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1. Einleitung

Die Gesellschaft der Epidemiologischen Krebsregister e.V. (GEKID) und das Zentrum fir
Krebsregisterdaten (ZfKD) am Robert-Koch-Institut veroffentlichen alle zwei Jahre die Publikation
,Krebs in Deutschland”.

Im Februar 2012 wurden die gesammelten Daten aus den Jahren 2007/2008 veroffentlicht.

1.1. Epidemiologie und Risikofaktoren
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auf (Abb. 1). Der Brustkrebs allen Krebsneuerkrankungen in Deutschland 2008

bei Mannern spielt mit 520

Neuerkrankungen pro Jahr im Vergleich nur eine untergeordnete Rolle [1]. Die gestiegene Inzidenz
und Diagnose des Mammakarzinoms im Laufe der letzten Jahre wird auf stark verbesserte
Vorsorgeuntersuchungen, wie beispielsweise dem Mammographie-Screening, und den Einsatz
verbesserter diagnostischer Methoden (Mamma MRT) zurtickgefiihrt. Ein Indiz hierfir ist die seitdem

hohe diagnostizierte Anzahl an kleinen Tumoren (T1) [2].

1.1.1. Genetische Pradisposition

Modifizierbare, sowie nicht modifizierbare Risikofaktoren, spielen bei der Entstehung von Krebs eine

wichtige Rolle, wenngleich die meisten Krebserkrankungen Alterserkrankungen darstellen [3]. 5% der



Erkrankungen der Brustdrise sind durch genetische Veranlagungen der autosomal dominanten,
heterozygoten Mutationen im BRCA1 bzw. BRCA2 Gen bedingt [4]. Mutationen des BRCA1l Gens
erhohen die Wahrscheinlichkeit an Brustkrebs zu erkranken, um ca. 65%, BRCA2-Mutationen um ca.
45% [5, 6]. Beide Gene sind in die DNA-Reparatur, und damit in die Aufrechterhaltung der
Genomstruktur, involviert [7]. Auch haben BRCA1 und BRCA2 Einfluss auf die
Erkrankungswahrscheinlichkeiten weiterer Krebserkrankungen, wie Ovarial-, Kolon-, Magen- oder
Pankreaskarzinomen [8, 9].

Mutationen im p53-Gen folgen ebenso einem autosomal dominanten Erbgang, und werden mit der
Entstehung von Brustkrebs in Verbindung gebracht. Darliber hinaus gibt es eine Reihe von weiteren
Genen, die das Risiko an Brustkrebs zu erkranken, erhéhen, z.B. PTEN, CDH1, ATM und CHK2 [10].
Mit RAD51C konnte kirzlich ein weiteres Hochrisikogen fiir die Entstehung von Mammakarzinomen
identifiziert werden. Die Haufigkeit dieser Mutation liegt im Schnitt allerdings nur bei 1,5% der

Hochrisikofamilien mit genetischer Pradisposition fir Mammakarzinom [11, 12].

1.1.2. Sporadische Dispositionen

Hormonelle Gegebenheiten beeinflussen zusatzlich die Entstehungen von Brustkrebstumoren. Jede
Brustkrebszelle besitzt intrazelluldar lokalisierte Proteinsynthese-regulierende Rezeptoren fiir
Estrogen und Gestagen [13], die aufgrund ihrer extragonadalen Wirkung fiir das Brustwachstum
verantwortlich sind [14].

Hormonersatztherapien wahrend und nach der Menopause erhdhen das Brustkrebsrisiko [15-19].
Fir die Einnahme von ovulationshemmenden Medikamenten (,,Pille”) konnte hingegen in neueren
Studien bislang kein signifikanter Nachweis einer brustkrebsférdernden Wirkung erbracht werden
[20-25]. Als weitere Risikofaktoren fiir Mammakarzinom gelten allgemein spéte
Erstschwangerschaften, Kinderlosigkeit, sowie eine sehr friih oder sehr spat einsetzende Menarche
[26]. Im Gegenzug verringert sich das Brustkrebsrisiko mit der Anzahl an Geburten [27, 28], und der
Haufigkeit und Lange der Stillzeiten [26].

MaRige, korperliche Aktivitdt kann zu einer Risiko- und 501 Vigoros

Mortalitatsreduktion bei Krebserkrankungen von bis zu

35% fuhren (Abb. 2); dariber hinaus wirkt sich diese auch
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positiv auf andere Krankheiten, wie Diabetes mellitus und

kardiovaskulare Erkrankungen, aus [29].

o T T T T T T T T T T 1
10 20 30 40 50 60 70 80 90 100 110

Daily physical activity duration (min)

Ubergewicht bzw. Adipositas erhéhen das Erkrankungs-
Abbildung 2 Mortalitat in Abhdngigkeit

und Rezidivrisiko, vor allem in der Postmenopause, von kérperlicher Aktivitit



ebenso wie der GbermdRige Konsum von Alkohol. Vor allem die Alkoholmenge ist hier bezlglich des
relativen Brustkrebsrisikos ausschlaggebend: 10g Alkohol pro Tag erhdhen das Risiko bereits um 7,1-

10% [30, 31].

1.2. Diagnostik

Die Therapiechance und Uberlebenswahrscheinlichkeit jeder Tumorerkrankung ist eng mit dem
Zeitpunkt der Diagnosestellung verknlipft. Generell gilt, dass beide Aspekte prozentual ansteigen, je
friihzeitiger eine Diagnose erstellt, und entsprechende therapeutische MalRnahmen eingeleitet

werden kdonnen [32].

1.2.1. Etablierte Screening- und Diagnosemethoden
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Auftreten eines

Mammakarzinoms am Hdchsten (Abb. 3). In randomisierten, kontrollierten Studien konnte gezeigt
werden, dass diese MaRnahme zu einer Mortalitatssenkung von 25% fihrt [33].

Bei  Auffalligkeiten in  der Bildgebung wie  Herdbefunden, Mikrokalzifikationen,
Parenchymasymmetrien und Strukturstérungen ist eine weitere brustdiagnostische, meist invasive
Abkldrung, erforderlich. Bei Hochrisikopatientinnen wie Mutationstragerinnen ist der Einsatz einer
Kernspintomographie, aufgrund ihrer hohen Sensitivitat, zu empfehlen [2]. Bei suspekten Befunden
ist darlber hinaus eine histologische Abklarung obligatorisch. Hierzu stehen perkutane,
interventionelle  Diagnoseverfahren,  wie  ultraschallgesteuerte = Core-Cut-Biopsien  und
vakuumassistierte Stanzbiopsien, zur Verfligung. Diese ermoglichen in der Regel eine sehr sichere,

anatomisch-pathologische Abkldarung [34, 35]. Die immunhistologische Bestimmung von



Hormonrezeptoren (ER, PgR [Kernrezeptoren; Proteinsynthese regulierende Rezeptoren] und HER2
[Membranrezeptor; Typ: Tyrosinkinase]) findet bei allen invasiven und intraduktalen Karzinomen
statt [2]. Die Farbeergebnisse der Immunbhistologie (Prozentualitdt und Farbintensitat) werden durch
den Allred-Score (8-stufig) bei ER und PgR wiedergegeben [36]. Bei HER2 dient der IHC Score zur
Klassifizierung und kann Werte zwischen 0 und 4 annehmen [2]. Um die Differenzierung und die
proliferative Aktivitat des Tumors (G1 bis G3) prognostisch besser einschatzen zu kénnen, wird am
Tumorgewebe, im Rahmen der Biopsie, der Proliferationsfaktor Ki-67 bestimmt, da dieser

maRgeblichen Einfluss auf das 10 Jahres Gesamtiiberleben (OAS) hat [37].

1.2.2. Bedeutung von zirkulierenden (CTCs) und disseminierten Tumorzellen (DTCs) fiir die

Tumordiagnostik

Die Streuung von Tumorzellen (Metastasierung) beruht auf unterschiedlichen Modellvorstellungen.
Eine Theorie besagt, dass die Metastasierung in einer Spatphase der Tumorbildung einsetzt, wenn
eine bestimmte TumorgrofRe erreicht ist, weiteres Tumorwachstum nur noch eingeschrankt durch
Angiogenese moglich erscheint, und es sich um einen hoch aggressiven Tumortypus handelt (Lineare
Hypothese). Eine andere Theorie geht von einer bereits sehr friih einsetzenden Metastasierung in
einem Tumorfriithstadium aus (Parallele Hypothese) [38, 39]. Dies impliziert die Bildung von
Tumormetastasen, v.a. in stoffwechselaktiven Organen, gleichzeitig zum primaren Karzinom.

Eine weitere Theorie zur Krebsentstehung befasst sich mit der Existenz von Tumorstammzellen. Sie
besagt, dass ein Teil des Tumorgewebes Zellen enthilt, die charakteristische Eigenschaften von
Stammzellen besitzen, wie die Fahigkeit zur Selbsterneuerung in Kombination mit einem stark
ausgepragten Differenzierungspotential. Diese wenigen Zellen werden fiir die Entstehung und die
Metastasierung von Tumoren, sowie fir auftretende Therapieresistenzen und damit verbundene
Rezidiverkrankungen, verantwortlich gemacht. [40, 41]

CTCs und DTCs stammen von Zellklonen des Primartumors ab [42], da sie molekulare Charakteristika
der Zellen des Primarkarzinoms aufweisen [43]. Wahrend der Tumorentstehung ist eine kleiner
Prozentsatz von Tumorzellen des Primartumors offenbar in der Lage, bestimmte Merkmale zur
Zellinvasion und -migration auszubilden. Dies ermdglicht die Ablésung vom Primartumor und die
Invasion in Blut- und LymphgefaRe [39]. Es gibt Anzeichen, dass diese Mechanismen auf diversen
Interaktionen der Tumorzellen und Stromazellen beruhen. Auslosende Impulse fiir diese
Interaktionen kdnnen beispielsweise auftretende hypoxische Areale im Bereich des Primartumors
sein. Auch die GefaRneubildung des Tumors [44], Metalloproteinase-abhangige Invasion in

umgebendes Gewebe, sowie der Erwerb von neuen morphologischen Charakteristika bei der
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epithelialen-mesenchymalen Transition (EMT), die zumindest in einer Subpopulation der
Tumorzellen mit vermuteten Stammzell-Eigenschaften auftritt, kénnen ebenso Ursachen hierfiir sein
[45-47]. Bei der EMT erlangen epitheliale Zellen genetische und morphologische Eigenschaften von
mesenchymalen Zellen. Molekile zur Zelladhasion werden dabei herunter reguliert, Zell-Zell-
Kontakte aufgelost, und die Zellpolaritat geht verloren [45]. Somit sind diese Zellen in der Lage, eine
Metastasierung in anderen, meist stoffwechselaktiven Organen wie Leber, Lunge oder Knochenmark,
zu bilden, wobei die EMT dann durch den Mechanismus der mesenchymalen-epithelialen Transition
(MET) wieder riickgangig gemacht wird [46].

Im Knochenmark kénnen die Zellen Uber Jahre hinweg in einem zellteilungsinaktiven Zustand
persistieren [48]. Auch die Uberexpression von sogenannten ,Stress-Response“-Proteinen in DTCs
wird diskutiert. Dies hat zur Folge, dass giangige Chemotherapeutika in diesem Zustand unwirksam
sind [39, 49]. Ein niedriger KI-67-Wert als Nachweis einer geringen Proliferationsaktivitat bei DTCs
[50] verdeutlicht zusatzlich die Resistenz gegeniliber einer konventionellen, antiproliferativen
Chemotherapie [51]. Nach Uberwindung dieser inaktiven Phase kénnen DTCs aber erneut zu
peripheren Metastasen [44] und zu Zweitkarzinomen fiihren [52, 53].

Die klinische Relevanz von DTCs ist unstrittig [54, 55], vor allem bei der Prognose des
Gesamtiiberlebens, sowohl in der metastasierten, als auch in der adjuvanten Situation [56, 57]. Als
problematisch zeigt sich jedoch die Probennahme (Biopsie aus den Beckenkdmmen), weshalb eine
Etablierung in der Routinediagnostik bisher weitestgehend ausgeblieben ist. Im Gegensatz dazu
erscheinen CTC-Untersuchungen aus Blutproben von Krebspatienten als geeignetere Variante, da
diese einfacher, und in regelmalRigen Abstanden zur Verlaufskontrolle, entnommen werden kénnen

[39].

1.2.3. Immunzytologische Untersuchungsmethoden

Im Rahmen neuer Studien treten neben den erwdhnten Untersuchungsmethoden zunehmend auch
zellbiologische und molekulardiagnostische Verfahren in den Vordergrund, vor allem auf dem Gebiet
der zirkulierenden und disseminierten Tumorzellen in Blut- bzw. Knochenmarksproben.

