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Vorwort

Neben klinischen Faktoren sind fiir diverse Tumorentitaten molekulare Prognosefaktoren
untersucht, aus denen neben einer Risikoklassifizierung auch weiterfihrende
Therapieoptionen abgeleitet werden kdnnen. Im vorliegenden Forschungsprojekt sollen
spezifische Prognosefaktoren des HPV-assoziierten Zervixkarzinoms auf molekularer Ebene

analysiert werden.

Zunachst wurde eine klinische Pravalenzerhebung von Humanem Papillomavirus (HPV) im
Ano-Genitalbereich unterschiedlicher Risikopopulationen fiir anogenitale Dysplasie bzw.

anogenitales Karzinom durchgefiihrt.

In einem weiteren Schritt dieser Arbeit wurde mittels Immunhistochemie ein einfaches und
kostengiinstiges  Analyseverfahren flir spezifische Marker des HPV-assoziierten

Zervixkarzinoms etabliert.

Basierend auf bekannten molekularen Mechanismen in der Karzinogenese des HPV-
assoziierten Zervixkarzinoms wurde die Expression und Interaktion spezifischer Marker des
Zervixkarzinoms auf Proteinebene analysiert. Die Daten der molekularen Analyse aus
Zervixkarzinomproben wurden mit klinischen Daten der zugehorigen Patientinnen korreliert.
Hierdurch sollten mogliche molekulare Prognosefaktoren des HPV-assoziierten

Zervixkarzinoms aufgedeckt werden.

Wie bereits bei anderen Tumorentititen etabliert, soll, basierend auf einer molekularen
Risikostratifizierung, der Anreiz fiir Forschung an weiterflihrenden Therapieoptionen beim

Zervixkarzinom gelegt werden.
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1 Einleitung

1.1 Das Zervixkarzinom - Hintergrund

1.1.1 Epidemiologie

Weltweit stellt das Zervixkarzinom die viert-haufigste maligne Tumorerkrankung der Frau, mit
etwa 570.000 Neuerkrankungen im Jahr 2018, dar. Uber 80% dieser Fille traten in Lindern
mit niedrigem oder mittlerem sozio6konomischen Status in Stidamerika, Afrika und Sid- bzw.
Zentralasien auf. Es ist flir 7,5% aller Krebstodesfalle verantwortlich, wobei hier ebenfalls der
Anteil an Frauen in Stidamerika, Afrika und Std- bzw. Zentralasien mit >80% am hochsten war
(Munoz et al 2004, WHO GLOBACAN 2018). In Deutschland erkrankten im Jahr 2018 etwa 4400
Frauen an einem Zervixkarzinom, davon verstarben etwa 1600 Patientinnen mit dieser
Diagnose (WHO GLOBACAN 2018). Durch Screening-Programme konnte die Inzidenz und
Sterblichkeit am Zervixkarzinom unter anderem in Deutschland in den letzten Jahrzehnten
reduziert werden (Arbyn et al 2011). Entgegen diesem Trend ist nach Schatzung der WHO vor
allem in Landern mit niedrigem und mittlerem sozio6konomischen Status von einer weiteren
Steigerung der Inzidenz und Mortalitdt bezogen auf die Erkrankung auszugehen (WHO
GLOBACAN 2018).

Eine Ubersicht Uber die relativen Uberlebensraten beim Zervixkarzinom abhingig vom
individuellen Stadium der Union Internationale Contre le Cancer (UICC) ist in Tabelle 1

dargestellt (Tab.1).

UICC-Stadium 0 1 2 3 4

Relative 5-Jahres | 100% 95% 75% 58% 21%

Uberlebensrate

Relative 10-Jahres | 100% 93% 71% 51% 16%

Uberlebensrate
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Tab.1.:

Relatives 5- und 10-Jahres-Uberleben abhingig von UICC-Stadium. Krebsregister Bayern 1998-2011. UICC-
Stadien nach TNM-Klassifikation: UICC 0 = Tis NO MO; UICC | =T1 NO MO; UICC Il =T2 NO MO; UICC Il =T3 NO
MO oderT1-3 N1 MO; UICC IV = T4 NO MO oder T4 N1 MO oder jedes T jedes N M1

UICC: Union Internationale Contre le Cancer, TNM: T= Tumor, N= Nodus, M= Metastase

1.1.2 Das Humane Papillomavirus (HPV)

Eine Infektion mit dem Humanen Papillomavirus (HPV) ist sehr wahrscheinlich und weit
verbreitet. Humane Papillomaviren kénnen Gber Mikroverletzungen der Mukosa des Ano-
Genitalbereichs Epithelzellen der Basalzellschicht infizieren (Bodily et al 2011). Meist handelt
es sich bei einer solchen Infektion um ein transientes Geschehen lber ein bis zwei Jahre, mit
einer mittleren Infektionsdauer fiir sog. Low-Risk-Typen von 8 Monaten und High-Risk-Typen
von 13,5 Monaten (Franco et al 1999). Die weltweite Pravalenz des Humanen Papillomavirus
(im Mittel 10,5%) unterscheidet sich, wobei die niedrigste Rate in Europa (5,2%), gefolgt von
Asien (8,7%), Sidamerika (14,3%) und Afrika (25,6%) gemessen werden kann (Clifford et al
2005).

1.1.3 Aufbau HPV

Humane Papillomaviren sind kleine doppelstrangige ringférmige DNA-Viren, bestehend aus
etwa 8000 Basenpaaren. Diese besitzen 6 sogenannte frilhe Gene (E6, E7, E1, E2, E4, E5), zwei
sogenannte spate Gene (L1 und L2) und eine sog. Long Control Region (LCR), welche die
Replikation und Genexpression reguliert (Minger et al 2004). Da HPV keine Gene besitzt, die
flir Enzyme der Replikation kodieren, ist es zur Replikation auf eine Wirtszelle angewiesen

(Assmann et al 2011).

Derzeit sind etwa 200 verschiedene HPV-Typen bekannt, welche in 5 Gruppen unterteilt

werden (Alpha-HPV, Beta-HPV, Gamma-HPV, Mu-HPV, Nu-HPV). Fir eine Infektion der
6
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Mukosa entscheidend ist eine Infektion mit einem Papillomavirus-Typ der Gruppe Alpha-HPV
(Doorbar et al 2012). In Abhangigkeit ihrer individuellen karzinogenen Potenz unterscheidet
man in dieser Gruppe sog. Low-Risk-Typen (LR-HPV: 6, 11, 40, 42, 43, 44, 54, 61, 70, 72 und
81) von High-Risk-Typen. Eine Infektion mit einem der 15 sogenannten karzinogenen oder
High-Risk-HPV-Subtypen (HR-HPV: 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 68, 73 und 82)
kann in Malignitdt minden (Munoz et al 2003). Eine ursachliche Korrelation einer
persistierenden Infektion mit HR-HPV-Subtypen und der Entstehung eines Zervixkarzinoms
wird in nahezu 100% der Zervixkarzinomfille angenommen. Hierbei nimmt eine
persistierende Infektion mit den HPV-Subtypen 16 und 18 etwa 70% aller Zervixkarzinomfalle
ein (Schiffman et al 2007). In Folge einer persistierenden Infektion mit HR-HPV-Typen kénnen
zundchst Dysplasien des Epithels der Zervix entstehen, die in einer Zeitspanne von mehreren
Jahren in ein invasives Karzinom miinden kénnen. Das Protein p16, das bei der Regulation des
Zellzyklus eine Rolle spielt, wird bei einer Infektion der Zelle mit HPV verstarkt exprimiert und
kann als Marker fir die Diagnose eines HPV-assoziierten Karzinoms verwendet werden

(Melkane et al 2013).

1.1.4 Zellzyklus HPV

Humane Papillomaviren sind fiir ihre Replikation auf eine Wirtszelle angewiesen (Assmann et
al 2011). Nach Bindung an sog. a-Integrinrezeptoren und Aufnahme der Viren in die
Basalzellen der Mukosa wird das Genom zeitgleich zur Replikation der zellularen DNA bis zu
100-fach repliziert (Moody et al 2010, Evander et al 1997, Doorbar et al 2005). Bei der
folgenden Teilung der infizierten Wirtszelle in eine sich nicht mehr teilende differenzierende
Zelle und eine in der Basalzellschicht verbleibende, sich teilende Tochterzelle, wird die HPV-
spezifische DNA aufgeteilt (Stubenrauch et al 1999). Da eine weitere Vermehrung von HPV
mangels Polymerasen und Replikationsfaktoren in differenzierenden Zellen ohne Teilung nicht
moglich ist, kommt es in diesen Zellen zu einer gesteigerten Expression der viralen Onkogene,

so dass weiterhin eine Replikation der viralen DNA mit >1000 Kopien pro Zelle moglich bleibt
7
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(Moody et al 2010). Bei der Wanderung der infizierten, differenzierten Zelle durch die
Schichten des Epithels werden hierbei die friihen Gene (E6, E7, E1, E2, E4, E5) exprimiert,
gefolgt von einer Expression der spaten Gene. Diese sog. spaten Proteine L1 und L2 bilden ein
Kapsid um das virale Genom. Die neugebildeten Viren werden schlieRlich tGiber die dullerste

Epithelschicht freigesetzt (Moody et al 2010).
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1.2 Das Zervixkarzinom — Karzinogenese

1.2.1 Molekulare Grundlagen

Die Pathogenese des Zervixkarzinoms auf molekularer Ebene ist komplex. Im Folgenden sollen
molekulare Faktoren, welche fiir diese Arbeit eine wichtige Rolle spielen, naher erlautert

werden.

Eine bedeutende Funktion nehmen die HPV-spezifischen Onkoproteine E6 und E7 ein. Die
Replikation der viralen Gene E6 und E7 flihrt zu zelluldrer Freisetzung von Onkoproteinen, die
mit dem Zellzyklus interferieren (Gupta et al 2003). Das E6 Onkoprotein kann auf
unterschiedliche Weise antiapoptotisch einwirken (Narisawa-Saito et al 2007). E6 kann mit
dem sogenannten E6-assoziierten Protein (E6-AP) einen Komplex bilden, der selektiv an p53
binden kann und durch Einwirkung in das Ubiquitin-abhadngige Proteasesystem zu Proteolyse
des p53 Proteins fiihrt (Moody et al 2010). p53 fungiert als Tumorsuppressor, der im Falle von
DNA-Schaden zu Zellzyklusarrest oder Apoptose fiihrt (Tang et al 2002). Durch die
Degeneration von p53 durch das E6 Onkoprotein ist die Funktion des bedeutenden Proteins

zur Regulierung des Zellzyklus gestort (Mao et al 2007).

In gesunden Zellen wird die Steuerung von p53 durch das sogenannte MDM2 Proto-Onkogen
(MDM2) durch einen negativen Feedback-Mechanismus reguliert. MDM2 férdert hierbei die
Degeneration von p53 (Assmann et al 2011). Im Falle eines DNA-Schadens wird p53 unter
anderem durch Kinasen phosphoryliert. Dadurch kann es nicht mehr mit MDM2 interagieren
und wird nicht abgebaut (Vogelstein et al 2000). Eine Verbindung zwischen dem MDM?2 Proto-
Onkogen, dem p53 Polymorphismus und dem Verlauf eines Zervixkarzinoms ist bekannt
(Adams et al 2014). In diversen Krebsarten sind Mutationen im p53-Protein haufig zu finden.
Abhangig von Tumortyp und Stadium findet man in mehr als 50% der malignen Tumore eine
Mutation oder Deletion, die p53 deaktivieren kann. Mutationen treten hierbei vor allem in

der zentralen DNA-Bindungsdomane auf (Petijean et al 2007).
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Neben p53 sind auch weitere Tumorsuppressoren durch HPV-spezifische Onkoproteine
beeinflusst. Als Beispiel ist hierbei das Retinoblastom-Protein (Rb) zu nennen, welches die
Progression des Zellzyklus von der G1- zur S-Phase blockieren kann. Hierzu bindet es den sog.
Transkriptionsfaktor E2F. Dieser wird dadurch inaktiviert (Dyson et al 1998). Das Onkoprotein
E7 kann den Zellzyklus auf unterschiedliche Arten stéren (Kim et al 2000). Das Retinoblastom-
Protein kann durch das E7-Onkoprotein direkt beeinflusst werden (Boyer et al 1996). E2F kann
hierdurch nicht mehr vom Retinoblastom-Protein gebunden werden und liegt in seiner aktiven
Form vor. Insgesamt kommt es konsekutiv zu einer Uberexpression von p16 (Klussmann et al

2009, Khleif et al 1996).

Ein weiteres Protein, das in Zervixkarzinomzellen analysiert werden kann, stellt Galectin-3
(gal-3) dar. Galectin-3 spielt eine wichtige Rolle bei immunologischen und entziindlichen
Prozessen und ist an der Angiogenese beteiligt (Kuwabara et al1996, Sano et al 2000, Nangia-
Makkar et al 2000). Auch in der Pathogenese von Malignomen ist Galectin-3 ein wichtiger
Faktor. Gal-3 kann den gefalistandigen, endothelialen Wachstumsfaktor-Rezeptor-3
aktivieren und somit die Kapazitat von Zervixkarzinomzellen zur Invasion ins Gewebe erhéhen
(Zengel et al 2012). Es beeinflusst den Zellzyklus, reguliert die Tumorzell-Apoptose und ist an

der Tumormetastasierung beteiligt (Liu et al 2005, Ochieng et al 1998, Matarrese et al 2000).

Durch die verschiedenen Stadien der HPV-assoziierten Karzinogenese des Zervixkarzinoms,
kommt es zu einer Anhaufung von epigenetischen Veranderungen. Es kann hierbei zu DNA-
Methylierung oder posttranslationaler Modifikation von Histonproteinen kommen (Huang et
al 2005). In Zellkulturanalysen konnten Histonverdanderungen mittels Acetylierung und
Methylierung, hervorgerufen durch HPV, nachgewiesen werden (Wooldridge et al 2008).
Dabei kommt es zu einer Histonmodifikation am Histon 3 der HPV-assoziierten Proteine E6
und E7 mittels Aceylierung an Lysin 9 (H3K9ac) oder einer Methylierung an Lysin 4 (H3Kme3).
Durch diese Effekte wird unter anderem die Transkription sowie die Karzinogenese negativ
beeinflusst (Jiang et al 2010). Bezogen auf eine Metastasierung scheinen beide Effekte ein

hohes malignes Potential zu zeigen (Jiang et al 2010).

10
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In der Onkologie sind Auswirkungen von Steroidhormonen auf Tumore sehr unterschiedlich.
Dies schliefSt die Expression ihres jeweiligen Rezeptors ein (Lu te al 2005). Prinzipiell kann
durch Glukokortikoide durch Bindung an ihren spezifischen Rezeptor die Transkription direkt
beeinflusst werden. Ebenso sind Modifikationen an Histonen bekannt (Beck et al 2009).
Steroidhormonezeptoren, wie der Glukokortikoidrezepor, scheinen ebenfalls eine Rolle in der
Pathogenese des HPV-assoziierten Zervixkarzinoms zu spielen (Pittayakhajonwut et al 2010,
Bromberg-White et al 2002). Hierbei ist bekannt, dass HPV-spezifische Sequenzen (long
control regions, LCR) an Steroidrezeptoren wie den Glukokortikoidrezeptor binden kdnnen
(Meng et al 2011, Chan et al 1989). Dadurch kann die Aktivitat des sogenannten frithen
Promotors in HPV 16 und 18 erhdht werden. Dies beeinflusst die Kontrolle der Transkription
der viralen Onkogene E6 und E7 (Fonsenca-Moutinho et al 2004, Chen et al 1996).
Zugrundeliegende Daten deuten darauf hin, dass es eine enge Verknilpfung von
Glukokortikoiden, deren Interaktion mit dem Glukokortikoidrezeptor und Humanen
Papillomaviren gibt. Inwieweit die Expression der Glukokortikoidrezeptoren in

Zervixkarzinomgewebe hierbei eine klinische Bedeutung hat, ist nicht bekannt (Lu te al 2005).

Nukledre Rezeptoren (NRs) wie der Glukokortikoidrezeptor fungieren als wichtige
Transkriptionsfaktoren. Um diese Funktion auszufihren sind sie auf zahlreiche Ko-
Regulatoren angewiesen. Diese kdnnen zusatzlich die Acetylierung von Histonen beeinflussen
(Perissi et al 2005). Ko-Regulatoren kénnen als Repressoren oder Aktivatoren fungieren. Als
Repressoren hemmen sie die Transkription (McKenna et al 1999). RIP140 (Receptor
Interacting Protein of 140kDa), auch bekannt als NRIP1 (Nuclear Receptor Interacting Protein
1) fungiert als  Ko-Regulator zahlreicher = Rezeptoren wie  beispielsweise
Steroidhormonrezeptoren (Caracossa et al 2006). Ein weiterer fiir die Karzinogenese wichtiger
Ko-Repressor stellt LCoR (Ligand dependent Corepressor) dar. RIP140 und LCoR spielen eine
wichtige Rolle in der Krebsentstehung und —progression verschiedener Krebsarten wie
Ovarialkarzinom, Burstkrebs oder Darmkrebs (Docquier et al 2010,Lapierre et al 2015,

Jalaguier et al 2017). Uber deren Einfluss in Zervixkarzinomgewebe ist bisher wenig bekannt.

11
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Prostaglandine spielen eine wichtige Rolle in der Infektiologie, Immunologie, bei Schmerz und
Fieber und sind am vaskularen Gleichgewicht beteiligt. In der Karzinogenese sind sie am
Tumorwachstum und an der Tumor-assoziierten Angiongenese beteiligt (Narumiya et al 1999,
Sugita et al 2016, Amano et al 2003). Studien legen nahe, dass einige Tumore durch Produkte
der Cyclooxigenase (COX), wie beispielsweise durch Prostaglandine, reguliert werden. Eine
Uberexpression von COX-2 wurde in Zervixkarzinomzellen beschrieben (Ryu et al 2000). Die
Auspragung von Prostaglandinrezeptoren in Zervixkarzinomzellen und deren mogliche

Auswirkung ist bisher wenig untersucht.
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1.3 Das Zervixkarzinom - Risikostratifizierung und Therapie

Entsprechend internationaler Leitlinien werden Patientinnen mit Zervixkarzinom in
Abhangigkeit des Stagings und individueller Risikostratifizierung primar mittels Operation
oder Radiochemotherapie behandelt (Marth et al. 2017, Minoz et al 2004, Serrano-Olvera et
al 2014, Horn et al 2015). Um eine fir den Verlauf der Erkrankung unnétige primare
Kombination beider Behandlungsmodalitditen zu vermeiden, werden Patientinnen,
entsprechend der deutschen Leitlinie, abhangig von der individuellen Ausdehnung der

Erkrankung und spezifischen Risikofaktoren, einer Behandlungsoption zugefiihrt.

Zur Risikoabschatzung erkrankter Patientinnen mit Zervixkarzinom sind wichtige klinische
Prognosefaktoren bekannt. Zu den etablierten Faktoren zdhlen die Stadieneinteilung der
»International Federation of Gynecology and Obstetrics” (FIGO), der histologische Typ, die
TumorgroRe oder eine Lymphknotenmetastasierung in pelvine und/oder paraaortale
Lymphknoten. Weitere morphologische Risiko- bzw. Prognosefaktoren werden zur
Therapieentscheidung genutzt. Zu diesen zdhlen das Grading, die Infiltrationstiefe des
Zervixkarzinoms, eine mogliche Invasion der Tumorzellen in Blut- und/oder LymphgefiRe

sowie die Perineuralscheideninfiltration (S3 Leitlinie Zervixkarzinom 2014).

Eine Ubersicht (iber die derzeit in Deutschland (iblichen Risiko- bzw. Prognosefaktoren ist in

Tabelle 2 dargestellt (Tab.2).

Neben klinischen Faktoren sind fiur verschiedene Tumorentititen molekulare
Prognosefaktoren untersucht, aus denen Therapieoptionen abgeleitet werden kodnnen
(Pauletti et al 2000, S3 Leitlinie Mammakarzinom 2020). Ein Beispiel stellt hierbei das
Mammakarzinom dar. Bereits bei der primaren histologischen Brustkrebsdiagnose kdnnen
unter anderem etablierte molekulare Marker, wie der Hormonrezeptorstatus mit der

Auspragung des Ostrogen- und Progesteronrezeptorstatus sowie der sogenannte Her-2-

13
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Status, erhoben werden. Neben einer prognostischen Aussage haben diese Marker einen
direkten Einfluss auf die Therapie des Mammakarzinoms (Pauletti et al 2000, S3 Leitlinie
Mammakarzinom 2020). Weitere gyndkologische Tumore, wie das Endometriumkarzinom,
sind derzeit Teil der Analyse. Ziel ist eine weiterfliihrenden molekularen Charakterisierung und
damit eine mogliche Prognoseeinschatzung der individuellen Erkrankung (Dellinger et al

2016). Das Zervixkarzinom ist diesbezliglich noch unzureichend erforscht.

Name Standardfaktor Risiko - Therapierelevanz
/Prognosefaktor
Tumorstadium + + +
Histologischer Typ + + (neuroendokrin) + (neuroendokrin)
Perineuralscheideninfiltration + unklar -
LymphgefaRinvasion + unklar +
Veneninvasion + unklar +
Lokalisation (endo-/ektozervikal) - unklar -
Resektionsrander + + +
Tiefe Stromainvasion + unklar +
Grading + + +
pl6 - - -
Ki-67 - - -
Invasionstiefe + unklar -
TumorgréRe + + +
Lymphknotenmetastasen + + +

Tab. 2: Ubersicht Gber die wichtigsten Risiko- bzw. Prognosefaktoren des Zervixkarzinoms (modifiziert nach

Leitlinie). +: positiv, -: negativ (adaptiert nach S3 Leitlinie Zervixkarzinom 2014).

