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1. Einleitung

Die Gesellschaft der Epidemiologischen Krebsregister e.V. (GEKID) und das Zentrum
Krebsregisterdaten (ZfKD) am Robiédchinstitut veroffentlichen alle zwei Jahre die Publikation
aYNBo6a Ay 5SdziaOKflyRao®

Im Februar 2012 wurden die gesammelten Daten arsdhhren 2007/2008 veroffentlicht.

1.1. Epidemiologie und Risikofaktoren
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bei Mannern spielt mit 520

Neuerkrankungen pro Jahr im Vergleich nur eine untergeordnete Rgli®iegestiegenenzidenz

und Diagnose des Mammakarzinonms Laufe der letzten Jahravird auf stark verbesserte
Vorsorgeuntersuchungenwie beispielsweise dem Mammograpkseeening und den Einsatz

verbesserter diagnostischer Methoden (Mamma MRT) zurlickgefEhrtlndiz hierfir ist die seitdem

hohe diagnostizierte Anzahl an kleinen Tumoren [Z]1)

1.1.1. Genetische Pradisposition

Modifizierbare, sowie nicht modifizierbare Risikofaktorepielen bei der Entstehung von Krebs eine

wichtige Rolle, wenngleich die meisten Krebserkrankungen Alterserkrankungen dar3E|&> der

far



Erkrankungen der Brustdrise sind durch genetische Veranlagudgr autosomal dominanten,
heterozygotenMutationen im BRCAbzw. BRCAZ5en bedingt [4]. Mutationen des BRCA1 Gens
erhéhendie Wahrscheinlichkeit an Brustkrebs zu erkranken, um ca. 65%, BRE&nen um ca.
45% [5, 6]. Beide Gene sind in die DNAReparatur und damit in die Aufrechterhaltung der
Genomstruktur, involviert [7]. Auch haben BRCA1l und BRCAZ2 Einfluss af die
Erkrankungswahrscheinlichkeiten weiterer Krebserkrankungen, wie Oydfialor, Magen oder
Pankreaskarzinom€i3, 9].

Mutationen im p53Gen folgen ebenso einem autosomal dominanten Erbgand werden mit der
Entstehung von Brustkrebs in Verbindung gebracht. Darliber hinaus gibt es eine Reihe von weiteren
Genen, die das Risiko an Brustkrebs zu erkrapgerdhen, z.B. PTEN, CDH1, ATM und CHIK2

Mit RAD51C konnte kirzlich ein weiteres HochrisikogemigilEntstehung voiMammakarzinoren
identifiziert werden. Die Haufigkeit dieser Mutation liegt im Schnitt allerdings bei 1,5% der

Hochrisikofamilien mit genetisch&radispositiorfir Mammakarzinonjl1l, 12].

1.1.2. Sporadische Dispositionen

Hormonelle Gegebenheiten beeinflussen zusatzlich die Entstehungen von Brustkrebstumoren. Jede
Brustkrebszelle besitzt intrazellular lokalisierte Proteinsynthespilierende Rezeptoren fiur
Estrogen und Gestagel3], die aufgrund ihrer extragonadalen Wirkung fir das Brustwachstum
verantwortlich sind14].

Hormonersatztherapierwahrend undnach der Menopause erhéhen das Brustkrebsrigike19].

CNNJ RAS 9AYYIKYS @2y 20dA | (ASFaKSEYFYVRSKAFIBASlY
Studien bislang keisignifikanterNachweis einer brustkrebsférdernden Wirkung erbracht werden
[20-25]. Als weitere Risikofaktoren fur Mammakarzinom gelten allgemein spate
Erstschwangerschaften, Kinderlosigkeit, sowiige sehr friih oder sehr spat einsende Menarche

[26]. Im Gegenzug verringert sich das Brustkrebsrisiko mit der Anzahl an Gelp2riét8], und der
Haufigkeit und Lange der Stillzeitgt6].
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ebenso wie deubermé&Rige Konsum von Alkohdor allem die Alkoholmenge ist hier beziglich des
relativen Brustkrebsrisds aussilaggebend: 10g Alkohol pitag erhéhen das Risikereitsum 7,1
10%(30, 31].

1.2. Diagnostik

Die Therapiechance und Uberlebenswahrscheinlichkeit jeder Tumorerkrankung ist eng mit dem
Zeitpunkt derDiagnosestellung verknupft. Generell gilt, dass beide Aspekte prozentual ansteigen, je
frihzeitiger eine Diagnose erstellund entsprechende therapeutische MalRnahmen eingeleitet

werden kénner{32].