Es gibt zunehmend Anzeichen, dass deren Auftreten mit unglinstigen Prognosen beziiglich des
Krankheitsverlaufs einhergeht [39, 58]. Bereits der Nachweis einer einzelnen, zirkulierenden
Tumorzelle in einem Blutvolumen von 7,5ml, wird mit einem steigenden Risiko fiir Metastasierung in
Verbindung gebracht [59, 60]. So scheinen zirkulierende, aber auch disseminierte Tumorzellen eine
entscheidende Rolle in der Metastasierung von epithelialen Tumoren, wie dem Mammakarzinom, zu

spielen [61].
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Der Erkenntnisgewinn aus CTC-Analysen wird jedoch allgemein als geringer angesehen, als der von
DTC-Analysen [56], da bisher keine einheitlichen, und somit vergleichbaren Diagnosemethoden fir
beide Zelltypen zur Verfligung stehen [39], und aufgrund dessen erhebliche Detektionsdiskrepanzen
die Folge sind. Interessanterweise sind diese Unterschiede am Hochsten nach erfolgter, adjuvanter
Chemotherapie [62]. Zusatzlich steht das Problem im Raum, dass nicht jede detektierte zirkulierende
Tumorzelle auch tatsachlich eine existenzfahige, zur Metastasierung fahige, Tumorzelle darstellt [39].
Bisher hat lediglich das Cell Search® - System (Veridex, LLC®), das auf der Anreicherung von
zirkulierenden Tumorzellen aus Blutproben von Patienten mit epithelialen Tumoren (Mamma-,
Pankreas- und Prostatakarzinom; jeweils in der metastasierten Situation) durch molekulare
Markierung charakteristischer epithelialer Oberflachenantigene (EpCAM+, CD45-, CK 8, 18/19+)
beruht, eine Zulassung durch die US-amerikanische Zulassungsbehérde FDA erhalten. Dieses
Verfahren ermoglicht die Isolierung von CTCs mittels halbautomatischer, magnetischer Separation

und anschlieBender fluoreszenzbasierter Quantifizierung [63].

Am Campus Innenstadt der Universitatsfrauenklinik Miinchen wurde innerhalb der deutschlandweit
durchgefiihrten SUCCESS-Studien mit Hilfe des Cell Search® - Systems bei nahezu 10% aller 1500
teilnehmenden Brustkrebspatientinnen zirkulierende Tumorzellen bereits zum Zeitpunkt der
Primardiagnose, und somit noch vor Durchfiihrung einer adjuvanten Systemtherapie, detektiert. Im
Rahmen der SUCCESS A Studie wurden die Patientinnen mit einer Taxan-freien, systemischen
Polychemotherapie behandelt, und eine CTC-Analyse vor und nach Abschluss der Therapie, im
Rahmen der Verlaufskontrolle bzw. bei auftretendem Rezidiv, untersucht. Verglichen mit CTC-
negativen Patientinnen wiesen diese Frauen mit positivem CTC-Befund eine signifikant schlechtere
Prognose bezliglich des Gesamtiiberlebens (OAS) auf. Patientinnen, die nach adjuvanter
Chemotherapie noch detektierbare CTCs aufwiesen, zeigten ebenso eine schlechtere Prognose, als

das Kollektiv, das nach der Chemotherapie CTC-frei war [64, 65].

Somit ist die vielleicht vielversprechendste Anwendung der CTC-Detektion im klinischen
Routinebereich derzeit die Uberpriifung der Ansprechraten auf bestimmte Therapieregime [39],
sowie die Abschatzung von klinisch relevanten, prognostischen Informationen [66]. Ebenso scheinen
detektierte CTCs nach vorangegangener Chemotherapie Hinweise auf ein Therapieversagen geben zu
kénnen [67, 68]. So ist es Ziel verschiedener aktueller Studien (SWOG S0500, GEPARQuattro,
TreatCTC, ADAPT, DETECT Ill) herauszufinden, ob auf Basis der bisherigen CTC-Diagnostik

individuelle, patientenspezifische Therapieoptionen getroffen werden kénnen.
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1.2.4. Immunhistologische Untersuchungsmethoden

Etabliertere Methoden zum selektiven Nachweis von zelluldren Avidin-Biotin-Complex (ABC)

Antigenstrukturen bietet die Immunhistologie.
HRP x
Das Prinzip beruht auf der spezifischen Erkennung von Antigen- Avidin
o=

O
Zielstrukturen  durch  Priméar-Antikérper und anschliefender % g Biotin
Y biotinyliert
Signalverstarkung durch Zweitantikérper, an die ein Enzym 3 otinylier
gekoppelt ist. Durch Zugabe eines Substrats, das vom Enzymkomplex - AntiMausig

biotinyliert
umgesetzt wird, kann das Antigen detektiert werden. Bei der ABC- / Y

. Primérer Antikorper

Methode (Avidin-Biotin-Complex) wird das Antigen von einem (Maus)

Primarantikorper erkannt, biotinylierte Sekundarantikérper und @ Antigen

Avidin werden anschliefend hinzugegeben. Im Folgenden wird ein Abbildung 4 Schematische
Darstellung des

Biotin-Enzymkomplex zugesetzt. Durch Zugabe eines Substrats, das ABC-

. . e . Farbekomplexes
vom Enzym umgesetzt wird, entsteht eine spezifische Farbreaktion

zur Detektion [69]. Ahnlich funktioniert auch die APAAP-Methode. Ein Primarantikdrper wird von
einem Brilickenantikdrper erkannt. Durch Zugabe des APAAP-Komplexes (Alkalische-Phosphatase-
Anti-Alkalische-Phosphatase; Enzym-Anti-Enzym-Komplex) findet eine Enzym-Substrat-Reaktion statt,
mit der zelluldare Antigenstrukturen markiert und detektiert werden kénnen [70]. Diese Methode
wird bei der Detektion von DTCs aus Knochenmarksbiopsien erkrankter
Mammakarzinompatientinnen routinemaRig eingesetzt. Die Suche nach malignen Zellen epithelialen
Ursprungs unter einem Pool von mesenchymalen Zellen in Knochenmarksproben ist die derzeit am
besten evaluierteste Methode [71]. Als zu detektierende, zelluldre Antigenstrukturen dienen am
haufigsten Zytokeratinstrukturen: die Zytokeratine 8, 18 und 19 sind hier von entscheidender
Bedeutung [72, 73].

Zytokeratine werden bereits seit geraumer Zeit als mogliche Zielstrukturen zur Detektion von
Metastasierungen bzw. Metastasierungsprozessen in Betracht gezogen.

Als Alternative zu etablierten histologischen Aufarbeitungen bzw. bei Schnellschnitt-Untersuchungen
von Sentinel-Lymphknoten wird der Einsatz der RT-PCR zur Abklarung einer epithelialen
Genexpression diskutiert [74], da deren Sensitivitat zur Detektion von Metastasen hoher als die der
histologischen Techniken liegt [75]. Als Target hat sich hier besonders das Zytokeratin 19, neben
Mammaglobin, bewahrt; wenngleich beide Marker alleine offenbar nicht in der Lage sind, samtliche
Tumormetastasen zu erkennen [2]. Auch die Detektion von CK 19 positiven CTCs mit Hilfe der Real-
Time RT-PCR nach erfolgter adjuvanter Chemotherapie, bestéatigte in einer Studie ein fortbestehen

der Tumorerkrankung [76, 77].
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Eine weitere phanotypisch morphologische Charakterisierung von CTCs und DTCs ist gleichwohl
schwierig wie notwendig, um gezieltere Zielmolekiile, und damit genauere Detektionsmethoden, zu
etablieren.

Das TF Antigen (Thomsen-Friedenreich; CD176) wurde als spezifischer Marker sowohl bei malignem
Brustkrebs [78, 79], als auch bei Kolon-, Lunge-, Prostata- und Zervixkarzinom identifiziert [80-84].
Dabei handelt es sich um ein tumorassoziiertes Epitop [85], als Tragerprotein fungiert MUC-1. Fiir die
Entstehung von TF (GalB1-3GalNAca-O-Ser(Thr) ist eine fehlerhafte O-Glykosylierung wahrend der
posttranslationalen Modifizierung durch Glycosyltransferasen verantwortlich [71]. Dieses
Glykosylierungsmuster tritt ausschlieflich in malignen, karzinomatdsen Geweben auf [71]. In
gesunden Geweben ist TF durch zuséatzliche Monosaccharidsubstitutionen maskiert [86].

Das TF Antigen spielt eine entscheidende Rolle in der endothelialen Adhasion der Tumorzellen, sowie
der Tumorinvasion und dient als Marker zur Charakterisierung der Tumoraggressivitat [87]. TF ist
wesentlich am Prozess der Metastasierung beteiligt [88] und konnte als Stammzellmarker und

Zielmolekdil fur Strategien zur Tumorbekampfung dienen [89-91].

1.3. Zielsetzung

Ziel dieser Arbeit ist es, eine schnellere, kosteneffizientere und sensitivere Detektionsmethode von
CTCs aus Blutproben zu entwickeln. Hierfiir soll die molekularbiologische Detektionsmethode der
Real-Time RT-PCR, die bereits in einer Vielzahl von Diagnoseverfahren, wie der Erkennung viraler
Infektionen, der Erstellung von genetischen Fingerabdriicken, und der Detektion bestimmter
Erbkrankheiten, routinemaRig im Einsatz ist [92-94], unter Verwendung der Zytokeratine 8, 18 und
19 als spezifische Marker fiir Zellen epithelialen Ursprungs, als qualitative und quantitative
Detektionsmethode fiir CTCs gepriift werden. Mit Hilfe von Zellen verschiedener Brustkrebszelllinien
wurde ein Protokoll zur standardmaRigen Aufarbeitung von Blutproben erstellt und validiert, das die
Grundlage fur weitergehende Untersuchungen zur Detektion und Quantifizierung von CTCs aus
Patientenblutproben darstellt.

Diese Thematik wurde in den beiden Veroffentlichungen: , Detection of circulating tumour cells on
MRNA levels with established breast cancer cell lines” und “Quantification of Breast Cancer Cells in
peripheral Blood Samples by Real-Time RT-PCR” behandelt.

Ferner sollte eine Charakterisierung und Phanotypisierung von disseminierten Tumorzellen aus
Knochenmarksproben anhand neuer, spezifischer Markerkombinationen erfolgen. Mit Hilfe der
Immunfluoreszenz wurden sowohl Farbungen auf HER2 als etablierte Antigenstruktur, als auch auf

das Thomsen-Friedenreich-Antigen (CD176), durchgefiihrt [71, 95]. Auf diese Weise sollte einerseits
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die Wiederfindungsrate dieser neuen Doppelfarbungsmethode gepriift werden, andererseits das TF-
Antigen als moglicher spezifischer Kombinationsmarker getestet werden.

Hierflr wurden im Rahmen der Veroffentlichung: ,Detection of breast cancer cells in blood samples
by immunostaining of the Thomsen - Friedenreich antigen” die theoretischen Grundlagen zur
Erstellung des Standardprotokolls vom Zweitautor erarbeitet, sowie die praktischen Laborarbeiten

und die Auswertung der Ergebnisse durchgefiihrt.

Im letzten Kapitel der vorliegenden Arbeit werden die Ergebnisse der drei Publikationen, sowohl in
deutscher, als auch in englischer Sprache, zusammengefasst, verbunden mit einer daraus

resultierenden Schlussfolgerung.
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Abstract. Circulating tumour cells were detected and quanti-
fied by real-time polymerase chain reaction (PCR) in peripheral
blood, based on the fact that the expression of certain genes is
upregulated in tumour tissues in comparison to surrounding
blood cells. Calibration curves showing gene expression as
functions of the number of tumour cells within a blood sample
were prepared. Blood samples were therefore spiked with cells
of breast cancer cell lines, RNA was extracted, transcribed
to complementary DNA (¢cDNA) and used in real-time PCR
reaction on the Cytokeratins (CK) 8, 18 and 19. Calibration
curves were generated by Microsoft™ Excel®. Relative quanti-
fication curves of gene expression in different breast cancer
cell lines showed no unitary tendencies. The oscillations in the
relative quantification curves of gene expression suggested an
occurrence of immunological effects, leading to an apparent
agglutination of added tumour cells together with the blood
cells of the sample. Thus, strategies to obtain evaluable results
should be considered.

Introduction

Breast cancer constitutes 28% of the cancer incidents world-
wide and is thereby the most frequently occurring cancer and
the most frequent cause of mortality in women. Lethality,
which has fortunately been regressive since the 1970s, remains
at 30% over the stages of breast cancer on average.

The main reason for breast cancer-associated mortality is
the formation of remote metastases by the primary tumour.
Current models assume that cells, dissolving from the primary
tumour, migrate to other organs and bone marrow, where
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Maistrasse 11. D-80337 Munich, Germany
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they settle down, forming the core for remote metastases (1).
The occurrence of these so-called ‘circulating tumour cells’
(CTCs) in peripheral blood and disseminated tumour cells
(DTCs) in bone marrow of patients with epithelial tumours
has already been found in numerous studies (1-3). A number
of these studies demonstrated that the occurrence of CTCs in
blood is linked to a worse prognosis for overall survival in
comparison to patients without CTCs (4,5). Several trials have
been made to detect CTCs in the peripheral blood of patients.
Various methods of analysis are used in laboratories working
on this topic, rendering a comparison difficult.

Changes in gene expression levels are important features of
tumour cells (6), whereas most genes, regulating the cell cycle
control and thereby cell proliferation, are altered, often leading
to an increase in cell proliferation. For example, microarray
analyses have been carried out to identify genes with changes
in expression levels in healthy and breast cancer tissues (7.8).
Differences in the expression rates of certain genes are known
to have the potential to facilitate a statement on the prognosis of
a cancer disease and the opportunity to improve medical treat-
ment (9,10). Such changes in gene expression may also be used
for diagnostic purposes. Measurement of gene expression can
be performed using polymerase chain reaction (PCR)-based
methods, especially real-time PCR. By this method an
increase of DNA molecules during PCR reaction is measured
by fluorescent reporter molecules such as SYBR-Green. This
substance is incorporated in DNA molecules during the reac-
tion (11). If the RNA-depending cDNA-amount of a gene at
the beginning of a reaction is high, then the increase in DNA
molecules during the reaction is likely to be higher, meaning
that a high fluorescence level for the analysed gene at the end
of the PCR is evident and can be detected. The DNA-amount
at the beginning of a reaction depends on the complementary
DNA (cDNA), which is received from isolated mRNA as a
result of reverse transcription reaction. The mRNA in turn is
isolated from a tissue or cell pellet that is to be analysed.