14
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2 Eigene Studienergebnisse

Zu Beginn des Forschungsprojektes wurde in einer klinischen Arbeit eine Pravalenzerhebung
von humanem Papillomavirus im Anogenitaltrakt von Patientinnen durchgefiihrt. Ziel war die
Analyse von HPV der Zervix uteri und des Analkanals bei Patientinnen mit und ohne
Risikofaktoren. Hierzu wurden zytologische und HPV-Abstriche der Zervix uteri und des
Analkanals bei 287 Patientinnen erhoben. Die Patientinnen wurden in drei Gruppen eingeteilt:
HIV-negative Kontrollen (G1) und zwei Risikogruppen, aufgeteilt in HIV-negative Patientinnen
mit auffalliger Zervix-Zytologie (G2) und HIV-infizierte Patientinnen (G3). Im Vergleich zur
Kontrollgruppe G1 zeigten die Risikogruppen G2 und G3 signifikant haufiger positive
Ergebnisse fir HPV im Analkanal (G2: 71,03% und G3: 83,15%). Die meisten HPV-Subtypen,
die detektiert wurden, gehoérten zur Gruppe der HighRisk-HPV-Typen. Es konnte eine
signifikante Korrelation der analen HPV-Typen mit den individuell-korrespondierenden Zervix-
HPV-Typen in den Gruppen G2 und G3 aufgezeigt werden. Im Gegensatz zu den analen
Abstrichen war der Zusammenhang zwischen zervikaler Zytologie und zervikalem HPV
signifikant in G2 und G3. Insgesamt zeigte sich eine hohe Prdvalenz an HPV-Infektion im
Anogenitaltrakt von Risikopatientinnen. Patientinnen mit auffalliger Zytologie der Zervix uteri
und Patientinnen mit HIV-Infektion haben hierbei ein erhdhtes Risiko an einer begleitenden
Infektion mit HighRisk HPV-Subtypen. Im Einzelnen siehe Oncology Letters 2017 ab Seite 21:
Prevalence of human papillomavirus infection of the anal canal in women: A prospective
analysis of high-risk populations. Kost BP, Hofmann J, Stoellnberger S, Bergauer F, Blankenstein

T, Alba-Alejandre |, Stein A, Stuckart C, Weizsdcker K, Mylonas |, Mahner S, Gingelmaier A.

Die Entstehung des Zervixkarzinoms ist vielfach untersucht. Unterschiedliche molekulare
Faktoren sind an der HPV-assoziierten Karzinogenese beteiligt. Unter anderem spielen HPV-
assoziierte Onkoproteine eine entscheidende Rolle. Diese kénnen mit unterschiedlichen
Analyseverfahren detektiert werden. Fiir die Routineanalyse der viralen Onkoproteine E6 und

E7 stehen molekulare Detektionsverfahren wie die in situ Hybridisierung oder PCR zur

15


https://www.ncbi.nlm.nih.gov/pubmed/28454426
https://www.ncbi.nlm.nih.gov/pubmed/28454426

Habilitationsschrift Bernd Peter Kost

Verfligung. Die hierfiir verwendeten Antikorper weisen unterschiedliche Farbeverhalten auf,
so dass eine einheitliche Analyse erschwert ist. Zur Verbesserung der Analysemethode von
molekularen Faktoren in HPV-infiziertem Gewebe, wurde in einer Arbeit unter Testung einer
Vielzahl von Antikérpern und Farbeprotokollen ein immunhistochemisches Verfahren
erarbeitet. Hierzu wurden Paraffinschnitte von normalem Zervixgewebe von Patientinnen mit
schwerer zervikaler Dysplasie (CIN [ll) und Patientinnen mit Plattenepithelkarzinom
immunhistochemisch analysiert und hieraus ein einfaches Farbe- und Analyseverfahren
etabliert. Im Einzelnen siehe Anticancer Res. 2016 ab Seite 28: Immunohistochemical
Evaluation of E6/E7 HPV Oncoproteins Staining in Cervical Cancer. Stiasny A, Kuhn C, Mayr D,
Alexiou C, Janko C, Wiest I, Jeschke U, Kost B.

Basierend auf der Etablierung der Analysemethode, wurden molekulare Faktoren, die in der
Entstehung und Progression des Zervixkarzinoms eine mogliche Rolle spielen, untersucht.
Hierflr wurde die immunhistochemische Expression der Onkoproteine E6 und E7, von pl6
und dem Tumporsupressor p53 sowie dem Proto-Onkogens MDM-2 und dem Protein
Galectin-3 in Zervixkarzinomproben analysiert. Die molekularen Daten wurden mit klinischen
Daten der jeweiligen Patientinnen korreliert. In den untersuchten Zervixkarzinomzellen
konnte ein signifikanter Zusammenhang zwischen einer erhéhten immunhistochemischen
Farbung von E6 mit dem T-Status und der FIGO-Klassifikation gezeigt werden. Die Expression
von E6, p53 und pl6 in Plattenepithelkarzinomzellen war signifikant unterschiedlich zur
Expression in Adenokarzinomzellen. Eine Mutation von p53 scheint in den untersuchten Zellen
sehr hiufig. Es konnte ein signifikanter Uberlebensvorteil bei Patientinnen mit Expression der
mutierten Form von p53 im Kern, zu jenen ohne mutierter Form, gezeigt werden. Es bestand
eine negative Korrelation von mutiertem p53 zur Expression von E6. Die
immunhistochemische Expression von MDM-2 und Galectin-3 war insgesamt sehr haufig und
positiv korreliert. Die Expression von Galectin-3 in den untersuchten Zervixkarzinomzellen war
mit einer schlechten Prognose in den zugehdrigen Patientinnen assoziiert. Im Einzelnen siehe
Oncol Lett. 2017 ab Seite 32: The involvement of E6, p53, p16, MDM2 and Gal-3 in the clinical

outcome of patients with cervical cancer. Stiasny A, Freier CP, Kuhn C, Schulze S, Mayr D,
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Alexiou C, Janko C, Wiest |, Dannecker C, Jeschke U, Kost BP und Anticancer Res 2016 ab Seite
42: Immunohistochemical Evaluation of the Role of p53 Mutation in Cervical Cancer: Ser-20
p53-Mutant Correlates with Better Prognosis. Freier CP, Stiasny A, Kuhn C, Mayr D, Alexiou C,
Janko C, Wiest I, Jeschke U, Kost B.

In einer weiteren Arbeit wurden epigenetische Faktoren und insbesondere die Auspragung
einer Histonacetylierung oder Histonmethylierung in Zervixkarzinomproben analysiert.
Hierbei wurde die Expression von Histon H3acetylK9 und Histon H3trimethylK9 untersucht
und mit klinischen Daten der entsprechenden Patientinnen korreliert. H3acetylK9 Farbung
war assoziiert mit niedrigem Grading, niedrigem T-status und FIGO-Status sowie negativem
LK-Befall. Die Auspragung war in  Adenokarzinomzelllinien hoéher als in
Plattenepithelkarzinomzellen. Die zytoplasmatische Expression von Histon H3trimethylK4 in
Zervixkarzinomzellproben war mit héherem T-Status und schlechterer klinischer Prognose
korreliert. Hierbei konnten vor allem Patientinnen mit Rezidiv der Erkrankung korreliert
werden. Die nukledre Auspragung von HistontrimethylK4 war ebenfalls mit schlechterem
Outcome der Patientinnen korreliert, wohingegen diese Patientinnengruppe auch ein
schlechteres Uberleben aufwiesen. Im einzelnen siehe Int J Mol Sci. 2017 ab Seite 49: Histone
H3 Acetyl K9 and Histone H3 Tri Methyl K4 as Prognostic Markers for Patients with Cervical

Cancer. Beyer S, Zhu J, Mayr D, Kuhn C, Schulze S, Hofmann S, Dannecker C, Jeschke U, Kost BP.

In der Onkologie sind Auswirkungen von Steroidhormonen auf Tumore sehr unterschiedlich.
Dies schlieBt die Expression ihres jeweiligen Rezeptors ein. Um den Einfluss des
Glucocorticoidrezeptors  in  Zervixkarzinomzellen zu  untersuchen  wurden an
Zervixkarzinomproben immunhistochemische Analysen durchgefiihrt und mit klinischen
Parametern der Patientinnen korreliert. Hierbei zeigte sich insgesamt eine gehaufte
Expression des Rezeptors in diesen Zellen. Im Vergleich zu Adenokarzinomzellen waren
Plattenepithelkarzinomzellen signfikant mehr betroffen. Ebenso zeigte sich eine signifikante
Korrelation der Farbung zur FIGO-Klassifikation, wobei eine vermehrte Farbung mit niedrigem

FIGO-Stadium assoziiert war. Zudem konnte eine signifikante Korrelation der Farbung des
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Rezeptors in den Proben und den klinischen Daten der zugehdrigen Patientinnen bezogen auf
das Uberleben gezeigt werden. Im Einzelnen siehe Arch Gynecol Obstet. 2019 ab Seite 63:
Glucocorticoid receptor in cervical cancer: an immunhistochemical analysis. Kost BP, Beyer S,

Schréder L, Zhou J, Mayr D, Kuhn C, Schulze S, Hofmann S, Mahner S, Jeschke U, Heidegger H.

Der Ko-Regulator RIP 140 (Receptor Interacting Protein) ist an der Regulierung onkologischer
Signalwege beteiligt. In einer Analyse an Zervixkarzinomgewebe sollte die Expression des
Rezeptors und eines weiteren Co-Repressors LCOR in diesen Zellen untersucht und eine
mogliche Korrelation mit dem onkologischen Outcome der Patientinnen aufgezeigt werden.
Hierbei war die erhdhte Expression von RIP140 mit signifikant schlechterem Uberleben in
Patientinnen mit Plattenepithelkarzinom assoziiert und kann in der Analyse als unabhangiger
Prognosefaktor in diesen Patientinnen gesehen werden. Patientinnen mit Adenokarzinom
waren hiervon nicht betroffen. Niedrige Expresion von RIP140 und LCoR waren mit besserem
Uberleben korreliert. Ebenso war RIP140 nicht als negativer Prognosefaktor in
Zervixkarzinompatientinnen zu werten, wenn die LCoR-Expression in den Zellen niedrig war.
Im Einzelnen siehe Oncotarget. 2017 ab Seite 70: Investigation of RIP140 and LCoR as
independent markers for poor prognosis in cervical cancer. Vattai A, Cavailles V, Sixou S, Beyer
S, Kuhn C, Peryanova M, Heidegger H, Hermelink K, Mayr D, Mahner S, Dannecker C, Jeschke

U, Kost B.

Prostaglandine und deren Rezeptoren sind fiir Tumorwachstum und die tumorassoziierte
Angioogenese wichtig. Die Expression des Prostaglandin E Rezeptors Typ3 (EP3) und eine
mogliche Prostglandin-vermittelte Signalkette in der Karzinogenese von Zervixkarzinomzellen
sind bisher wenig untersucht. Beim Vergleich der EP-3 Expression, abhdngig vom FIGO-
Stadium, zeigten die Stadien FIGO II-IV einem signifikanten Unterschied zum FIGO-Stadium I.
Eine erhohte Expression von EP-3 in Zervixkarzinomzellen war hierbei mit schlechterer
Prognose und schlechterem Uberleben korreliert. Im Einzelnen siehe Int J Mol Sci. 2017 ab

Seite 86: The Prostaglandin EP3 Receptor Is an Independent Negative Prognostic Factor for
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Cervical Cancer Patients. Heidegger H, Dietimeier S, Ye Y, Kuhn C, Vattai A, Aberl C, Jeschke U,
Mahner S, Kost B.
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Prevalence of human papillomavirus infection of the anal canal
in women: A prospective analysis of high-risk populations
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Abstract, Infecton with certain tvpes of human papilloma-
virus (HPV) has been associated with the development of
cervical and anal cancer. Worldwide, the incidence of anal
cancer has increased markedly. The present study aimed to
evalnate the prevalence of HPV infection of the uterine cervix
and anal canal in human immunodeficiency virus (HIV)- and
non-HIV-infected risk populations. Cervical and anal HPV
swabs and cytology samples were collected from 287 patients
at the University Hospital of Munich, Germany between 2011
and 2013. Padents were divided into HIV-negative coniols
(1) and two risk groups, inchiding HIV-negative patients with
cytological abnormalities of the cervix (G2) and HIV-infected
patients (G3). Data, including clinical parameters, were
analysed. The risk groups had significantly more positive
results for HPV in the amus (71.03 and 83.15% for G2 and G3,
respectively), as compared with G1. The predominant HPV
genotvpes found in the anus were high-risk HPV genotvpes.
which were significantly comelated with concominant cervical
HFV findings. In the risk groups, a significant association
between the cytological findings and HPV detection in the
cervix was found, while the results of the anus revealed no
significance. The results of the present study suggested that the
prevalence of HPV infection in the anal canal of risk popula-
tions is high. Furthermore, patients with abnormal cervical
cytology results and HIV-infected women, irmespective of their
individual cervical findings, may have a risk of concomittant
anal hizh-risk HPV infection. Based on the predominant HFV
genotypes found in the smdy, HPV vaccination could reduce
the incidence of anal cancer. Nevertheless, high-risk patients

Correspendence to. Dr Bemd P. Kost, Department of Gynecology
and Obstemics, Ludwiz-Maximilian University of Munich,
Maistrasse 11, D-B0337 Munich, Germany
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should be intensively screened for anal squamons inraepithe-
lial abnormalities to avoid invasive cancer stages.

Introduction

Infection with certain types of human papillomavirus (HPWV)
plays an important role in the development of cervical and
anal cancer. In the sexually active population, HPV infec-
tion of the anogenital region can be found in >60% of
individuals (1). Screening for cervical cancer is well estab-
lished, and is accompanied by a significant risk reduction
in the incidence of that cancer type (2). During the patho-
genesis of cervical cancer, precurser lesions, such as anal
intraepithelial neoplasia (AIN), can develop into invasive
squamous cell carcinoma of the anus {3). The majority of
anal malignancies are associated with a persistent infection
with HFV (4).

Ower the past few decades, the incidence of anal cancer
has increased significantly, particularly in women (3,6). In a
previous study, coexisting HPV infection of the cervix and
anal canal was detected in human immunecdeficiency vims
(HIV)-negative patients (7). Risk populations include men
who have sex with men and transplant recipients. Furthermore,
HIV-infected patients showed a higher prevalence of
HPV-associated anal dysplasia of anal cancer compared with
the HIV-negative population (8). In addidon, the overall risk
was ~28-fold hizher in the female HIV-infected population (8).
Whether treatment with combined antiretroviral therapy
(cART) is able to reduce the risk of anal dysplasia and anal
cancer in this patient group is controversial; however, its
ability to reduce the occurrence of cervical and anal cancer
has been poor to date (9-11).

The effectiveness of anal cancer screening has not been
sufficiently evaluated. Furthermore, the quesdon of whether
the development of anal cancer can be prevented by the
sufficient weament of high-grade AIN alone has vet to be
answered (2). At present, sirategies for anal screening and
the treatment of high-grade AINs are under investigation in
randomized controlled studies (12,13). At the very least, the
identificatdon of risk factors, such as anal HFV infection, and
the resulting short-term monitoring of high-risk populatons,
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may lead to the early detection of the precancer and invasive
stages.

Generally the prevalence of intra-anal HPV infection in
the general HIV-negative female population, as compared with
high-risk populatons such as HIV-infected or HIV-negative
patients with HPV-associated cervical abnormalities, is
unknown. Therefore, the present prospective, cross-sectional
study aimed to evaluate the prevalence of cervical and anal
HPV infection, as well as clinical risk factors, in general
controls, as compared with risk populations for anogenital
dysplasia, including HIV-negative patients with abnormal
cervical cvtology attending the clinic for colposcopy evahia-
tion and HIV-infected women.

Mlaterials and methods

Study population. The prospective study included
287 patients who attended the Cervical Disease Screening
and Treatment Unit or the specialized Gynaecological
Outpatient Clinic for HI'V-infected women at the Department
of Gynecology and Obstetrics, Ludwig-Maximilian
University of Munich (Munich, Germany) between 2011
and 2013. Patients were divided into three groups, as
follows: G1, which included HIV-negative patients without
a history of abnormal cytelogical findings who underwent
routine cervical cytological screening (low-risk, n=93); G2,
which included HIV-negative patients who were sent to
our colposcopy unit with at least one preceding abnormal
Papanicolaon-smear result (high-tisk, n=20); and G3, which
included HIV-infected patienis who underwent routine
cervical cytological screening at our outpatent depariment
for HIV-infected women (high-risk, n=104). None of the
patients had received the anti-HPV vaccination or were diag-
nosed with condyloma acuminata. All patients completed
an anonvmous, self-administered questicnnaire, which
collected information regarding their age, medical history,
country of origin, smoking status, history of anal intercourse,
number of sexual pariners, age of first sexual intercourse and
current marital status. According to the HIV-related history
Centers for Disease Control and Prevention classification
system, current cluster of differentiation (CD)4* counts and
nadir, information related to the viral load and ART were
collected. Written informed consent was obtained from
all patients. The present study was approved by the Local
Ethics Committee of the Ludwig-Maximilian University of
Munich (approval no. 273-10).

Specimen collection. Cervical and cotresponding inma-anal
cytelogy and HPV samples were obtained from each patient,
according to the study protocel. Smears for cytology were
performed in-house using a moistened cotton swab and cyvto-
brush for cervical samples, and a moistened cotton swab for
intraanal samples; they were fixed with M-Fiz® spray fizative
al room temperature (Merck KEGaA, Darmsiadt, Germany),
stained according to the Papanicolaou protecol and evalu-
ated using Munich nomenclature IT (14) by an experienced
cytologist using lipht microscopy. For further evaluation,
the results were transferred to the Bethesda system (15). For
HPV detection, a separate swab was used for cervical and
intraanal probes.
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Detection and genotyping of HPV in climical specimens.
DA was isolated and purified from the specimens using a
commercial kit (QLAamp DNA Mini kit; Qiagen GmbH,
Hilden, Germany), according to the mamnufaciurer's protocol.
Amplification of the L1-open reading frame and genotyping
of the HPFVs were performed using the INNO-LiPA HFV
Genotyping Exira Amp and the INNO-LiPA HPV Genotyping
Exira kit (both from Fujirebic Europe, Gent, Belgium). Enown
HPV genotypes (16, 18, 31, 33, 35, 38, 45, 51, 32, 56, 58,
59 and 68), as well as the genotypes 6, 11, 26, 40, 43, 44, 53,
54,66, 73, 70 and 82 were covered.

Sranistical analysis. Statistical analyses were performed
by STAT-UP Statistical Consulting & Services (Munich,
Germany) using the K statistical package software,
version 2.14.0 for Windows. The threshold of significance was
set as P=0.05. Groups were compared nsing Mann-Whitney U,
Eruskal Wallis, Fishers exact and * tests. Significance levels
in post hoc tests were Bonferroni-Holm adjusted.

Results

Paticnt characteristics. A total of 257 patients were inclhuded
in the smdy and divided into three groups. The baseline char-
acteristics of the examined cohort are presented in Table I

Anal HPV findings. The prevalence of anal HFV infection
among the three analysed groups (G1-G3) was significantly
different; 50, 71 and 83% of G1, G2 and G3, respectively,
had a positive resuli for HPV in the anus. As compared with
&1, G2 (P=0.011) and G3 (P<0.001) showed significantly
maore anal HPV infections of any type, while the difference
between the G2 and G3 risk groups was not significantly
different (P=0.05).

After dividing HPV genotypes into high-risk and low-risk
anal HPV types, high-risk HPV genctypes were found
significantly more often in the anal samples from G2 (65%;
P<0.001) and G3 (62%; P=0.001), as compared with those from
1 (28%). The difference between G2 and G3 with regard
t0 high-risk anal HPV genotypes, as well as the differences
berween the three groups with regard to low-risk anal HFV
genotypes, were not significantly different.

Cervical and anal HPV findings. Regarding the prevalence of
different HFV genotypes in the cervix and anus, 13 high-risk
HPV genotypes (16, 18, 31, 33, 35, 39, 45, 531, 32, 56, 38,
59 and 68) and 11 low-risk HFV zenotypes (9, 11, 44, 33, 54,
66, 69, 70, 71, 74 and 82) were found. Fig. 1 illusmates the
disribution of the different cervical and anal high-risk HPV
genctypes in the analysed groups. In the risk groups (G2 and
(G3), the most prevalent anal high-risk HFV genotypes were
genotypes 16 (G2, 27%; G3, 14%), 18 (G2, 4%; 3, 9%). 31
(G2. 7%, G3. 12%), 531 (G2, 12%:; G3, 15%) and 52 (G2, 16%;
G3, B%).

In all groups, a positive HFV result was associated with
significant concomitant cervical and anal HPV infection of
any type (all P<0.05). A positive result for HFV in samples
from the cervix and anus was found in 29% of the analysed
patients in G1, 688% in G2 and 56% in G3. The significant asso-
ciation between cervical and anal samples persisted even after
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Table I. Baseline patient characteristics.
Whole cohort Gl G2 G3
Characteristic (n=28T) (n=93) (m=20) (n=104) P-values
Ape vears 3750004 3974078 33617352 39.11=851 Gl vs. G2, P<0.05;
G2 vs. G3 P<0.03;
Glwvs. G3, P=005
Origin P<0 05
Westem Europe 618 656 954 372
Eastern Europe 123 w4 31 93
Cenmal/South Amertica 4109 15147 1.5/0 23/384
Aftica 109 7.8 0 128
Smoking P=0 05
Tes 320 20 443 240
Mo 2:30] 710 55.7 760
Anal intercourse P=0105
Tes 2 355 253 257
No 712 645 747 743
Age at first sexual iIMercourse, vears P=01035
=13 00 185 149 257
16-19 36.1 333 66.7 495
20-24 214 250 16.1 28
=25 25 32 23 20
Lifetime sex parmers P=0105
1 o0 165 46 59
25 452 420 450 495
6-10 244 193 391 158
=10 04 09 10.3 288
Marital status/stable parmer P=0035
Tes 14 343 862 743
No 186 152 13. 257
History of worst cytological P=0105
result of the cervix
Mot specified 443 ] 214 196
PAPZ 86 12 14 196
PAP3 39 24 43 49
PAP ID 331 33 65.7 353
PAP 43 04 0 o 10
PAP 4b o7 0 72 196

Crata are presented as the mean + standard deviadon or %. G1, HIV-negatve patients who underwent rontne cervical cyviology screeming; GI,
mggative patients with atleast one abnormal eytological (Pap)-smear result of the cervix; G3, HIV-infected patients who imderwent routing
cervieal eytology screeming; PAP, Papanicolaon (Mumich nomenslatare IT).

dividing HPV genotypes into high-risk and low-risk groups
(both P<0.03).