1.2.1. Etablierte Screeningund Diagnosemethoden
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Auftreten eines

Mammakarzinoms am Hochsten (Abb. B) randomisierten, kontrollierten Studien konnte gezeigt
werden, dass diese MaRnahme zu einer Mortalitatssenkung von 25% 33hrt

Bei  Auffalligkeiten in  der Bildgebung wie Herdbefunden, Mikrokalzifikationen,
Parenchymasymmetrien und 8kturstorungen ist einewveitere brustdiagnostischemeist invasive
Abklarung erforderlich. Bei Hochrisikopatientinnen wie Mutationstragerinnen ist der Einsatz einer
Kernspintomographie, aufgrund ihrer hohen Sensitivitat, zu empfefierBei suspekten Befunden

ist dartber hinaus eine histologische Abklarung obligatorisch. Hierzu stehen perkutane,
interventionelle  Diagnoseverfahren wie  ultraschallgesteuerte  Cot€utBiopsien  und
vakuumassistierte Stanzbiopsiezur Verflgung. Diese ermdglichen in der Regel eine sehr sichere,

anatomischpathologische Abklarung[34, 35. Die immunhistologische Bestimmung von



Hormonrezeptoren (ER, PgR [Kernrezeptoferoteinsynthese regulierende Rezeptoren] und HER2
[Membranrezeptor; Typ: Tyrosinkinase]) findet bei allen invasiven und intraduktalen Karzinomen
statt [2]. Die Farbeergebnisse der Immunhistologie (Prozentualitd Farbintensitat) werden durch

den AllredScore (8stufig) bei ER und PgR wiedergegelp@d]. Bei HER2 dient der IHC Score zur
Klassifizierung und kann Werte zwischen 0 und 4 annehfgenUm die Differenzierung und die
proliferative Aktivitat des Tumors (G1 bis G3) prognostisch besser einschatzen zu kénnen, wird am
Tumorgewebe im Rahmen der Biopsieder Proliferationsfaktor K67 bestimmt, da diser

mafigeblichen Einfluss auf das 10 JalBesamtiberleben@AS hat [37].

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

Tumordiagnostik

Die Streuung von Tumorzellen (Metastasierung) beruht auf uriiegdtichen Modellvorstellungen.

Eine Theorie besagt, dass die Metastasierung in einer Sasgptder Tumorbildung einsetzt, wenn
eine bestinmte Tumorgrol3e erreicht istyveiteres Tumorwachstunmur noch eingeschrankt durch
Angiogenesendglich erscheintund es sich um einen hoch aggressiven Tumortypus handelt (Lineare
Hypothese). Eineandere Theog geht von einer bereits sehr frih einsetzenden Metastasierung in
einem Tumorfrihstadium aus (Parallele Hypothe$83, 39]. Dies impliart die Bildung von
Tumormetastasen, v.a. in stoffwechselaktiven Orgagdgichzeitig zum primaren Karzinom.

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

CTCs und DTCs stammen von Zellklonen des Primartumptg atla sie molekulare Charaktdilsa

der Zellen des Primarkarzinonaafweisen[43]. Wahrend der Tumorentstehung ist eine kleiner
Prozentsatz von Tumorzellen des Primartumors offenbar in der Lage, bestimmte Merkmale zur
Zellinvasion undmigration auszubilden. Dies ermdglicht die Ablésung vom Primartumor und die
Invasion in Blutund Lymphgefal3¢39]. Es gibt Anzeichen, dass diese Mechanismen auf diversen
Interaktionen der Tumorzellen und Stromazellen beruhen. Auslésende Impulse fir diese
Interaktionen kénnen beispielsweise faetende hypoxische Areale im Bereich des Primartumors
sein. Auch die GefaRneubildung des Tumd@4d], Metallopraeinaseabhéngige Invasion in

umgebendes Gewebe, sowie der Erwerb von neuen morphologischen Charakteristika bei der
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epithelialenrmesenchymalen Transition (EMT), die zumindest in einer Subpopulation der
Tumorzellen mit vermuteten Stammzéligenschaften atritt, kdnnen ebenso Ursachen hierflr sein
[45-47]. Bei der EMT erlangegpitheliale Zellen genetische und morphologische Eigenschaften von
mesenchymalen Zellen. Molekile zur Zelladh&sion werden dabei herunter regulierZekell
Kontakte aufgelostund die Zellpolaritat geht verlorefd5]. Somit sind diese Zellen in der Lagi@e
Metastasierungn anderen, meist stoffwechselaktiven Organen wie Leber, Lunge oder Knochenmark
zu bilden, wobei die EMT dann durch den Mechanismusridezenchymalerepithelialen Transition
(MET) wieder ruickgangig gemacht wji4id).

