresistance of the pri-
mary tumor and about distant sites of metastasis [12].

However, very little is still known about the exact
number of tumor cells released into the bloodstream by
tumors in humans. It is hypothesized that 1 g of primary
tumor may release 10° cells into the bloodstream every
24 hours [13]. It has been shown in orthotopic meta-
static tumor animal models that surgical manipulation
during oncological procedures may enhance the release
of cancer cells from the primary tumor site into the
circulation. Pressure, biopsy, and laser treatments can
all dramatically increase CTC counts (up to sixty-fold),
whereas proper tumor resection significantly decreases
CTC count [14]. Similarly, increases in CTC counts
have been show in human clinical studies of radiofrequ-
ency ablation (RFA) — a method of tissue destruction
that uses the heat generated by high-frequency alter-
nating current. CTCs from patients with CRC liver
metastases were quantified prior to and immediately
after open surgery, laparoscopic resection, and open or
percutaneous RFA. Surgical procedures led to a stati-
stically significant decrease in CTC counts measured
at multiple sites (peripheral vein and artery, hepatic
portal vein, hepatic vein). Conversely, RFA, whether
open or percutaneous, was associated with a significant
increase in CTC count [15]. It may be expected that in
vivo detection of intervention-amplified CTCs could be
used in the future for early diagnosis of small tumors
undetectable with conventional methods [14].

Clinical impact of CTCs in clinical studies
in patients with esophageal, gastric,
and colorectal cancer

The clinical relevance of CTC analysis in gastro-
intestinal cancers is summarized in Tables 14, in
which studies are listed according to the diagnosis
and the CTC detection method. Table 1 presents
immunocytological analysis, whereas Table 2 shows
RT-PCR analysis of CTCs in esophageal, gastric,
and pancreatic cancers. Similarly, in Tables 3 and
4, immunocytological and RT-PCR based studies of
CTCs in colorectal carcinoma are presented. Some
of the more interesting results are discussed below.

www.the.viamedica.pl
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Table 1. CTCs/DTCs in esophageal and gastric cancer — immunocytological studies

267

Clinical | Year | Pa- Stage Sampling CTC | DTC | Diagnostic | OS (months) P-value | Note
Study tients method (08S)
(n)
Vashist 2012 | 362 Mets, | Pre- and - Yes | ICC, DTCs-08399 |P< Esophageal cancer,
etal. [18] non post- CKassay | DTCs- DFS 0.001 DTCs in bone marrow
-mets | operative 28,2 identified by CK
DTCs+ OS 13,6 (eytokeratin),
DTCs+ DFS detailed clinico-
9,7 pathologic patient
characteristic
Matsu- 2010 | 52 Mets, At baseline, Yes | - Cell- 2 week point Pz Gastric cancer,
saka et non during Search® CTCs-08 35 0.001 detailed clinico-
al. [28] -mets | therapy CTCs- PFS 4,9 pathologic patient
CTCs+ OS 11,7 characteristic
CTCs+ PFS 1.4
4 week point
CTCs-0S 4,0
CTCs- PFS 5,0
CTCs+ 0S11.4
CTCs+ PFS 1.4
Hiraiwa | 2008 | 171 Mets, | Pre-and Yes |- Cell- NA P= Esophageal cancer
etal [7] non post- Search® 0.343 (EC), gastric cancer
-mets | operative (EC) (GO)
P=
0.032
(GO)
Kolo- 2007 | 32 Mets, Before and Yes | Yes |IF CTCs- 22,6 = Gastric cancer
dziejezyk non after CTCs+ 20,3 0.683 effects of pre-
et al. [44] -mets | preoperative operative CHT on
CHT CTCs/DTCs

CHT — chemotherapy: CK — cytokeratin; CTC — circulating tumor cell: DFS — disease-free survival: DTC — disseminated tumor cell; EC —
esophageal cancer; GC — gastric cancer; ICC — immunocytochemistry; IF — immunofluorescence; Mets — metastases; NA — not available; OS
— overall survival: PFS — progression-free survival

Table 2. CTCs/DTCs in esophageal and gastric cancers — gene expression based studies