TagMan real-time PCR, invented by the Cetus Corporation
(Berkeley, CA, USA) in 1991, is one of the most sensitive PCR
methods currently available. An additional gene-specific
PCR-reagent is coupled to a reporter and a quencher
molecule. The quencher represses the fluorescence of the
reporter provided they are in close proximity (12).
DuringPCR-reaction, the reporter and quencher are
separated by the
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5'-3' exonuclease activity of the polymerase, while a marked
increase was detected in the fluorescence signal.

The first step towards a real-time PCR-based quantitative
cancer diagnosis is to create calibration curves for the used
genes to evaluate the number of cancer cells exhibited at
a certain level of gene expression in blood or bone marrow
samples.

Therefore, in the present study, blood samples of healthy
donors were spiked with determined numbers of breast cancer
cell line cells, and treated in the same manner as patient
samples (see Materials and methods). Real-time PCR was
employed with the Cytokeratin genes (CK) 8, 18 and 19. These
genes are also used in the immunohistochemical detection of
cancer cells [alkaline phosphatase-anti alkaline phosphatase
(APAAP-staining; 13,14)] from bone marrow, and are estab-
lished markers for epithelial cells in contrast to blood cells.

Materials and methods

Cell culture. The epithelial breast cancer cell lines used for the
experiments were Cama-1, MCF-7, MDA-MB231, derived from
mammary gland adenocarcinoma and ZR-75-1, derived from
ductal carcinoma. Cells were cultured routinely, according to
international standards. After being detached, the cells were
counted in a haemocytometer and diluted to adequate concen-
trations with phosphate-buffered saline (PBS; Biochrome Ltd.,
Cambridge, UK). Cells were then added to the blood samples
taken from healthy donors. Two different experiments were
carried out: in the first part, blood samples were spiked with 0,
10, 100 and 1000 cells from the above-mentioned breast cancer
cell lines, while in the second part 0, 10, 100, 1000, 10000 and
100000 MCF-7 cells were added per ml of a blood sample.

Treatment of blood samples. A blood sample (7.5 ml) was
collected from a healthy donor in EDTA-tubes to prevent
coagulation. The respective number of cell line cells was added
to the blood, and the samples were diluted with PBS up to 20 ml.
For density gradient centrifugation, the samples were carefully
layered onto 20 ml of Histopaque® 1077 (Invitrogen, Carlsbad,
CA, USA) and centrifuged for 30 min at 400 g. Following
centrifugation the buffy coat was aspirated in each case and
transferred into new tubes. Two washing steps were carried out
using PBS (10 min, 250 g, 4°C). The resulting cell pellets were
then air dried and frozen at -80°C.

RNA isolation. To extract RNA, the cell pellets were defrosted
and resuspended in 1 ml TRIzol® LS Reagent (Invitrogen
Life Technologies) and 0.2 ml chloroform was added. The
solution was vortexed vigorously. Following a centrifugation
step at 12000 x g for 15 min at 4°C the resulting supernatant
was aspirated and transferred into a fresh tube, prepared with
500 pl cooled isopropanol and 2.5 pl glycogen (Invitrogen Life
Technologies). The samples were slightly vortexed and stored
frozen at -20°C overnight. The following day the samples were
centrifuged at 12000 x g for 10 min at 4°C. The supernatant
was removed and pellets were washed with 1 ml 75% ethanol
and centrifuged at 12000 x g for 10 min at 4°C. The supernatant
was removed again and pellets were air-dried and resuspended
in 20 ul diethylpyrocarbonate (DEPC)-treated water. RNA
concentrations and ratios were measured photometrically

by a NanoPhotometer® (Implen GmbH, Munich, Germany).
Special attention was paid to high-quality templates as only
high-quality RNAs were used with absorbance ratios of
260/280 nm between 1.7 and 1.9.

Reverse transcription. The reverse transcription from RNA
to cDNA was carried out using the SuperScript® I1I First
Strand Synthesis Supermix kit (Invitrogen Life Technologies).
Therefore, 4 pg of RNA, in a maximum volume of 6 pl, 1 pl
Oligo(dT)-primers and 1 pl annealing buffer were added to the
samples. The preparations were incubated at 65°C for 5 min,
and immediately chilled on ice for at least 5 min. First strand
reaction mix (10ul) and SuperScript® [1I/RNase Out™ enzyme
mix (2 pl) (Invitrogen Life Technologies) were immediately
added. The samples were incubated at 50°C for 50 min. To
inactivate the enzyme reverse transcriptase after completing
the reaction, the samples were denatured at 85°C for 5 min and
stored at -20°C until use.

Real-time PCR. For each real-time PCR reaction, 2 ul
c¢DNA were used together with 1 pl of gene-specific TagMan
primers (CKS8, 18 and 19), 10 ul TagMan Fast Universal PCR
Mastermix (Applied Biosystems, Foster City, CA, USA) and
7 ul PCR-water. The 96-well plates were run on a 7500 Fast
Real Time PCR System (Applied Biosystems). A denaturation
step of cDNA at 95°C for 20 sec was initially administered,
followed by 40 cycles at 95°C for 3 sec and 60°C for 30 sec.
Subsequent to each PCR cycle the fluorescence intensity was
measured by the system and recorded by the corresponding
software [Sequence Detection System® (SDS) Version 1.3.1;
Applied Biosystems]. 18S was used in the experiments as
an internal reference control for the PCR reaction (15). The
primers (Applied Biosystems) used for the experiments were
CKS8, Hs_02339472_gl; CK18, Hs_01920599 gH; CKI9,
Hs_00761767 sl and 18S, Hs 03928990 gl. For each gene
and cell amount added to a blood sample, eight reactions were
run in the PCR and the means were used for evaluation.

Evaluation of results. Ct-, ACt- and AACt-values were calcu-
lated by the SDS-software (Applied Biosystems), and the
threshold was set automatically, 18S was used as a calibrator
sample. The generated files were exported to Microsoft™
Excel® and the additional graphs were added in.

Results

The curves of relative quantification of gene expression did
not show consistent tendencies. In the first part of the experi-
ment, in which blood samples were spiked with 0, 10, 100
and 1000 cells of various breast cancer cell lines (Cama-1,
MDA-MB231, MCF-7 and ZR-75-1), the relative quantifica-
tion curves for each cell line were similar for CK18 and 19.
With the exception of Cama-1, a decrease was detected for
the cell lines between the values of 10 and 1000 cells added
(Fig. 1A and B).

The strongest decrease was observed for MDA-MB-231.
In this cell line, the curve of relative quantification of gene
expression was already on the decrease between 10 and 100
cells added and was, notably, not increasing for 1000 cells
added to the blood sample. A slight decrease was detected
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Figure 1. Relative quantification of (A) CK18 and (B) CK 19 in the breast cancer cell lines Cama-1, MDA-MB-231, MCF-7 and ZR-75-1.
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Figure 2. Calibration graph indicating relative quantification of CK8, 18 and
19 in MCF-7 cells is shown.

between 10 and 100 cells per blood sample for the ZR-75-1
sample that was maintained until 1000 cells. The MCF-7-cells
showed an increase in the relative quantification values
between 10 and 100 cells, although the curves again showed a
decrease towards the 1000 cell sample. In the Cama-1 sample,
a slight decrease was detected, from 10 to 100 cells. However,
an increase was observed from 100 to 1000 cells of the added
cell line.

In the second part of the experiment MCF-7 cells were
spiked per ml blood sample in steps of 0, 10, 100, 1000,
10000 and 100000 cells (Fig. 2). The relative quantification
values of gene expression for CK8, 18 and 19 were measured.
The values for CK8 showed an increase until the 100 MCF-7
cell sample. A decrease of the value in the 1000-cell sample
was observed, whereas for the 10000-cell sample a strong
increase of relative quantification was measured. For the
100000 cells/ml blood sample, the curve for CK8 was almost
on the decrease again to the value of the 1000-cell sample.
For CK18 a slight but steady increase was observed, until
the cell number of 1000 cells was added. A strong increase
occurred again between 1000 and 10000 cells. The value for
100000 cells being added to the sample was on the decrease
as observed for CK8. The relative quantification curve for
CK19 appeared markedly different compared to the curves
for CK8 and 18. Thus, there was only a slight increase in gene
expression values until 1000 cells/ml were added and then a

reduction was detected to levels lower than those found for
CKS8 and CK18.

Discussion

The best cell line for generating calibration curves for real-time
PCR experiments with CK was Cama-1 of the first part of the
experiment. Only for this cell line the expected increase in
relative quantification of gene expression was seen for the
numbers of added cells. ZR-75-1 relative quantification levels
were rather low, showing no considerable changes at increasing
numbers of cancer cells added. By contrast, MDA-MB-231
showed a marked decrease in the curves between 10 and 100
tumour cells added for CK 18, as well as for CK19. This may be
due to immunological effects, leading to an apparent agglutina-
tion of cancer cell line cells with common blood cells. Similar
effects are likely to be the reason for the graph progression
of the MCF-7-spiked blood samples. Of note, in the MCF-7
samples an initial increase occurred, however, values of rela-
tive quantification showed a decrease for higher numbers of
cancer cells added to the blood sample. This finding might also
indicate that certain immunological effects between common
blood cells and added artificial tumour cells are dependent on
cell concentration. Thus, the higher the added cell concentra-
tion, the more agglutinative effects occur, altering the results
of the PCR.

The second experiment showed rather different tenden-
cies in comparison to the first one (Fig. 2). In this trial, only
MCF-7 cells were used for spiking and for the generation of
the graphs, for CK8 as well as for CK18 and 19, and showed
an increase in relative quantification levels until 100 cells
added per ml blood sample and a decrease from the highest
cell number used (100000 cell line cells added). For CK8,
the sample with 1000 cells per ml added showed an unex-
pectedly lower value. However, for 10000 cells, the relative
quantification value was again elevated. CK18 showed a
steady increase of relative quantification values when more
cancer cells are added to the sample (until 10000 cells) with
the strongest increase being measured between 1000 and
10000 cells. For CK19, an increase in relative quantification
values was detected until 1000 cells, followed by a steady
decrease. These results seem to confirm the suggestion that
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immunological reactions occur between MCF-7 and common
blood cells, rendering MCF-7 cells alone inappropriate for
the generation of calibration curves. However, using different
artificial breast cancer cell lines may be the key for generating
calibration curves, as CTCs are regarded to be of different
origins and therefore show histological distinctions. Another
aspect that may be relevant is that better results are potentially
obtained when tumour cells are added following enrichment
of cells by density gradient centrifugation, shortly before the
RNA extraction process is started. Fewer cells are likely to
be lost during the centrifugation and washing steps and more
precise calibration curves could be generated. Adding the
cancer cell line cells per ml of a blood sample used is also
important, otherwise real-time PCR detection limits may be
undercut (16).

References

1. Pantel K and Brakenhoff RH: Dissecting the metastatic cascade.
Nat Rev Cancer 4: 448-456, 2004.

2. Ring A, Smith IE and Dowsett M: Circulating tumour cells in
breast cancer. Lancet Oncol 5: 79-88, 2004.

3. Smerage JB and Hayes DF: The measurement and therapeutic
implications of circulating tumour cells in breast cancer. Br J
Cancer 94: 8-12. 2006.

4. Braun S, Pantel K, Muller P, et al: Cytokeratin-positive cells in
the bone marrow and survival of patients with stage I, 11, or 111
breast cancer. N Engl J Med 342: 525-533. 2000.

5. Braun S. Vogl FD, Naume B, et al: A pooled analysis of bone
marrow micrometastasis in breast cancer. N Engl J Med 353:
793-802. 2005.

6. Zhang L. Zhou W, Velculescu VE. et al: Gene expression profiles
in normal and cancer cells. Science 276: 1268-1272, 1997.

7. Frasor J. Danes JM, Komm B, et al: Profiling of estrogen up- and
down-regulated gene expression in human breast cancer cells:
insights into gene networks and pathways underlying estrogenic
control of proliferation and cell phenotype. Endocrinology 144:
4562-4574, 2004.

8. Hedenfalk 1. Duggan D. Chen Y, et al: Gene expression profiles
in hereditary breast cancer. N Engl J Med 344: 539-548, 2001.

9. Urban P, Vuaroqueaux V, Labuhn M., et al: Increased expression
of urokinase-type plasminogen activator mRNA determines
adverse prognosis in ErbB2-positive primary breast cancer. J
Clin Oncol 24: 4245-4253. 2006.

10. Taylor KJ, Sims AH. Liang L, et al: Dynamic changes in gene
expression in vivo predict prognosis of tamoxifen-treated patients
with breast cancer. Breast Cancer Res 12: R39, 2010.

11. Devlin TM: Regulation of gene expression. In: Textbook of
Biochemistry with Clinical Correlations. John Wiley & Sons: 7th
edition, pp257, 2010.