Im Knochenmark kénnen die Zellen Uber Jahre hinweg in einem zellteilungsinaktiven Zustand
persistieren[48]. Auch die Uberexpression von sogenanfite o { -if 81% BIJARfaieen in DTCs

wird diskutiert. Dies hat zur Folge, dass gangige Chemotherapeutika in diesem Zustand unwirksam
sind [39, 49]. Ein niedriger Kb7-Wert als Nachweis einer geringen Proliferationsaktivitat bei DTCs
[50] verdeutlicht zuséatzlich die Resistenz gegeniber einer konventionellen, antiproliferativen
Chemotherapie[51]. Nach Uberwindung dieser inaktiven Phase kénnen DTCs aber erneut zu
peripheren Metastasefd4] und zu Zweitkarzinomen fuhrgb2, 53].

Die klinische Relevanz von DTCs ist unstrifbg, 55, vor allem bei der Prognose des
Gesamtiberlebens, sowohl in der metastasierten, als auch in der adjuvanten Sit[&8jc&v]. Als
problematisch zeigt sich jedoch die Probennahme (Biops& den Beckenkdammen), weshalb eine
Etablierung in der Routinediagnostik bisher weitestgehend ausgeblieben ist. Im Gegensatz dazu
erscheinen CTFOntersuchungen aus Blutproben von Krebspatienten als geeignetere Variante, da
diese einfacher, und in regelmi@@én Abstanden zur Verlaufskontrolle, enthommen werden kénnen
[39].

1.2.3. Immunzytologische Untersuchungsmethoden

Im Rahmen neuer Studien treten neben den erwahnten Untersuchungsmethoden zunehmend auch
zellbiologische und molekulardiagnostische Verfahren in den Vordergrundildeon auf dem Gebiet

der zirkulierenden und disseminiern Tumorzellenin Blut bzw. Knochenmarksproben.

Es gibt zunehmend Anzeichen, dass deren Auftreten mit unglnstigen Prognosen bezuglich des
Krankheitsverlaufs einhergehf39, 58]. Bereits der Nachweis einer einzelnenrkulierenden
Tumorzelle in einem Blutvolumen von 7,5mird mit einem steigenden Risiko fur Mestasierung in
Verbindung gebrachf59, 60]. So scheinen zirkulierende, aber auch disseminierte Tumorzeithen
entscheidende Rolle in der Metastasierung von epithelialen Tumoren, wie dem Mammakarzinom, zu

spielen[61].
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Der Erkenntnisgewinn aus GAGalysenwird jedoch allgemein als geringer angesehen, als der von
DTCAnalysen[56], da bisher keine einheitlichemind somit vergleichbaren Diagnosemethoden fir
beide Zelltypen zur Verfugung stehf89)], und aufgrund dessen erhebliche Detektionstbplanzen

die Folge sind. Interessanterweise sind diese Unterschiede am HOchsten nach eréalgteanter
Chemotherapig62]. Zusatzlich steht das Problem im Raum, dass nicht jede detektierte zirkulierende
Tumorzelle auch tatséchlich eine existenzfahige, zur Metastasierung fahige, Tumorzelle ¢iagtellt
Bisher hat lediglich da€ell Search® System (Veridex, LLC®ps auf der Anreicherung von
zirkulerenden Tumorzelleraus Blutproben von Patienten mit epithelialen Tumor@vlamma,
Pankreas und Prostatakarzinom; jeweils in der metastasierten Situatiomjurch molekulare
Markierung charakteristischeepithelialer Oberflachenantigeng EpCAM+, CD45CK8, 18/19+)
beruht, eine Zulassung durch die d®erikanische Zulassungsbehtérde FDA erhalten. eBies
Verfahrenerméglicht die Isolierungvon CTCsnittels halbautomatischermagnetischer Separation

und anschlieBender fluoreszenzbasierter Quantifiziefiea

Am Campus Innenstadt der Universitatsfrauenklinik Mincthemde innerhalb der deutschlandweit
durchgefihrten SUCCES&Idien mit Hilfe deLell Search® Systens bei nahezu 10% aller 1500
teilnehmenden Brustkrebspatientinnen zirkulierende Tumdize bereits zum Zeitpunkt der
Primardiagnose, und somit noch vor Durchfiihrung einer adjuvanten Systemtherapie, detektiert. Im
Rahmen der SUCCESS A Studie wurden die Patientinnen mit einerfréemgnsystemischen
Polychemotherapie behandelund eine CTGAnalyse 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-BEf@hd eine signifikant schlechtere
Prognose beziiglic 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-€&iQvar[64, 65].