With regard to individual HPV genotypes, there was a
significant association between several high- and low-risk
HPV genotvpes and cervical and anal findings in the three
analysed groups. There was a significant association between
the cervical HPV genotype and the anal HFV genotype for 4
of the 5 predominant high-risk HFV genotypes found in G2
and G3 (G2: HFV 16, P<0.001; HFV 18, P<0.001; HFV 31,

P<0.001; HFV 31, P=0.006; G3: HFV 16, P<0.001; HFV 18,
P<0.001;, HFV 31, P=0.012; HPV 32, P=0.001). Overall 36%
of the analysed patients had a negative HPFV result in the
cervix after being tested positive for any HFV in the anus. In
G2, 19% of the patients tested positive for any HPV genotype
in the anus (high-risk, 33%), while 67% of G3 tested posi-
tive for any HPV genctype in the anus (high-risk, 43%). The
difference between G2 and 3 was statistically significant
(P<0.05).
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High-risk HPY-ganotypes

Figuze 1. Nlusiration of the cervical and anal high-risk IIPV genotypes in the amalysed groups. G1, HIV-negative patients who underwent routine cervical
eytology sereening; G2, HIV-nepative patients with at least one abnormal eytological (Papl-smear result of the cervix; G3, HTV-infected patients who under-
went routine cervieal cytolopy sereening; HPV, human papillomavinus; HIV, humen imemnodeSciency vins.

Cervical and anal cytolegy and HPY findings. Analysing the
results of the cervical and anal cytological analysis for cervical
and anal HPV detection, a significant association between the
cervical cytology result and cervical HPV was detected in
all groups (all P<0.05). The worse the results of the cervical
cytology, the more patients in that group tested positive for
any HPFV genotvpe in the cervix. Eeparding the association
between the anal cytelogy results and anal HPV detection, the
analysed groups revealed no significance (Table IT).

Anal HPV findings and clinical parameters. A significant
association was observed between the detection of anal HPV
infection in the present sfudy and the number of lifetime sex
partners (P<0.001), history of abnormal cervical cyiology
(P=0.00%) and the history of cervical HPV (P<0.001). None
of the other analvsed characteristics (age, origin, smoking,
anal intercourse, age of first sexual intercourse or marital
stamus) were significantly associated with anal HPV infection.
Regarding the HIV-infected patients, only the CD4* nadir was
significantly associated with anal HPV (P=0.021}. The current
CD4* count, current HIV viral load, and the use of cART were
not significantly associated with anal HPV. The clinical aspects
related to HIV infection in G3 are summarized in Table ITL

Discussion

The incidence of HPV-related cancer of the anus has increased
over the past several decades. Risk populations, inchuding
women with a history of genital neoplasia or HIV-infected
patients, are known. Furthermore, methods for effective anal
cancer screening are under investigaton (13).
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Consistently with a recent review by Stier ef al (16}, both
high-risk groups in the present study (G2 and G3) tested posi-
tive for any HPV genotype in the arms more often than the
conirols (G1). Limited data exists regarding anal HFV infec-
tion in the non-immunosuppressed general population, with
high variance in the prevalence of anal HPV detection itself,
and the prevalence of anal HPV in HIV-uninfected high-risk
patients compared with HIV-infected women (17,18). All
predominant HFV genotypes found in the anus of the two
risk groups in the present study were high-risk HFV geno-
types. Compared with cervical cancer, the incidence of
anal cancer in the peneral population is low (19). It seems
that anal colonisation with HPV is less likely to lead to cell
abnormalities than cervical colonisation, although the differ-
ence in the carcinogenesis of these mucosal sites has vet to
be completely evaluated. At least chronological differences
can be assumed (18). Nevertheless, due to hizh prevalence
of anal HPV infection, the detection and possible meatment
of anal precancercus lesions could decrease the incidence of
anal cancer.

Snfficient cervical screening reduces the incidence of inva-
sive cancer. At the same time, the prophylactic HFV vaccination
reduces the incidence of HPV infection, assuming a reduction
in the incidence of HFV-associated cancers (20). Prophylactic
HPV vaccination is part of the individual immunisation
schedule in many couniries, although the country-specific
performance varies considerably (21). Besides the effect
on the uterine cervix, the guadrivalente HPV vaccine was
demonstrated to prevent persistent anal HFV infection and
anal intraepithelial lesions (22). The five most prevalent anal
HFV genotypes found in the present study were HPV (vpes
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Table II. Percentage of patients who tested positve for HFV
in association with the comesponding cytology results of the
cerviz and anus.

Cytology classification n % HFV P-value
Gl
Cerviz P<D 05
PAD 2 (NILM) 78 24
PAP 3 (ASCUS) 12 58
PAP 3D (LSIL) 2 100
Amus B=005
PAP 2 (NILM) 64 45
PAP3 (ASCUS) 6 100
PAP 3D (LSIL) 10 1]
G2
Cervix B<D 05
PAP 2 (NILM) 15 36
PAP 3 (ASCUS) 9 82
PAP 3D (LSIL) 14 93
PAP 43 (HSIL) 25 96
Amus P=0.05
PAP 2 (NILM) 21 73
PAP 3 (ASCUS) 3 75
PAP 3D (LSIL) 17 71
PAP 4a (HSIL) 1 100
G3
Cerviz P<D 05
PAP 2 (NILM) 21 42
PAP 3 (ASCUS) 15 63
PAP 3D (LSIL) 13 100
PAP 43 (HSIL) g 100
PAP 4b (HSIL cancer) 1 100
PAP 5 (cancer) 2 100
Amus F-0.03
PAP 2 (NILM) 62 83
PAP 3 (ASCUS) 4 &7
PAP 3D (LSIL) 5 100
PAP 43 (HSIL) 1 100

1, HIVtnegative patients who undareent routing cervical eytology
scregning; G2, HIV-negative patgents with at least one preceding
abmommal eyiological (PAP)-smear result of the cemvim;, G3,
HIV-infected patients who wunderwent routne cervical eytolosy
screening; PAP. Papanicolaou using Mumich nomenclanme I, HPV,
buman  papillomavirus, HIV, human imommedeficiency vims,;
MILM, megadve for inozepithelial lesion or maliznamey, ASCUS,
arypical squamous cells of mmdetermined siznificance; LSIL, low
eTade squamous inmaepithelial lesion; HSIL, high grade squamous
intraepithelial lesion.

16, 18, 31, 52 and 31. With the administration of the 9-valent
HPV vaccine {rvpes 6, 11, 16, 18, 31, 33, 45, 52 and 58), the
rising incidence of anal canceT could be prevented more effec-
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Table III. Specific characteristics of HIV-infected patients.

3 HIV-infected

Characteristic patents (n=104)
Current detectable viral load 2,772 (<20->100,000)
(copies/ml)
Taking cART

Yes 39

No 11
CART duration (vears)

Range 0-21

Mean = 5D B2156
Current CD4 count (cells/ul) 540 (34-1650)
Wadir CD4 count {cells/ul) 258 (1-994)

Diata are presented as the mean (nterquartle ranze) or % G3,
HIV-infected padents who underwent routine cervical cytolopy
screendng; cART, combined antiretroviral therapy, HIV, human
immmunodeficiency vimes; CD4, cluster of differendadem 4; 5D,
standard deviation.

It was reported that the detection rate of HPV in sinmltane-
ously collected cervical and anal specimens was comparable
of even higher in the amus (16). Consistent with the literature, a
significant associaton between the prevalence of concomitant
low- and high-risk cervical and anal HPV in all investigated
patent groups was detected in the present study. One third of
the analysed patients who had a negative result for HFV in the
cervix tested positive in the anus. Of the HIV-infected patients
with a negative result for HPV in the cervix, 67% tested positive
for HPV in the arms. The risk for concomitant HPV infection of
the cervix and anus appeared to be likely. However, a negative
HFV result in the cervix should not discount the performance
of an anal HPV screening, particularly in high-risk patients.

Screening for cervical cancer is well established. The
benefits of cytology-based vs. HPV-based cancer screening
of different mmcosal sites are under discussion (23). A signifi-
cant association between the cytology findings of the cervix
and cervical HFV detection was found in the present study.
Conroversial results were published concerning the asso-
ciadon between anal cyiology and anal HFV prevalence. A
previgus siudy reported a suspicious anal cyiology in <10% of
women with lower genital ract dysplasia, while positive anal
HPV results were detected in >50% (24). In the present study,
a significant association between the cytological resulis of the
cervix and HFV detection in the cervix was cbserved, while
there was no significant association between the anal cytology
results and positive anal HPV detection. Compared with the
cervical findings, a correladon berween anal HPV infection
and a suspicious anal cytology is infrequently observed. To
date, there have been no valid data concerning the efficacy
on any type of anal cancer screening technigue. Currently,
the primary screening tool for anal HPV-associated disease
is cytology. Although the performance of anal cytology is
similar to cervical cytology, experTience In interpreting anal
samples is limited. Other techniques such as high-resoclution
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anoscopy should be considered to verify the toue rate of
anal dysplasias, particulazdly in cytological-negative and
HPV-positive anal samples from risk populations. Further
studies on the evalnation and implementation of anal cancer
sCIeening are required (23).

Consistent with the literamre, a significant association
between the rmmber of lifetime sex partners and the incidence
of anal HPV infection was demonstrated in the present stady.
Anal interoourse itself was not a significant factor, as demon-
sirated previcusly (26,27). The prevalence of concomitant
low- and high-risk cervical and anal HPV was significantly
associated in all investigated patient groups. It is still
unknown if there is a reservoir for HFV in the genite-anal
area. Besides sexual transmission, the wansfer of HFV
between the different mucosal sites mav occur as a result of
autoinoculation or smear infection (28-30). Irespective of
their individual immune status, the majority of the analysed
high-risk patients in the present study showed an compre-
hensive anogenital HFV colonisation at the dme of specimen
collection. It was postulated that some type of global immune
dysregulation results in the persistence of HFV in the cervix
and anus (31). Immuncsuppression caused by HIV infection is
associated with HPV-related malignancies and contributes to
HIV pathogenesis (31). Regarding the HIV-infected patients
in the present study, the current CD4 count, as well as the
current HIV viral load, did not have a significant influence
on anal HPV infecton. The impact of CD4 count and HIV
viral load was previously discussed controversially. The
low number of HIV-infected women analvsed in the present
study could be an explanation for this discrepancy. However
consistent with the findings of Hessol et al (17), in which
women with lower CD4 cell counts were more likely to have
detectable oncogenic and non-oncogenic HPV tyvpes, a low
CD4 nadir was sipnificantly associated with anal HFV detec-
tion in the present study. In a study by Cambou et al (32), a
significant correlation berween a low CD4 nadir and previous
CD4 counts was detected, indicating an increased risk for
anal dysplasia in HIV-infected women with a history of
severe immune devastation. The increased prevalence of HPV
infection in HIV-infected individuals seems to be associated
with immunosuppression (33). A higher level of HPV replica-
tion in women with a compromised immune system due to
HIV infection could be the reason for that fact {16). The exact
mechanisms of HIV-HPV interactions are still under investi-
gation. A previous study by Palefsky (%) evaluated whether the
use of cART has an influence on the prevalence of anal HFV
infection by imnmne recovery, finding that it lead to a limited
reduction in HFV prevalence and the repression of cervical
intraepithelial neoplasia. Subsequently, it was demonstrated
that the risk of persistent HPV infection in HIV-infected
women under long-term cART was redoced due to sustained
viral suppression and increased CD4 counts (34,33). The rela-
tively short duration of cART use in the present study did not
have a significant effect on anal HPV reduction. Due o the
increased lifespan of HIV-infected patients, a consistent ART
seems to be important to reduce the incidence of acquired
immunodeficiency syndrome-defining HPV-associated
cancers, such as cervical or anal cancer.

The limitation of this study was the cross-sectional setting.
It could not be determined how many of the HPV infections
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were mansient. A type-specific clearance of high- and low-risk
HPV genctypes in the majority of women over a 5-vear mean
follow-up detection period was reported (36). The exception
was HFV type 16, and concomitant cervical infection with this
genotype, which is found in the majority of cervical high-grade
dysplasias. was associated with anal HFV persistence (36).
Further smdies are required to clear these facts.

In conclusion, the present study demonstrated that the
prevalence of anal HPV infection in high-risk pepulations is
high. Non-HIV-infected women with cervical dysplasia and
HIV-infected women, irrespective of their individual cervical
findings, had a high risk of concomitant anal HFV infection.
Due tothe increase inlifespan of HIV-infected women receiving
CART, these patients should be seen as a lifetime risk popula-
tien for HPV-associaied anal cancer. Based on the predominant
HPV genotvpes found, the HPV vaccination could reduce the
incidence of anal cancer. Concomitant intense screening for
cervical and anal dysplasias in high-risk populations should be
offered as a matter of routine to avoid invasive stages.
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Immunohistochemical Evaluation of E6/E7 HPV
Oncoproteins Staining in Cervical Cancer
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Abstrad. Badcground/Ain: High-risk human papillomavirus
(HPV) subrypes (i.e. 16 and 18) lead w0 werine cervical cancer
as well ax HFV-paositive oragpharyageal cancer ((05CC ), a form
of head and neck cancer. The induction af HP V-induced cancer
is driven by virus-specific oncoprateing E6 and E7. E6 protein
af HPV rypes 16 and 18 interacts with the E3 ubiquitin protein
ligase, resulting in whiguitination and proteolysiz of tumaor
protein p53. E7 inactivates retinoblastoma protein (Rb) by
phosphoryiarion followed by an increase of free enkaryoric
transcription factor E2F (E2F) in the cell. This leads to an
increase of ciclin-dependent kinase inhibitor p 16, that is used
as an immunohisiochemical marker of HPV-assodgated O5CC.
Unfortunarely, pla iz nor exclusively increased by E7V
ancaprotein in carcino genesis. Therefore, the aim of this sty
was fo develop an immunohisiochemical approach for the
direct detection of EGET oncoproteing in wierine cervical
cancer as well as in OSCC. Marerial and Methods : Paraffin
sections of werine cervical cancer and |30 were analvzed.
Imnunohisiochemioal staining profocols were evalnated with
rissue slides from parierss with cervical dvsplasia (CIN (1) and
squamons epithelial carcinoma Sssue with HPV infection . Liver
and placental tissues were used as negarie oontrols. E6-
Spedfic antibody (Biorbyi) was wed as primary antibody_ The
polymer staining method and diaminobenzidine were applied
Sor further development. Panels of E7-specific antibodies were
tested.  Again, the polymer staining  method  and
diaminobenzidine were applied for further development.
Resulrs: E6-Specific antibody revealed specific and intense
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staining after pre-incubation of tissue slides with citrate buffer
solution. Only the E7 antibody obained from Chemicon
showad intense and specific staining in patients with CIN 11}
and squamons epitheliol carcinoma tissue. Pre-mcubation with
proweinase K diminished non-specific reaction. Conclusion:
Cur results revealed a useful staining protocol for the
immunohistochemical  evalwation of E6/EF  oncoprotein
expression in wterine cervioal cancer, as well as in HPV-
pogitive oropharwgeal cancer. Advamages of this method
comparad fto mRENA in situ hvbridization of BGET are the much
lower costs, as well as the broader gpplicability in pathologioal

practice.

Uterine cervical cancer is the second most common malignant
tumor in women wordwide, which means that there are about
530,000 new cases and more than 270000 such tumor-
associated deaths every year (1). The main cause of uterine
cervical cancer is persistent infection with high-risk human
papillomavirus {HR-HPV) (2); specifically HPV subtypes 16
and 18 ame responsible for about 0% of all cases (2, 3). Apart
from utenine cervical cancer, HPVs are also responsible for 25
to 6% of oral squamous cell carcinomas (O8CCs), a form of
head and neck cancer (4, 5). At the moment, over 170 HPV
types are known (6) and it is highly likely that infection with
15 types (namely types 16, 18, 31, 33, 35, 39, 45, 51, 52, 56,
58,59, 68, 73 and 82) leads to cancer. Therefore, these 15
types am called carcinogenic or high-risk types (7). Human
papillomaviruses are small double-stranded DNA viruses, their
genome contains harely 8000 hase pairs aranged as a drele,
containing six ‘carly” genes (E6, £7, £, E2, £4, £5) and two
‘late’ genes (L1, L2) (4). As HFVs do not contain genes coding
for replication enzymes, they are dependent on host cells for
their replication (4). The replication of the viral genes 56 and
E7 leads to cellular expression of E6 and E7 oncoproteins
which interferes with the cell cycle (8). E6 oncoprotein links
to Bf- associated protein (E6-AF) forming a complex which
selectively binds to p53, leading to its ubiguitin-dependent
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protealytic degradation (9). p53 acts as a tumor suppressor,
inducing cellcycle amest or apoptosis in cases of DNA
damage (10). As a result of the E6-dependent degradation of
P53, it can no longer fulfil its tasks (17). p53 is not the only
tumor  suppressor  affected by HPV  oncproteins. The
retinoblastoma protein (Bh) blocks cell-cyde progression from
Gy to 5 phase by binding and inactivating transcription factors
of the free cukaryotic transcription factor E2F family (12, 131,
E7 oncopmtein interacts with Rb and leads to its ubiquitin-
dependent degradation (14, 15). Furthermore, E7 leads to
increased phosphorylation of Rb, but only a small proportion
of phosporylated Rb can form a complex with E2F, henoe the
E2F-Rb interaction is disturbed and E2F is no longer
inactivated (16, 17). Consequently, the amount of cyclin-
dependent kinase plé is increased and this is what is used as
m immunohistochemical marker for the presence of HPV
infection concerning OSCC (18, 19).

In mutine practice, the detection of EVET is based on either
in gitu hybridization 20) or PCR (21) methodology due to
unspecific staining results of antibodies used in former studies
(22). Therefore, we tested a variety of different mtibodies and
different unmasking, antigen retrieval and staining protocols.
The aim of this study was the establishment of an
mmmunohistochemical staining procedure for a safe and simple
detection of BA/ET at the protein level in HPV-infected tumor
fissne.

Materials and Methods

Specimens. For e evaluation of the immunohistochemical stining,
paraffinembedded tsame slides (4 pm thickness) from patients with
normal control cervical tissue (10 cases), cervical imtraepithelial
meoplasia (CIN; 100 CIN 111 cases) and from patients with uierine
cervical cancinoma (10 cases) were used. The CIN 11 cases wene
considened as being HPY-positive . Placenta (10 cases) and liver | 10
cases) were obtmined from the Depanment of Pathology and used
a5 tianes for providing negative staining realis.

Tmmunohistochemiziry. The formalin-fived paraffin-embedded
sctions (3 pm) were dewaxed in xylol. the endoge nous pemoidase
was inhibited by 3% methanol/H, 0y and rehydrated in a descending
ethanal gradient. The slides were pretreated in Citaie Buffer
{100°C, pH: 6.0) to unmask the antigen. Afterwards, non-specific
binding of the primary antibodies was blocked by using the
appropriate  blocking soldon. Incobation with the primary
antibodies followed (Table I). Incobation with the secondary
amtibody and following steps of te comvenient detection system and
onlor development wene camied out according to the manufaciuner
prodocol. Finally, the slides were counterstained by hemalaun
{2 min), dehydrated in a fsing ethanol gradient and coverad.

Evaluarion of staining. The immunoreactive score (IRS) used
examines the inensity and distribution of antigen expression and is
caleulated by multiplying the percentage of positively stained cells
{0 no smining: 1<10% of the cells; 20 11-50M%:; 3: 51- 800%, 4=81%)
with the cell’s nmensity of staining {0 none: 1@ weak:; 2 modesate;
3 atrong). Two independent investigators examined the sections
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Table I. Aniibodies wred for the sudy.

Amntigen  Antibody Lsotype Concentration  Source
E& arb JIK3T  Rabbil polyclnsl 05 mgiml Bigrhyt
BE& C1P5 Maouse [l 1.0 mgéml Ahbcam
E7 orh. 10839 Rasbbit polyclonsl 0.5 mgiml Binrhyt
E7 clone 9 Maouse [g{il 0.1 pgfml Invilrogen
E7 TGVIOLY Maouse IgliZ2a 1 mgiml Chemicon

using a Leiz Diaplan microscope (Leiz. Wetzlar, Germany) . The
concordance was %8%. In case of different staining evaluation,
meevaluation was made by both investgators until an agreement was
meached (2% of all cases). Positive controls were carried out with
tisanes of CIN{ 10CIN I cases). Negative controls wene performed
by replacement of the primary antibody and alternative incnbation
of the dides with g6 abbit or mouse control antibodies (Biogenex
San Ramen. USA). In addition, specificity of the staining was
evaluaed by using control tissue that should not express the B&ET
antigen {placental and liver tissue).

Resulis

E6 immunohistochemisiry. Concerning the detection of Ef
oncoprotein, the best results wene obtained by using the E6
antibody by Abcam (Table I). By adhering to this procedure,
the expression of Ef oncoprotein was shown by intense
stuining of the cytoplasm of the tumor cells (Figure 1A). As
can be seen in Figure 1A, only the cytoplasm of the tumor
cells is stained and not the surrounding connective tissue,
hence the staining is very selective. It was even possible for
us to show that there is a graduation of the expression of the
oncoprotein. Within this study, we identified cases of uterine
cervical carcinoma with intense staining of E6 (Figure 14)
but also with lower expression of this oncoprotein (Figure
1B). Staining in carcinoma tissue was more intense
compared to staining of CIN I (Figure 1C). No expression
of the oncoprotein in a sample of non-dysplastic cervix and
consequently no staining are shown in Figure 10 For the
establishment of the staining pmcedure, uterine cervical
carcinoma tissue was used (Figure 1E). Liver tissue served
for negative control staining (Figure 1F) and as isotype
comtml, we used the same cervical carcinoma as used for
staining establishment (Figure 1G).

E7 immunohisiochemisiry. The evaluation of the E7 antibodies
revealed intense and specific expression with the antibody
obtained from Chemicon (Table 1). By following this
instruction, in cases of expression of E7 oncoprotein, the
cytoplasm of the tumor cells is stained. We identified wherine
cervical caminoma cases with intensively stained cytoplasm
(Figure 24) and, in addition, cases with lower intensity (Figun:
2B). CIN Il cases exhibited a less intense staining compared
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Figwe 1. Userine cervical h g intense

in another specimen (B). Staining in cmm tissue was more intense

of the in and Iy no

P 9

,ojEdbyunglhcAbmnmbdy(A)Mdmbwa of this
ipared to ing of cervical dysplasia (CIN) grade 111(C). No:qrmpn
g were seen in all sumples of non-dysplastic cervix (D). For the Hish of the gainii

procedure, uterine cervical carcinoma fissue was n.nd (E). Liver tissue served for negasive congol ssining (F), and as isotype control, the same
cervical carcinoma, as used for suining establishment (G) was used. Magnification, x25 in all cases.