12. Holland PM, Abramson RD, Watson R and Gelfand DH:
Detection of specific polymerase chain reaction product by
utilizing the 5'-3' exonuclease activity of Thermus aquaticus
DNA polymerase. Proc Natl Acad Sci USA 88: 7276-7280,
1991.

13. Kurec AS, Baltrucki L, Mason DY and Davey FR: Use of the
APAAP method in the classification and diagnosis of hemato-
logic disorders. Clin Lab Med 8: 223-236, 1988.

14. Noack F, Schmitt M, Bauer J, et al: A new approach to pheno-
typing disseminated tumor cells: methodological advances and
clinical implications. Int J Biol Markers 15: 100-104, 2000.

15. Huggett J. Dheda K. Bustin S and Zumla A: Real-time RT-PCR
normalisation; strategies and considerations. Genes Immun 6:
279-284. 2005.

16. Datta YH. Adams PT, Drobyski WR, et al: Sensitive detection
of occult breast cancer by the reverse-transcriptase polymerase
chain reaction. J Clin Oncol 12: 475-482. 1994.



25

3.2. Publikation 2: Anticancer Research

»Quantification of Breast Cancer Cells in Peripheral Blood Samples by Real-Time
RT-PCR”

Submitted: September 14, 2012
Accepted: October 19, 2012

Published Online: December, 2012



26

ANTICANCER RESEARCH 32: 5387-5392 (2012)

Quantification of Breast Cancer Cells in Peripheral
Blood Samples by Real-Time RT-PCR

MICHAEL ZEBISCH!, ALEXANDRA C. KOLBL', CHRISTIAN SCHINDLBECK?Z,
JULIA NEUGEBAUER', SABINE HEUBLEIN!, MATTHIAS ILMER?, BRIGITTE RACK!,
KLAUS FRIESE!, UDO JESCHKE' and ULRICH ANDERGASSEN!

! Department of Obstetrics and Gynaecology, Ludwig Maximilians University of Munich, Munich, Germany;
74 2
2Clinic Traunstein, Traunstein, Germany;
3Department of Molecular Pathology, University of Texas, Houston, TX, U.S.A.;

Abstract. Background: Circulating tumour cells (CTCs) are
cells that have detached from a primary tumour, circulate in
the peripheral blood, and are considered to be the main root
of distant metastases. We present a method for the detection of
CTCs by real-time PCR on different cytokeratin markers.
Materials and Methods: Blood samples of a healthy donor
were mixed with specific numbers of cells from different breast
carcinoma cell line cells. RNA was isolated from the samples
and transcribed into ¢DNA. TagMan real-time PCR for
cytokeratins 8, 18 and 19 was carried out and was correlated
to that of 18S. Results: Cytokeratin gene expression increased
in all samples, when as few as 10 tumour cells were added. In
the CAMA-1 cell line, the increase was even greater the more
cells were added. Conclusion: By this methodology, cells from
mammary carcinoma cell lines can be detected in blood
samples. Its benefit will be validated in samples from patients
with breast cancer:

As early as 1869, cells with the morphology of cancer cells
had been found by Thomas Ashworth in the blood of a
person who died from metastatic cancer (1). Even then he
presumed that these cells, today known as circulating tumour
cells (CTCs), could play a role in the development of distant
metastases. Nowadays, a huge body of literature describes
CTCs as cells that, after detaching from the primary tumour
and circulating through the blood or lymphatic system, are
the main cause of the occurrence of metastases in patients
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with epithelial cancer (2-4). Numerous studies suggest that
detection of CTCs in the blood or disseminated tumour cells
(DTCs) in the bone marrow of patients with cancer is linked
to poor outcomes of the disease and reduced treatment
efficiency (5, 6). There are several different methods for the
detection of DTCs and CTCs from bone marrow or blood (7-
9). However, withdrawal of bone marrow is a physically
painful and exhausting procedure for the patient. The easier
access for multiple sampling from peripheral blood makes it
the method of choice. Therefore efforts should be made to
improve detection efficiencies from these samples. This can
be achieved either by cytometric techniques or by nucleic
acid-based methods (3). Currently, only one methodology for
the discovery and enumeration of CTCs is approved, at least
for the metastatic setting by the US Food and Drug
Administration (FDA), namely the so-called Cell Search®
System (10). This method is based on the immunomagnetic
enrichment of CTCs from patient’s blood samples, with
subsequent staining of these cells. Using this technique, it
has been shown that the existence of CTCs is a prognostic
factor for overall survival in patients with epithelial cancer
types, such as breast, colon or prostate-cancer (11-15). In this
study, we present a novel nucleic acid-based method for the
detection and possible quantification of CTCs utilizing
quantitative TaqMan real time PCR. We focused on
validating this method in a model system, since this is a
necessary step before starting to analyze patient samples. In
this regard, we used blood samples from a healthy donor
mixed with different numbers of established breast cancer
cells (CAMA-1, MCF7, ZR-75-1) and carried out subsequent
gene expression analysis for cytokeratins 8, 18 and 19. We
selected these three markers in particular, because they are
used for histochemical detection of CTCs in so-called
APAAP staining (16, 17). The cytokeratin family members
are characteristic epithelial cell markers and only weakly
expressed in blood cells, rendering them potentially useful
for PCR-based detection of CTCs.
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Materials and Methods

Cells. Breast cancer cell lines CAMA-1 (ATCC: HTB-21; mammary
gland adenocarcinoma), MCF7 (ATCC: 57136: mammary gland
adenocarcinoma) and ZR-75-1 (ATCC: CRL-1500; ductal
carcinoma) were used (ATCC, Wesel. Germany). Cell culture was
carried out according to international standards, with cells routinely
cultivated at sub-confluent states and with re-feeding twice a week.
To determine cell numbers, cells were detached. counted in a
haemocytometer and diluted with phosphate buffered saline (PBS:
Biochrom, Berlin) to the numbers needed.

Blood samples. A healthy individual volunteered to donate 20 ml of
blood that was collected into EDTA tubes to prevent coagulation. To
remove erythrocytes from the whole blood, Histopaque 1077
(Invitrogen, Darmstadt, Germany) density gradient cell separation was
used. Briefly, whole-blood diluted with PBS (1:1) was carefully
layered onto histopaque. After a centrifugation step (30 min at 400 xg)
the buffy coat was transferred into a fresh tube. White blood cells were
washed twice with PBS and subsequently spun down (10 min at
250 =g and 4°C). Afterwards, cells were counted and 0. 10, 100, 1,000,
10,000 and 100,000 cells (for CAMA-1, MCF7 or ZR-75-1-alone. and
for a mixture of all three cell lines) were added to 1 ml of blood (about
1x10¢ red blood cells). The cells were then centrifuged, the
supernatant was removed and cell pellets were frozen at —-80°C.

RNA isolation. To extract RNA, frozen cell pellets were thawed and
resuspended in 1 ml of Trizol (Invitrogen, Darmstadt, Germany).
After complete resuspension, 0.2 ml chloroform (Merck. Darmstadt,
Germany) was added and the solution was vigorously vortexed. After
a centrifugation step (15 min at 12,000 xg at 4°C). the supernatant
was transferred into a fresh tube and mixed with 1 ml isopropanol
(Merck). The samples were frozen overnight at —20°C. On the
following day, samples were centrifuged again (at 12.000 xg at 4°C
for 10 min), the supernatant was removed and RNA pellets were
washed twice with 75% ethanol (Merck). Pellets were then air-dried
and resuspended in 20 pl DEPC-treated water. The RNA
concentration and ratio were measured photometrically
(Nanophotometer™, Implen, Munich, Germany) and only high-
quality RNA (absorbance ratio A260/280 between 1.7 and 1.9
guaranteed a high purity of nucleic acids) was used.

Reverse transcription. Four micrograms of RNA in a maximal
volume of 6 ul was used for reverse transcription with SuperScript
HI First Strand Synthesis Super Mix-Kit (Invitrogen). One
microliter of provided oligo(dT)-primers and 1 pl annealing buffer
was added according to the manufacturer’s protocol. Samples were
then incubated at 65°C for 5 min. chilled on ice and 10 pl First-
Strand Reaction Mix and 2 ul SuperSeript I1I/RNase Out Enzyme
Mix were added before incubation at 50°C for 50 min. Reverse
transcriptase was denatured at 85°C for 5 min and samples kept at
—20°C until use.

Real-time PCR. First a Mastermix for the target genes (cytokeratins
8. 18 and 19) and reference gene (18S) was prepared. For one
reaction, 10 pl TagMan® Fast Universal PCR Mastermix (ABI,
Foster City, CA, USA) was mixed with 1 pl TagMan primer (ABI;
CK8: Hs02339472 gl: CKI18: Hs01920599 gH: CKI19: Hs
00761767_gl: 18S: Hs 03928990 g1) for the respective gene and 7
ul PCR water. ¢cDNA (2 pl) and 18 pl of the Mastermix were placed

into one well of a 96-well plate (Micro Amp® Fast Optical 96-Well
Reaction Plate with Barcode: ABI). Each reaction was carried out
in quadruplicate. The plate was then sealed with an adhesive cover
(ABI) and placed into a 7500 Fast Real-Time PCR system (ABI).
To guarantee adequate controls, 18S was used as the reference gene
and non-template as well as water—RT controls were implemented.
The following cycles were run: Initial denaturation (95°C for 20 s),
followed by 40 cycles with denaturation (3 s at 95°C) and primer
extension (30 s at 60°C). Fluorescence for each gene was displayed
by the SDS 1.3.1 software (ABI).

Evaluation. Files generated by the SDS Software (CT, ACT, AACT
and rq values) were exported to Microsoft® Excel™, and graphs and
relative quantification curves (RQC) were drawn. Calculation of
relative quantifications values is described in Livak er al. 2001 (18).
In brief: Average CT value of a gene of interest is related to the 18S
average CT value of the same sample. The resulting value is called
ACT value. In the next step this ACT value is set in reference to the
ACT value of the same gene in the reference sample (here: 0 cells
added to blood sample), rendering the so called AACT value. The
formula 2-8ACT s then used to calculate relative quantification (rq)
values. Rq values >1 show an upregulation of the gene of interest,
values <1 mean that the gene is downregulated. Statistical
evaluations were made by SPSS® V.20 (IBM®, Ehningen, Germany).

Results

CAMA-1 exhibited relative quantification curves with steady
increases of all genes evaluated in a cell number-dependent
manner (Figure 1), meaning that, the observed increase in
gene expression, is due to the higher number of cells, which
express these genes. CK8, CK18 and CK19 were found to be
promising target genes regarding their use as genes for RT-
PCR-based detection of CTCs. In detail, CK8 gene
expression increased drastically when 1000 or more cancer
cells were mixed into the blood sample. CK18 increased in a
similar way. However, the RQC for CKI8 increased
dramatically from 1000 CAMA-1 cells on. The RQC for
CK19 follows a different trend: Although an increase in RQ
values can be seen for the 10-cell sample (Figure 2), further
CK19 expression changed only marginally (Figure 1). Using
MCF7 and ZR-75-1 cells, a strong increase of RQ values for
all three cytokeratins can be seen comparing control (0 cells)
and samples spiked with 10 breast cancer cells (Figures 3
and 4). Further trends for MCF7 and ZR-75-1 spiked
samples showed no consistent tendencies. The closest model
to the in vivo situation seems to be best resembled by using
a heterogenous cell pool in vitro. We tried to mimic this
condition by blending the described cell lines in equal parts
and mix the same cell numbers into blood samples. This
rendered an RQC with a similar pattern to that for CAMA-1
cells, showing an increase in the expression of all three
cytokeratin genes starting with 10 cells (Figure 5). Assuming
that only small numbers of cells might be found in the
pathological situation of breast cancer, the primary focus of
our statistical evaluation was on this range. Between all used
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Figure 1. Relative quantification (RQ) curves for cytokeratins 8, 18 and
19 in CAMA-1 cells. Quantification was relative to that of 18S.
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Figure 2. Comparison of relative quantification (RQ) values of control
samples (open symbols) vs. samples spiked with 10 CAMA-I
cells/1 <100 blood cells (closed symbols).

single cell lines (CAMA-1, MCF7, ZR-75-1), as well as the
cell pool consisting of these cell lines in equal proportions,
differences in RQs were statistically significant at p-values
between 0.011 and 0.012 for the comparison of non-spiked
blood samples (negative control sample) versus blood
samples spiked with 10 cells (Table I).

Discussion

It is generally assumed that the numbers of CTCs in patient
blood samples are very small and it is therefore a challenge to
detect them (19). For this reason, PCR markers being used to
generate calibration curves to detect CTCs have to be as
accurate as possible. Out of the three markers investigated in
the present study, CK8 and 18 seem to display the required
characteristics, especially when a heterogeneous mixture of
three established cell lines was used. As few as 10 cancer
cells, the first evaluation point in this study, provoked an
increase in gene expression recorded in RQCs. This leads to
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Figure 3. Comparison of relative quantification (RQ) values of control
samples (open symbols) vs. samples spiked with 10 MCF-7 cells/l <106
blood cells (closed symbols).
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Figure 4. Comparison of relative quantification (RQ) values of control
samples (open symbols) vs. samples spiked with 10 ZR-75-1 cells/l <106
blood cells (closed symbols).
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Figure 5. Comparison of relative quantification (RQ) values of control
samples (open symbols) vs. samples spiked with 10 cells of a mixture of
the used cancer cell lines/1 <109 blood cells (closed symbols).

the assumption that a very low frequency of cells in the
peripheral blood, in comparison to the large number of blood
cells might be detectable by the presented methodology. This
is confirmed by our statistical evaluation showing statistical
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Table 1. Statistical significance of differences between relative
quantification values for non-spiked and spiked (10 cells) samples.
t-test was used for statistical analysis.