Somit ist die vielleicht vielversprechendste Anwendung der -[0&t€ktion im klinischen
Routinebereich derzeit die Uberprifung der Ansprechraten auf bestimmte Therapierdgihe

sowie die Abschéatzung von klinisch relevanten, prognostischen Informat[@6grEbenso scheinen
detektierte CTCs naclorangegangener Chemotherapie Hinweise auf ein Therapieversagen geben zu
konnen [67, 68]. So ist es Ziel verschiedener aktueller Studien (SWOG S0500, GEPARQuattro,
TreatCTC, ADAPT, DETECT Ill) herauszufinden, ob auf Basis der bisheriDeagnGItk

individuelle patientenspezifische Therapieoptionen getroffen werden kénnen.
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1.2.4 Immunhistologische Untersuchungsmethoden

Etabliertere Methoden zum selektiven Nachweisom zellularen Avidin-Biotin-Complex (ABC)

Antigenstrukturerbietet die Immunhistologie. )
HRP
Das Prinzip beruht auf der spezifischen Erkennung von Antige’ il
o, *
Zielstrukturen  durch  PrimaAntikorper und  anschlieBender % e Biotin
A

Signalverstarkung durch Zweitantikérper, an die ein Enzym et

gekoppelt ist. Durch Zugabenels Substrats, das vom Enzymkomplex— AntiMausig
umgesetzt wird, kann das Antigatetektiert werden. Bei der ABC >/ plotnylert
=

Primarer Antikorper

Methode (AvidirBiotinrComplex) wird das Antigen von einem (Maus)

Primarantikérper erkannt, biotinylierte Sekundarantikérper und @ Antigen

Avidin werden anschlieend hinzuggben Im Folgenden wird einAbbildung 4 Schematische
Darstellung des

BiotinrEnzymkomplex zugesetdburch Zugabe eines Substrats, d: ABG

vom Enzym umgesetzt wird, entsteht eine spezifische Farbreak Farbekomplexes

zur Detektion[69]. Ahnlich funktioniert auch die APAMARthode. Ein Primantikorper wird von

einem Brickenantikérper erkannt.ubch Zugabe des APAK®mMplexes(AlkalischePhosphatase

Anti-AlkalischePhosphatase; Enzy#nti-EnzymKomplex) findeeine EnzynSubstratReaktionstatt,

mit der zellulare Antigenstrukturen markiert und detektiert werden konrj@f]. Diese Methode

wird bei der Detektion  von DTCs aus Knochenmarksbiopsien erkrankter

Mammakarzinompatientinnen routinemafiig eingesefaie Suche nach malignen Zellen epithelialen

Ursprungs unter einem Pool von mesenchymalen Zellen in Knochenmarksproben ist die derzeit am

besten evaluierteste Method§71]. Als zu detektierende, zellulare Antigenstrukturaienen am

haufigsten Zytokeratinstrukturendie Zytokeratine 8, 18 und 19 sind hier von entscheidender

Bedeutund72, 73].

Zytokeratine werden bereits seit geraumer Zeit als maogligielstrukturen zur Detektion von

Metastasierungen bzw. Metastasierungsprozessen in Betracht gezogen.

Als Alternative zu etablierten histologischen Aufarbeitungen bzw. bei Schnellsthmétsuchungen

von SentineLymphknoten wird der Einsatz der RIPCR zu Abklarung einer epithelialen

Gerexpressiordiskutiett [74], da deren Sensitivitat zur Detektion von Metastaséer als dieder

histologischen Techniken lie¢f5]. Als Target hasich hier besonders dag/tdkeratin 19 neben

Mammaglobin bewéhrt; wenngleich beide Marker alleine offenbar nicht in der Lage sind, samtliche

Tumormetastasen zu erkenngf8]. Auch de Detektion von CK 19 positiven CTH@sHilfe der Real

Time RIPCR nach erfolgter adjuvanter Chemotherapiestétigte in einer Studi ein fortbestehen

der Tumorekrankung[76, 77].
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Eine weitere phanotypisch morphologische Charakterisierung von CTCs und DTCs ist gleichwohl
schwierig wie notwendig, um gezieltere Zielmolekiied damit genauere Detektionsmethodezu
etablieren.