Figure 2. E7

(A), but there were also cases with lower

o in uterine

vely stained cytoply

intensity (B). Cases of cervical dyaﬂun (CIN) grade ill :hnwed less intense aining compared to tumor cases (C). There was no expression of
E7

protein in all samples of L

negative control tissue, placenta moblm!d (F), and as iwtype control, the same cervical

used. Magnification, x25 in all cases.

to tumor cases (Figure 2C). There was no expression of E7
oncoprotein found in a non-dysplastic cervix sample (Figure
2D). As pasitive control tissue tissue from conization of uterine
cervix was used (Figure 2E), as negative control, placental
tissue was used (Figure 2F), and as isotype control, we used
the same cervical carcinoma as used for staining establishment
(Figure 2G).
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ic cervix (D). As posiive control fissue, tissue from conization of uterine cervix was used (E), as

b Ech

(G) was

as used for

Discussion

In this study, we were able to establish a fast and simple
method for the detection of the HPV-related oncoproteins
E6/ET in uterine cervical cancer tissue by using immunohisto-
chemistry. As a result, a useful immunohistochemical
evaluation protocol for the detection of the HPV oncoproteins
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Ef and ET was established. The best results were obtained
with the E6 antibody from Abcam and the E7 antibody from
Chemicon. The advantage of this pocedure is the possibility
of immunchistochemical evaluation of E6/ET in routine
pathology by fol lowing our staining protocols. An additional
advantage of the immunohistochemical evaluation is that this
method is easier to apply mnd less expensive in comparison to
in sity mAENA hybridization. We are awane that in sie mENA
hybridization might be the best way to detect HPV, but on the
other hand it is too complicated to be uwsed for routine
detection of HPV oncoproteins (23) compared to a simple
immunohisto-chemistry protocol .

In summary, we showed that E6 and E7 oncopmicins
expressed in uterine cervical carcinoma and CIN 11
carcinoma in gite tissues can be easily detected by
immunohistochemisiry using the E6 antibody from Abcam
md the ET antibody from Chemicon.
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Abstract. High-risk human papilloma virus (HPV) is
the leading cause of cervical cancer. HPV oncogenes are
responsible for the development of malignancy, and the ES
oncoprotein that HFV expresses induces the degradation of
MImMour sUppressor protein p33 (p33). This degradation leads
to the upregulation of pl&; however, unidentified proteins may
also serve a role in the development and progression of cervical
cancer. Therefore, the aim of the present study was to analyse
the expression levels of E6, p53. ple, MDM? proto-oncogene
(MDM2) and galectin-3 (gal-3) in cervical cancer specimens.
A total of 250 cervical cancer tissue slides were used. The
expression of E6, p33, pls, MDM?2 and gal-3 was analysed
with immunchistochemical methods and a semi-guantitative
scoring. SPSS software was used for the statistical evaluation of
staining results and sarvival analysis of patients with cervical
cancer. Cervical cancer specimens demonstrated significantly
increased E6 staining with advanced T-stams and increased
International Federation of Gynecology and Obstetrics clas-
sification. E6, p33 and pl6 demonstrated significantly different
expression levels in squameous epithelial Gssue compared with
adenocarcinomas. MDM? and gal-3 demonsirated positvely
correlated expression levels in cervical cancer. In addition, gal-3
expression was correlated with poor prognosis in ple-negative
cases. A negative correlation between the expression of E6 and
a mueated form of p53 was also identfied in cervical cancer.
P33 mmiation was demonsirated to be commeon in cervical
cancer, and gal-3 and MDM?2 appeared to act in a combined
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manner in this tvpe of umour. As gal-3 is overexpressed in
the cervical cancer tssue of patents with poor prognosis, the
use of gal-3 inhibitors should be investigated in future studies.

Introduction

Cervical cancer is the fourth most frequent cancer in women
globally with ~530, 000 new cases in 2012, accounting for
1.5% of all female cancer-associated mortalities (1). A major
canse of cervical cancer is persistent infection with high-risk
human papillomavirus (HRE-HPV) (1). HPV subtypes 16 and
18 cause ~T0% of all cases of HPV (1,2). At present, =170 HFV
types have been identified (3). Infection with 15 subtvpes of
HFV (16, 18, 31, 33, 35, 38,45, 51, 32, 56, 38, 39, 68, 73 and 82)
may lead to cancer, which is why these 15 types are known
as carcinogenic of high-risk types (4). The genome of human
papillomaviruses consists of ~8 (00 base pairs and contains six
early penes (E6, E7,El, E2, E4 and E5) and two late genes (L1
and L2} (3). Upon replication of the viral gene E6, E6 oncopro-
tein is expressed, which alters the cell cycle (6). ES oncoprotein
and Ef-associated protein (E6-AF) form a complex that binds
1o p53 and causes its proteolyiic degradation (7).

The tumour suppresser protein p33 (pa3) signalling path-
ways leads to cell cycle arrest or apoptosis in case of DNA
damage (8). As E6 oncoprotein induces the deeradaton of p53.
the functon of this important cell cvcle protein is disturbed
following HPFV infection (%). In additon, the cell cycle regula-
tion protein plé is expressed at high levels in HPV-infected
epithelial cells, and thus acts as a marker for the diagnosis
of HPV-associated carcinoma (9,10). In non-carcinoma
tissues p53 is regulated by MDM?2 proto-oncogene (MDMZ)
through a nerative feedback mechanism. MDM?2 promotes
the ubiquitination and proteasome-dependent degradaton of
P33 (11). There is also an associatdon between MDM?2 | p33
polymorphism and the progression of cervical carcinoma (17).

A protein previously demonstrated to be associated with
cervical cancer is galectin-3 (gal-3) (3). Galectins are defined
as lectins with a galactose-binding ability and a characteristic
amino-acid sequence {13). Galectin is a name proposed by
Hirabavashi and Kasai (14) for a family of animal lectins.
Galectins are typically soluble and metal-independent in
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their activity (15). They have similar features to cytoplasmic
proteins, including no disulfide bridges, no sugar chains, no
signal sequences and, in most cases, their N-terminal amino
acids are acetvlated (16). It is possible to classify galectins
into the following three tvpes on the basis of their strucral
architecture: Proto, chimera and tandem-repeat tvpes. Gal-3 is
a chimera-type galectin (17).

Gal-3 may increase the invasiveness of cervical cancer by
activating vascular endothelial growth factor receptor-3 (3).
Therefore, the aim of the present study was to systematically
analyse the expression and interactions of E6, p33, plé, MDM2
and gal-3 in cervical cancer specimens.

Mlaterials and methods

Exthical approval. The present study was approved by the local
Ethics Committee of the Ludwig-Maximilians-University of
Munich {approval no. 259-16; Munich, Germany}, and was
performed in compliance with the guidelines of the Helsinki
Declaration. Patient data were fully anonymised.

Specimens. Archived formalin-fized paraffin-embedded
(FFFE) sections from 250 cases of cervical cancer were used
in the present study; it was possible to analyse 248 cases as
there was no tumour tissee present on two sections (Table I).
Cervical dysplasia [cervical inira-epithelial necplasia (CIN)
stage IIT] (18) and non-dysplastic cervical tissue (3 sections of
each) was used for the E6 immnchistochemical staining, and
breast canceT fissue was used for the mutated p53 immunohis-
tochemisoy. Specimens were obtained from the Deparimeni of
Obstetrics and Gynecology of Ludwig-Max imilians-University
of Munich, and were obtained from patients undergoing
surgery there between 1993 and 2002. Follow-up data were
received from the Munich Cancer Registry (Munich Tomour
Cenire, Munich, Germany).

Immunehistochemisiry. The FFPE sections (3-pm-thick)
were dewazed in xvlol, endogenous peroxidase was inhib-
ited with 3% methanol/H,O, and sections were rehydrated
in a descending ethanol gradient. To stain for mutated p33,
wild-tvpe p33, ES, zal-3 and MDAM2, the slides were pre-reated
in citrate buffer {(100°C; pH 6.0) for antigen retrieval.
Following this, non-specific binding of the primary antibodies
was blocked, and incubation with the primary antibodies
followed (Tables IT and IIT). Incubation with the secondary
antibodies and the following steps of the detection svstem and
colour development are illustrated in Tables IT and ITT. For plo
detection, the specimens were automatically stained using the
Ventana BenchMark XT Stainer (Ventana Medical Systems,
Inc., Oro Valley, AZ, USA) and the CINtec Histology kit
(cat. no. 9517; Roche Applied Science, Mannheim, Germany)
according to the manufacturer's instructions, while all other
antibodies were stained for mammally. For wild-type p33, the
slides were washed in PB5/0.05% Tween-20. All other slides
were washed in PES only. Finally, the slides were counter-
stained with hemalaun (Waldeck GmbH, Minster, Germany)
for 2 min at room temperature, dehydrated in an ascending
series of ethanol and stored.

Slides were examined with a Zeiss Axiophot light photo-
microscope (Zeiss GmbH, Jena, Germany). Digital images
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Table I. Clinical parameters of the patients included in the
present smdy.

Clinical parameter NoJjiwtalne. %
Apge (vears)

=50 1437243 58

=50 1057248 42
No. of metastasis positive lymph nodes

0 145243 60

14 97248 39

NA 2248 1
Tumour size (cm)

<2 1117248 45

24 1287248 52

=4 9/248 3
Tumour grade

I 20/248 8

o 1417243 57

m TE248 3l

NA 9248 4
Tumour subtype

Squamons 1997248 30
Adenocarcinoma 49/248 20
Progression (over 236 months)

None 1900248 7

=1 58248 23
Survival (over 236 months)

Right censured 2100248 83

Succumbed 38248 15

MA, not applicable as data not available.

were obtained with a digital-camera svstem (CF20D3C,
EAPPA Messtechnik, Gleichen, Germany). All specimens
were evalnated by a pathologist. The intensity and distribution
patterns of the staining reaction was evaluated by two blinded,
independent observers, including the gynecological patholo-
gist, using the semi-guantitative immunaoreactive (IR S)-score,
as previously described (19), to asses steroid receptors (20)
and cathepsin D (21) expression. The IES score was calcu-
lated by multiplication of optical staining intensity (graded
as 0, no staining; 1, weak staining; 2, modetate staining; and
3, srong staining) and the percentage of positive stained cells
(0, no staining; 1, =10% of the cells, 2, 11-50% of the cells,
3=51-80% of the cells and 4, =81% of the cells) and without
knowing the pathological evaluation, the diagnosis or the
standard performed hematoxylin reaction for 2 min at room
temperamre for each specimen.

Staristcal analysis. Data were analysed using SPSS soft-
ware (version 19.0; IBM SPSS, Armonk, NY, USA) for
Microsoft Windows and visnalised using Microsoft Office 7
(Microsoft Corporation, Redmond, WA, USA). Spearman
coefficients were calculated to assess correlations, while the
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Table II. Procedures for gal-3 and MDM?2 staining.
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Protocel

zal-3

MD2

Blocking method

Primary antibody, dilution,
incubation duration, incubaticn
tempeTature, cat. no.

Secondary antibody,

dilution, incubation duration,
incubation temperature, cat. no.
Detection of secondary antibody

Chromogen 1 mg/ml D

Horse serum®, 20 min, KT
Anti-galectin-3, 1:1 000 in FBS,
16 h, 4°C; NCL-GAL3"

Bictvnilated anti-mouse IgG*,
30 min, KT, PE-6100

ABC-complex®, 30 min
4, 5 min

Goat setum®, 20 min, KT
Ant-MDM2, 1:100 in FBS, 16 h,
4'C, NCL-MDM2"

Biotinylated goat anti-mouse Ighi,
30 min, KT ZMB2020¢

ABC-complex®, 30 min
1 mp/ml DABY, 1 min

"Vectastzin ABC kit, Vector Laboratories, Inc., Buslingame, CA, USA. "Novocastra, Leica Microsystems GmbH, Wetzlar, Germany.
“Linaris GmbH, Dossenbeim, Germany. ‘Dake, Glostrup, Denmark. Gal-3, galectin-3; MDM2, MDM?2 proto-oncogene; Ig, immunezlobulin,

DAR, 3 3-diaminchenzidine; BT, room temperature.

Table III. Procedures for mutated p53, wild-type p33 and E6 staining.

FProtocol Mutared p33

P33 wild-type Ed

Blocking method

Primary antibody, diluton,
incubation doration, incubation
tEmperature, cat. no.

Post blocking method
Secondary antibody, dilution,
incubation duration, incubation
tEmperature, cat. no.
Chromogen

Reagent 1%, 5 min, KT
Angd-p53, 1:100 in FBS,
160, 4'C, ab3204%°
Feagent 2, 20 min, KT
30 min, KT POLHRP-100

1 mg/ml DAB-, 1 min

HF.P-Pelymer Eeagent 3*,

Reagent 1%, 5 min, KT

Ant-p53, 1:200 in FB5,
16h,4'C, ab26"

Reagent 1%, 5 min, BT
Anti-E6, 1:150 in PBS,
1 b, KT, abT0*

Reagent 2%, 20 min, KT

HF.P-Polymer Reagent 3%,
30 min, KT POLHRP-100

Reagent 2*, 20 min, KT

HFE.P-Polymer FEeagent 3%,
30 min, KT POLHRP-100

1 mg/ml DAB-, 1 min 1 mg/ml DAB-, 1 min

“From the ZyteChem-Plus HEP Polymer-kit, Zytomed Systems GmbH, Berlin, Germany. "Abcam, Cambridge, UK. “Diako, Glosmup, Denmark
ET, room temperature; HEP, horseradish peremidase; DAB, 3 3-diaminobenzidine.

Mann-Whitney U test was applied to examine differences
between groups. Differences in survival were assessed using
the log-rank test and survival curves were plotted in accor-
dance with Kaplan-Meier estimator. P<0 03 was considered
1o indicate a statistically significant difference and data
were expressed as the mean x standard error. Cox regression
analysis was used to compare the risk of mortality in patients
with and without gal-3 expression when the effects of further
factors were accounted for. Independent variables included
in the Cox regression model were gal-3 expression, age at the
fime of surgery, histological subtype, tumour size, lvimph node
status (pIV), metastasis, mmour grade, International Federation
of Gynecology and Obstetrics (FIGO) stage (22 ,23), and E6.
mmiated p33 and MDM? expression status.

Results

Evaluation of E6 oncoprotein immunohistochemistry and
the detection of mutated p53 on comtrol slides. CIN III tissue
slides were used for the evaluation of ES oncoprotein staining.
Moderate expression levels of E6 were observed in the CIN IIT

sections (Fig. 1A). There was no expression of the E6 oncopro-
tein, and therefore no staining observed, in the non-dysplastic
cervical tissue (Fip. 1B). Breast cancer fissue was used to
evahiate the staining of mutated p53 (Fiz. 1C), which exhibited
nuclear and cvioplasmic staining.

E& gncoproiein staining. A total of 81% of all cervical
cancer tissue examined expressed E6 oncoprotein (data not
showm). Cervical cancer specimens demonstrated significantly
increased staining with a higher T stage (according to the
Tumer-Node-Metastasis classification system) (24). T1 stage
carcinomas (Fig. 2A) demonstrated E6 staining with a median
IRS of 2, while T2 (Fig. 2B) and T3 (Fig. 2C) stage carcinoma
tissues had a significantly higher median E6 expression of
IRS 3 (P=0.017, Fig. 2D).

FIGO 1 carcinoma tissues had a median E6 expression
of IRS 2 (Fig. 2E). FIGO 2 (Fig. 2F) and FIGO 3 (Fig. 2G)
carcinoma tissues had a median IRS of 4. FIGO 4-classified
cervical cancer tissue had a median E6 IRS score of 6 (Fig. 2H).
Ef demonstrated a significant positive correlation with the
FIGO classification (R=0.277, P<0.001; Fig. 21).
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E6 demonstrated significantly different expression levels
in cervical cancer tissue dependent on the histological
subtype. Squamous epithelial carcinomas (Fig. 2J) had a
median expression of IRS 2. Adenocarcinoma tissue (Fig. 2K)
had significantly increased staining with a median of IRS 5
(P=0.015 vs. squamous epithelial carcinoma; Fig. 2L).

Wild-type and mutated p33 expression. Expression of
wild-type p53 was observed in the nucleus and cytoplasm of
60 and 66% of all cervical cancer specimens, respectively.
Significantly different expression levels in cervical cancer
tissue in different histological subtypes were also observed
for p53 expression. Wild-type p53 demenstrated a median
nuclear expression (Fig. 3A) of IRS 1 in squamous epithelial
tssue, whereas in adenocarcinoma tissue (Fig. 3B) the median
ruclear expression was significantdy decreased in comparison
(IRS 0,P=0.024; Fig. 3C).

In addition to nuclear expression, wild-type cytosolic p53
expression also demonstrated significant differences associ-
ated with the histological subtype. In squamous epithelial

d p53, while (E) adenccarcinoma tizsue

ining. mhﬂ;mr;dhn;nsdﬁjmhmww.S«bh:.Mpmms.MM;

tissue (Fig. 3D) a median expression of IRS 3 was observed,
whereas in comparison the median cytosolic expression of p33
was significantly decreased in adenocarcinoma tissue (Fig. 3E)
to IRS 0 (P<0.001; Fig. 3F).

The monoclonal antibody that recognises a previously
described mutated form of p33, (25) also revealed significant
staining differences associated with the histological subtype of
cervical cancer. In addition, 42% of all cervical cancer tissue
slides demonstrated nuclear expression of mutated p33, and
67% of all cases demonstrated mutated p53 expression in the
cytoplasm. Although the median expression of mutated p53
in squamous epithelial tissue (Fig. 3G) and adenocarcinoma
tissue (Fig. 3H) was 0, differences between the subtypes were
significant (P=0.011; Fig. 3I).

Expression of p16 oncoprotein in cervical cancer tissue. plé
overexpression is routinely used in the Pathology Department
of the Ludwig-Maximilians-University of Munich as a
marker for HPV-associated head and neck squamous carci-
noma (11). A total of 94% of cervical carcinoma cases tested
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Fipure 5. Exprezzion of MDM2 and gal-3 in cervical cancer. Low expreszion of (A) MDM?2 and (B) pal-3 was identified in the same area of cervical cancer. In
another caze, high exprezzion of (C) MDM?2 and (D) gal-3 were observed in the zame are. SAmpb:n:hCE)b‘EG preszion de d high

levels of (F) mutated p53. Anothumﬂlﬂewvmhhghmmc&(G)EG‘

MDM2, MDM2 pr pene; zal-3, palectin-3.

demonstrated pl6 expression, and 61% of these cases were
pl6-overexpressing according to pathological evaluation. The
cell cycle protein pl6 demonstrated significant differences in
expression berween different histological subtvpes of cervical
cancer. Squamous epithelial tissue (Fig. 4A) had a median
expression of IRS 6, while adenocarcinoma tissue (Fig. 4B)
had a significantly lower expression in comparison, with an
IRS of 4 (P<0.001; Fig. 4C). Notably, pl6 demonstrated no
significant correlation with E6 oncoprotein expression (data
not shown).

Correlation analysis. A significant correlation was identified
between MDM?2 and gal-3 expression in cervical cancer tissue
(R=0.181, P=0.005; data not shown). Cases of cervical cancer
with low MDM?2 expression (Fig. 5A) also demonstrated low
gal-3 expression (Fig. 5B). Likewise, a case with high MDM2

d low exp of D d p53. Scale bar, 200 ym.

expression (Fig. 5C) demonstrated high gal-3 expression
(Fig. 5D). Cases of cervical cancer with low E6 oncoprotein
expression (Fig. SE) demonstrated enhanced staining of the
mutated form of p53 in the same area of the tumour (Fig. 5F).
However, cases with high expression of E6 (Fig. 5G) revealed
low expression of mutated p53 (Fig. SH). The statistical
evaluation confirmed these results of serial section staining
(R=-0.140, P=0.028; Table IV). A significant correlation was
also identified between the expression of MDM?2 and nmtated
P33 incervical cancer tissue (R=0.144, P=0.025; Table IV). The
correlation analyses and clinical parameters are summarised
in Table IV.

Gal-3 15 a negative prognosticator in pl6-neganve patients
with cervical cancer. In patients with cervical cancer with no or
very low pl6 expression, gal-3 expression was correlated with a
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Figure 6_ Eaplan-hisier overall sarvival analyses for patients with cervieal
cancer with pal-3 expression {red) compared with those with no gal-3
=xpressicn (black). Gal-3, palectin-3.

poor prognosis in overall survival analvses (P=0.0313; Fiz. 6).
Multivariate Cox rezression analysis was performed to test
which histopathological variables were independent prognos-
ticators for survival rate in the tested breast cancer collective.
It was demonstrated that the histological subtype (P=0.02),
mumour size (P=0.011) and pN (P=0.045) were independent
prognosticators for overall survival (Table V). No significant
effect was demonstrated for the other histopathological vari-
ables.

Discussion

Within the present study, immunchistochemical evaluation
of E6 oncoprotein expression was conducted. In addition, E6
expression levels were demonsitated to be associated with the
histological subtype. The expression of wild-type p33 and a
mutated form of p53 were identified in the cervical cancer
specimens tested. Finally, correlation analyses revealed a
combined positive expression pattern for galectin-3 and
MDM?2, and a nepative correlation between E6 and mutated
P53 expression.

Although the early era of HPV research identified that
=99 5% of cervical cancer cases are HPV-associated (26).
it remains controversial in the literamre whether viral load
and disease severity are positively correlated (12). Therefore,
the present study investigated a number of markers that are
associated with HPV-driven changes in cell cycle proteins.
Using these markers permitted a comparative analysis of the
influence of HPV on the progression of cervical cancer for
>10 years following surgery.

The replication of the viral genes E6 and ET results in the
cellular expression of E6 and E7 oncoproteins, which inter-
fere with the cell cycle (6). E6 oncoprotein binds to ES-AP,
forming a complex that selectively binds to p33 and leads to its
ubiguitin-dependent proteclytic degradation (7). The present
study demonsirated that E6 immunchistochemistry was a fast
and simple method for the detection of the HPV-associated
oncoprotein E6 in cervical cancer tissues. As a routine
practice, E6 and E7 are detected using either in siru hybridisa-
tion (11) or polymerase chain reaction (27) methodology due
o the non-specific immunohistochemical staining resulis of
antibodies used in former studies (28).

In the present study a well-tested antibody, and specific
antigen reirieval and staining protocol was used, resulting in
the establishment of a useful immumeohistochemical evalnation
protocol for the detection of the HPV E6 oncoprotein. The
optimal results were obtained with the E6 antibody supplied
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Table V. Cox regression of overall survival on cervical cancer
variables.