Sample and cytokeratin p-Value
(nonspiked vs. spiked)

Cell pool CK 8 0.011
CAMA-1 CK 8 0.012
MCF7 CK 8 0.012
ZR-75-1 CK8 0.011
Cell pool CK 18 0.011
CAMA-1 CK 18 0.012
MCF7 CK 18 0.012
ZR-75-1 CK 18 0.011
Cell pool CK 19 0.011
CAMA-1 CK 19 0.012
MCF7 CK 19 0.012
ZR-75-1 CK19 0.011

significances between the negative controls and the samples
spiked with 10 cells per millilitre of blood, containing between
1.0-1.3%10° surrounding blood cells in all used cell lines and
the cell pool. Furthermore, the use of a single cell line seems
to be inappropriate for generating a detection model as no
constant increase over all samples is displayed for MCF7 and
ZR-75-1 cells. This could be due to immunological effects,
leading to an agglutination of cancer cells with normal blood
cells taking place when high cell numbers are used for
spiking. In this study, background variability of the blood
sample can be virtually neglected as we only used blood
samples of one volunteer donor for all experiments.
Furthermore, to ensure that all reverse transcription reactions
took place under the same conditions, we performed all
reactions at the same time using a standardized protocol.
Moreover, sample processing procedures were carried out by
the same researcher. However, potential pitfalls have to be
taken into consideration. A problem that needs to be
mentioned is that adding low numbers of cancer cells to blood
is challenging so that probably not all blood samples contain
the downright number of cells spiked-in. We tried to minimize
these errors by evaluating numerous replicates.

Conclusion

The results of the generated calibration curves for the
expression of cytokeratin 8, 18 and 19 genes established in
this study shall be transferred to a clinical setting on patient
samples to evaluate potential benefits in terms of prediction
of outcome or more specifically targeted therapy. Blood
samples from patients undergoing adjuvant therapy and with
metastatic breast cancer will be compared to samples from a
collection of healthy donors (negative controls) by using the

same technique as described above. These gene expression
levels will be matched to those from the calibration samples
with the aim of quantifying the number of CTCs in a given
patient sample. As a reference, the results from the
established Cell Search® System will be compared to the
PCR data. Further putative CTC markers need to be taken
into consideration and tested to narrow down non-specific
results and increase the chance of detecting and
characterizing even the smallest numbers of CTCs. The
following might be useful PCR markers in this regard: HER2
(20), insulin-like growth factor-1 receptor (IGF-1) (21),
matrix metalloprotease 13 (MMP13)(22-26), ubiquitin-
conjugating enzyme family 2Q2 (UBE2Q2) (27), Nectin-4
(28) and aldehyde dehydrogenase (ALDH) (29).
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Aim: Disseminated tumor cells are found in the bone marrow of patients with
epithelial carcinoma and are correlated with a poor prognosis of the disease.
Their detection is a technical challenge. This report describes a model system for
the detection of cancer cells by co-immunostaining of Thomsen-Friedenreich
and Her-2 antigens. Methods & results: Small numbers of cancer cells from different
cancer cell lines were mixed with blood samples of healthy donors. Cytospins
were prepared and double immunostaining against Thomsen-Friedenreich
antigen and Her-2 was carried out by fluorochrome-coupled antibodies.
Quantification of Thomsen-Friedenreich and/or Her-2-positive cells was performed
with an epifluorescence microscope. On average, 83% of cancer cells were
recovered by this method. Conclusion: Immunostaining is a useful method for the
detection of cancer cells in blood samples. Results of this model system will be
transferred to bone marrow patient samples to prove the benefits for detection

of disseminated tumor cells.

Breast cancer is the most frequent cancer type
worldwide and, at the same time, is the lead-
ing cause of cancer-related death in women. On
average, one woman in eight to ten will develop
breast cancer in her lifetime [1].

The main cause of death from breast cancer is
remote metastases derived from cells that have
spread from the primary tumor. Current mod-
els describe so-called ‘circulating tumor cells’
(CTCs), which detach from the primary tumor,
travel via the bloodstream or lymphatic system,
and eventually settle down at distant tissues where
they form metastases [2]. In some studies, dis-
seminated tumor cells (DTCs) have been found
in the bone marrow and CTCs in the peripheral
blood of patients with epithelial cancer [2-4]. The
appearance of CTCs and DTCs are correlated
with a poor outcome of the disease [5-7]. Cur-
rently, different techniques for the detection of
CTCs and DTCs are under investigation.

The most established CTC detection meth-
ods are assays based on EpCAM detection.
These include the AdnaTest® (Adnagen GmbH,
Langenhagen, Germany), CTC-chip (Perki-
nElmer, MA, USA), MagSweeper (Jeffrey

Laboratory, Stanford, CA, USA) or the Ariol®
(Leica Microsystems, Wetzlar, Germany) systems
(for review see [8]). These systems work on the
basis of bead-coupled immunomagnetic enrich-
ment and subsequent staining of the EpCAM
marker. Furthermore, diverse functional assays,
such as the EPISPOT assay (RnD Systems Inc.,
MN, USA) and the Vita-Assay™ (Vitatex Inc.,
NY, USA), which detect different cell surface
antigens of CTCs, are described [g].

The only US FDA-approved method for CTC
detection is the Cell Search® System (Veridex
LLC, NJ, USA) no1]. For DTC detection, the
EPISPOT assays have been explored [9].

This study presents an immunohistochemical
approach for the detection of DTCs, based on the
finding that the Thomsen—Friedenreich antigen
(CD176) is expressed exclusively on the surface
of carcinoma cells (10-13]. Furthermore, a com-
bined method for the detection of tumor cells in
blood samples was investigated. CD176 expres-
sion was analyzed in parallel with the Her-2
antigen, which is a common prognostic factor in
breast cancer [14.15]. Her-2 is already frequently
used as a cancer therapy target, via monoclonal
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antibodies that block the Her-2 antigen on the
tumor surface.

The aim of this study was the development
of a new approach to detect DTCs by double
immunostaining of the Thomsen—Friedenre-
ich antigen and Her-2 in blood samples mixed
with cancer cells. In the future, this technique
may be a useful tool that could also be applied
to patients with cancer cells in bone marrow
samples. A benefit of this method is that tumor
cells can not only be detected but simultane-
ously characterized. The future investigation
of more marker antigens in combination with
Thomsen—Friedenreich antigen will help to gen-
erate a marker set that can be used for one-step
DTC detection and characterization. Thereby
the decision for the most suitable therapy for each
patient could be supported, helping to reduce
side effects and increasing treatment efficiency.

Materials & methods

Cell lines

CAMA-1, MCF-7 and ZR-75-1 cell lines were
obtained from the American Type Culture
Collection (ATCC) and cultured in Dulbecco’s
modified Eagle medium supplemented with 10%
fetal calf serum and 1% penicillin/streptomycin.
Cells were fed every 3—4 days and subcultured at
80% confluence. For the experiments, cells were
detached by trypsin treatment, counted carefully
with a hemocytometer and diluted with phos-
phate-buffered saline solution (PBS; Biochrom,
Berlin, Germany) to the amounts needed.

Blood samples

Five healthy volunteers agreed to donate 7.5 ml of
blood, which was collected into ethylenediamine-
tetraacetic acid-containing tubes to prevent coag-
ulation. To remove erythrocytes from the whole
blood, the Histopaque® 1077 (Invitrogen, Darm-
stadt, Germany) density gradient cell separation
system was used according to the manufacturer’s
protocol. Briefly, whole blood was carefully lay-
ered onto Histopaque. After a centrifugation step
(30 min at 400 x g) buffy coat containing white
blood cells and platelets was transferred into a
fresh tube. White blood cells were washed twice
with PBS and subsequently spun down (10 min at
250 x gand 4°C). Afterwards, cells were counted
and 30 cells (CAMA-1, MCEF-7 or ZR-75-1 alone
and a mixture of all three cell lines, respectively)
were added to 1 million white blood cells. Cells
centrifuged onto glass slides (cytospins) were pre-
pared by spinning the sample on an object slide
(500 x g for 5 min). Finally, PBS was carefully

removed and slides air dried overnight.

Immunostaining
Prepared slides were fixed in acctone and air
dried before blocking in a 5% bovine serum
albumin solution for 15 min. Subsequently,
antibodies against the Thomsen—Friedenreich
antigen were applied: NEMOD-TF2 antibody
(IgM-k, mouse; NEMOD Biotherapeutics, Ber-
lin, Germany) diluted 1:50 in DAKO S 3022
medium for 45 min at room temperature; fol-
lowed by three washing steps and incubation
with Cy2-coupled goat antimouse IgM (Jackson
ImmunoResearch, PA, USA) diluted 1:200 in
DAKO $3022 for 30 min at room tempera-
ture. After washing with PBS and a secondary
blocking step with Ultra V Block (Labvision
TA-060-UB, Labvision, MI, USA), antibodies
against Her-2 were applied. First, the antibody
against Her-2, c-erbB-2 (Neomarkers, Fremont,
CA, USA). Second, the Cy3-coupled goat anti-
mouse antibody (Jackson ImmunoResearch)
were added in 1:500 and 1:200 dilutions, respec-
tively. Incubation times were according to the
first pair of antibodies. Cell nuclei were coun-
terstained with 4’,6-diamidino-2-phenylindole
in Vectashield® mounting medium (Vectashield
H-1200, Vectorlabs, Peterborough, UK), cov-
ered with cover slips and sealed with nail polish.
In order to verify this method, negative con-
trols had to be included. Therefore, blood sam-
ples of healthy donors (negative controls) and
controls consisting of cancer cell line cells only
(positive controls) were stained with the same
combination of antibodies. Additionally, spiked
blood samples were investigated by adding only
the secondary antibody in order to exclude
false-positive results.

Microscopy

Observation of slides was performed on a Zeiss
Axioskop (Carl Zeiss Microskopy GmbH, Gét-
tingen, Germany) epifluorescence microscope
equipped with an AxioCam high-resolution
microscopy camera. A Ph2 plan neofluar
40x/0.75 objective was used.

Evaluation of results

Pictures were taken of representative view fields
and color channels were merged by PaintShop
Pro 6.00. Stained cells were manually counted;
ratios and recovery rates were calculated.

In order to avoid reader bias the reading
person was neither informed about the num-
ber of tumor cells spiked into the respective
blood sample or about positive or a negative
control samples. For further verification a sec-
ond reading person repeated the evaluation.
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A third independent person was responsible for
gathering and evaluating the results.

Results

Blood samples mixed with different determined
numbers of established breast cancer cells
(n = 30 cells/slide) were spun down on cover-
slips and double immunostaining for the Thom-
sen—Friedenreich antigen (CD176) and Her-2
(CD340) was carried out. The indirect stain-
ing was completed with fluorochrome-coupled
secondary antibodies to Thomsen—Friedenreich
antigen (Cy2 fluorochrome in green), to Her-2
antigen with a Cy3 fluorochrome (red) and DNA
counterstaining with 4',6-diamidino-2-phenylin-
dole in blue (Ficure 1). Signal detection was carried
out on a fluorescence microscope in two differ-
ent ways. First, simultaneous pictures of all three
color channels were taken and second, all cells
stained in each channel were counted (Tasie 1).

After merging the pictures obtained in the
first step, normal white blood cells stained for
4’,6-diamidino-2-phenylindole only, whereas
cells derived from cancer cell lines also stained
in the other two color channels (Ficurs 1).

Cells that stained positive for Cy2 and Cy3
(Tasie 1) were counted and the relative frequency
calculated (in percentage). Recovery rates of 76.6,
60.0 and 56.6% were found when CAMA-1,
MCE-7 and ZR-75-1, respectively, were used alone.
However, a proportionate mixture of all three cell

DAPI

lines called ‘cell mix’ had a higher recovery rate
of double-stained cancer cells (83.3%) compared
with samples from each cancer cell line alone.
In general, the Thomsen—Friedenreich antigen
showed a higher recovery rate than the Her-2 anti-
gen (except for the ZR-75-1-sample). The high-
est recovery rates regarding single-stained cancer
cells were found for CAMA-1 and the cell mix,
rendering similar results (28 Thomsen—Frieden-
reich -positive cells or a 93.3% recovery rate in
both samples and 26 or 25 Her-2-positive cells or
a 86.6 and 83.3% recovery rate). In samples with
MCE-7 and ZR-75-1 cancer cells, lower recovery
rates were detected for both antigens.

In control samples with no tumor cells added,
no staining could be seen, while in the samples
consisting only of tumor cells (positive control)
nearly all cells were stained.

Another control that was carried out routinely
was the costaining of the Thomsen—Friedenreich
antigen or Her-2 and CD45 to ensure that only
tumor cells are stained by either CD176 or Her-2.
Cells stained by CD176 or Her-2 never stained
with CD45, whereas the surrounding blood cells
where stained with high quantities of CD45.
Therefore, it can be concluded that the staining
of CD176 and Her-2 is tumor cell specific.