Das TF Antigen (Thomseéniedenreich; CD17&yurde als spezifischer Marker sowohl bei malignem
Brustkrebg[78, 79, als auch bei KolenLunge, Prostata und Zervixkarzinom identifizie{80-84).

Dabei handelt es sich um ein tumorassoziiertes Egidh als Tragerprotein fungiert MUTC Fir die

9y aldSKdzy 3 @Dyt KOSEGhD list éinen febthafte OGlykosylierung wéhrend der
posttranslationalen Modifizierung durch Glycosyltransferasen verantwortlighl]. Dieses
Glykosylierungsmuster tritt ausschlielich in malignen, karzinomattésen Geweberi7 HufIn
gesunden Geweben ist TF durch zusatzliche Monosaccharidsubstitutionen mgafiiert

Das TF Antigen spielt eine entscheidende Rolle in der endothelialen Adhédsion der Tumorzellen, sowie
der Tumorinvasion und dient aldarker zur Charakterisierung der TumoraggressiVig. TF ist
wesentlich am Prozess der Metastasierung beteilgff] und kdnnte als Stammzellmarker und

Zielmolekaul fur Strategiezur Tumorbekdmpfung dieng89-91].

1.3. Zielsetzung

Ziel dieser Arbeitst es eine schnellere kostereffizientere undsensiivere Detektionsmethode von

CTCs aus Blutproben mmtwickeln Hierfir soll die molekularbiologische Detektionsmethode der
RealTime RIPCR, die bereits in einer Vielzahl von Diagnoseverfahren, wie der Erkenraleg vir
Infektionen, der Erstellung von genetischen Fingerabdriicken, und der Detektion bestimmter
Erbkrankheiten, routineméaRig im Einsatz [82-94], unter Verwendung der Zytokeratine 8, 18 und

19 als spezifische Marker fiir Zellen epithelialen Ursprurads qualitative und quantitative
Detektionsmethode fiir CTCs gepriift werd#fit Hilfe von Zellen verschiedenBrustkrebselllinien

wurde ein Protokd zur standardmafigen Aufarbeitung von Blutproben erstellt und validiertdaas
Grundlage fir weitergehendé&ntersuchungen zur Detektion und Quantifizierung von CTCs aus
Patientenblutproben darstellt.

Diese Thematik wurde in den beideeriffentlichungen:a 5 SG SOGA 2y 2F OANDdz | G A
Ywb! fS@Sta oA0GK SaidlroftAaKSR oNBFald OF yOSNI OS¢t ¢
peripheral Blood Samples by R@ane Rt / wé 0 SKI YRSt G

Ferner sollte eine Charaktegsung und Phanotypisierung von disseminierteamiorzellen aus
Knochenmarksproben anhand neuer, spezifischer M&dmbinationen erfolgen. Mit Hilfe der
Immunfluoreszenz wurden sowohl Farbungen auf HER2 als etablierte Antigenstruktur, als auch auf
das ThomseifriedenreichAntigen(CD176) durchgefihrt[71, 95]. Auf diese Weise sollte einerseits
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die Wiederfindungsrate dieser neuen Doppelfarbungsmethode geprift werden, andererseits-das TF
Antigen als moglichespezifischer Kombinationsarker getestet werden.

Hierfir wurden im Rahmen der Verdffentlichung 5 SG SOG A2y 2F oNBIFad OF yOSN
by immunostainingof the Thomsen Friedenreichl y (i A 3 yhéoretischen Grundlagenzur

Erstellung des Standardprotokolls vom Zweitautor erarbeiseiwie die praktischreLaborarbeiten

und die Auswertung der Ergebnisse durchgefuhrt.

Im letzten Kapiteber vorliegenden Arbeitverden die Ergebnisse der drei Publikationen, sowohl in
deutscher, als auch in englischer Sprack@&sammengefasst, 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

Correspondence to: Professor Udo Jeschke, Ludwig-Maximilians
University of Munich, Department of Obstetrics and Gynaecology.
Maistrasse 11. D-80337 Munich, Germany

E-mail: udo.jeschke@med.uni-muenchen.de

Key words: circulating tumour cells, detection, quantification,
mRNA. real-time polymerase chain reaction, breast cancer

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.

8 25-

=

[ nCK8 —

> -

c 20 aCK18

E K19

g 15

=

5 10-

=3

o ’

2
3 10 100 1000 10000 100000

Cells/ml blood

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).
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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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Detection of breast cancer cells in
blood samples by immunostaining
of the Thomsen-Friedenreich
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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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