950% CI
Hazard
Parameters Pvalue Tatio Lower Upper
Age (vears) 0071 1.02% 0997 1.062
Histology 0002 3.576 1586 8.063
pT 001l 1.270 1057 1525
PN 0045 2113 1016 4395
M 0702 1.305 0333 3085
Tumour grade 0065 1717 0968 3043
FIGD DEB75 0594 05926 1.068
E&CwIRS 0475 0941 0863 1071
pl1OCHIRS 0696 1.026 0903 1.165
P3RS 0267 0.892 0729 1092
p33mudRS 0875 0.996 0.763 1.296
MDMZ2IRS 0460 1.050 0922 1.196
(al-3 IRS5 score 0452 0937 0792 1.10%

CI, confidence imterval; pT, pathological amour staze; pi, patholopical
node stage; pM, pathological metastasis stage; FIGO, Intematonal
Federation of Gymecology and Obstemics stape;, [B5, imnmmoreactive
score;, Cyt, cytoplasmic; mut, nmtated, MDM2, MDM2 prowo-onco-
geng, Gal-3, palectn-3.

by Abcam (Cambridge, UK). The advantage of immmno-
histochemical evalnation is that it is easier to apply and less
expensive compared with mRNA in site hybridisation. mENA
in sirw hybridisation may be the optimal way to detect HPV;
however, this method is more complicated for routine detec-
tion compared with immunchistochemisoy (26). Evaluation
of E6 imnumohistochemical staining in cervical cancer tssue
has previously revealed positive correlations with advanced
T staging and FIGO classification (22). Although specific studies
have indicated correlations between EG'E7 gene expression and
the clinicopathological parameters of cervical cancer (26), such
a correlation was not demonstrated in the present study.

An additional finding of the present study is the negative
correlation between E6 and mutated p33 expression. Mutations
of the gene encoding p53 (TP33) are the most frequent altera-
tions in mulbple human malignancies (29-31). In votal, =>50%
of human fumours contain a mutation/deletion of TP33,
ranging from 5-80% depending on the type, stage and etiology
of the mmours (32). A number of previous studies have inves-
tigated a potential genetic link between these variations and
cancer susceptibility, but the results have been conroversial.
A previous meta-analysis study from 49 pooled smudies failed
to demonsirate a link between a common TP33 mutation (25)
and cervical cancer susceptibility (33). Later on, the same
muiation was revealed to be associated with higher pancreatic
cancel risk among males; however, results also indicated that
it may protect Arab women against the development of breast
cancer (34,35). Multiple other mutations of TP53 have since
been described. Mutations that deactivate p53 in cancer are
primarily located in the central DNA binding domain. These
nmitations typically ablate the ability of the protein o bind to
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its target DNA sequences, prevent the manscriptional activation
of p33 target genes. In total, ~80% of the most common p53
mutants demonsirate the capacity to exert dominant-negative
effects over wild-type p53 and thus prevent the activation
of transcription. In contrast, only 43% of the less frequent
mtants studied have this capacity (36).

The mutation detected by the antibody used in the present
sudy is an mutaton at position 20 (serine to aspartic acid),
which abolishes the phosphorylation site on p33. The phos-
pherylation of this serine when DNA damage is detected
weakens the interaction between p33 and MDM?2, thereby
stabilising p33 (37-39). Thus, this mutation maintains increased
protein levels of p33 following DINA damage. The analysis of
the immmunohistochemical detection of mmtated p33 revealed
that cervical cancer specimens derived from squamous
epithelial tissue demonstrated significantly higher expression
levels compared with adenocarcinoma tissue. In addition, a
positive correlation between the expression of mutated p33 and
MDM?2, and a negative correlation berween the expression of
mutated p53 and E6, were identified. Therefore, it is possible
o speculate that E6 also derrades the mutated form of p53. In
a previously published smdy, this mutation was demonsirated
to be associated with the improved survival of patients with
cervical cancer (25).

Finally, a positive correlation between MDM?2 and gal-3
expression was demoensirated in cervical cancer tissue. Little
mformation concerning the involvement of galectins in cervical
CanceT exists at present. Research has primarily focused on
2al-1 (40.41), gal-7 (42,43) and gal-9 (44). A previous publica-
tion described the influence of gal-3 on vascular endothelial
growth factor C expression and its influence on the enhance-
ment of cervical cancer cell invasiveness (3). The present study
demonsirated that gal-3 was a negative independent prognos-
ticator for the overall survival of patients with pl6-negative
cervical cancer. In this group of patients, gal-3 may be respan-
sible for the aggressiveness of cervical cancer, whereas in
plé-positive carcinomas different factors/signal mansduction
pathways may be responsible.

In the present study, a total of 250 cervical cancer cases
were systematically analysed for the expression and interac-
tion of ES, p33, pl6, MDM?2 and gal-3 in FFPE tumour tissue.
Significantly increased levels of E6 staining were correlated
with an advanced T stape and FIGO classification. Furthermore,
MDM?2 and gzal-3 expression levels were positively correlated
in cervical cancer. In addition, gal-3 expression levels were
negatively correlated with prognosis in plé-negative cases. As
gal-3 is overexpressed in the cervical cancer tissue of patients
with a worse prognosis, the investigation of gal-3 inhibiting
compounds is an additional task for the development of alter-
native weatments for this mmeur type. In addition, a negative
correlation between E6 and a mmtated form of p33 in cervical
cancer was identified. In conchusion, the results of the present
study indicate that immunohistochemical staining mav be a
useful method for the detection the HFV E6 oncoprotein.
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Abstract. Background: Cervical cancer is driven by human
papillomavirus vims-specific oncoprotein E6. E6 inferacts
with EY ubiguitin-protein ligase, resulting in the profeotysis
of p53 protein. The aim of this smdy was ro analyze one
TP53} mwation in patients with cervical cancer and to
correlate it to prognosis. Materials and Methods: A toral af
248 paraffin-embedded tmmor samples were stained for
mutated p53 protein. The distribution and intensity af
staining both in the nuclens and cytoplasm were evaluated
with a semi-guantitative immuanohisochemical  soore.
Results: A tofal af 66% of smdied cervical carcinomas
expressed the mutared p53 protein. The overall swrvival was
better for patients expressing the mutated p53 protein in the
nuclens. Conclusion: Interestingly, we found a very high
miutation rare of TE53 ina cancer rype where p33 is initially
inactivated via E6 dwring the development of cervical
cancer. An nnexpected finding is the correlation of this
mutation with better survival, possibly due to beier
response fo therapy.

Worldwide, cervical cancer is the fourth most common tumor
diagnosed and cause of death in women, with an estimated
528 000 cases and 266 000 deaths in 2012 (1, 2). About 80%
of cervical cancer cases ocour in low-to-medium resource
comtrics {3). Ower the past decades, the introduction of
tumor screening programs in many high-resoume countries
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contributed to reduced incidence and mortality due to
cervical cancer (4).

Omcogenic human papilomavirus (HPY js. mainly HPV
16 and 18 genotypes, have been strongly associated with the
risk of developing intraepithelial lesions and appear to be
imolved in the development of more than 90% of all
squamous cell carcinomas and adenocarcinomas of the
cervix (5). However, most individuals who have had HPV
infections do not develop cervical cancer since the low-grde
squamous epithelial lesions induced spontancously regress in
more than %% of cases (1), Cervical cancer typically
develops from pre-cancerous changes over a perod of 10 to
20 years (6). HPV-induced cervical cancer is driven by the
virus-specific oncoproteins E6 and E7. The E6 protein of
HPFV types 16 and 18 interacts with E3 ubiguitin-protein
ligase, resulting in the proteolysis of p53 pmotein (7). In
addition, E6 binds E1A binding protein p300 and CREB-
binding proteins and reduces the ability to activate p53-
responsive promotor elements (7). Variable levels of E6
mBEMNA have besn found in both cervical intraepithelial
neoplasia and cervical cancer. However, the constitutive
expression of early viml genes is not in itself sufficient to
induce and maintain the transformation status (6, ).
Accumulation of genetic and epigenctic altemtions over time
may, therefore, be crucial for the ultimate progression to
cancer.

Mutations of TF53 gene are among the most common
genetic alterations in many human malignancies (9-11).
More than 50% of human tumors contain 8 mutation or
deletion of the TP53 gene, ranging from 5 to 80% depending
on the type, stage, and etiology of tumars (12). Many studies
have investigated a genetic link between these variation and
cancer  susceptibility.  Results, however, have been
controversial. In 2009, a meta-anal ysis study of 49 pooled
studies failed to show a link between a very common
mutation {namely substitution of an arginine for a proline at
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odon position 72) and cervical cancer susceptibility (13). In
A1, the same mutation was found to be associated with
higher pancreatic cancer risk among males, but seemed to
protect Arab women against breast cancer (14, 15). To date,
many other mutations of TP5F have been described.
Mutations that deactivate p53 in cancer usually occur in the
central DMA-binding domain. Most of these mutations
destroy the ability of the pmtein to bind to its target DNA
sequences, and thus prevent transcriptional activation of
these genes. Furthermore, 80% of the most common mutants
have the capacity to exert dominant-negative effect over
wild-type p53 and thus prevent the activation of
transcription. In comparison only 45% of the less frequent
mutants studied have this capacity (16). Roles played by
other mutations of the p53 protein are much less known. In
this study, we focused on one mutation occurring i the A-
terminal part of p53, which comtainz one of the two
transcription activation domains of the pmtein involved in
the regulation of several pro-apoptotic genes (17).

The mim of the study was to analyze the mutation of the
TES5F gene in patients with cervical cancer and to correlate
mutation to clinical parameters and prognosis.

Materials and Methods

Farienr dagr. Tiasue samples from 248 formalin-fixed and paraffin-
embadded cervical neoplasia biopsies from patients referned i e
Gynecology Unit at the Depanment of Obstetrics and Gynecology.
Ludwig Maximilian University of Munich, from 1993 1o 2002, wene
included in this study. All cases had been previously characterized
in terms of histology | grade ., tumor size and lymph-node infiliration
Iy twmor eells) at the Depanment of Pathology, Ludwig Maximilian
University of Munich (Table T).

All material was sampled for disgnoatic pumposes and research
was cartded out in accordance with the legal requirements
conceming confidental medical communication as well as the dat
protection act. Consequently, consulting the Ethics Commintes of
the Medical School, Ludwig Maximilian University of Munich, and
writen informed consent from the patients prior to panicipation in
the smdy was not requined.

Tmmuenohistochemisry. Paraffin wax-embedded tissne sections of 3
m from samples were deparaffinized in xylol for 200 min, washed
in 100 ethanol and then incubsted in methanol/Hy Oy {3%) for 20
min. Afer rehydration in an aleoho] gradient 1o distilled water, the
dides wene placed in a pressure cooker containing sodium citrate
uffer {pH=6.0) and heated for § min. Shides were washed twice in
phosphate buffer solution (PBS) and blocked using blocking
splution (Zytomed, Berlin, Germany) for 5 min. Each slide was
separately incubated with a specific antibody against mutated p$3
prodein (&t position 20, serine o asparatic acid - ab32049; Abcam,
Cambridge, UK ) diluted 17100 in PBS. Incubation of the sections
with the primary antibodies bsted for 16 h at 4°C. Afterwards,
aections wene washed twice in PBS before incubation with post-
block reagent (Zyimed) for 20 min. Finally. slides were washed
in PBES and then incubaied with the horseradish peroxidase-
polymer (30 (Eytomed) for 30 min. Staining was performed using
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3 3-diaminobenzidine {DAB) substrate solution {Dako, Glostrup,
Denmark) for 180 sec. Counterstaining was carred out with
Mayer's hemalaun for 2 min. Finally, sections were washed in tap
water for 5 minutes and afterwards dehydrated in an ascending
alcohol sefies and washed in xylol Slides wene cover-slipped with
Enkittguick-hardening mounting mediom (Sigma-Aldrch, St
Louis, USA).

The intensity score (IRS) wsed examines the imensity and
distribution of antigen expression and is calenlated by multiplying
the percentage of positively stained cells ((t no staining: 1 <10% of
cellsy 20 11-504%; 3: 51- B0, 4> R 1%) with the intensity of cell
staining {0 mone; 1@ weak: 2 moderate; 3@ strong). Two
independent investigators examined the sections using a Leitz
Diaplan microscope {Leitz, Wetzlar, Germany). The concordance
was of 95%. In cases of different staining evaluation, both
investigators carried out fe-evaluation until an agreement was
meached (5% of all cases). Positive controls were carfed out with
human breast cancer sections. Negative controls were performead
by replacement of the primary antibody and alemative ineobation
of the slides with IglG rabbit or monse comtrol antibodies
(Biogenex, San Ramen, CA, USA).

Srariericad analysis. Correlation of staining with grading, ape, size,
noedal status and survival analysis was evaluated with the statistical
program B (Version 0098, 1028; RSwdio, Inc., Boston, MA | USA).
The Mann—Whitney U-iest was wsed for evalnation of two
independent groups. Values of p<0.05 were considered statistically
aignificant.

42



Habilitationsschrift

Bernd Peter Kost

Freier er al: TPE3 Mutation in Cervical Cancer

Table Il. Varablk s faken inkr accound for the proporional hagards
regresson analysis (Cox model) ncluding the rule ued to dixcriminate,
the number of women agrilited & each proup and the numbe r we could
el alfribude (NA).

Teble Ill. Proporfimal hazands regression analyss (OOX model),
Including regression cogfficient (R. cosf.), dandard error (5. error), p-
value and ¥5% confidence interval (CT) for the hazard rtio (lower and
higher 0.95%).

Varizhle Rule N Yes MA
Ciradle Al least grade 3 141 T8 9
Age (Mertham 47 5 yesm 124 124 [}
Tumr stz Tumaor bagger than 2 am 111 136 1
Modal gstus Tunor nodal infilrzton 149 97 2
Results

No difference in cyioplasmic expression of mutated p53
protein. A total of 66% of the studied cervical cancer cases
expressed the mutated p53 protein (2. more than 10% of the
cancer cells stained) in the cytoplasm. We found 81 patients
with no visible expression for mutated p53 protein; 17 had a
score of 1; 20 scored 2 12 scored 3; 67 scored 4 16 scored
6: 23 scored 8: five scored 9 four scored 12 and three wens
non quantifisble. Differential expression of mutated p53 in
the cytoplasm of human cervical cancer assessed by
immunopemxidise staining is presented in Figure 1a-f. The
expression was highly variable, from no expression at all to
very strong and diffuse  expression. However, the
Kaplan-Meier curves showed no difference in the survival
of the two groups (Figure 1g). The 5-year survival rate for
the group with no cytoplasmic expression of mutated p53
was 87 3%, comparable to the 91.2% survival rate for the
group with cytoplasmic expression of mutated p53. The 10-
year survival rate for the group with no mutated p53
cytoplasmic  expression similarly 838%, not
significantly different from that of the group with
cytoplasmic expression of mutated p53 (E5.0%). Overall
these results show no significant advantage of cytoplasmic
expression of mutated p53 protein (p=0.718).

WS

Swrvival advantage associated with nuclear expression af
mutated p53 protein. A total of 42% of stodied cervical
cancer cases expressed mutated p53 protein (ie. more than
10% of the cancer cells stained) in the nucleus. We found
141 patients with no visible expression for mutated p53
protein; 19 scored 1; 56 scored 2; four scored 3; 10 scored 4;
eight scored 6; one scored & one scored 9: five scored 12
and three were non quantifiable. Differential expression of
mutated p53 in the nucleus of human cervical cancer
assessed by immunoperoxidase staining is presented in
Figure Za-d. The expression was again, highly variable, from
no expression at all to very strong and diffuse expression.
However, the Kaplan-Meier curves showed there to be a
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Varishle E.coel. 5. emor Harsnd 95% C1 p-Value
ralic
Mutznt p53
Cyloplmmic 03629 02774 0 7283-3 0205- 1.3%42
Muclesr =1[188 04541 01470882 (L0255
Tumor grade 04900 03379 0H14-32707  0.3546
Age 06928 03610 098264 0681 [.3624
Tmor size 1319 041 1472195171 LI5S
Modal stams 0.45% 03420 OHEIG-3093  0.17H6

difference in the survival of the group expressing mutated
p53 in the nucleus, as shown in Figure 2e. The 5-year
survival rate in the group with no nuclear expression of
mutated p53 was E8.0%, significantly reduced compared
with that of the group expressing nuclear mutated p53
(92 8%). The 10-year survival rate was similady reduced
(81.7% versus 90 .4%, respectively). Overall, these results
show a significant advantage of nuclear expression of
mutated p53 protein (p=0.024).

Cox Proportional hazards regression analysis. To confirm
these results, we performed a multivaniable survival anal yses
based on the Cox model. We estimated the effect of the
nuclear expression of mutated p53 after adjustment for other
explanatory varighles available at the time of the surgery:
higher grade as gmded after pathological chameterization,
age higher than the median (ie. 475 yeas) at the onset of
disease, larger size of the resscted tumor (2 cm and greater)
and presence of infiltrated tumor cells in the local lymph
node. All these factors comelated with higher risk of death
as presented in Table [ The proportional harards regression
analysis gives a more precise idea of the influence of these
vanahles, as presented in Table [, The grading of the tumor
and the presence of infilirated tumor cells in local lymph
nodes did not emain significant factors (p=0_167 and
p=0.179, mepectively). Moreover, the effect of age greater
than the median at the onset of disease was reduced to a
trend {(p={01.059). However, resected tumor size and nuclear
expression of mutated p53 protein were both significant
(p=0005 and p=0025, respectively). The regression
coefficient for the nuclear expression of mutated p53 protein
was found to be negative, consequent with a given survival
advantage. Ovwerall these results confirm a significant
advantage of nuclear expression of the mutated p53 protein
in cervical cancer.
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Figure 1. Expression of musuted p53 in the cywplasm of human cervical cancer issue as d by il ¥ e ning: Negative consol,
1gG rabbit conzrol antibody (breast cancer) (a); positive consrol ( breast cancer); (b) no expression (c); low exp ion (d); i diate expression
(e); high expression (f). Magnification: a, b, x200; c-f: x80. g: Kaplan-Meier analysis of the overall survival of pasi iing to cywplasm
expression of musated p53.
Discussion The high expression of the mutated version of pS3 and the

difference observed in survival of patients was not expected
‘The results of this study give a good indication as to where by analyzing the relevant literature. Despite its central role
to focus the search for new tumor markers in cervical cancer.  of pS3 in the hallmarks of cancer, 7P53 mutation and
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Figure 2. Expression of musited p53 in the nuclens of human cervical cancer tissue ax d by i T i ining: No expression (a);
low expression (b); i dis P ion (c); high expression (d). Magnification: x8). e: Kaplan-Meier analysis of the overall survival of patients
ding to nuclk pression of i pS3. Survival advansage was shown for patients with sumor with nuclear expressed musated p33 pratein.

expression status is not used for the prognosis of cervical — occurring in the N-terminal part of pS3, one of the two
cancer. Interestingly, we found a very high mutation mte of  transcription activation domains of the protein involved in
the TP53 gene in a cancer type in which pS3 is initially  the regulation of several pro-apoptotic genes (17). In its
inactivated via the oncoprotein E6 during its development.  normal functions, pS3 senses DNA damage and can arrest
The TP53 mutation is strongly associated with cervical — growth by holding the cell cycle at the G/S regulation point
cancer and was not detectable in normal tissues surrounding  on DNA damage recognition, or initiate apoptosis if DNA
the tumor. The etiological mle of infection with high-risk  damage proves to be irreparable (11, 19-21).
HPV in cervical cancer is well established (18). However, The antibody we used detects a mutation at position 20
development of cancer, only occurs 10 or 20 years after the  (serine  into  aspartic  acid), which abolishes one
first infection and could be one explanation for the highrate  phaspharylation site (Abcam personal communication). The
of mutation associated with the pathology. Of all TP53  phospharylation of this serine on detection of DNA damage
mutations known, 90% are non-synonymous substitutions  weakens the interaction of pS3 with mouse double minute 2
and concem single amino acid changes in the DNA-binding  (MDM2), also known as E3 ubiquitin protein ligase, thereby
region (10). However, we herein analyzed one mutation  stabilizing p53 (22-24). Thus, the mutation abolishes the
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normal increase in p33 protein level after DMA damage.
Cwverall, the mutation was detected in the cytoplasm of 66%
of cancer cases and in 42% in the nucleus. Since this
mutation alters the cell’s ability to stop the cell cycle on
DMA damage recognition, it could work synergistically with
Ef to mduce the ability of p53 to activate responsive
promoter elements. Together, these two blockades could lead
to mutation accurmulation and , ul imately. to cervical cancer.
Interestingly, MDM2 as an E3 ubiguitin protein ligase could
also be directly targeted by E6 protein of HPV (7). MDM2 is
also linked with increased risk of cancer and potential of
treatment (25-27).

In accordance with its mle as a transcription factor, we
found mutated p53 had an influence on survival only if
expressed in the mucleus. An unexpected finding is the
correlation of TP5F mutation alone with a better survival .
TP53 mutation is often observed in cancer. However, it is
commonly associated with severely compromised tumor
suppression due to an incressed likelihood for uncontmolled
cell division {28). One limitation of this study i= the absence
of information about other possible simultaneous TPS3
mutations, possibly destroying the ability of the protein to
bind to its target DMNA sequences, and thus preventing
trunscriptional activation of genes. However, we ohserved a
significant effect of mutated p53 on patient survival , thus we
mssume that other mutations ane less important. As a matter
of fact, the capacity of p53 to bind to DNA promoters is of
less importance if the protein stays bound to MDM2 and is
themfore degraded. It remains to be assessed whether the
milder pmgnosis associated with several mutants may be
ascribed to specific functional properties and directly
oorrelated to BS protein expressed after HPY infection.

Patients included in this study wene treated at our Institute
md meeived radiotherapy targeting the DNA of tumor cells.
The absence of an increase of p53 protein level after DNA
damage due to mutation could be an advantage for
tumorigenesis, since it would simplify the transmission of
small nonsynonymous mutation: but it should also be a
disadvantage in the case of great DNA damage such as that
camsed by radiotherapy, since the cell cycle would not be
stopped and DNA would not be repaired. ultimately leading
to more cell death. Indeed ., phosphory lation of p53 at Ser-20
seems to be involved in cell radicsensitivity (29). That this
kind of mutation often occurs in cervical cancer might be
due to the constant E6-dependant p53 deactivation. making
tmorigenesis less dependent on 2 dominant-negative
mutation.