Discussion
Recent reports have shown that the expression

of the Thomsen—Friedenreich antigen (CD176)

Cy3 RGB

Figure 1. Double immunofluorescence staining of CAMA-1, MCF-7 and ZR-75-1 cells. DAPI is
used as a reference stain of cell nuclei; Cy2 staining is used for the Thomsen—Friedenreich antigen;
and Cy3 for the Her-2 antigen. A merged (RGB) image of all color channels is also given. Only

double-stained cells are shown.
DAPI: 4',6-diamidino-2-phenylindole.
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Antigen

Thomsen-Friedenreich 28 (93.8)
(CD176)

Her-2 (CD340) 26 (86.6)

Thomsen—Friedenreich/Her-2 23 (76.6)

30 cells were spiked per sample.

and Her-2 is characteristic for DTCs, especially
in breast cancer patients [11,14-16].

Based on this background, our aim was to
establish an immunofluorescent approach to
identify breast cancer tumor cells in blood sam-
ples. For this purpose, different established breast
cancer cell line cells were mingled with blood
samples and subsequent immunofluorescent
stainings were carried out. With the help of this
method, between 56.6 and 83.3% of the tumor
cells could be detected by double staining and
epifluorescence microscopy, whereas CD176-
positive (single staining) cases could be found
in 93.3%. A reason for this result may, in fact,
be that not all cancer cell lines used are positive
for Her-2 overexpression, for instance, MCF-7.
These recovery rates assign a performance to the
method presented here, which is in the range
of other methods used in this field, for exam-
ple, the CTC-chip method has recovery rates
of approximately 70—80% [17], the MagSweeper
assay system has recovery rates of approximately
80% (18] and the EPISPOT assay has recovery
rates of approximately 80—-82% [19].

An encouraging finding was that we observed
the highest detection efficiency when using a so-
called cell-mix sample that contained an equal
proportion of CAMA-1, MCF-7 and ZR-75-1
cells in the same blood sample. This is impor-
tant since the circulating cell pool in 77 vive
conditions is also considered to be heterogeneous.

Our approach works convincingly on cells that
have variable expression levels of the antigens
used in this work. The advantages of immu-
nohistochemical tumor cell detection are its
simplicity, velocity and efficiency. Additionally,
in comparison with EpCAM-based immuno-
magnetic detection methods or FACS-based
analysis, as well as functional assays for cancer
cell detection, this method is quite cost efficient
without losing its reliability.

Detection technologies using EpCAM-based
assays are routinely performed by using immu-
nomagnetic beads consisting of core—shell poly-
styrenes. Recent investigations showed unac-
ceptable biocompatibilities at higher doses that
lead to cytotoxicity. For example, generation

CAMA-1; n (%) MCF-7; n (%) ZR-75-1; n (%) Cell mix; n (%)

21(70) 22 (73.3) 28(93.3)
18 (60.0) 23 (76.6) 25 (83.3)
18 (60.0) 17 (56.6) 25 (83.3)

of reactive oxygen species, cytoskeleton archi-
tecture rearrangement and iron imbalance [20]
might lead to a falsification of results. Fur-
thermore, it is known that the expression of
EpCAM molecules is downregulated when
DTCs undergo epithelial-mesenchymal transi-
tion [8], so that many of the tumor cells would
escape detection by EpCAM-based methods.
Another finding is that functional assays reveal
too many false-positive findings, as, for exam-
ple, the EPISPOT assay enrichment procedure
only consists of a CD45* cell depletion before the
actual detection takes place. In addition, work
has been published that demonstrates that the
detection of cytokeratins used in these assays are
not sufficient for CTC detection [21].

To test the use of this method in a translational
clinical setting, we will apply this double labeling
technique of Her-2- and Thomsen—Friedenreich
antigens, in combination with further established
breast cancer cell markers, such as mucin-1 and
ALDHI1AL1, on bone marrow samples from breast
cancer patients in adjuvant and metastatic situ-
ations. Moreover, the results will be correlated
with other methods such as the Veridex® Cell
Search® System and PCR-based assays.

Conclusion & future perspective
The advantage of our method is that DTCs iden-
tified by this technique will already be charac-
terized in two important tumor antigens that
can help to facilitate the decision on subsequent
therapies and prognosis for these patients. Spon-
taneous metastases could be inhibited by using
the monoclonal anti-Thomsen—Friedenreich
antibody JAA-F11 [22]. Patients with Her-2-pos-
itive CTCs and DTCs and Her-2-negative pri-
mary tumors can benefit from Her-2-targeted
therapy [23], adding further support to the idea
of characterizing DTCs as early as possible.
The next steps in the development of this
methodology will be to test further tumor
marker antigens for their use in tumor cell detec-
tion to generate a marker set for the detection
and characterization of DTCs from breast can-
cer patients. This marker set will then be applied
to patient bone marrow samples.
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Different methods for detection of circulating tumor cells and disseminated tumor cells have been described. We developed a new
immunofluorescent method for detection of disseminated tumor cells based on immunohistochemical staining of the

Thomsen—Friedenreich antigen in combination with Her-2 and tested it as a model system.

For the development of the model system, blood samples were spiked with different numbers of cancer cell line cells: CAMA-1,
MCF-7 and ZR-75-1. Immunofluorescent staining against CD176 and Her-2 was performed and evaluated via epifluorescence

microscopy.

The presented method appears to be promising and seems worthy to be extended to bone marrow samples of breast cancer patients
to detect and characterize disseminated tumor cells.
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4. Zusammenfassung (deutsch)

Die Detektion und Charakterisierung von zirkulierenden, sowie disseminierten Tumorzellen, steht
aktuell im Fokus des wissenschaftlichen Interesses. Ziel der vorliegenden Arbeit ist es, eine Methode
zur Detektion von CTCs aus Vollblutproben auf molekularer Ebene als Alternative zu den bisherigen
Detektionsmethoden zu untersuchen. Mit Hilfe des TF-Antigens in Kombination mit einem
etablierten  Antigen-Marker  (HER2) soll  darliber hinaus eine immunzytologische

Detektionsmoglichkeit fir DTCs geprift werden.

Der Artikel ,, Detection of circulating tumour cells on mRNA levels with established breast cancer cell
lines” untersucht die Moglichkeit, ein Modellsystem fiir den Nachweis zirkulierender Tumorzellen aus
Blutproben auf Real-Time PCR Basis unter Verwendung der Zytokeratine 8, 18 und 19 zu generieren.
Hierzu wurden Blutproben gesunder Probanden mit unterschiedlichen Zellzahlen aus verschiedenen
Brustkrebszelllinien (Cama-1, MCF7, MDA-MB231, ZR-75-1) versetzt, und mit diesen Blutproben eine
Analyse mit Hilfe der Real-Time PCR durchgefihrt. Von den verwendeten Zelllinien waren Cama-1
Zellen am besten geeignet, um eine Kalibrierungskurve zu erstellen, jedoch wurde fiir die weiteren
Experimente eine Mischung aus den Zelllinien Cama-1, MCF7 und ZR-75-1 verwendet, um deren
histologische und morphologische Unterschiede mit heranziehen, und damit die Situation in
Patientenproben besser simulieren zu konnen. Durch Zugabe der Kulturzellen bereits vor
Durchfiihrung der Dichtegradientenzentrifugation, traten immunologische Effekte zwischen den
Immunzellen des Spenderblutes und den Zellkulturzellen, sogenannte Agglutinierungsreaktionen,
auf. Dies konnte jedoch durch Hinzufiigen der Zellen zu einem spdteren Zeitpunkt im
Aufarbeitungsprotokoll, kurz vor Durchfiihrung der RNA-Extraktion, vermieden werden. Um mégliche
Detektionslimits der Real-Time RT-PCR zu vermeiden, wurden die Kulturzellen in weiteren Versuchen

nicht mehr pro Probe, sondern pro Milliliter Blutprobe zugesetzt.

In der Veroffentlichung ,Quantification of Breast Cancer Cells in Peripheral Blood Samples by Real-
Time RT-PCR” wurden die gewonnenen Erkenntnisse in einem optimierten Standardprotokoll
umgesetzt. Mit Hilfe von Blutproben, welche unterschiedliche Mengen an zugesetzten Zellen diverser
Brustkrebszelllinien beinhalteten, wurde lberprift, in wie weit eine Quantifizierung anhand der
zuvor generierten Eich- bzw. Kalibrierkurven moglich ist. Die Auswertung der RQ-Werte der Real-
Time RT-PCR zeigte, dass eine Quantifizierung der CTCs mittels der erstellten Kalibrierkurven maglich,
und eine Angabe Uber die Anzahl der in der Blutprobe befindlichen Tumorzellen anhand der

Genexpression der Zytokeratine im Modellsystem moglich erscheint.
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Im Artikel ,Detection of breast cancer cells in blood samples by immunostaining of the Thomsen-
Friedenreich antigen” wird ein immunzytochemischer Nachweis zur Detektion von DTCs beschrieben.
Zunachst wurden Blutproben gesunder Probanden mit definierten Mengen an Brustkrebszellen
(Cama-1, MCF7 und ZR-75-1) versetzt und daraus Objekttrager-Praparate angefertigt. Unter
Verwendung von Antigenmarkern fir CD 176 (Thomsen-Friedenreich) und HER2 wurde die
Wiederfindungsrate dieser mit Brustkrebszellen versehenen Objekttrager aus EDTA-Blutproben in
einem neu erstellten Farbeprotokoll ermittelt, wobei nur die zugesetzten Tumorzellen in den
Praparaten Farbungen aufwiesen. Eine Wiederfindungsrate von 83 Prozent zeigt, dass TF sowohl als

Detektionsmarker, als auch zur weiteren Phanotypisierung fiir DTCs geeignet zu sein scheint.

Die Ergebnisse dieser Arbeit zeigen, dass die Detektion von CTCs aus Vollblutproben mit Hilfe der
Real-Time RT-PCR eine adaquate, kostengiinstige und schnelle immunzytologische
Untersuchungsmethode ist. Mit ihrer Hilfe kann nicht nur eine zeitnahe, therapeutische
Verlaufskontrolle, sondern auch eine gezielte Detektion von CTCs, als entscheidendem
prognostischem und pradiktivem Risikofaktor fiir das Auftreten von Rezidiverkrankungen beim
Mammakarzinom, durchgefiihrt werden [58]. Internationale Veroffentlichungen auf dem Gebiet der
CTC-Detektion bei Mammakarzinom konnten bereits die prognostische Signifikanz von CTC-Analysen
bezliglich DFS (disease free survival), OS (overall survival), MFS (metastasis free survival) und BCSS
(breast cancer-specific survival) entweder mit Hilfe des CellSearch-Systems® oder der RT-PCR
nachweisen [57, 62, 64, 66, 77]. Die Detektion, Quantifizierung, sowie Phanotypisierung von DTCs
wird dabei helfen, deren Rolle bei Tumorerkrankungen besser zu verstehen und neue
Therapiestrategien zu entwickeln. Aktuelle Forschungsergebnisse zeigen, dass TF beim
Kolonkarzinom als vielversprechender Detektionsmarker [81] und als Tumorstammzellmarker
diskutiert wird [91]. Auch als Zielmolekil fiir gezielte Tumortherapien (,Traget Therapy”) [90],
ebenso wie als Impfstoff bei Prostatakarzinom [83] scheint mit dem Thomsen-Friedenreich ein
vielversprechendes Target zur Behandlung von Tumorerkrankungen zur Verfligung zu stehen.

In weiteren Untersuchungen wurden die gewonnen Erkenntnisse dieser Arbeit bei der Real-Time RT-
PCR auf Patientenproben von Mammakarzinompatientinnen Ubertragen, um deren Nutzen fir die
tagliche Routine zu verifizieren. Neben den verwendeten Zytokeratinen sollen zur Erhéhung der
Detektionsrate weitere Antigenmarker wie HER2, IGF-1 und ALDH zum Einsatz kommen. Die
Methode der DTC Detektion fand in weiterflihrenden Versuchen an Knochenmarksproben von
Mammakarzinompatientinnen Anwendung. Zusatzliche, bereits etablierte Antigenmarker bei
immunhistologischen Untersuchungen wie MUC1 und ALDH1A1 sollen zeigen, in wie weit eine
Korrelation mit TF gegeben ist, mit deren Hilfe eine Isolierung und Kultivierung der Tumorzellen

ermoglicht werden soll.
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5. Zusammenfassung/Summary (English)

The detection and characterisation of circulating and disseminating tumour cells is currently in the
centre of common scientific interest. The aim of the on hand study was to investigate on a molecular
based method for the detection of CTCs out of EDTA blood samples alternatively to already existing
methods of detection. Additionally an immunocytochemical method for the detection of DTCs by
using the TF-antigen in combination with an already established antigen-marker (HER2) should be

proved.

The paper “Detection of circulating tumour cells on mRNA levels with established breast cancer cell
lines” investigates the possibility to generate a model system for the detection and quantification of
circulating tumour cells out of blood samples based on Real-Time RT-PCR diagnostics by using the
cytokeratins 8, 18 and 19. Therefore blood samples of healthy volunteers were spiked with differing
cell counts of various breast cancer cell line cells (Cama-1, MCF7, MDA-MB231, ZR-75-1). Out of
these samples Real-Time RT-PCR investigations were performed. The findings approved Cama-1 cells
to be suited best to generate a significant calibration curve. Though, for further investigations a
mixture of Cama-1, MCF7 and ZR-75-1 cell line cells has been prepared to include their different
histological and morphological distinctions to the investigations. This instance was considered to
simulate the situation in patients’ samples best. When adding the cell culture cells already before the
density gradient centrifugation is done, immunological effects between these spiked cells and
common blood cells of the donors were taking place, leading to an apparent agglutination reaction.
These side effects could be avoided when adding the artificial tumour cells just shortly before the
RNA extraction process was started. Spiking the cancer cell line cells per ml of a blood sample used is

also important, otherwise Real-Time RT-PCR detection limits might be undercut.