Clinical | Year | Pa- Stage | Sampling CTC | DTC | Dia- Mole- 0s P-value | Note
Study tients gnostic cular (mon- | (OS)
(m) method markers | ths)
Yinetal | 2012 | 72 Mets, | Pre- and Yes |- RT-PCR | CKI19Y, - NA CTC (+) post-radiothe-
[19] non post- CEA, rapy prognostic factor
-mets | radiotherapy survivin for ESCC apart from
patients” Karnofsky
performance status
scores,
de 2012 | 247 | Non | Pre-and Yes |- RT-PCR | KRT19, NA NA CTC (+) 66.7% in
Albuqu- -mets | post- MUCI, esophageal, 62.2% in
erque et operative EPCAM, gastric, 33.3% in small
al. [45] CE- intestine, 60.6% in co-
ACAMS, lon, and 66.7% in rectal
BIRCS, adenocarcinomas
SCGB2A2,
ERBB2
Hoff- 2009 | 539 NA Pre- and Yes | - Density Methy- poor P=004 | -
mann ct post- gradient, | lated
al. [46] operative RT-PCR | DAPK
or APC
promoter
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Braben- | 2008 | 29 | Non Prior Yes |- Density | ERCC1 NA NA ERCCI mRNA
der et al. -mets | neoadjuvant gradient, expression
[47] CHT RT-PCR associated with
response to
neoadjuvant RT
Hoff- 2007 | 62 | NA Pre-and post- | Yes | — Density | Survivn NA P <0.04 Survivin mRNA
mann operative gradient, levels fall after
ct al. [48] RT-PCR surgical resection
Liuetal. | 2007 | 53 | Non | Pre-and post- | Yes | - Density | CEA NA P < 0.05 Patients with high
[17] -mets | operative, gradient, levels CEA in CTC
3rd post- RT-PCR fraction showed
operative day mets 1 year after
surgery more often
Ikoma 2007 | 44 | Mets, | Preoperative | Yes | — RT-PCR, | pl6, E- NA P=0.05 Methylation-
et al. [49] non MSP cadherin, -specific PCR
-mets RARbeta (MSP)
Hoff- 2007 | 44 | NA Postoperative | Yes | - Density Survivin NA P <0.04 Gastric, esophageal
mann gradient CRC, pancreatic:
etal. [50] (On- survivin levels fall
coQuick) after complete
RT-PCR surgical resection
Ikeguchi | 2005 | 59 | NA Pre- and post- | Yes | — RT-PCR | CEA NA P = 0.064 Gastric cancer
etal. [51] operative
Itoetal. | 2004 | 28 | NA NA Yes |- RT-PCR | CEA, NA NA -
[52] CK20
Kaganoi | 2004 | 70 | NA Pre-, intra- Yes | - RT-PCR | SCCA NA P < 0.001 Squamous cell
etal. [53] and post- carcinoma
aperative Antigen (SCCA)
Huang 2003 | 62 | NA Preoperative | Yes | — RT-PCR | CEA, NA NA Gastrointestinal
et al. [54] CK19, cancer
CK20
Nakashi- | 2003 | 54 | NA Preoperative | Yes | — RT-PCR | CEA NA NA -
ma et al.
155]
Koike 2002 | 33 | Mets, | Pre-, intra- Yes | - RT-PCR | Del- NA NA -
et al. [56] non and post- taNp63
-mets | operative,
1 week after
surgery
Miyazo- | 2001 | 57 | Mets, [ Pre-and post- [ Yes | — RT-PCR | CEA NA NA Gastric cancer,
no et al. non operative surgical manipu-
[57] -mets lation
Soeth 1997 | 245 | Mets, | Preoperative Yes, | Yes, | RT-PCR | CK20 for | CK20 P > 0.0001 Gastric cancer
et al. [58] non 104 | 141 DTCs RNA+ | (CRC) (GC), colorectal
-mets shorter | P = 0.0414 | cancer (CRC),
0Os (GC), pancreatic cancer
NA (PC) | (PC)

CHT, CK, CTC, DFS, DTC, GC, Mets, NA, OS - same as described for Table 1. BIRCs — BIR-containing proteins; CEA — carcinoembryonic
antigen; CEACAMS — carcinoembryonic antigen-related cell adhesion molecule 5; CRC — colorectal cancer; DAPK — death-associated protein
kinase; ESCC — csophageal squamous cell carcinoma; EpCAM — cpithelial cell adhesion molecule; ERBB2 — erythroblastic leukemia viral on-
cogene homolog 2; ERCC1 — excision repair cross-complementing 1 protein; MSP — methylation specific polymerase chain reaction; MUCI —
mucin 1; PC — pancreatic cancer; RT-PCR — reverse transcription polymerase chain reaction; SCGB2A2 — secretoglobin family 2A member 2.
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Esophageal cancer (EC)

Esophageal cancer (EC) is notorious for its aggressive
biological behavior, local infiltration, involvement of
adjacent lymph nodes, and broad metastasis through
hematogenous spread. It has been reported that the
frequency of hematogenous recurrence is high, despi-
te radical surgery with lymph node dissection [16]. In
this regard, the detection of cancer cells in the blood
could be important for identifying patients with a high
risk of relapse. There have been many studies showing
a positive correlation between detection of CTCs,
tumor staging, and patient prognosis. Detection of
CTCs from PB of EC patients by conventional gPCR
methods has been reported for several genes.

Liu et al. [17] aimed at establishing a quantitative
system for evaluating the role of CTCs in PB from
patients who underwent surgical resection during
esophageal cancer treatment. 155 PB samples from
53 EC patients were collected before surgery (B-1),
immediately after surgery (B0), and on the third po-
stoperative day (B+3). A direct gPCR method based
on CEA mRNA gene expression was designed for the
detection of CTCs. The authors showed significant
differences between groups B-1 vs. BO (p = 0.0001)
and B-1 vs. B+3 (p = 0.0209). 50% of the patients
with R > 0.4 (R = CTC ratio of B+3 over B0) showed
tumor recurrence within 1 year after surgery, whereas
the probability was only 14.3% for patients with R
< 0.4 (p = 0.043). The prognostic utility of CTCs in
EC has been shown also in studies where the gene
expression of survivin, ERCCI, and APC has been
tested by RT-PCR, as shown in Table 2.

The prognostic relevance of the presence of DTCs
in bone marrow (BM) for the postoperative course of
EC has also been evaluated recently [18]: 370 patients
with EC diagnosis (189 squamous cell carcinomas and
181 adenocarcinomas), were surgically treated with
complete resection (R0). They received neither ad-
juvant nor neoadjuvant therapy. DTCs were detected
by an immunocytochemical cytokeratin assay in pre-
operatively taken BM aspirates. Overall, 120 (32.4%)
patients harbored DTCs in their BM. The presence
of DTCs significantly correlated with aggressive
tumor biology, as indicated by increased tumor size
(p = 0.026), regional (p = 0.002) and distant
(p = 0.012) lymph node metastases, and higher re-
lapse rate (p < 0.001, ¥* test). The presence of DTCs
in bone marrow was a very strong and independent
prognostic factor in patients with resectable EC [18].