In summary, we found a very high mutation rate of the
TF53 gene in cervical cancer. According to this finding the
overall survival was better in patients expressing the mutated
P53 protein in the nucleus. Our results indicate that ps3
mutation might serve as o useful biomarker to predict
msponse to thempy.
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Abstract Chromatin remodeling alters gene expression in carcinoma tissue. Although cervical
cancer is the fourth most common cancer in women worldwide, a systematic study about the
prognostic value of specific changes in the chromatin structure, such as histone acetylation or histone
methylation, is missing. In this study, the expression of histone H3 acety] K2, which is known to
denote active regions at enhancers and promoters, and histone H3 tri methyl K4, which preferentially
identifies active gene promoters, were examined as both show high metastatic potential A panel of
patients with cervical cancer was selected and the importance of the histone modifications concerning
survivaktime (overall survival and relapse-free survival) was analyzed in 250 cases. Histone H2 acetyl
K9 staining was correlated with low grading, low FIGO (TMNM classification and the International
Federation of Gynecology and Obstetrics) status, negative N-status and low T-status in cervical cancer,
showing a higher expression in adenocarcinoma than in squamous cell carcinoma. Cytoplasmic
expression of histone H3 tri methy] K4 in a cervical cancer specimen was correlated with advanced
T-status and poor prognosis. While oytoplasmic H3K4me3 expression seemed to be a marker of
relapse-free survival, nuclear expression showed a correlation to poor prognosis in overall survival
Within this study, we analyzed the chemical modification of two histone proteins that are connected
to active gene expression. Histone H3 acety] K9 was found to be an independent marker of overall
survival. Histone H3 tri methy]l K4 was correlated with poor prognosis and it was found to be an
independent marker of relapse-free survival Therefore, we could show that chromatin remodeling
plays an important role in cervical cancer biology.

Keywords: cervical cancer; histone H3 acetvl K4; histone H3 tri methyl K4; epigenetics; chromatin
muodification; histone proteins; prognosis

1. Intreduction

Cervical cancer is the fourth most frequent cancer in women worldwide (about 530,000 new
cases in 2012, 7.5% of all female cancer deaths). The leading cause of cervical cancer is a persistent
infection with high-risk human papillomavirus (HE-HPV) [1]. Specifically, the HFV subtypes 16 and
18 cause about 70% of all cancer cases [1,2]. A total of 170 HPV-types have been described currently [3].
The infection with 15 types of HPV most likely leads to cancer, which is why these 15 types are called
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carcinogenic or high-risk types [4]. The genome of human papillomaviruses consists of approximately
8000 base pairs and contains six "early genes” (Eb, E7, E1, E2, E4, E5) and two "late genes”™ (L1, L2) [5].
In case of replication of the viral gene E6, the E6 oncoprotein is expressed, which disturbs the cell
cycle [6]. E6 oncoprotein and Ef-associated protein (E6-AFP) form a complex which binds to p53 and
causes its proteclytic degradation [7].

During the different stages of cervical cancer development, there is an accumulation of epigenetic
alierations that leads to changes in gene expression [8]. Altered mechanisms of epigenetic regulation in
cervical cancer include DNA methylation and post-translational modifications of histone proteins [8]
It has been reported that histone modifying eneymes such as histone deacetylase (HDAC)1 and
HDAC? are over-ex pressed in cervical dysplasia and invasive carcinoma [9]. These results suggest
that the dysmegulation of erneymes that modify histones in cervical cancer are of importance for the
biology of this tumor entity.

HE-HI'Vs establish persistent infection by maintaining their genomes as extrachromosomal
elements—the so-called episome—that meplicate, together with host DNA, in infected cells [10].
By associating with the host chromatin, HE-HPV redirects the normal cellular control of chromatin
to create a cellular environment that is beneficial for both the HR-HFV multiplication and malignant
progmession of the infected cell. Therefore, the investigation of HFV-host chromatin interaction
will offer new insights into the importance of HFV-driven chromatin regulation in cervical cancer
tissue [10].

The state of histone modifications that are connected to the early and late HFV wiral
promoters—modification by acetylation and methylation—wene examined in a previous study in cell
culture systems using chromatin immunoprecipitation assays: in undifferentiated cells, di-methylated
forms of histone H3K4 as well as acetylated histone H3 and H4 were found [11]. Together with
differentiation, the levels of di-methylated H3E4 and acetylated H3 are increased, while the acetylated
H4 is also increased, which suggests that nuclecsomes are activated through histone medifications to
coordinate the HIV transcription during cell differentiation [11].

The already-mentioned studies and several other studies showed that histone protein
modifications play a fundamental role in HPV driven oncogenesis. Because a systematic investigation
of posttranslational changes in histone proteins, for their prognostic relevance in cervical cancer tissue,
was lacking, the aim of this study was an expression analyses of histone H2 acety] K9 (H3K%ac) and
histome H3 tri methyl K4 (H3K4me3) in cervical cancer, examined in 250 cases by immunohistochemical
methods and assessed by a semi-quantitative score,

2. Results

2.1 H3KS%ac Staining in Cervical Carcnoma

To control the quality of our H3K%ac staining, we used normal (non-pathological) colon tissue,
which showed strong nuclear expression in >80% of epithelial cells without a oytoplasmic expression
{Figure 1A4).

A total of 92.8% of all cervical cancer specimens showed only a nuclear expression of H3K%ac
with a median Immune Reactive Scome (IRS) of 4 (36%), while 7.2% of all samples did not express
H3EK9ac at all. Compared to 50.8% with low expression (IRS = 1-5), an enhanced staining (IRS = &)
was detected in 42.0%: of samples.

In the following analyses, we examined the correlation between H3K%ac and several
clinic pathological parameters such as histological subtype, grading, T-status, MN-status and
FIG+classification by noticing the distribution of these parameters in our study group (Table 1).
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Table 1. Clinic pathelegical variables of the patients included in this study.

Item NoJdTotal Ma, !
Age, years
<40 139/ 250 5a.6
=40 111/ 250 M4
Mumber of Positive Nodes
o 151/ 250 &0.4
=1 oF /250 388
Mot available (MA's) 27250 0.8
Tumor Size, pT
pTl 110250 +
pT2/3/4 137 /250 HE
Mot available (MA's) 34250 12
FIGO
| B4/250 56
I/ TV 92,250 348
Mot available (MA's) Q4,250 e
Tumor Grade
| 21/250 B4
n 143/ 250 52
m 7E/250 312
Mot available (MA's) 8/ 250 32
Tumor Subtype
Squamous 2027250 808
Adenocarcinoma 48,250 19.2
Progression (over 235 months)
Moo 2104250 B
AL least ome 21,250 11L&
Mot available (MA's) 11,/250 4.4
Survival (over 235 montha)
Right censuned 190,/ 250 76
Dhed 49/250 19.6
Mot available (MA's) 11,/250 4.4

Examining the histological subty pe, squamous epithelial carcinomas (Figure 1B) with a median
IES of 4 showed a lower H3K%c expression than adenocarcinoma tissue (Figure 1C) with a median
IRS of 8, differing significantly from each other (p = 0.013; Figure 1D; Table Z).

Regarding the grading, low graded (1) specimens did not show the general median [RS of 4
in the H3K%c staining. They presented a median IRS of 8 in 31%. of samples (Figume 1E), while the
median IES of 4 in intermediate graded (G2) and high graded (G3, Figure 1F) samples was represented
by 35.0% and 41.0%, respectively. Thus, enhanced staining was highly significantly correlated with
low grading (p = 0.004; Eho = —0.209 with p = (,001; Figure 16 and Table 2).

Analysing the MN-5tatus (involved lymph nodes), 86.1% of all patients without lymph-node
metastasis (W —; Figure 1H) had an IES of >4 companed to &6.0% of all patients with mph-node
positive status (N+; Figure 1), while both presented the same median IRS of 4 (Figure 1K). An enhanced
expmression of H3K%ac was accompanied by lymph node-negative status, while low expression was
accompanied by lymph node-positive status (p = (L001; Rho = —0.236 with p < (.001; Table 2).

All tumor sizes (T-stages) showed an equal IRS of 4 (Figure 11L), being represented in 34/ 110 cases
(31.0%) in Tl-stage patients, and 56,137 cases (40.9%) in T2/3/4-stage patients. Data showed a
significant difference (p = L035) with an inversed correlation meaning that enhanced H3K Sac staining
correlated with low T-5tatus (Rho = —0.14% with p= 0.01%; Table 2). Although the cormelation was
highly significant, it was not detectable in the boxplot
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Regarding the FIGO status, patients with FIGO I had a median IRS of 8 in 17 patients in this
subgroup (17/64; 26.6%), compared to patients with a FIGO status of Il or more with a median IRS of
4(32/92; 34.8%). We could show a significant correlation between FICO status and H3acet expression
(p = 0.016) with a negative spearman’s-rank correlation (Rho = —(.192; p = 0.016), meaning that strong
H3KYac staining correlated with low FIGO status (Figure IM).

In summary, we detected associations of H3K%ac regarding histological subtype (p = 0.013),
grading (p = 0.004), N-status (p = 0.001), T-status (p = 0.035) and FIGO status (p = 0.016) by using
non-parametric tests (Table 2). In particular, the negative correlation between H3acet staining on the
one hand and FIGO, T- and N-status on the other hand seem to go well together, as FIGO status is
defined by T and N-status.

H3K9ac
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Figure 1. Positive control of H3K®ac stamumg m colon Bssue with strong nuckear cytoplasmic expression
and withoul cytoplasmic expression in epithelial cells (A). Squameous e pithelial Bssue (B) showed a
median expression of H3K%ac, while adenocarcmoma tisswe (C) showed significantly mone intense
H3K%c staining; the summary regarding histological subby pe 18 shown as a box plot (D). Grading:
Gl-stage tumers showed enhanced H3K%ac expression (E), G3-stage tumors (F) showed weak stammg;
the summary regarding grading 18 shown as a box plot (G). M-status: Negabive N-status wath hagh
H3K%ac expresson (H), positive N-status waith low H3K%c expression (I); the summary regarding
N-status 18 shown as a box plot (K. T-status: The median Imnuene Reactive Score (IRS) 15 4 for every
T-status (L), although there s a strong correlation. TNM dassification and the International Federation
of Gynecology and Obstetrics (FIGO): Boxplot shows a different median IRS for FIGO-states (M)
Scale bar 200 um, small pactunes 100 .

2.2 H3K4me3 Staining in Cervical Cancer

To evaluate the H3K4me3 staining, we used placenta tissue where a very strong expression in
trophoblastic cells, in the nucleus as well as in the cytoplasm, was found (Figure 24).

Of all the cervical cancer specimens, a total of %6.8%: showed H3K4me3 expression, while 3.2%
did not show any expression at all. H3K4me3 was found in the ortoplasm as well as in the nucleus,
cormelating significantly with each other (Eho = 0.290 with p < 0.001). All positive tested samples
presented a nuclear expression with a median IRS of 8 (31%) compared to a median IRS of 0 (56.4%:)
in samples with oy toplasmic expression (Figume 2B). All in all, nuclear expression of H3K4me3 was
detectable in 96.8% (negative: 3.2%) of patients, while cytoplasmic expression was only positive in
43.6% of all patients negative: 56.4%). Nuclear H3K4me3 expression was enhanced (IRS = 4£-12) in
88.4% of all cases compared to a low expression (IRS= (-3) in 11.6%. Regarding cytoplasmic expression,
36.8% slides showed a high expression (IRS = 4-12) and 63.2% slides presented a weak ex pression
{IRS = 0-3).

Examining the T-stage, T1-stage carcinoma tissues showed the general median of 0 in 30.4% of all
cases in the cytoplasmic H3K4me3 staining (Figure 2C). In contrast, T2/3/4-stage samples showed
an enhanced median IRS of 2 (Figure 2D) in 3.6% of all cases. Performing nonparametric-tests and
Spearman’s rank cormelation, enhanced cytoplasmic expression of H3K4me3 was correlated with
advanced T-Status (p = 0L002; REho = 0.191 with p = 0.003; Table Z). This means that an advanced
oytoplasmic H3K4me3 expression correlated with higher T-status (Figure 2E).

In summary, we found associations of cytoplasmic H3K4me3 expression regarding T-status
{p = 0.002) by using non-parametric tests (Table 2). No significant difference was found for cytoplasmic
expression among MN-Status, FIGO or grading and there were no correlations detected between nuclear
H3K4me3 expression and the described pathological parameters.
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Table 2 Stamung fesults and correlabion analy s,

H3K%a: H3Kdme3 (Cytoplasmic) H3Kimed {Nuckear)
Median IS~ . Madian IKS , Median IS ,
s % pINIR) P wesm & pINMAR) P D) % pINRAR) o

Histology

SCC 4(+/-14) 4l ] Q(+/-207)  SAL . ] Bi+/-A%6) LN i
Adenola  8fr/-a7y) w000 Of-135  mam,  OFE Wity mys  Ld

Grade

Gl S(+/-381)  3laik Qf+/-248)  FI0% S+ 366 2060%

Gl A(H/-1S) M0 qod -0NG(pe00])  O(H-A08)  RA gl G005 SpH-1%) ML e 1017 (2 015

G3 A2 4l Qf+/-12)  G280% Sl+/-355 3N

pN

N- a3 sl 1736 fp QfH-10) S0 . O O L/ B 11 ) -

R T T Ll s TV YS BT L T T T L 25 fp-» 1)

Pl

I T L T ) 0023 Bl PO TR T T T
V¥ Lie/-140) WA 00 {1149 fp = L.005) 2f4/-243) L6, ity 0151 (p= 005 BOH-360) TR 0in (081 {p = (05
AGO

I (/3% M ) O(+/-245  BAl . ORIVt I 1) . i

b gy new 006 MO e g 0B DME-OBD L g gy U NSR-0SE)

plé - - - Q0 (pe= 0005) - - - (L0 fpr 2= (LTS - - - Q14 (p= 0027

51 = standard deviation; %= perentage of the subgroup with median [RS; NPAR = non-parametric test; p = pvalue; p = cormelation costficient; SCC = squamous !l carcinoma,
pT = tumaor size, FIGO = TNM classification and the Intemational Federation of Gynecology and Obstetrics
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Figure 2. Posilive control of H3K4me3 staining in placenta tissue with strong nuclear cytoplasmic
expression and weak cytoplasmic expression in trophoblastic cells (A); H3K4me3 showed a higher
expression in the nucleus than in the oytoplasm (B); Tl-stage tumors (C) with significantly lower
expression than T2/3/4-stage tumors (D); The summary regarding T-status is shown as a box plot (E).
Scale bar 200 um, small pictunes 100 um.

2.3. Correlation Analysis between H3K4me3 and p16 Oncoprotein

It is well known that the expression of p16 oncoprotein in cancer is not only assodated with
DNA methylation but also with histone modification [12]. By using recently published data by our
institute [13,14], we looked for a similar association in cervical cancer. Analyses showed that a nuclear
H3K4me3 expression was positively correlated with p16 expression (Rho = 0.144; p = 0.027; Table 2).
No correlation was found regarding the cytoplasmic expression of H3K4me3 (Rho = 0.009; p> 0.05) or
nuclear H3K9ac expression (Rho = 0.047; p > 0.05).

2.4, Role of H3K 9ac and H3K4me3 for Overall Survioal

Enhanced H3K9%ac expression (IRS > 6) was—as well as H3K4me3 expression (IRS > 4}—
associated with survival-time after diagnosis.

As shown in the Kaplan-Meier curve (Figure 3A), high expression of H3K9ac (IRS > 6) in cervical
cancer patients was correlated with poor prognosis in overall survival rates (p = 0.027). This was in
contrast to the correlation between H3K9%ac staining and the described clinic pathological parameters
(T-status, N-status, Grading and FICO), where high H3K9%ac expression was correlated with the low
stage of these parameters.

In addition to H3K9%c, we examined the role of H3K4me3 for survival, where we found a
similar correlation: advanced nuclear H3K4me3 expression was also correlated with poor prognosis
concerning overall survival (Figure 3B, p= 0.066). For cytoplasmic H3K4me3 expression, there was no
significance concerning overall survival

54



Habilitationsschrift Bernd Peter Kost

Imt_ J. Mol 5ci 27, 15, &7 Bofld
Fureival Fension Hidac Surewal Fanclion HIFAmel nucisus
- "t
e i P_:“f—:,_.ﬂ_ s ‘J-T_.'_L.T:_r._._._.

& -

W L Y e )

oo TR : RS B2 ] yoi cah T RET A

T T v T T y T T T

] L] L] L] ] ] L] L] L] n
Surstvalin years Survhn in years

(A) (B)

Figure 3. Kaplan—Meier analyses for overall survival: HIK9ac (p = 027; A) with high expression
(IRS = &; red) compared to low exppession (IRS < 5; black); High nuclear H3K4me3 expression
(IRS == 4; red) compared to low expressaen (IRS < 3; black) regarding overall survival {p = 0.066; B).

2.5 Role of H3K 9ac and H3K4me3 for Progress-Free Surtival

Although H3K%c and nuckear H3K4me3 expressions showed significant differences regarding
overall survival, their expressions showed no significant correlation for relapse-free survival (p= 0763
and p = (LOE).

In contrast, ortoplasmic H3K4me3 expression, which was not a marker of overall survival,
was significantly correlated with progress-free survival: high oytoplasmic expression of H3K4me3
(IRS = 4) meant short relapse-free survival (Figure 4, p= (L025), matching the correlation between high
expression and advanced T-Status.

e “E’Mm ~WRSE 0

Qs =413
I . — TR L F

] ] i L] m
Festaz e dres survival in years

Figure 4. Kaplan-Meier analyses for relapse-free survival: high oy toplasmic H3K4me3 expression
(IRS = 4; red) compared to low expression (IRS < 3; black) regarding relapse-foee survival {p = LD25).

2.6. Cox Regression of H3K9ac and H3K4me3 and Clinic Pathological Virinbies

The additionally performed multivariate cox-regression tested which histopathological
parameters were independent prognosticators for survival in our study-group.

For overall survival, the histological subtype (p= 0.040), pN-status (p = 0.003), FIGO classification
(= 0.012), age at surgery (p < 0.001) and the expression of H3K%ac (p = 0.0Z7) were independent
prognosticators, but not the H3ME4me3 expression or other tested clinic pathological parameters
{Table 3).
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Regarding melapse-free survival, only FIGO status (p = 0.044) and cytoplasmic H3K4me3
expression (P = 0.03) turned out to be independent markers in multivariate cox-analysis (Table 4),
but not H3KYac expression, nuckear H3K4me3 expression or other described parameters.

Table 3 Cox megression of clinie pathological vanables regarding overall survival

Wariable Significamce Hazard Katio of Exp{#)  Lower35% Clof Exp(B) Upper 35% Cl of Exp(B)
Hissology LT Laa3 L1030 agra
T 0751 0910 0.5 L626
P 003 140 L1367 4380
FIGO LiLih k3 ERE ] 1247 TRE
Grading Lles L1360 L852 170
Age at surgery LITLITH Loda La26 LiF2
HAK9ac ax 1900 L6 3356
H3Edme? nockeus Q708 L1216 LA36 31399
HAE 4med cytaplasm L15% L5013 (1.453 2651

Table 4 Col2x regressaon of chinic pathelogical variables regarding progress-free survival

Wariable Significamce Hazard Katio of Exp{#)  Lower35% Clof Exp(B) Upper 35% Cl of Exp(B)
Hastology 4783 L156 L4639 2451
T 0760 L850 0423 L475
P L5843 Lim2 L4985 21368
FIGO w0dd 3048 Laal 4.8
Grading @521 L2248 L656 2209
Age at surgery 0157 La21 w2 Las2
HiK4ac 763 LB ] ad17 14800
H3Kdme? nucks LTE 681 Q236 La63
HAE 4med cytaplasm filizi] 1778 Lasd A7a0

3. Discussion

Within this study, we showed that the immunchistochemical evaluation of histone H3K%ac
staining was correlated with low grading, low FIGO-classification, low T-status and negative N-status
in cervical cancer. We could also find a higher expression of histone H3K%ac in adenocarcinoma
compared to squamous cell carcinoma. Duee to its correlation between expression and poor prognosis
{overall survival), it could be used as an inde pendent marker of prognosis. Cytoplasmic expression
of histone H3K4me2 in a cervical cancer specimen was correlated with advanced T-status and poor
prognosis. It seems to be a marker of relapse-free survival, while nuclear expression showed a
correlation to poor prognosis without being an inde pendent marker regarding cervical cancer.

Histone proteins give the genome the ability to pack very large amounts of DNA in a very
small space, but at the same time they leave their N-terminal tails flexible [15]. The MN-terminal tail
of the histone proteins can undergo post-translational modification by enzymes, adding chemical
muodifications such as acetylation, methylation, phosphorylation and deamination that alter the
structure of the DINA package and allow or prevent gene transcription [16]. It is already known
that histone modifications at histone 3 lysine 9 acetylation (H3K%ac) denote active regions at enhancers
as well as promoters, whereas the triomethy] form, H3K4me3, preferentially identifies the gene
promoters that are active [17,18]. In addition, it has been shown that epigenetic modulations of the
genome involve histone modifications that alter the gene chromatin configuration. A decondensed
(“open”) configuration allows transcription factors access to binding sites, whereas a condensed
{"“closed”) configuration blocks transcription binding sites, thereby regulating gene transcription [149,20].
Based on these findings, it has been shown that high metastatic potential had greater acetvlation of
histone H3 lysine 9 (H3kK%ac) and tri-methylation of histone H3 lysine 4 (H3K4me3) [14]. Therefore,
these two modifications that are correlated to enhanced gene activity and in addition show high
metastatic potential were used in the present study as markers for the identification of the prognostic
relevance of those histone modifications for cervical cancer survival

56



Habilitationsschrift Bernd Peter Kost

It [ Mol Sci 2017, 18, 477 10af14

It is already known that E6 oncoprotein and E6-associated protein (E6-AF) form a complex which
binds to p53 and causes its proteclytic degradation [7]. P53 is a tumor suppressor, as it keads to cell
cyche arrest or apoptosis in the case of DNA damage [21]. As E6 oncoprotein induces the degradation of
P53, the function of this important cell cycle protein is disturbed [12] after HPV infection. The cell oy cle
regulation protein pl6 is expressed at high levels in HFV-infected e pithelial cells, which is why it acts
as a marker for the diagnosis of a HPV associated carcinoma [22,23]. On the other hand, studies have
shown that plé expression is induced by an oncogene senescence-related mechanism that involves
histone H3K27 demethylation by histone lysine demethylase, and that pl6 expression is necessary for
the survival of HFV-infected cells expressing E7 viral oncoprotein [24,25].