Within the publication “Quantification of Breast Cancer Cells in Peripheral Blood Samples by Real-
Time RT-PCR” the findings of the former investigations have been implemented, leading to an
optimized standard protocol. Blood samples containing different amounts of added tumour cells
were used to investigate on a possible quantification of CTCs based on the generated calibration
curves before. The detection of CTCs, as well as their quantification via generated calibration curves
appears to be possible due to RQ values of the Real-Time RT-PCR and the results of this model

system.
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The paper “Detection of breast cancer cells in blood samples by immunostaining of the Thomsen-
Friedenreich antigen” describes an immunocytochemical investigation on detecting DTCs.
Corresponding to the already mentioned Real-Time RT-PCR analyses, blood samples of healthy
volunteers have been spiked with artificial mamma carcinoma cells (Cama-1, MCF7 and ZR-75-1),
again. Subsequently, out of these samples, object slides have been prepared for investigations. By
using the markers CD176 (Thomsen-Friedenreich) and HER2 in a new designed manual, the recovery
rate of the added tumour cells has been determined. Therefore only spiked tumour cells shall feature
a staining in comparison to common blood cells surrounding on the cover slip. A recovery rate of 83%

proves TF to be suitable as a marker for detection, as well as for further phenotyping of DTCs.

The findings of this work illustrate the detection of CTCs by using Real-Time RT-PCR to become an
adequate, cost-efficient and fast alternative for immunocytochemical detection methods. A benefit
of this method might be a possible continuous control of patients’ response to therapeutic regimes
additionally to the detection of CTCs as prognostic and predictive factors, being held responsible for
the occurrence of relapse, e.g. mamma carcinoma [58]. Numerous studies based on the issue of CTC
detection of mamma carcinoma proved the prognostic significance of CTCs concerning DFS (disease
free survival), OS (overall survival), MFS (metastasis free survival) and BCSS (breast cancer-specific
survival) by using either the CellSearch System® or RT-PCR methods [57, 62, 64, 66, 77].

The detection and quantification of DTCs, as well as their phenotyping will help to recognize their
role in tumour genesis and disease and to evolve new strategies in cancer treatment. Results on the
latest research show TF to be a promising marker for the detection of colon carcinoma [81]. TF is also
discussed as a possible stem cell marker [91]. Additionally the Thomsen Friedenreich antigen is
capable of becoming an auspicious target for cancerous diseases e.g. as possible vaccine for prostate
cancer treatment [83] and in general as promising object of targeted medical treatment therapies
[90].

The gained findings of the PCR analyses were transferred to a clinical setting on mamma carcinoma
patient samples to evaluate potential benefits in daily routine diagnostic. Despite the used
cytokeratin markers, further putative CTC markers, such as HER2, IGF-1 and ALDH, need to be taken
into consideration to increase the chance of detecting CTCs.

The method of DTC detection was applied in further investigations to bone marrow samples of
mamma carcinoma patients. Already established breast cancer cell markers in immunohistochemical
investigations like MUC1 and ALDH1A1l shall prove a potential correlation with TF in order to

facilitate an isolation and subsequent cultivation of these cancer cells.
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6. Anhang

6.1. Abbildungsverzeichnis

Abbildung 1 Prozentualer Anteil der héaufigsten Tumorlokalisationen an __allen
Krebsneuerkrankungen in Deutschland 2008 (S. 5)

(Krebs in Deutschland 2007/2008.8. Ausgabe. Robert Koch-Institut (Hrsg) und die
Gesellschaft der epidemiologischen Krebsregister in Deutschland e.V. (Hrsg). Berlin,
2012, S.12)

Abbildung 2 Mortalitdt in Korrelation zu korperlicher Aktivitét (S. 6)

(Wen, C.P., et al., Minimum amount of physical activity for reduced mortality and
extended life expectancy: a prospective cohort study. Lancet, 2011. 378(9798): p.
1244-53)

Abbildung 3 Altersspezifische Erkrankungsrate nach Geschlecht ICD-10 C50, Deutschland
2007/2008 (S. 7)

(Krebs in Deutschland 2007/2008.8. Ausgabe. Robert Koch-Institut (Hrsg) und die
Gesellschaft der epidemiologischen Krebsregister in Deutschland e.V. (Hrsg). Berlin,
2012, S. 66)

Abbildung 4 Schematische Darstellung des ABC-Farbekomplexes (S. 10)

(http://www.biologie.uniregensburg.de/Zoologie/Schneuwly/Hofbauer/DROSI/strent
w42.htm)
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6.2. Tabellenverzeichnis

Tabelle 1

Tabelle 2

Chemikalienliste zur Versuchsdurchfiihrung

Gerateliste zur Versuchsdurchfiihrung
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6.3.  Abkiirzungsverzeichnis

ABC
ALDH
ALDH1A1
APAAP
ATM

BCSS

BRCA-1
BRCA-2
Cama-1
CD45
CD176
CDH1
CHK2
CK (8,18,19)
CTCs
DFS
DNA
DTCs
EDTA
EMT

EPCAM

ER

Avidin-Biotin-Complex

Aldehyddehydrogenase

Aldehyddehydrogenase 1A1
Alkalische-Phosphatase-Anti-Alkalische-Phosphatase Farbung
Gen

Brustkrebsspezifisches Uberleben (engl. breast cancer specific
survival)

Breast Cancer 1 (Genmutation)

Breast Cancer 2 (Genmutation)

Epithelzelllinie aus der Brustdriise

Oberflachenantigen (Tyrosinphosphatase)

Cluster of differentiation 176; Thomsen Friedenreich Antigen
Gen

Gen

Zytokeratin (engl. cytokeratin)

zirkulierende Tumorzellen (engl.: circulating tumour cells)
Krankheitsfreies Uberleben (engl.: disease free survival)
Desoxyribonukleinsdure (engl.: desoxyribonucleic acid)
disseminierte Tumorzellen (engl.: disseminated tumour cells)
Etylendiamintetraessigsdure / Ethylendiamintetraacetat

Epithelial-mesenchymale Transition

Epitheliales Zelladhdsionsmolekil (engl. Epithelial cell adhesion

molecule)

Estrogenrezeptor
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FDA

HER2
IGF-1

IHC

Ki-76
MCF7
MDA-MB231
MET

MFS
mRNA
MUC1
OAS/0S
PgR

PTEN
RAD51C
RQ-Werte

RT-PCR

TF

TNM

ZR-75-1

Food and Drug Administration

Human epidermal growth factor receptor 2 (erb-B2, c-erbB2)
Insulinwachstumsfaktor-1 (engl: insulin growth factor-1)
ImmunoHistoChemistry- Score

Antigen (Protein), zur Proliferationsaktivitats-Detektion
Epithelzelllinie aus der Brustdriise (Michigan cancer foundation 7)
Epithelzelllinie aus der Brustdriise

Mesenchymal-epitheliale Transition

Metastasen-freies Uberleben (engl.: metastasis free survival)
Messenger-Ribonukleinsdure (engl.: messenger ribonucleic acid)
Mucin-1

Gesamtiiberlebensrate (engl.: overall survival)
Progesteronrezeptor

Gen

Gen

Wert der Relativen Quantifizierung

Reverse Transkriptase Polymerase Kettenreaktion (engl: reverse
transcription polymerase chain reaction)

Thomsen Friedenreich Antigen

TumorgroRe, Anzahl der betroffenen Lymphknoten (engl.: Nodes),
Metastasierung

Epithelzelllinie aus der Brustdriise
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6.4. Chemikalienverzeichnis

Tabelle 1 Chemikalienliste zur Versuchsdurchfithrung
Qualitat
Substanz Hersteller . /
Reinheit
Zellkultur
DMEM Biochrom Berlin, Germany steril
FCS Biochrom Berlin, Germany steril
Penicillin/Streptomycin Biochrom Berlin, Germany steril
Phosphate buffer saline (PBS) Biochrom Berlin, Germany steril

Trypsin/EDTA Biochrom Berlin, Germany 0,05% /
0,02% steril

Dichtegradientenzentrifugation

Histopaque 1077 Invitrogen, Darmstadt, Germany p.a.

Phosphate buffer saline (PBS) Biochrom Berlin, Germany steril
RNA Isolierung

TRIzol LS Reagent Invitrogen, Darmstadt, Germany p.a.

Chloroform Merck, Darmstadt, Germany p.a.

Isopropanol Merck, Darmstadt, Germany 99,9%

Glycogen Invitrogen Life Technologies, USA p.a.

Ethanol Merck, Darmstadt, Germany 75%

DEPC Wasser Invitrogen Life Technologies, USA steril
Umschreibung der RNA in cDNA

SuperScript Ill First Strand Synthesis Super Mix Kit Invitrogen Life Technologies, USA p.a.

Real-Time RT-PCR

TagMan Fast Universal PCR MasterMix
TagMan Primer CK8 Hs02339472 gl
TagMan Primer CK18 Hs01920599 gH
TagMan Primer CK19 Hs00761767 gl
TagMan Primer 18S Hs 03928990 g1

Applied Biosystems , Foster City CA, USA  p.a.
Applied Biosystems , Foster City CA, USA  p.a.
Applied Biosystems , Foster City CA, USA  p.a.
Applied Biosystems , Foster City CA, USA  p.a.
Applied Biosystems , Foster City CA, USA  p.a.
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Substanz Hersteller Qu'allta.t /
Reinheit
Immunfirbung
Bovines serum Albumin (HS frac.) Sigma ALDRICH, Hamburg, Germany 5%
NEMOD-TF2 antibody; IgM-k, mouse NEMOD Biotherapeutics, Berlin, Germany p.a.
DAKO S 3022 (Antibody diluent) DAKO North America, CA, USA p.a.
Phosphate buffer saline (PBS) Biochrome, Berlin, Germany steril
Cy2-coupled goat antimouse IgM - antibody Jackson ImmunoResearch, PA, USA p.a.
Ultra V Block Labvision TA-060-UB, Labvision, MI, USA  p.a.
Her-2, c-erbB-2 antibody Neomarkers, Fremont, CA, USA p.a.
Cy3-coupled goat anti- mouse antibody Jackson ImmunoResearch, PA, USA p.a.
Vectashield H-1200, Vectorlabs,
Vectashield mounting medium Peterborough, UK p.a.
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6.5. Gerateverzeichnisverzeichnis

Tabelle 2 Geriateliste zur Versuchsdurchfiihrung

Gerat

Hersteller

7500 Real Time PCR System

TECHNE DRI Block DB2a

Thermo Fisher Biotype Stratos

HeraSafe, Heraeus Instruments

Thermo Scientific HeraCell 150i CO, Incubator
Thermo Electron Corporation HERA Freeze Basic
Thermo Scientific Multifuge 3 g Heraeus

Zeiss Axioscope + AxioCam MRm

Applied Biosystems, USA
TECHNE, UK

Thermo Fisher, Germany
Thermo Fisher, Germany
Thermo Fisher, Germany
Thermo Fisher, Germany
Thermo Fisher, Germany

Zeiss, Germany
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6.6. Posterprasentationen

e Gemeinsame Tagung der BGGF und OEGGG (25.05. — 28.05.2011), Erlangen

e 15" International Hamburg Symposium on Tumor Markers (29.05.-31.05.2011),
Hamburg

e 31.Jahrestagung der Deutschen Gesellschaft flr Senologie (23.06. — 25.06.2011),

Dresden

e 86. Tagung der Bayerischen Gesellschaft fiir Geburtshilfe und Frauenheilkunde e.V.

(BGGF) (28.06. — 30.06.2012), Wiirzburg (2 Poster)
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Quantifizierung von CTCs mit Hilfe der Tag-Man-PCR im Mammakarzinom

Michael Zebisch?, Alexandra C. Kélbl*, Ulrich Andergassen?, Brigitte Rack?, Verena

IKlinik und Pe

1, Maria Gii Biller!, Udo Jeschke?, Klaus Friese*

Hintergrund:

Der Nachweis disseminierter ~Tumorzellen (DTZ) mittels
Immunfluoreszenz ist ein teures und zeitaufwendiges Verfahren, das
bisher keinen Einzug in die Routinediagnostik gehalten hat. Der
Nachweis von CTCs aus peripherem Blut soll in der vorliegenden
Studie mit Hilfe der Real-Time-PCR (RT-PCR) erfolgen.

Dafiir ist es zunachst notig, eine Eichkurve fir tumorspezifisch
exprimierte  Gene zu erstellen, die die Genexpression, in
Abhéngigkeit von der Anzahl, im Blut vorhandener, Tumorzellen
zeigt.

Materialien & Methoden

Aus Blut gesunder Probanden wurden {ber Dichtegradienten-
zentrifugation Leukozyten angereichert und 0 -100.000 MCF-7 bzw.
Cama-1-Zellen/ml Blut zugesetzt.

Aus dem Zellpellet, wurde die RNA isoliert, in cDNA umgeschrieben
und in eine RT-PCR mit den Genen Cytokeratin (CK) 8, 18 und 19
eingesetzt, wobei 18S als Referenzgen verwendet wurde.