The CTC status in the PB of patients with eso-
phageal squamous cell carcinoma (ESCC), before
and after radiotherapy (RT), was evaluated by Yin
et al. [19]. A total of 72 ESCC patients enrolled in
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this study were treated with radical RT. The nested
RT-PCR reaction was used to detect the three repre-
sentative markers of CTCs: CEA, CK19, and survivin.
The results showed that the presence of CTCs, and
the positive expression of at least one of these three
markers in patients with ESCC pre-RT and post-RT
were 54.2% and 38.9%, respectively (p = 0.059).
Furthermore, the analysis of the patients according to
lymph node metastasis and adverse 2-year progression
-free survival (PFS) revealed changes in CTC status
after RT, which would reflect patients’ response to
RT. In a multivariate analysis with the Cox propor-
tional hazard model, only CTC positivity post-RT
was an independent, unfavorable prognostic factor
for ESCC, apart from subsequent chemotherapy and
patients’ Karnofsky performance status scores (a scale
quantifying cancer patients’ general well-being). In
conclusion, the positive detection of CTCs in patients
with ESCC after RT may be a promising biomarker
for radiation efficiency and prognosis assessment in
ESCC [19].

Gastric cancer (GC)

Follow-up studies on gastric cancer (GC) patients
suggested that CTC-positive cases with increased bur-
dens of CTCs were associated with poorer prognoses
than CTC-negative cases. The situation was similar
with DTCs [15]. Both localized and metastatic GC
can shed detectable concentrations of CTCs into the
blood. The presence of CTCs in circulation suggests
not only a high risk of tumor recurrence, but also an
unfavorable clinical outcome even in the early stages
of GC[20]. The prognostic impact of CTCs in GC has
been reported in several studies [21-27]. The sensitivi-
ty of RT-PCR CTC detection was superior to the other
less commonly used cytological detection methods
involving fluorescence-activated cell sorting (FACS),
immunohistochemistry (IHC), and immunocytochemi-
stry (ICC) [20]. For the identification of CTCs in GC,
different markers and their combinations were tested
in the analyzed studies. The combination of EpCAM,
CK8, CK18, and CK19 seems to be prognostically
the most relevant in GC [7, 24]. On the other side,
single survivin expression also achieved prognostic
significance in at least 2 studies [29, 30]. Based on the
analyzed data, detection of CTCs might be used as
a noninvasive method, not only for the confirmation
of GC diagnosis, but also for estimation of prognosis.

Colorectal cancer (CRC)

In general, the detection of CTCs in colorectal cancer
(CRC), independently of the method and markers

www.the.viamedica.pl
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used, correlates with the stage of the cancer discase
[31, 32]. On the other side, the correlation of CTCs
with some known clinicopathological prognostic
factors (e.g., T4 tumor size, perineural invasion,
bowel obstruction, high preoperative CEA levels)
is still uncertain [32]. It is believed that the correla-
tion of CTCs with clinicopathological factors would
increase if the sensitivity of the CTC detection were
higher. CTC positivity is observed in approximately
40-50% of metastatic CRC patients. Differences in
CTCs detection can be observed depending on the
sampling site, as shown by Rahbari et al. [10], who
tested compartmental differences of CTC in CRC.
The qualitative and quantitative detection of CTCs
was higher in the mesenteric venous blood (MVB)
than in the central venous blood (CVB) of patients
with CRC. It has been speculated that the liver works
as a filter and stops CTCs from entering the central
circulation [6]. Moreover, higher counts of CTCs were
detected when the tumor was localized in the lower
part of rectum than in the cases of middle and high
rectal involvement [6, 33).

The biomarkers used for the CTCs detection
in cytological or RT-PCR examination of patients
with CRC are listed in Tables 3 and 4. Generally,
the EpCAM pre-enrichment is a basis for further
cytokeratine (CK19/20, CK8/18) and CEA testing.
Recently, plastin3 has been shown to have significant
clinical relevance. Plastin3 positivity in the PB was
found to be associated with clinicopathological risk
factors, such as depth of invasion, lymph node and
liver metastasis, presence of peritoneal dissemination,
increased recurrence rate, and higher Dukes stage. It
is very important to note that plastin3 expression was
also detected in all patients with recurrent disease, and
at alevel higher than in the case of prerecurrence and
of patients without recurrence [34]. The correlation
between CTCs and prognosis in CRCs was stronger
if CKs and multiple markers were used than for the
one-marker assay [35].

Recently, several meta-analyses evaluating the
prognostic value of CTC examination in CRC have
been published. Rahbari et al. [36] included 36 stu-
dies and 3094 patients in their final meta-analysis.
The pooled analyses combining all sampling sites
(PB, mesenteric PB (MPB), and BM) associated the
detection of CTCs/DTCs with poor recurrence-free
survival (RFS). Stratification by sampling site showed
that detection of CTCs in the PB compartment was
a statistically significant prognostic factor, but that
detection in the MPB or BM was not.