Unfortomately, plé6 is not exclusively increased by E7 oncoprotein in carcinogenesis. Therefore,
in a recent study, we established and published an immunochistochemical approach for the direct
detection of Ef oncoprotein in uterine cervical cancer [14]. In addition, we found a very high mutation
rate of TP53 in this cancer type where p53 is initially inactivated via E6 during the development of
cervical cancer. An unexpected finding is the correlation of this mutation with better survival, possibly
due to better response to therapy [13].

Because both H3K%c and H3K4me3 are negative prognosticators for cervical cancer patients,
the use of epigenetic dmgs or the search for epigenetic targets could be a useful goal for cervical
cancer treatment.

Recently, two main classes of epigenetic drugs—methylation inhibitors and HDAC inhibitors—are
in clinical trials for the treatment of cervical cancer [26]. One of these potential new drugs could be
valproic acid (VPA). VPA was found to be an effective inhibitor of histone deacetylases and has
been shown to induce anti-tumor effects by modulating cellular pathways, including cell cycle arrest,
apoptosis, angiogenesis, metastasis, differentiation, and senescence [27]. The antitumor effect of VPA
in cervical cancer can be explained by either the hy per-acetylation of p53 protein, protecting it from
degradation by Eé and increasing p53 activity; or via the inhibition of Aktl and Akt2 expression,
which results in apoptotic cell death [28,29]. Acetylation of p53 is a process that ocours in response to
DMNA damage and stress and is necessary for p53 transcriptional activity. Therefore, p53 was one of the
first non-histone proteins that could be acetylated by histone acety] transferases [30].

In addition, HDAC inhibitors also interfere with cervical cancer via non-histone targets.
The HDAC inhibitor suberoylanilide hydrocamic acid (SAHA) induces apoptosis in Hel.a cervical
cancer cells invitro with bortezomib by activating caspase-3 and increasing the ratio of bax /bcl-2
expression [31]. Epigenetic aberrations, such as histone protein modification have the ability to
regulate the expression of oncogenes or repression of tumor suppressor genes. Therefore, these
muodified histone proteins are powerful candidates for the investigation of cancer pathogenesis and
progmression. For cervical cancer, for instance, Feng et al. [26] highlighted a number of genes that
underwent epigenetic alteration at the level of DNA methylation, histone modification, or noncoding
RMNA action in this type of cancer.

Further investigation of these alterations and information about them could lead to new and
reliable screening methods for women at high risk of cervical cancer and can help to establish new
candidafes for a better treatment of this disease.

4. Materials and Methods

4.1. Patients and Specimens

We used 250 paraffirembedded cervical cancer samples obtained from patients having
undergone surgery for cervical cancer in the Department of Obstetrics and Gynecology of the
Ludwig-Maximilians-University of Munich between 1993 and 2002. The median age of the patients
was 47,0 years (range 20483 years), and overall median survival was 100.0 months. For distribution
of clinic pathological variables see Table 1. Only patients with adenocarcinoma or squamous cell
carcinoma (5CC) of the cervix were included in our study, other histological subtypes were excluded
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due to low number As positive controls for immunohistochemically staining, we utilized colon tissue
for histone H3 acetyl K and placenta tissue for histone H3 tri methyl K4; both received from the
Department of Obstetrics and Gynecology of the Ludwig-Maximilians-University of Munich. Clinical
and follow-up data for statistical analyses were provided by the Munich cancer registry and retrieved

from medical records.

4.2, Ethics Approoal

All cervical cancer specimens had originally been collected for histopathological diagnostics and
were no longer used for clinical tests, when they were recruited for this survey. Patient data were
totally anonymized and the authors were blinded for clinical information—including survival-time
during experimental analyses. The study was conducted conforming to the Declaration of Helsinki
and was approved by the local ethics committee of the Ludw ig-Maximilians Undversity of Munich
{reference number 259-16, 2016).

4.3, Immunchistochemistry

The paraffin-embedded and formalin-fixed samples (3 pm) had been stored at room temperature
and wemn first dewaxed inxylol. After rinsing the tissue in 100% ethanol and blocking the endogenous
peridase with 3% methanol /Hy(O, the samples were eehydrated in a descending aleohol series.
To avoid heat-associated protein-agglomeration and to unmask the antigen, the slides were warmed
up to 100 °C in a pressure cooker for 5 min, adding a trisodium dtrate buffer solution with pH = &
After having prepared the slides by washing them in distilled water and PBS-buffer, we added the
suitable blocking solution to avoid unspedific (hydrophobic) bindings between immunoglobulins
on the one side and cell membranes or fatty tissue on the other side by saturation of electrostatic
charges. Afterwards, the samples were incubated at a temperature of +4 *C with the primary antibodies
{Table 5).

After increasing the staining by the post-block-reagent and applying the HRP-polymer,
the substrate-staining with DAB was performed and the counterstaining by haemalm (2 min) was
carried out subsequently. Mome details concerning the suitable detection system and the following
steps were defined exactly in Table 5. Finally, the samples wene dehydrogenated in a rising aloohol
series and covered. Colon tissue and placenta tissue wem used for each staining as positive and
negative controls for H3K%c and H3K4me3.

The intensity of the expression was evaluated by the immunomeactive score (IRS). Well-established
and applied in numerous other studies, this semi-quantitative score multiplies the intensity of the
staining ({0 = not stained; 1 = low intensity; 2 = moderate intensity; 3 = high intensity) and the
percentage of stained cells (0= 0%; 1 = 1%-10%; 2 = 11%-50%; 3 = 51%-80%; 4 > 80%). Finally,
we distinguished between 0 = no expression and 12 = very high expression of histones.

Table 5. Antibodies and chemicals used for the imumunohistoche mistry.

Histone H3 Acetyl K9 Histone H3 Tri Methyl K4 °
Blocking solution¥: 5min Blocking solution % 5 min
primary antibochy ': 1:200 in PES %, incubation: 16 b, 4 *°C  primary antibocy *: 1:500 in PBS %, incubation: 16 b, 4 *C
PostBlock *: 20 min PostBlock *: 20 min
HRP Fnl}rrmrﬂ:JDm.'m HRP F'nl)rmgrﬂ::ﬂmi.n
Chromoger: DAB ¢ (0.5 mim) Chromogen DAB* {1 min)

! Anti Histone H3 acetyl K9, clone Y2B (rabbit Ig(3), concentratiore 0.059 mg/ml, company: Abcam (Cambridge,
UK:L order number ab37129; 2 Anti Histone H3 to mel:h}r] K4, rabbit ]F;G clonal, concentration: 1 nLg,-"mL
company: Abcam, order number: ab&8580; 5 Fybolhem Plas HREP Pal; T KE::{ .-'R.:bl:ril.j'l 3 = 1o0; comparmy:
Fytomed Systems (Berin, Germany) Nr. POLHRP100; # Liquid DAB + Substrate Chromogen System 1 mg/m!
DAED: 5 Phulbecon's thphat Buffered Saline.
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4.4, Statistics

For statistical analyses, IBM SP55 Statistics version 23 (Armonk, NY, USA) was used. Bivariate
cormelations were calculated by Spearman’s-rank-cormelation coefficient and non-parametric tests
(NPAE: Mann-Whitney U test, Kruskal-Wallis test) were employed to compare independent groups.
To visualize differences concerning survival rates, Kaplan-Meger curves were created and afterwards
compared by a log-rank st and—if necessary—Mann-Whitney-U test. Survival times are shown in
years, but for more exact results they were calculated in months. To show statistical difference, p had
to be <0.05.

5 Conclusions

The expression of histone H3 acetyl K9 and histone H3 tri methyl K4 was examined in 250 cases
of cervical cancer Both histone protein modifications turned out to be independent negative
prognosticators for the overall survival or the relapse-free survival of cervical cancer patients.
For cervical cancer, it is the first study that showed a dinect link between histone protein modification
and survival in a large cohort of patients.
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Abstract

Purpose Cervical cancer is one of the most frequent cancers in women worldwide. In most of all cases, a persistznt HPV
infection is the leading cause. HPV-specific sequences are able to bind glucocorticoid receptor (GR). Dexamethasone can
increase the activity of early promoters in HPV 16 and HPV 18 interfering in transcription control of viral oncogenes. The aim
of our study was to evaluate glucocorticoid receptor as transcriptional factor in its active form in the nucleus of in cervical
cancer cells and to correlate the results with clinical patient specific parameters.

Methods A total of 250 paraffin-embedded cervical cancer samples obtained from patients having undergone surgery for
cervical cancer were used for the study. The expression of GR. was immunhistochemical examined and evaluated by a semi-
guantitative scoring. SPSS software was used for the statistical evaluation of staining results and survival analysis of patients
with cervical cancer.

Results GR is frequently expressed in cervical carcinoma fissue in Favor of sguamous cell carcinoma (SCC). An enhanced
ex pression is comelated with rather small clinical stages. The expression of the GR is cormelated with better overall survival
and progression-free survival.

Condusions The glucocorticoid receptor is frequently expressed in cervical carcinoma tissue in favor of squamous cell
carcinoma. An enhanced expression is correlated with rather small clinical stages. The expression of the analyzed receptor
is correlated with better overall survival. Further studies are needed to determine useful treatment targets for glucocorticoid
rceplor manipulation.

Keywords Cervical cancer - Glucocorticoid receptor - Survival

Introduction patients are treated with surgery or radiotherapy depending
on staging and individual risk assessment [1-3].
Cervical cancer is one of the most frequent cancers in In most of all cases, a persistent infection with high-risk

women worldwide. Regarding women's outcome, major  human papillomavirus (HR-HPV) is the reason for cervi-
prognostic factors are known as International Federation  cal cancer [1, 4]. A total of 170 HPV types are known [3,
of Gynecology and Obstetrics (FIGO) stage, histological 6. In the genome of human papillomaviruses, there are
type or grade, tumor size, lymph node metastasis or rather  approximately 8000 base pairs and six “early genes™ (E6,
lymphatics invasion. According o inlernational guidelines,  E7, EILE2, E4, E5). two “laie genes” (L 1, L2) and noncod-
ing regions [7]. Integration of HPV is a vector for cervical
carcinogenasis resulting in a loss of a supprassive function
on E6 and E7. In consequence, disturbance of cell cycle,

[=1 Udo Jeschke A . - . :
uds jeschke @ med uni-muenchen da uncontrolled cell pmhre:ra_tmn and_pnss:hLe carcinogenesis
occur [8-10]. Although viral-specific pathogenesis of cer-
! Depariment of Obstetrics and G ynecology, LMU Munich, vical cancer is well known, additional mechanisms as co-
University Hospital, Marchioninistrasse 13, B1377 Munich, factors are assumed 10 induce HPV-related carcinogenesis.
, Crermany The role of steroid hormones in the pathogenesis of HPV-
Klinikum Der Universitst Munchen, Pathologisches Institul, related cervical cancer is under investigation [8, 11-14].
Mumich, Germany
Published online: 10 October 2008 @ Springer
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HPV-specific sequences (LCR, long control regions) are able
to bind receptors like glucocorticoid receptor (GR) [&, 15].
Dexamethasone can result in an increased activity of early
promoters in HPV 16 and HPV 18 interfering in transcription
control of viral oncogenes E6 and E7 [8. 13, 16, 7]

Materials and methods
Specimens

We used 250 paraffin-embedded cervical cancer samples.
They were obtained from patients with a median age of
47.0 years (range 20-83 years)., and an overall median
survival of 100.0 months. Patients had undergone surgery
for cervical cancer in the Department of Obstetrics and
Gynecology of the LMU Munich between 1993 and 2002.
Clinic pathological variables are described in Table 1. Only
patients with the most frequent histological subtype (adeno-
carcinoma or squamous cell carcinoma) of the carvix were
included in our study: due to low number, other histological
subtypes were excluded. For positive and negative controls,
placenta lissue received from the Department of Obstetrics
and Gynecology of the LMU Munich was used. Clinical
and follow-up data for statistical analyses ware providad by
The Munich Cancer Registry and recruited from medical
records. We used, therefore, the original data. This means
that we used the FIGO classification which was available
for 2002—as patients underwent surgery between 1993
and 2002. In this classification, patients were also staged
in FIGO IIC, which means that they were FIGO 111 with
positive lymph nodes.

Immunohistochemical stalning

Specimens were formalin fixed and paraffin embedded,
while stored at room temperature. Slides (3 pm) were
dewaxed in xylol and afterwards washed in 100% alco-
hol. After blocking the endogenous peroxidase by 3%
methanol/H,0,, rehydration of the tissue took place in a
descending alcohol series. Sections were cooked at 100 °C
in a sodium citrate buffer solution with pH= 6 to unmask
the antigen and to prevent heat-associated protein agglom-
eration. After washing the slides (aqua dist/PBS buffer),
the following antibody was added on the tissue and incu-
bation at +4 °C for 16 h was performed (Table 2): Anti-
GR (mouse 1gG2a; clone 4H2; Novocastra, Wetzlar, Ger-
many}. Post-block reagent and HRP polymer were added
to increase the staining. Finally, the tissue was dehydrated
in a rising series of alcohol and finally covered. The power
of the staining was evaluated by an optical microscope

&) springer
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Table1 Clinic pathological parameters of the petients included inm
this study

NouTotal no. %

Age, years

=49 139% 250 556

=49 1114250 444
MNo. of positive nodes

1] 1514250 6.4

=1 0974250 B3

MNA's 002250 008
PT

pTl 1114250 444

pT2 129¢ 250 51L&

pT¥4 0% 250 036

MA's 001250 o4
FIGO

I 647250 256

I 49250 19.6

1 IWISh 148

L) 0250 e

MA's 931250 72
Tumor grade, G

I 021250 084

n 143250 57.2

1 078250 312

MA's O0R250 03.2
Tumor subtype

Squamous 202250 B8

Adenocarcinoma 48250 19.2
Progression{over 235 monthsy

Mone 2250 B40

At least one 29250 11L&

MA's 011250 044
Survival {over 235 months)

Right censured 1900 250 Tald

Diied 04% 250 19.6

MA's 011250 044

with the immunoreactivity score (IRS), where intensity
(=not stained: 1 =low intensity: 2= moderate intensity:
3=high intensity) and percentage of stained cells (0=0%:
1= 1-106; 2=11-50%; 3=51-80%; 4 = B0%) wenre multi-
plied. The higher the result, the more powerful the ex pres-
sion (0 =no expression, 12 =very high expression). The
slides were examined by two independent persons.

In our study, we examined the function of the glucocor-
ticoid receptor as transcription factor, which is the case
if it is present in the nucleus as active form. In the cyto-
plasm, the receptor is present but not active as a transcrip-
tion factor; 50, it was not detected.
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Table 2 Antibody and chemicals usad for the immumohistochemistry

Glucocorticoid receptor (GR P
Blocking solution®: 5 min
Frimary antibody™: 1:30 in PES®
incubation: 16 h. 4 °C
PostBlock™: 20 min

HRP Polymer’ 30 min
Chromogen: DAB® {1 min)

Ant-GR. clone 4H 2 (mouse Ig(532a), company: Novocastra (Wetzlar,
Germany ), (Order number: NCL-GCR

h’zjrhcl:hem Plus HRP Polymer Kit (Mowsa/Rabbit) 3* 10 compamy:
Fytomed Systerms (Germany) Nr. POLHRP- 1)

Liguid DAB + Substrate Chromogen System 1 mg/ml, DAKO
dnyulhecen’s phosphate-buffered saline

Ethics approval

The study was approved by the ethics committee of the
Ludwig-Maximilians University Munich (reference number
259-16) and considered the Declaration of Helsinki. Patient
data wene anonymized. During ex perimental and statistical
analyses, the authors were blinded for clinic pathological
parameters and information regarding survival. All used
cancer tissue was no longer needed for clinical tests as it
had initially been collected for histopathological diagnostics
after surgery.

Statistics

SPSS Statistics data version 23 (IBM, Armonk, USA) was
taken to perform statistical analyses. Non-parametric tests
{(Mann-Whitmey £ t2st and Kruskal-Wallis testh were used
to compare independent groups and bivariate correlations
were showed by Spearman’s rho correlation coefficient.
Survival analyses were plotted in Kaplan—Meier curves and
boxplots; for significant differences e garding survival, log-
rank test was used, or additionally Mann—Whitney 7 test.
Cox analysis was performed to find independent markers
for survival, If p was <0.03, we considered the result to be
statistically significant.

Results
GR staining In cervical carcinoma

To control the GR staining, we used normal (non-pathologi-
cal) placenta tissve, which showed strong nuclear expression
in = 80% of epithelial calls (Fig. la) without any cytoplas-
mic reaction.

A total of 92.4% of all cervical cancer specimens showed an
expression of GR receptor with a median IRS of 4, epresentad

64

in 41.6% of all cases. In contrast, 7.6% did not show any
expression at all. A low GR expression (IRS £ 3) was shown
in 35.6% compared to an enhanced expression (IRS >4) in
6 4%,

GR staining in correlation with dinical parameters

Anabyzing the histological subtype (Fig. |b), squamous epithe-
lial carcinomas showed a median IRS of 4 being represented
in 43.0% of all cases (Fig. 1c), compared to a median IRS of 3
in 10.4% in adenccarcinoma tissue (Fig. 1d). The expression
of the staining was significantly different between these two
histological subtypes (p=0.000; Table 3).

Cormelating the GR findings with FIGO classification, the
median IRS varied between 0 and & (Fig. 1e). FIGO I showed
a median IRS of 4 (Fig. 1), compared to a median IRS of &
in FIGO I1A (Fig. 1g) and 0 in FIGO NIC (Fig. 1h). GR stain-
ing was significantly correlated with FIGO stage (p=0002),
whereas an enhanced staining was accompanied by a low
FIGO stage (Rho=—0.174, p=0.030; Table 3.

Mo significant difference between GR staining and grading,
T- and N-status was found

GR staining and survival

Kaplan—Meier analysis showed a significant correlation
between GR expression (IRS=4) and overall survival
(p=0045): an advanced GR expression went along with sig-
nificant hetter overall survival compared to low GR ex pression
(IRS < 3) in cervical cancer (Fig. 2a). Regarding release-free
survival, an increased GR expression was also correlated with
longer release-free survival (p=0.009; Fig. 2b). This fitted to
the corelation between GR and the FIGO status, where high
GR expression was correlated with a low FIGO state.

Cox regression was performed to find independent prog-
nosticators concerning survival. Regarding overall survival,
clinical parameters like histological sublype (p=0.038),
N-status (p=0.002), FIGO classification (p=0.003) and age
at surgery (p< 0.001) were independent prognosticators, as
well as T-stage (p=0.003) but not grading. Expression of
GR tumned out to be an independent marker for overall sur-
vival being correlated with better overall survival (Table 4).

Regarding relapse-free survival, neither analyzed clinic
pathological markers (histological subtype, T-status,
N-stage, FIGO stage, grading or age al surgery) nor GR
expression turned out to be significant.

Discussion
Glucocorticoids are well-known substances in cancer traat-

ment. They are used as co-medication to reduce side effects
of cancer therapy or by effecting cell-cycle progmession and

&) Springer
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Fig.1 Positive control of GR staining in placenta tissue with strong  FIGO status, as summarized in the boxplot (e). IGO | staged patient
nuckear expression (a) Correlation between GR expression and his- showed an IRS of 4 (f), FIGO II staged patient, a median IRS of 8 (g)
tological subtypes: (b). Median IRS of SCC was 4 (c). compared to  and IGO 111 staged patient. an IRS of 0 (h). Scale bar 200 pm, small
the median IRS of Adeno-Ca of 3 (d). GR expression correlated with  pictures 100 ym

&) Springer
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Table 3 Staining results and corm lation analysis for GR expression

GR

Median IRS (£50) % pi(NPAR) »
Histology
S0C 4(+300 450 (UKD -
Adeno-Ca  3(x2T7) 104
FIGO
I 1(£33) 484 0002 —0.174
A Biz34) 5000 (p=0030)
11:] 4(+25) 450
1A 1iz14) w0
11:] 4(x27 333
1C 0(=010) 100
Y 4i=38) 419
pT
Tl 4i=31) 418 0482 — 0068
T 4i(+29 414 (p>0.05)
T4 4(=30) 4.4

50 standard deviation, % percentage of the subgroup with median
IR5, NPAR non-parametric iest, p p value, ¢ cormelation coefiicient

apoptosis to treat malignancy itself [18]. The effect of glu-
cocorticoids and their corresponding receptor or the inkerac-
tion with other pathogens like HPV on cervical carcinoma
15 not clear yet.

Altogether, there are limited data about GR ex pression in
cervical carcinoma. In a study by Blocket al., glucocorticoid
receptor expression in 20 solid tumor types was analyzed.
B2% of the analyzed cervical cancer tissue in a small sample
size was tested positive in their analysis [8]. Regarding our

Survival Function GR

z
[
3
]
-
H
:
F
3
2]
024
—IRs=03
o Rl
T T T T J T
n 50 L] 150 a0 250

Owarallavurdval in manths

Cumulative Survival

study, > 92% of the analyzed samples showed detectable GR
expression in the nucleus with a high staining in = 64% of
all cases. The study by Block et al. [19] indicated that GR
expression varies by tumor subtype comparing different his-
tological lung cancer types. Due to the low number of cervi-
cal carcinoma samples in their study, a sufficient analysis of
histological subtypes was not done.

In favor of squamous epithelial carcinomas. a signifi-
cant difference between squamous epithelial carcinoma and
adenocarcinoma concerning GR. ex pression was measured
in our study. Differential ex pression of prognosis marker
proteins in both carcinoma entities was described ecently
by our group. In cervical cancer, Histone H3 acetyl K9
staining was associated with low grading, low FIGO sta-
tus, negative N-status and low T-status and showed a higher
expression in adenocarcinoma compared to squamous cell
carcinoma [23]. In addition, we found a positive cormelation
of the nuclear GR staining with pl6 (p=0301, p< 0001}
and p33 (p=10.237, p<0.001), which were obtained from a
former study [20]. The glucocorticoid receptor showed also
a positive cormelation with the G protein-coupled estrogen
receptor (GPER, p=0.233, p<0.001), RIP140 {(p=0.17 1.
p=0.008) and Histone H3 Tri Methyl K4 (p=0.143,
p=0.023) [21-23].