Relative Quantification Curves for CK8, 18 and 19 in MCF.-7 cells
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Ergebnis:

In beiden Zelllinien findet man fiir CK 18 ab 1000 Zellen/ml einen
nahezu linearen Anstieg in der Relativen Quantifizierung (RQ).

Fiir CK8 zeigt sich bei Cama-1 ein fast exponentieller Anstieg, bei
MCF-7 stagniert die Kurve der RQ ab 10000 Zellen/ml in einem
Plateau.

Fiir CK 19 ist eine einheitliche Tendenz nicht zu beobachten

Zusammenfassung

Eine Quantifizierung von CTCs aus Blut ist mit den Genen CK 8 und
CK 18 ab 1000 Zellen/ml méglich; bei Cama-1 Zellen ist eine
Quantifizierung mit Hilfe von CK18 bereits zwischen 100 und 1000
Zellen moglich.

CK 19 ist fiir die Quantifizierung von TCs am wenigsten geeignet.
Weitere Untersuchungen an peripherem Blut metastasierter
Patientinnen wird die Brauchbarkeit der Methode zeigen.

Relative Quantification Curvesfor CK8, 18 and 19in Cama-1 cells
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Experiments on the detection of circulating tumour cells on mRNA levels with established
mammacarcinoma cell lines

M. Zebisch?, A.C. K&lbl!, U. Andergassen?, J. Neugebauer?, V. Engelstadter?, M. Giinthner-Biller!, U. Jeschke?, K. Friese!, B. Rack®.
Klinik und Poli ] il il LMU Klinik at M

Background Roletivs Guarkiication, GRS
Breast cancer associated mortality is mostly due to tumour-generated
remote metastases in other organs. Current models assume, that cells
detached from primary tumour circulate via blood or the lymphatic
system to other organs generating metastases. These so called e
“circulating tumour cells” (CTCs) were already found in bone marrow or \
blood in a number of studies on patients with epithelial tumours. g \
In the present study CTCs should be detected by Real-Time-PCR from

peripheral blood, based on the microarray-deduced fact, that some genes Abb.1: “
are strongly upregulated in their expression in tumour tissues in Relative Quantificationof @ $

comparison to normal tissue. cRsaandus e .
The first step within this analysis is the preparation of a calibration curve (Cama-1, MDA-MB231,MCF » b L
showing gene expression as function of the number of tumour cells 7,2R-75-1)
within a blood sample.
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Relative Quantification, CK19
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Materials & Methods “ —a—cr7

Blood samples of healthy donors were spiked cells of different ———zr751
mammacarcinoma cell lines and enriched by density-gradient
centrifugation. g
RNA was extracted and transcribed to cDNA, which was used in the Real-
Time-PCR reaction on the Cytokeratins (CK) 8, 18 and 19. Calibration
curves were generated by MicrosoftTM Excel®. Abb.2: S —__

Relative Q f i

CK19in various é— :é :

mammacarcinoma cell lines 004

(Cama-1,MDA-MB231,
Results MCF-7,ZR-75-1).
Curves of Relative Quantification of gene expression in different
mammacarcinoma cell lines do not show unitary tendencies.

In most experiments a decrease in Relative Quantification of gene Relative Quarification CK 8, 18,19
expression is seen in samples with high spiked-in cell numbers in

comparison to samples with lower numbers of added mammacarcinoma =y
cells » —-—ckie

—A—CK18

[~
g 7N\
/\

The strong oscillations in the curves of Relative Quantification of gene
expression suggest an occurrence of immunological effects, leading to an

agglutination of added tumour cells with blood cells of the sample s
donors. g é Z : \
To bypass these effects tumour cells should be added to the sample after o {

the density-gradient centrifugation. v " - oo 1000
Furthermore tumour cells should be added per ml blood sample used, to %
obtain evaluable results by Real-Time-PCR, otherwise detection limits Cellsm

will be undercut.
Abb.3: Relative Quantification of CK 8, 18 and 19 in MCF-7 cells.
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Hintergrund:

Der Nachweis disseminierter ~Tumorzellen (DTZ) mittels
Immunfluoreszenz ist ein teueres und zeitaufwendiges Verfahren,
das bisher keinen Einzug in die Routinediagnostik gehalten hat. Der
Nachweis von CTCs aus peripherem Blut soll in der vorliegenden
Studie mit Hilfe der Real-Time-PCR (RT-PCR) erfolgen.

Dafiir ist es zunachst notig, eine Eichkurve fir tumorspezifisch
exprimierte  Gene zu erstellen, die die Genexpression, in
Abhéngigkeit von der Anzahl, im Blut vorhandener, Tumorzellen
zeigt.

Materialien & Methoden

Aus Blut gesunder Probanden wurden {ber Dichtegradienten-
zentrifugation Leukozyten angereichert und 0 -100.000 MCF-7 bzw.
Cama-1-Zellen/ml Blut zugesetzt.

Aus dem Zellpellet, wurde die RNA isoliert, in cDNA umgeschrieben
und in eine RT-PCR mit den Genen Cytokeratin (CK) 8, 18 und 19
eingesetzt, wobei 18S als Referenzgen verwendet wurde.

Relative Quantification Curves for CK8, 18 and 19 in MCF.-7 cells
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Abb.1: Relative Qi ifizi fiir die ine 8, 18 und
19in MCF-7 Zellen
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Ergebnis:

In beiden Zelllinien findet man fiir CK 18 ab 1000 Zellen/ml einen
nahezu linearen Anstieg in der Relativen Quantifizierung (RQ).

Fiir CK8 zeigt sich bei Cama-1 ein fast exponentieller Anstieg, bei
MCF-7 stagniert die Kurve der RQ ab 10000 Zellen/ml in einem
Plateau.

Fiir CK 19 ist eine einheitliche Tendenz nicht zu beobachten.

Zusammenfassung

Eine Quantifizierung von CTCs aus Blut ist mit den Genen CK 8 und
CK 18 ab 1000 Zellen/ml méglich; bei Cama-1 Zellen ist eine
Quantifizierung mit Hilfe von CK18 bereits zwischen 100 und 1000
Zellen moglich.

CK 19 ist fiir die Quantifizierung von DTCs am wenigsten geeignet.
Weitere Untersuchungen an peripherem Blut metastasierter
Patientinnen wird die Brauchbarkeit der Methode zeigen.

Relative Quantification Curvesfor CK8, 18 and 19in Cama-1 cells
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Nachweis zirkulierender Tumorzellen aus dem Blut von Brustkrebspatientinnen

anhand der Genexpression von Zytokeratin 8, 18 und 19

Michael Zebisch?, Ulrich Andergassen?, Alexandra C. Kélbl*, Sabine k
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Jager?, Julia b 1, Brigitte Rack’, Klaus Friese Udo Jeschke

Hintergrund:

Als zirkulierende Tumorzellen (CTCs) bezeichnet man Zellen die sich
vom Primartumor abgeldst haben, sich in Blut und Lymphe befinden
und als Ursprung einer Metastasierung betrachtet werden. Kénnen
nun zirkulierende Tumorzellen im Blut detektiert werden, geht dies
meist mit einer schlechteren Prognose und einem schlechteren
Gesamtiiberleben (OAS) einher. Der Nachweis zirkulierender
Tumorzellen, ist aufgrund der geringen Anzahl an Zellen, technisch
schwierig. Im Vorliegenden wird dargestellt, wie der Nachweis
zirkulierender Tumorzellen mit Hilfe der hoch-sensitiven Methode
der Real-Time-PCR aus dem Blut von Brustkrebspatientinnen
erfolgen kann. Grundlage dieses Nachweises ist die Tatsache, dass
diese Tumorzellen epithelialen Ursprungs sind und damit einige
Gene, wie beispielsweise die Zytokeratine, eine andere Expression
aufweisen, als die umgebenden Blutzellen.

Materialien & Methoden:

Es erfolgte eine Blutuntersuchung bei 5 gesunden Probanden, 5
adjuvanten und 4 metastasierten Brustkrebspatientinnen. Es wurden
jeweils 20 ml peripheres Blut (EDTA) abgenommen, die Leukozyten-
Fraktion tber Dichtegradientenzentrifugation mit Ficoll angereichert,
und daraus die RNA isoliert. Nach der reversen Trankription wird die
cDNA in die Real-Time-PCR mit den Genen Zytokeratin 8, 18 und 19
eingesetzt, die auch in der immunhistochemischen Detektion von
Tumorzellen mit Hilfe der APAAP-Farbung eingesetzt werden. Als
Refernzgen wird 18S verwendet, die statistische Auswertung erfolgt
tiber SPSS.
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Ergebnis:

Fur alle drei untersuchten Gene ist ein Anstieg in der Genexpression
zwischen gesunden Probanden und adjuvanten bzw. metastasierten
Patientinnen feststellbar. Der starkste Anstieg konnte fiir Zytokeratin
18, der geringste fiir Zytokeratin 8 beobachtet werden. Dabei waren
flir Zytokeratin 18 die Unterschiede in der Expression zwischen
gesunden Probanden wund adjuvanten bzw. metastasierten
Patientinnen statistisch signifikant (p = 0,036 bzw. p = 0,020). Fir die
Expressionsanderung bei Zytokeratin 19 ist die statistische
Signifikanz noch im aussagekréaftigen Bereich (p = 0,091 bzw. 0,056).
Die Unterschiede fiir Zytokeratin 8 sind nicht signifikant.

Zusammenfassung:

Das Auftreten zirkulierender Tumorzellen (CTCs) lasst sich mit Hilfe
der Real-Time PCR nachweisen und messen. Die hier gezeigten
Ergebnisse sollten aber noch auf ein groReres Patientenkollektiv
angewendet werden.

Zusétzlich sollten neben den Genen fiir die Zytokeratine 8, 18 und 19
noch weitere Marker auf ihre Signifikanz beim Mammakarzinom hin
uberpruft werden.

So konnte mit dem Nachweis gleichzeitig auch eine
Charakterisierung der Tumorzellen durchgefiihrt werden, was
zuklnftig wiederum einen zusatzlichen, therapeutischen Ansatz
bieten konnte.

Expression

Kontrolle Adjuvant Metastasiert
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Immunhistochemischer Nachweis disseminierter Tumorzellen aus dem
Knochenmark von Brustkrebspatientinnen: Korrelation von HER-2 und
Thomsen-Friedenreich (CD176)
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Hintergrund:

Lésen sich Zellen vom Primartumor, kénnen sie sich tiber Blut- und
Lymphgefale im gesamten Korper ausbreiten. Dies ist der erste
Schritt zur erfolgreichen Filialisierung, und somit ein Wendepunkt
fur die Prognose. Das Auffinden solcher zirkulierender Tumorzellen
im Blut (CTC) und disseminierter Tumorzellen im Knochenmark
(DTC) ist mit einer schlechteren Prognose fiir das Gesamtiberleben
{OAS) der Patienten assoziiert. Der Nachweis solcher Tumorzellen ist
technisch noch immer schwierig und aufwéndig, da ihre Anzahl im
Vergleich zu den umgebenden Zellen gering ist.

Im Folgenden soll nun eine immunhistochemische Methode zum
Nachweis disseminierter Tumorzellen aus dem Knochenmark von
Brustkrebspatientinnen vorgestellt werden, die gleichzeitig eine
Charakterisierung dieser Zellen erlaubt.

Materialien & Methoden

Knochenmark, das wahrend der Operation des Primartumors von 41
Brustkrebspatientinnen entnommen wurde, wird uber
Dichtegradientenzentrifugation mit Ficoll aufgereinigt und die
Fraktion, die die Tumorzellen enthalt, wird auf Objekttrager
zentrifugiert. Die Praparate werden luftgetrocknet und vor der
Immunfarbung mit Aceton fixiert. Die Immunfarbung erfolgt Uber
Fluorochrom-gekoppelte  Antikérper, wobei das Thomsen-
Friedenreich-Antigen (CD 176) und HER-2 angefarbt werden. Die
Auszahlung der gefarbten Zellen erfolgte durch zwei unabhéngige
Personen am Fluoreszenzmikroskop, die statistische Auswertung
erfolgte tiber SPSS.

Ergebnis

Von insgesamt 41 gefarbten Objekttragern weisen 28 (70,73%) eine
positive Farbung fiir mindestens eines der beiden Antigene auf,
wobei Her-2 prozentual hoher exprimiert ist, als Thomsen-
Friedenreich (36,87% vs. 17,00%).

Ebenso viele Praparate weisen mindestens eine Doppelfarbung von
CD176 und HER-2 auf, wobei diese prozentual die groRte Gruppe
aller gefarbten Zellen darstellten (46,14%).

Statistisch ergibt sich zwischen der Expression von Thomsen-
Friedenreich (CD176) und Her-2 eine signifikante Korrelation (p<
0,001).

Zusammenfassung

Die Korrelation der Farbung des Thomsen-Friedenreich-Antigens
(CD176) mit dem HER-2 Antigen stellt einen guten Nachweis fiir
disseminierte Tumorzellen im Knochenmark von
Brustkrebspatientinnen dar.

Jedoch sollte eine Farbung mit weiteren Brustkrebs-assoziierten
Markern erfolgen um den bloRBen Nachweis mit einer erweiterten
Charakterisierung zu verkniipfen.

Dies konnte langfristig eine bessere und personalisierte Therapie der
Patienten ermoglichen.

(€lau: AP, Grin: Thomsan-Friedenreich [CD176); Rot: HER-2]
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