Similarly, 12 studies representing 1329 patients
were suitable for pooled analysis of CRC patients in
a prognostic study [37]. The OS and PFS were worse
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in CTC-positive patients, whereas analyzing PFS se-
parately, the subgroup with significantly worse survival
rate contained over 35% CTC-positive patients. Mul-
tivariate analysis was performed on eight studies and
identified the detection of CTCs as an independent
prognostic factor for survival. Moreover, the meta-a-
nalysis reported that the detection of CTCs in PB of
patients with resectable colorectal liver metastases,
or with widespread metastatic CRC, was associated
with disease progression and poor survival [37]. The
study of Katsuno et al. [38] highlights the potential
importance of cancer cell detection in the venous
drainage of colorectal cancers as a prognostic marker
and a mode of staging in this neoplastic disease.

Regarding the effect of chemotherapy on CTC
counts, it has been evaluated that the prognosis of
patients with undetectable CTCs after chemotherapy
was significantly better [39]. Additionally, molecular
detection of persistent postoperative CTCs has been
confirmed as a prognostic marker of early relapse in
I-I1I stage CRC patients, which could help to select
patients for an enhanced follow-up and therapeutic
program [40, 41].

In summary, it is expected that CTCs and DTCs
will be used for mutational analysis of the genes con-
nected directly to the targeted therapy (e.g., KRAS,
BRAF). The heterogeneity of the genetic profiles of
cells from the primary tumor, metastatic tumors, and
CTCs may be an explanation for the variable response
to EGFR-inhibitor chemotherapy [5, 42, 43]. CTCs
are not only a marker for advanced disease, but also
have prognostic and predictive potential. A decrease
in CTC levels during chemotherapy is correlated with
improved responses to chemotherapy [39].

Several very important questions need to be an-
swered, and further studies are required to unify the
isolation techniques before CTCs can be adapted
for widespread clinical use. In particular, the follo-
wing questions should be central to future research:
Can CTCs be used to define a group of patients with
“resectable” metastases who should not undergo re-
section? Can CTCs be used to monitor the immediate
effectiveness of systemic chemotherapy or to predict
which chemotherapy would be most effective? Can
CTCs be used to help staging patients with metastatic
CRCs?

Finally, we are reminded that stage I'V of colorec-
tal cancer is a disease with many possible outcomes,
ranging from rapid death to recovery [40]. We also
recall that our ability to predict which patient will
experience which outcome is relatively limited. The
detection of CTCs is a potentially promising biomar-
ker that could contribute to the staging of the cancer
and this deserves a prospective study.

www.the.viamedica.pl



Circulating Tumor Cells in Gastrointestinal Cancer

Conclusion

In summary, it is essential to establish sensitive,
specific technologies to detect CTCs. More detailed
analyses of their molecular characteristics should be
performed with the aim of understanding the biology
of CTCs and DTCs. This may provide a yet-untapped
option to develop therapeutic strategies that will
effectively treat and prevent metastatic process for
each person individually.
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Komentar vysledku

Review shrnuje prognosticky vyznam detekce CTC/DTC u riiznych typi malignit
gastrointestinalniho traktu s ptehledem jejich mozného pouziti jako prognostického
biomarkeru. Klinicky vyznam CTC/DTC analyzy u pacienti s karcinomy jicnu, zaludku,
pankreatu ¢i kolorekta je shrnut v tabulkach, ve kterych jsou studie uvedeny podle diagnozy
ametody detekce CTC. Studie jsou dé¢leny podle metody detekce na metody
imunocytogenetické a RT-PCR metody CTC analyzy.

Je nezbytné stanovit citlivé a specifické technologie pro detekci CTC. Podrobnéjsi analyzy
jejich molekuldrnich charakteristik by mély byt provadény s cilem pochopit biologii
CTC/DTC. To muze poskytnout dosud nevyuzitou moznost vyvinout terapeutické strategie,

které budou G¢inné 1&¢it a branit metastatickému procesu pro kazdou osobu individudlné.
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6 Diskuse

6.1 Cirkulujici naddorové bunky u riznych druhi solidnich tumori —

diagnosticky biomarker

Detekce a charakterizace CTC muize ptispét ke v€asné diagnostice, pochopeni nadorového
onemocnéni a zefektivnéni terapie. Klicovym krokem je pouziti dostatecné citlivé metody
izolace a detekce CTC. Vysoka heterogenita CTC musi byt zohlednéna pied vybérem
izola¢nich a obohacujicich metod za u¢elem minimalizace chybnych postupti v detekci CTC

hned v pocatku.

Separacni filtracni metody nezavislé na protilatkach se ukazuji 0€inné&jsi pfi identifikaci CTC,
nebot” izola¢ni metody CTC zalozené pouze na detekci epitelidlnich markert (napi. EpCAM,
cytokeratiny) nezachyti vS§echny CTC v disledku jejich zmén, které podstupuji v ramci EMT
procesu (Cohen et al., 2008; Cohen et al., 2009). Byly uvetejnény relativné nizké hodnoty
zachytu CTC pomoci metod izolace vychézejicich ze zachytu exprese EpCAM v Casnych
fazich onemocnéni (napt. CellSearch®, Adnagen®). Ukazuje se, ze izola¢ni protokoly
EpCAM nemusi byt pro CTC detekci dostatecné senzitivni (Farace et al., 2011; Hofman et al.,
2011; Sandri et al., 2010).

Mnoho tsili bylo v poslednim desetileti vénovano vyvoji novych ,,non-EpCAM* detekcnich
metod. Jejich dalsi vyvoj je konfrontovan s dalSimi vyzvami, jako jsou zlepSeni miry Cistoty
a obohaceni ziskaného vzorku, zajisténi Zivotaschopnosti CTC a udrzeni intaktniho

bunécného povrchu izolovanych CTC (Gabriel et al., 2016).

Wang et al. (2016) prednasi k dalsi diskusi problematiku kultivovani izolovanych CTC pro
klinické tc¢ely pouze z periferni krve. S ohledem na strukturu cirkula¢niho systému poukazuje
na skute¢nost, Ze ne vSechny populace CTC jsou rovnomérné rozloZzeny v krvi a pouziti
samotné periferni krve k detekci CTC nemiize ptedstavovat celou genetickou variabilitu

cirkulujici nddorové bunééné populace (Wang et al., 2016).

Nami prezentovany soubor studii je zaméfen na uspéSnou izolaci CTC od pacienti se
zhoubnymi nadory gastrointestinalniho traktu (slinivky, tlustého a tenkého stieva) a prsu
pomoci jednoduché separaéni metody zalozené na velikosti (MetaCell®) (Cegan et al., 2014,

Kolostova et al., 2016).
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Nizka specificita je bohuzel nejvétsi nevyhodou nami pouzité separaéni metody zalozené
na velikosti. Oproti tomu vyhodou je jeji vysoka citlivost a Setrné izolace zivotaschopnych
bunék s moznou naslednou kultivaci. Izolace celych bunék poskytuje dal§i moznost
molekuldrni charakterizace k jejich specifikaci. Jak kultivace s vyhodnocenim CTC
cytomorfologie dle histopatologickych kritérii, tak molekularni charakterizace pak umoziuji
ptesnou identifikaci CTC/DTC a jejich vyuziti jako diagnostického biomarkeru (Bobek et al.,
2014; Eliasova et al., 2017; Jakabova et al., 2017).

V korelaci s nasimi daty byly obdobnou metodikou detekovany a identifikovany CTC
u dal$ich typt solidnich nadord, a to nadort jicnu (Bobek et al., 2014), zaludku (Kolostova

et al., 2016), mocového méchyie (Cegan et al., 2014) ¢i ledviny (Klézl et al., 2020).

6.2 Cirkulujici nadorové buiiky a stadia nadorového onemocnéni —

prognosticky biomarker

Ve snaze zhodnotit prognosticky vyznam CTC pozitivity byla publikovana celd tada
studii (ElidSova et al., 2013) a meta-analyz o mozném vyuziti CTC jako prognostického
markeru. Pfikladem uvadime metaanalyzu Rahbari et al. (2012) u pacientl s kolorektalnim
karcinomem, kde bylo zahrnuto 36 studii (n=3 094 pacientd). Tyto studie kombinovaly
riznd mista odbéru krve z krevniho obéhu (periferni krev, mesentericka krev), pficemz je
pojil vztah pozitivity CTC/DTC a kratSi doba pfeziti bez navratu nemoci. Také bylo
prokdzano, Ze detekce CTC z periferni krve byla statisticky vyznamnym prognostickym

faktorem (Rahbari et al., 2012).

U pacientt s detekovatelnymi CTC bylo zjisténo vyznamné horsi celkové preziti a krat$i doba
do relapsu nemoci (linuma et al., 2011). Z vySe uvedenych publikaci je zfejmé, Zze detekce
CTC je silnym prognostickym parametrem u pacientl s pokro¢ilym nadorovym onemocnénim
a dynamika zmén CTC muze napomoci ke stratifikaci téchto pacientti. Piekvapivym zjisténim
byl fakt, ze CTC pozitivita nekorelovala se stadiem nadorového onemocnéni (Tab. 1,

Bobek et al., 2014; Tab. 1, EliaSova et al., 2017; Tab. 2, Jakabova et al., 2017).

Diive se pfedpokladalo, Ze pouze u invazivnich nddori muiZe dochazet k uvoliovani
1zolovanych nadorovych bun¢k do krevniho obéhu a lymfatickych cest. Podle naSich vysledki
a také ve shod¢ se zahrani¢nimi studiemi se ukazuje mozna diseminace nadorovych bun¢k
dokonce u karcinomt in situ (Jakabova et al., 2017; Banys, 2012; Sanger, 2011). To by

znamenalo, Ze nadorové bunky mohou diseminovat jiZ z preinvazivnich mammarnich 1ézi,
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ze skrytych invazivnich nadorti nebo dokonce se muze jednat o Casny krok mikroinvaze
z preinvazivnich 1ézi. Proto se v soucasné dobé vyzkumné aktivity zaméfuji na detekci
a charakterizaci CTC u c¢asnych stadii nadorovych onemocnéni (Thery et al., 2019). V nasi
studii u kohorty pacientek s ¢asnym karcinomem prsu bylo vice nez 68 % piipadi CTC
pozitivnich (Jakabova et al., 2017). Tento vysledek poskytuje dikaz, ze CTC migruji a §ifi se
1 z morfologicky velmi ranych 1ézi. Hosseini et al. (2016) prokazal, Ze metastatické Sifeni se
Casto vyskytuje brzy béhem tvorby nadoru (Hosseini et al., 2016). Cirkulujici nddorové bunky
detekované u pacientek pied projevem metastazy rakoviny prsu obsahuji méné genetickych
abnormalit nez primarni nddory a ukazuji, Ze k Sifeni dochdzi i béhem ranych fazi ristu
nadoru (Schardt et al., 2005; Schmidt-Kittler et al., 2003; Husemann et al., 2008; Sanger
etal., 2011). Prestoze postaveni CTC jako nezavislého prognostického biomarkeru je
potvrzeno, k moznému pouziti detekce CTC jako optimdlniho néstroje k zachytu casnych
stadii ¢i monitorovani minimalni rezidualni choroby je potieba dalSich klinicky podlozenych

vysledkd.

6.3 Molekularni analyza a identifikace cirkulujicich nadorovych bunék —

prediktivni biomarker

Vyzkum na poli CTC pokrocil z kvantifikace izolovanych CTC buné¢k k jejich molekularni
charakterizaci, coz by mélo umoZnit monitoraci vyvoje fenotypu nemoci v ¢ase a poskytnout
potencialni prediktivni marker odpovédi na lécbu. Molekuldrni charakterizace vychazi
z konceptu EMT, kdy butika primarniho tumoru ztraci vlastnosti epitelidlni buniky a ziskava
nékteré vlastnosti mesenchymalni buniky. Soucasné se méni geneticky profil a signalni drahy,
kter¢ jsou zodpovédné =za inhibici apoptdzy, proliferaci a metastatické vlastnosti

CTC (Liberko et al., 2013).

Rozhodnuti o 1é€bé karcinomu prsu jsou zaloZena na vlastnostech primarniho nadoru, aniZ by
zohlediovala charakter metastdz ¢i minimalni rezidualni chorobu. Nakolik se vSak vyvijeji
entita a genetickd heterogenita, bylo zjiStovdno porovnanim tkan¢ primarniho nadoru
s metastdzami a analyzou rlGznych oblasti stejného nadoru (Siu et al, 2013). Bylo
predpokladdno, ze uspéch personalizovanych 1écebnych postupi velmi zavisi na schopnosti
zachytit a monitorovat heterogenitu nddoru v prabéhu ¢asu a nasledné modulovat terapeutické
postupy (Gagan et al., 2015). Je mozné identifikovat v CTC citlivé geny, které by mohly byt
pouzity pro vyvoj a optimalizaci genové terapie a imunoterapie u jednotlivych pacient (Cen

etal., 2012).
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Pravé CTC mohou pomoci identifikovat rozdily mezi primarnim naddorem a metastdzami na
urovni fenotypu a genotypu. Klondlni heterogenita primarniho naddoru by mohla vysvétlit
rozdily mezi populacemi DTC a vyvojem jejich novych genotypli a fenotypti (Han et al.,
2014). Proto identifikace rozdili na urovni genové exprese mezi primarnimi nadorovymi

buitkami a CTC by méla byt zdkladem pro zlepseni terapeutickych piistupt.

Signifikantnim zjiSténim vychazejicim z naSeho vyzkumu bylo, Ze analyza genové exprese
odhalila (celkem 43 qPCR vySetieni) odlisny stav receptori HER2 a ER u CTC od jejich
stavu u primarniho tumoru (Jakabova et al., 2017). Molekularni profil CTC informuje
o aktudlnim stavu receptortt na CTC, coz umoziuje monitorovani onemocnéni (real-time

biopsy) a muze vést k individudlnimu cileni onkologické 1écby.

6.4 Vizualizace viabilnich cirkulujicich a diseminovanych nadorovych

bunék — kultivace in vitro

Zalozeni zivotaschopné bunééné kultury in vitro, a to jak kratkodobé, tak dlouhodobé (Bobek
et al., 2014; Eliasova et al., 2017; Jakabova et al., 2017), bylo zékladem pro dalsi analyzu
cytomorfologie a chovani CTC/DTC u riznych typt solidnich nadort (Bobek et al., 2014;
ElidSova et al., 2017; Jakabova et al., 2017). Viabilita naddorovych bunck byla hodnocena

pomoci znadeni fluorescenénimi barvivy (NucBlue®, Celltracker®).

Studie in vitro mohou byt uZitecné pro pochopeni proliferativniho a apoptotického potencialu
CTC, také pro jejich migracni a invazni schopnosti aj. Nicméné je potfeba piihlédnout
k faktu, ze v bunéénych kulturdch pfii kultivaci in vitro je uméle vytvorené prostiedi, které
neodrazi skute¢ny obraz ristu nadoru v zivém organismu (odlisné dostupnost kysliku, zivin,
metaboliti a signalizacnich molekul). Nedochazi tedy k plnohodnotné interakci nejen mezi
nadorovymi, imunitnimi a stromalnimi builkami a extracelularni matrix, ale 1 mezi
nadorovymi bunikami navzajem. To vSe hraje dualezitou roli v bunéfné diferenciaci
a proliferaci (Thoma et al., 2014). Také pfilnuti bunky k plastovému povrchu miiZze zptsobit
zménu morfologie nadorové bunky, coz mize ovlivnit organizaci intracelularnich struktur

bunky s naruSenim jejich funkci (Delarue et al., 2014).

Zavedeni, kultivace in vitro a nasledny vyzkum 3D bunécnych kultur, jako jsou clustery,
nadorové sféroidy ¢i organoidy (trojrozmérné bunécné modely skladajici se pouze
z naddorovych bunck nebo jejich kombinace s jinymi typy bunék) jsou dal$si moznou cestou

preklinického vyzkumu CTC/DTC (Guo et al., 2016; Gabriel et al., 2016).
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7 Zavér

Predkladana disertacni prace shrnuje dil¢i vyzkumné prace, jejichz cilem bylo izolovat CTC
z krve pacientll s riznymi druhy solidnich tumorl a nasledné se pokusit o jejich kultivaci
in vitro a cytomorfologickou charakterizaci. Do studii bylo za obdobi 2013-2017 zatazeno

celkem 289 pacientt.
Prace zodpovédéla nasledujici hypotézy:
Hypotéza I: Vyskytuji se CTC u riznych druhi solidnich tumora?

Studie prokézaly vyskyt CTC u riznych druht solidnich tumort. Pouzili jsme jednoduchou
separacni metodu s nizkou specificitou a vysokou senzitivitou zachytu CTC. Touto metodou

byly CTC detekovany a izolovany u riiznych histopatologickych druhti nadorda.
Hypotéza II: Odrazi se ve vyskytu CTC stadium nadorového onemocnéni?

U pacientt s detekovatelnymi CTC bylo zjisténo vyznamné horsi celkové preziti a kratsi doba
do relapsu onemocnéni. Detekce CTC je silnym prognostickym parametrem u pacientll
s pokro€ilym naddorovym onemocnénim a dynamika zmén CTC muZe napomoci ke stratifikaci
téchto pacientl. Pfekvapivym zjisténim vyzkumu byl fakt, Ze CTC pozitivita nekorelovala se

stadiem nadorového onemocnéni.
Hypotéza III: Lze vyuzit CTC k molekularni charakterizaci nadorového onemocnéni?

Ano, podafilo se identifikovat v CTC geny, které by mohly byt pouzity pro vyvoj
a optimalizaci genové terapie a imunoterapie u jednotlivych pacientl. Timto CTC mohou
pomoci identifikovat rozdily mezi primarnim nadorem a metastdzami na Urovni fenotypu
a genotypu. Molekularni profil CTC informuje o aktualnim stavu receptort na CTC, coz
umoziuje monitorovani onemocnéni (real-time biopsy) a muze vést k individudlnimu cileni

onkologické 1écby.
Hypotéza IV: Je moZné vizualizovat CTC/DTC ve viabilnim stavu?

Ano, podafilo se zaloZeni Zivotaschopné bunécné kultury in vitro, a to jak kratkodobé, tak
dlouhodobé, které bylo zdkladem pro dal$i analyzu cytomorfologie a chovani CTC/DTC

u riznych typi solidnich nadort.
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8 Souhrn

Piestoze nartst incidence zhoubnych novotvart v Ceské republice (CR) béhem poslednich let
zpomalil, je v CR praimérné diagnostikovano kolem 58 000 pacientt s malignim nadorovym
onemocnénim (mimo nemelanomové kozni novotvary) za rok. V souvislosti s malignim

onemocnénim cca 27 000 osob kazdy rok také umira (UZIS, 2022).

Nejcastéjsim noveé diagnostikovanym zhoubnym onemocnénim v roce 2018 byly (mimo kozni
nadory) zhoubné nadory prsu u Zen a prostaty u muzl, karcinomy tlustého stfeva a nadory
pradusnice, prudusek a plic. Diillezitym pfedpokladem uspésné 1écby nadorovych onemocnéni
je nejen zachyt Casnych stadii, ale i nastaveni optimalni 1écby individudlné pro kazdého

pacienta.

Zakladni otazkou bylo, zda jsme CTC buiniky schopni u riznych typt nadorG zachytit,
identifikovat a zjistit, jestli se jejich vyskyt odrazi ve stadiu onemocnéni. Také nés zajimalo,

jakou roli hraji CTC pfi sledovani pacientll po operacni 1éCb¢ a pfi nastaveni terapie.

Do jednotlivych studii bylo za obdobi 2013-2017 zafazeno 289 pacienti. Sbér dat
probihal retrospektivné. V ramci testovani CTC byla v§em pacientim odebrana periferni krev
(2 x 8 ml, EDTA), a to bud’ v den operace, nebo v pribehu chemoterapie. Pro obohaceni CTC
byl pouZit separacni protokol zaloZeny na velikosti bungk (MetaCell®). Po jednoduché filtraci
krve pres polykarbondtovou membranu s pory byly zachycené buiky (vétsi nez 8 pum)
inkubovany in vitro po kratkou dobu (3—5 dnt) ¢i dlouhodobé (déle nez 5 dni). Po kratkodobé
inkubaci byly buniky barveny histochemickym barvenim fixovanych bunék (napi. barveni
May-Griinwald-Giemsa), imunohistochemickym barvenim pomoci specifickych protilatek
k identifikaci bunécnych organel (pf. anti-cytokeratin 18-FITC) ¢i jadra (DAPI) a vitalnimi
fluorescenénimi barvivy (NucBlue™, Celltracker™). P¥itomnost CTC byla vyhodnocena na

zakladé¢ cytomorfologické charakterizace podle definovanych histopatologickych kritérii.

Ptitomnost CTC byla prokdzana 75,3 % piipadech testovanych vzorkii krve pacientl
sruznymi druhy solidnich nadort. Dale byly CTC/DTC inkubovany jako kratkodobé
1 dlouhodobé bunécné kultury. Nékteré izolované CTC/DTC byly péstovany in vitro déle nez
6 mésici. CTC pozitivita nekorelovala se stadiem onemocnéni, velikosti nadoru nebo
postizenim lymfatickych uzlin. Stejné procento pozitivity CTC bylo pozorovano

u metastatickych i non-metastatickych (66,7 % vs. 66,7 %) pacientii s karcinomem pankreatu,
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u pacientli s kolorektalnim karcinomem pak bylo pozorovano mirné vyssi procento pozitivity

u metastatickych nez u non-metastatickych (87,1 % vs. 80,6 %).

Prekvapivym zjisténim, byl fakt, ze CTC byly detekovany i v pfipadech pacientek

s preinvazivnim stadiem karcinomu prsu (4,2 %).

Vysetfeni CTC patii do skupiny testli tekuté biopsie a jednou z jeho hlavnich vyhod je
relativné minimalni invazivita (odbér krve). Pouzita filtratni metoda zalozend na velikosti
(MetaCell®) umoznila zavedeni Zivotaschopné kultury CTC in vitro, ktera byla nezbytna pro
zjisténi rozdillh mezi primarnimi nadorovymi bunkami a CTC.

Z terapeutického hlediska bylo nejvyznamnéj$im zjisténim, ze status HER2 a ER u CTC

karcinomu prsu se muze lisit od stavu téchto receptorii u primarniho tumoru, tedy ze charakter

CTC se béhem sledovaného obdobi méni a skutecné umoziuje sledovani nadorové dynamiky.
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9 Summary

Although the increase in the incidence of malignant neoplasms in the Czech Republic (CZ)
has slowed during recent years, on average around 58,000 patients are diagnosed with cancer

every year. About 27 000 people every year also die in connection with malignant neoplasms

(UZI1S,2022).

The most common newly diagnosed malignancies in 2018 were (excluding skin cancers)
breast cancer in women, prostate cancer in men, colorectal cancer and tracheal, bronchial and

lung cancers.

An important prerequisite for successful treatment of cancer is not only the detection of early

stages, but also the setting of optimal treatment individually for each patient.

The basic question was whether we are able to capture, identify and find out whether CTC
cells in different types of tumours are reflected in the stage of the disease. We were also
interested in the role that CTCs play in monitoring patients after surgery and oncological

treatment.

A total of 289 patients were included in the individual studies that took place during the years
2013 to 2017. Data collection took place retrospectively. Peripheral blood samples were
collected from all patients, either on the day of surgery or during chemotherapy. A cell size
separation protocol (MetaCell®) was used to enrich CTC. After simple filtration of the blood
through a polycarbonate membrane with pores, the captured cells (greater than 8 um) were
incubated in vitro for a short time (3—5 days) or for a long time (more than 5 days). After
short-term incubation, cells were stained by histochemical staining (May-Griinwald-Giemsa
staining), immunohistochemical staining with specific antibodies to identify cell organelles
(anti-cytokeratin 18-FITC), nuclear staining (DAPI, Sigma) or vital fluorescent staining
(NucBlue®, Celltracker®). The presence of CTC was evaluated on the basis of
cytomorphological characterization according to defined histopathological criteria. In a

portion of the samples (n = 43) CTC were detected by molecular analysis (QPCR).

The presence of CTC was demonstrated in 75.3% of cases of blood samples tested from
patients with various types of solid tumours. CTC/DTC were further incubated as both short-
term and long-term cell cultures. Some isolated CTC/DTCs were grown in vitro for more than
6 months. CTC positivity did not correlate with disease stage, tumour size, or lymph node

involvement. The same percentage of CTC positivity was observed in metastatic and non-
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metastatic patients with pancreatic cancer (66.7% vs 66.7%). In patients with colorectal
cancer a slightly higher percentage of positivity was observed in metastatic patients than in

non-metastatic (87,1% vs. 80,6%).

A surprising finding was the fact that CTCs were detected in patients with pre-invasive breast

cancer (4,2%).

CTC examination is a type of liquid biopsy test and one of its main advantages is relatively
minimal invasiveness. The size-based filtration method used (MetaCell®) allows in vitro cell

cultivation, which can be used to detect differences between primary tumour cells and CTC.

From a therapeutic point of view, the most significant finding was that the status of HER2 and
ER may differ between CTC breast cancer and the primary tumor and that the characteristics
of the CTC changed during the study period. These fact highlight the need for monitoring of

tumour cell dynamics in clinical practise.
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11 Seznam zKkratek

CA (carbohydratovy antigen)

CD (Cluster of Differentiation)

cDNA (komplementarni DNA)

CEA (karcinoembryonalni antigen)

CEE™ (Cell Enrichment and Extraction Technology)
CTC (cirkulujici nadorova burika)

CR (Ceska republika)

DAPI (4,6 - diamidino-2-fenylindol)

DCIS (duktélni karcinom in situ)

DNA (deoxyribonukleova kyselina)

DTC (diseminovana nadorova burka)

EDTA (ethylenediaminetetraacetic acid)

EGFR (receptor epidermélniho rastového faktoru)
EMT (epitelidlné-mezenchymalni tranzice)

EpCAM (epithelial cell adhesion molecule)

ER (estrogenovy receptor)

ERCCI1 (excision Repair 1, Endonuclease Non-Catalytic Subunit)
ESR (gen estrogenového receptoru)

FDA (Food and Drug Administration)

HER?2 (humanni epidermélni receptor 2)

IgG1 (imunoglobulinG1)

KRAS (Ki-ras2, Kirsten rat sarcoma virus oncogene homolog)

KRT (keratin)
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MDRI (gen kédujici P-glykoprotein)

MET (mezenchymalné-epitelialni tranzice)
microRNA (micro-ribonukleova kyselina)
mRNA (medidtorova ribonukleova kyselina)
MRP1-10 (multidrug resistence protein 1-10)
MUCI (mucin 1)

NET (neuroendokrinni tumor)

NK (ptirozeni zabijeci)

PCR (polymerase chain reaction)

PGR (gen progesteronového receptoru)

PR (progesteronovy receptor)

gPCR (quantitative polymerase chain reaction)

SIP1/ZEB2 (Smad-interacting protein 1/Zinc finger E-box-binding homeobox 2)

TNM (Tumor Node Metastasis)

UV (ultrafialovy)

UZIS (Ustav zdravotnickych informaci a statistiky CR)

OEF-1 (8-crystallin/E2-box factor)
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