According to international guidelines, cervical cancer
patients are treated with surgery or radiotherapy depend-
ing on individual staging and risk assessment. Risk assess-
ment includes tumor size, stage, depths of tumor invasion,
lymph node status, ympho-vascular space invasion and his-
tological subtype. Regarding prognosis and risk assessment,
there might be other biological markers in cervical cancer
to assess individual therapy policy or prognosis [24-28].

Recurrence free survival GR

0.4
02+
=IRSak]3
0.0 RS=4.127
T T T T T T
o S0 100 150 200 250

Resiirranss fras sirvival [Fresnih)

Fig. 2 Kaplan—Meier analysis reparding overall survival in cervical cancer: low GR expression (IR 8 < 3) compared to high expression (IRS = 4)
regarding overall survival (a; p=0.045) and recurmence-free suryival (b p=0.000%
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Table 4 Cox mgmession of clinic pathological variables megarding
overall survival in cervical cancer

Significance Harard Lower Upper 95%
Tatio 05% Clof  ClofExp(B)
[Exp(BE)]  Exp(B)
Histology 0038 1905 1034 3.5M
pr 0624 0.882 0.534 1.457
pN [LEL1F] LARS 1378 4412
RGO 0.3 1258 LoD L85
Grading 0.193 1.365 0855 2181
Age at [LECL] 1049 1026 LT2
surgery
GR [ 0.575 0328 100

Significant results are shown in bold

In the present study, ex pression of GR was significantly
correlated with survival: an advanced GR. expression went
along with significant better overall- and release-free sur-
vival compared to low GR expression in our analyzed can-
cer cells. In a study by Vanderbilt et al. [29], the effect of
glucocorticoid growth arrest in lymphoid cell lines was
proportional to GR content. Gehring et al. [30] showed a
correlation between low-level GR expression with a poor
treatment response or patient prognosis in ALL. Never-
theless, consistent with data in hematological malignan-
cies, our data indicate a better prognosis of cervical can-
cer patients correlating with GR expression, fitting to the
correlation between FIGO and GR expression. More data
exist regarding mRMNA expression of GR in cervical can-
cer. We think that it is not allowed to transfer these data
one—one to our study design as we examined the active
form of the glucocorticoid receptor with its expression in
the nucleus. Interestingly, in a recent study, we could show
that RIP 140 as co-regulator of the glucocorticoid receptor
is also an independent prognosticator for cervical cancer
patients [22].

As therapeutic agents, glucocorticoids are effective in
inducing apoptosis in many hematological malignancies.
Besides positive effects of glucocorticoids in leukemia, dif-
ferent cancer calls seem to respond with increased resistance
towards glucocorticoid induced apoptosis [31]. Limited data
concerning the apoptotic efect of glucocorticoids in solid
tumeor cells exist from osieosarcoma or small-cell lung can-
cers. Their might be negative effects of glucocorticoids in
solid tumors by causing faster growth or metastasis by pro-
viding a selection pressure [18].

Other studies identified the induction of glucocorticoid
receptor as fature of drug resistance leading to worse sur-
vival rates, if GR is expressad [32]. These data seem to be
in contrast to our results but they refer to special cases and
mechanisms, for example. in prostate cancer. It is not clear
if a one—one transfer o cervical cancer is possible.
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Altogether, the wide range of mechanisms by which
glucocorticoids are able to develop in different cell lines
are not fully understood [31]. An ongoing clinical trial
(NCTO276298 1) will provide initial data, if the glucocorti-
coid receptor can be targeted by the selective glucocorticoid
receptor modulator CORT 123134 in combination with nab-
paclitaxel in different solid tumors [33, 34]. If the glucocor-
ticoid effect on cervical carcinoma tissee is dependent on
GR itself or other mechanisms has to be investigatad.
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ABSTRACT

Introduction: RIP140 (Receptor Interacting Protein) is involved in the regulation
of oncogenic signaling pathways and in the development of breast and colon cancers.
The aim of the study was to analyze the expression of RIP140 and its partner LCoR
in cervical cancers, to decipher their relationship with histone protein modifications
and to identify a potential link with patient survival.

Methods: Immunohistochemical analyses were carried out to gquantify RIP140 and
LCoR expression in formalin-fixed paraffin-embedded tissue sections cervical cancer
samples. Correlations of RIP140 and LCoR expression with histopathological variables
ware determined by correlation analyses. Survival rates of patients expressing low
or high levels of RIP140 and LCoR were compared by Kaplan-Meier curves.

Results: RIP140 overexpression was associated with a significantly shorter
overall survival of cervical cancer patients. This effect was significant in the squamous
cell carcinoma subtype but not in adenocarcinomas. RIP140 is no longer a significant
negative prognosticator for cervical cancer when LCoR expression is low.

Discussion: RIP140 is an independent predictor of poor survival of patients with
cervical cancer. Patients with tumors expressing low levels of both RIP140 and LCoR
showed a better survival compared to patients expressing high levels of RIP140.
Modulation of RIP140 and LCoR may represent a novel targeting strategy for cervical
cancer prevention and therapy.

INTRODUCTION (HE-HFV) is the major leading cause of cervical cancer
[3]. When HFV rephicates, the wiral E6 oncoprotein
Cervical cancer is the second most frequent female 1s expressed and disturbs the cell cycle [4]. The E6
cancer and the third leading cause for cancer death in oncoprotein and the E6-associated protem (E6-AP) form
female patients worldwide [1]. The two mam malignant a complex which binds to the tumor suppressor protein
epithelial eervical cancer types are the squamous cell P33 (an inducer of cell-cycle amrest or apaptosis [3]) and
carcinoma and the adenocarcinoma (about 70% and causes its proteolytic degradation [6].
10-25% of all cervix carcinomas, respectively) [2]. 4 The epigenetic regulation in cervical cancers can
persistent infection with high-risk human papillomavirus be modified through altered mechamisms such as DNA

methylation and post-translational medifications of histone
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proteins [7]. In a recent study, we showed that histone
H3 acetyl K9 (H3K%c) and histone H3 tmmethyl K4
(H3K4me3) were mdependent markers for poor prognosis
and short overall survival (OS] in cervical cancer patients [8].

Sterond hormones act as cofactors of HPVs i the
etiology of cervical cancer [%]. For instance, the regulatory
region of the HR-HPV-16 contams three glucocoricoid
hormone receptor response elements, which bind
the glucocorticoid receptor amd thereby allow wviral

transcription by ghecocorticonds [9]

RIPldﬂmmemeItliemmnngtemofldﬂkDaJ
also known as NEIP1 (Wuclear Feceptor Interacting Protein
1}, 15 a transcription coregulator of various muclear receptors
and transeription factors [10-12]. It was first identified as
an ERu {estrogen receptor o) mteractng protemm winch
binds in a ligand-dependent manner to mclear receptors
and therebry limits their transactivation [13, 14]. Indeed, by
means of four inhibitory domams that recruit C-ternumal
binding protems and histone deacetylase, EIP 140 mainty
acts as a transcriptional repressor [135, 16]. More recently,
an mteraction of RIP140 with ER} has also been described
in ovanan cancer cells [17].

RIP140 is involved m the progression and
development of cancer [18-20]. EIP140 directly
interacts with EXF transcription factors, their
transcriptional activity and thereby could inhibit eell
proliferation [12]. However, more recently, A=ziz ef al.
(2015) reported that mhibition of BTP140 expression by
sIRNA m breast cancer cell Imes can sigmficantly nduce
apoptosis and reduce cell growth [18]. In colon cancer,
RIP140 has an opposing effect in comparison to breast
cancer tissue as it can inhibit Wt target gene expression
and thereby decreases the ability of human colon cancer
cells to proliferate [21].

Apart from FIP140, the ligand dependent corepressor
(LCoR) is another transcriptional corepressor of agomist-
boumd miclear and other transcription factors,
which also acts by recruiting histone deacetylases and
C-terminal binding protems [22-24]. Like RIP140,
overexpression of LCoR. represses estrogen-dependent gene
expression and decreased breast cancer cell proliferation
[22, 23]. Very recently, Jalagmier et al demonstrated
an inferaction between RIP140 and LCoR and a strong

of LCoR. by RIP140 m human breast
cancer cells [22]. Interestingly, loss of EIP140 expression
switches the effect of LCoF. from miubition to promotion
of cell proliferation [22]. Fmally, comelation of gene
LCoF. and FIP14( levels were associated with shorter OS
in patients with breast cancer [22].

The goal of the present study was the analysis of
RTP140 and LCoR expression in cervical carcinomsa
tissue and the correlation of their expression with patient
05. Since neither RIP140 nor LCoR has been studied

Bernd Peter Kost

m cervical cancer, this mvestigation represents the first
analysis of these transeription factors in this pathology.

RESULTS

Expression of RIP140 in cervical carcinoma and
correlation with histopathological variables

A total of 172 (71.7%) of the cervical camcer
tissue samples showed positive RIP140 stammg in the
nuclens with a median IRS of 3 wile 68 (28.3 %) dud
not express muclear RIP140 (TRS=0 or 1). 10 cases could
not be assessed for techmcal reasons. Cytoplasmuc RIP140
stainmg was detected in 207 cases (86.3%) and 33 cases
(13.7%) showed no cytoplasmic expression. Median IRS
for cytoplasmuc RIP140) expression was 4. The levels of
muclear RTP140 expression were assessed m the two main
listelogical subtypes of cervical cancers. The median IS
of mclear RIP140 expression (IR5=3) was equivalent
m squamous cell carcinoma and adenocarcmoma of the
cervix (Figure 1).

The Spearman test was applied for the comelation
analy=is of RIP140 with LCoF. expression and vanous
histopathological parameters. For positive mclear
BIP140 expression i cervical cancer tissmes (with
an IR3=1), a correlation with eytoplasnmc
RIP140 (p=0.001), muclear LCoR. {p=0.034). H3K9%c
(p==0.001) and tomor grading (p=0.037) were detected
(Table 1). Tumor grading was negatively correlated with
FIP140 expression (Spearman’s rho: -0.135). Although
a significant negative correlation exists between fumor
gradng and nuclear RIP140 expression, there is no
sigmficant difference between the different tumor gradr
subgroups according to the Kruskal-Wallis-test (G1 and
G3: p=0.13; Gl and G2: p=0.5; G2 and G3: p=0.029)
(Figure 2).

For cytoplasmic RIF140 expression, significant

positive correlation with LCoR. sion
(p='ﬂ 001), E6 (p=0.005) and H3K%%c (p=0.013) could be
shewn (Table 1). Further, a posifive correlation between
cytoplasmic RIP140 and nmitated p53 in the nuclens was
detected (p=0.034, Speamman’s tho: 0.137) (Table 1).
Low and high expression of mutated nuclear p53 stammg
and cytoplasmuc RIP140' m cervical cancer are shown i
Figure 3.

Comrelation amalysis of adjuvant radictherapy
and muclear EIP140 expression showed no sigmficant
comrelation between the two factors (p=0.894).

LCoR staining in cervical carcinoma and
correlation analysis with histopathological
variables

LCoR. in the miclens of cervical carcinoma
tissne of the collective was expressed in 47 cases (18.8%2)
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with a median IRS of 2 and in 203 cases (81.2%) no LCoR
staining could be detected. Similarly, most of the cases did
not express LCoR in the cytoplasm (n=213, 85.2%) and
37 cases were positive (14.8"/.), with a median IRS of 4.
Correlation analysis of LCoR with various
histopathological parameters (Table 2) showed that
muclear LCoR ion is significantly positively
comrelated with cytoplasmic LCoR (p=<0.001), nuclear
RIP140 expression (p=0.034, Spearman’s rho: 0.137) and
H3K9ac (p=0.025, Spearman’s rho: 0.142) and negatively
comelated with tumor size (p=0.039; Spearman’s
tho: -0.131). A smaller tumor (pT1a-b) is associated with
a higher LCoR IRS score and a larger tumor is associated
with a lower IRS score (Figure 4). For cytoplasmic
LCoR expression, a significant positive correlation with
oplasmic RIP140 expression (p=0.001), E6 (p=0.022)
and H3K4me3 (p=0.031) could be detected (Table 2). The

Bernd Peter Kost

comelation between cytoplasmic LCoR. and E6 expression
1s also shown in Figure 5.

Correlation of RIP140 and LCoR expression
with OS and relapse-free survival of cervical
cancer patients

Cervical cancer patients with positive nuclear
RIP140 expression (n=171) were compared with patients
without nuclear RIP140 expression (n=68), demonstrating
that high nuclear RIP140 expression was associated with
a less favorable OS in comparison to patients with low
RIP140 expression (p=0.015). The significant difference
is shown in the Kaplan-Meier curve in Figure 6. The
OS is defined as the time period from primary surgical
treatment to the time pomt of death in the follow up
period. A receiver operating charactenistic curve (ROC-
curve) was used to determine the best cut-off level for

RIP140 (nucleus) (IRS)

X

Squamous u'l carcinoma

T
Adenocarcinoma

Figure 1: Expression of nuclear RIP140 in cervical epithelial tumor subtypes. (4) Boxplot of RIP140 expression and
histological subtype. (B) Squamous cell carcinoma, n=192; median RIP140 expression: IRS 3; magnification x10. (C) Adenocarcinoma,

n=47; median RIP140 IRS 3; magnification x10.
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Table 1: Corvelation analysis of RIP140 and histopathological variables

RIP140 (nuclens) IRS=1 RIP140 (cytoplasm) IRS=1
Significance Correlation Significance Correlation coefficient
coefficient

RIP140
(nucleus) - - =001 352
RIP140
(cytoplasm) =001 352 - -
LCoR .
(nuclens) 034 137 213 81
LCoR -
(cytoplasm) 370 058 J001 213
E6

199 083 Joog™ A7
(cytoplasm)
P53

802 009 256 074
(eytoplasm)
Mutated pS3 .

588 035 03 137
(cytoplasm)
H3K%e 001+ 205 A1¥ 160
H3K4me3 733 022 233 o077
Tumor

. 037 -133 060 -122

grading
Histology 959 003 312 - 043
pT 7 -024 321 064
PN 128 -093 123 -023
FIGO 086 001 094 108

Significant correlations are marked with astenisks (=p=0.03, “=p=0.01, **=p=0.001). Comelation coefficients of negative

comrelations are marked in italics.

high and low FIP140 expression based on the maxinmm
difference between sensitivity and specificity. There
was no significant correlation between the expression
level of BEIP140 m the cytoplasm (FRIP140 low.: n=106;
RIP140 high : n=133) and patient OS (p=0.613). EIP140
expression, specifically m the muclens, therefore appears
to be a negative prognosticator for the OS of cervical
cancer patients. The subsequent survival amalysis of the
two main histological subtypes showed that a sigmificant
inverse comelation of miclear RTP140 expression with
035 was observed in squameus cell carcmoma (p=0.015)
(Figure 7) but not in cervix adenocarcinoma (p=0.828)
(Figure 8).

LCoF. expression in cervical cancer fissue was
not associated with patient OS5 (p=0.329). This was
also the case when squamous cell carcimoma and cervix
adenocarcinoma were separately analyzed As for
RIP140, a ROC-curve was used to determune the cut-off
level for low and high nuclear LCoR. expressicn. Very

mterestingly, RIP140 15 a negative prognosticator for OS
of cervical cancer patients when LCoR. expression is high
(IRS=2) (p=0.021 - Figure %) but not when maclear LCoR.
expression 15 low (Figure 10). The longest OS outcome
could be observed in patients with high RTP140 expression
and LCoF. expression being low (n=28) (Figure 10).

There 15 no significant difference in progression
regarding LCoR/FIP140 expression There was a trend
for a shorter relapse-free survival i patients with muclear
LCoR IR5=0.5 expression in the primary cervical fumeor
(p=0.081) (Supplementary Figure 1).

Multivariate cox regression analysis

Multivaniate Cox regression analysis was performed
to test which histopathological variables including age,
FIGO-classification, histology, tumer size (pT), nodal
stats (pN), tumor differentiation grade, RIP140 and
LCoR status were independent prognosticators for OS
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in our cohort of patients with cervical cancers. RIP140
expression with an IRS=1 (p=0.014), histology (p=0.002),
tumor size (p=0.005) and lymph node status (p=0.020)
were independent prognosticators for patient OS (Table 3).
No significant effect could be seen for the other
histopathological variables.

DISCUSSION

Patients with breast cancer where RIP140 is
expressed at high and LCoR at low levels, show a better
survival rate. Our data show that, in cervical cancer
biopsies, expression of RIP140 is associated with poor
prognosis. In line with these observations, a previous
study reported a 5.84-times enhanced expression of
the NRIP] gene at the mRNA level in cervical cancer

to normal tissue [25]. Moreover, integration of
viral DNA into the host genome can lead to the disruption
of invaded genes and can consequently play a role n the

Bernd Peter Kost

process of HPV carcinogenesis in HPV-associated cervical
cancer. Recently, Olthof and colleagues (2015) identified
an integration site of HPV16 within the NRIP] gene [26].
They showed that viral E2, E6 and E7 gene expression
proved to be independent of the number of integration
sites and viral load, hence integration might not affect
viral gene expression [26].

RIP140 targets different pathways that are relevant
for the development of cervical cancer such as estrogen
receptor (ER) signaling [19]. Indeed, increased estrogen
levels (through the usage of oral confraceptives or
repeated parity) lead to an increased risk of cervical cancer
in HPV-infected women [27]. Steroid hormones are able to
increase the transcription of HPV oncogenes leading to an
increased viral persistence [28] and to the degradation of
P33 which might favor tumorigenesis through disruption
of the normal cell cycle [29].

In addition to its influence on ER, RIP140 inhibits
the transactivation potential of E2Fs transcription factors

AT

t.,;““

/

it fot ¥
o2 :.'

Figure 2: Correlation of nuclear RIP140 expression (IRS) and tumor grading. (A) Boxplot of RIP140 expression and tumor
grading. (B) Gl-stage tumors (n=19) with median RIP140 IRS score of 3; magnification x25. (C) G2-stage mumors (n=137) with median
RIP140 expression of 3; magnification x10. (D) G3-stage tumors (2=75) with median RIP140 expression of 2; magnification x25.
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[12]. E2Fs are regulators of genes required for cell

progression, DNA replication, apoptosis and cell
differentiation [30]. Srivastava et al. (2014) identified
EJF as a potential biomarker that is assumed to regulate
the transcription of a group of genes associated with
cervical cancer and mught thereby act as a potential
molecular target for the treatment of this malignancy

Bernd Peter Kost

[31]. The inactivation of E2F repressor-Rb by HPV E7
leads to a deregulation of E2F activity and consequently
i ional
regulation is controlled [32, 33]. Genes that are involved
in invasive cervical carcinoma are therefore presumably
under E2F regulation [32].

Figure 3: Expression of cytoplasmic RTP140 and nuclear mutated p33 in cervical cancer. (A and B) High RIP140 expression
(cytoplasm), SCC; (C and D) high mutated p53 (nucleus); (E and F) low RIP140 expression (cytoplasm), SCC; (G and H) low mutated p53
(zucleus). Magnifications are x10 for (4), (C), (E) and (G) and x25 for (B), (D), (F) and (H).

www.impactjournals.com/oncotarget

105361

74

Oncotarget



Habilitationsschrift

Bernd Peter Kost

Table 2: Corvelation analysis of LCoR expression (IRS=1) and various histopathological variables

LCoR (nucleus) LCoR (cytoplasm)
Significance Correlation Significance Correlation coefficient
coefficient

LCoR -
(nucleus) - - =<0.001
LCoR
(cytoplasm) =0.001 295 - -
RIP140 .
(nucleus) 034 137 370 058
RIP140
(cytoplasm) 213 081 001 213
E6

604 033 02 146
(cytoplasm)
P53

087 -001 360 - 037
(eytoplasm)
Mutated p53

413 052 698 25
(cytoplasm)
H3K%c 015 142 206 - 008
H3K4me3 448 - 048 031 136
Grading 164 -083 As6 - 047
Histology 948 004 251 012
pT 030 -131 623 031
PN 140 094 329 062
FIGO 338 -.061 603 033

Significant correlations are marked with asterisks ("=p=0.03, "=p=0.01, *"*=p=0.001). Correlation coefficients of negative

comelations are marked in italics.

Furthermore, RIP140 1z mvelved in Wit-signaling
[34]. In colon cancer, RIP140 has a negative mipact on
Wint/p-catenin target genes and thereby mhibits epithelial
cell progression, cell proliferation and tumor growth
[19, 21]. This contradictory effect of EIP140 in colon
cancer compared to its effect on breast or cervical cancers
mndicates the complex roles of FIP140 on cell growth and
tumor development i different tissues [18]. Depending
on the tissue and the physiological or pathophysiclogical
condition, are the corepressors EIP140 and LCoR. able to
function differently [24]. A participation of the Wnt/B-
catenin signaling pathway m HFV-related cancers and
the possible mechanisms by which the oncoprotems EG
and E7 activate this pathway has been demonstrated [35].
The Wnt/f-catenin pathway can regulate cell proliferation
and apoptosis in cervical carcinomas and seems to be
impaortant for cervical oncogenesis [36].

In ouwr comelation analysis, we showed that
cytoplasmic RIP140 expression was positively correlated
with cytoplasmic virus-specific encoprotein E6 (p=0.006)

and mutated p33 in the cytoplasm (p=0.034). Cytoplasmic
LCoR. expression also comelated sigmficantly with EG
expression (p=0.022), but no significant correlation could
be identified between LCoF. and p33. The oncoprotems
E6 and E7 are mvolved in the development of HPWV-
induced cervical cancer [37]. E6 protein interacts with the
E3 ubiqumiin-protem hgase, resuling m the proteclysis of
P53 protem [38]. Mutations of p33 are genetic alterations
m different uman malignancies where the ability of the
protein to bind to its target DA sequence is destroyed and
transcriptional activation is reduced [39, 40]. In a previous
study, we could show a sigmificant advantage of miclear
p33 protein expression (p=0.024) on the OS5 of cervical
cancer pabients [37].

In our cument study, we observed a positive
comelation between mmtated p33 in the cytoplasm and
cytoplasmue RIP140 which 1s associated with a worse
prognosis in cervical camcer patients. As p53 can only
fimction mn the nuclens [37], we may speculate that p33
is kept in the cytoplasm and therefore comrelated with
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the negative prognosticator for cervical cancer, RIP140,
when they teract with each other. Interestingly, only
the mutated form of p33 showed a negative correlation
with E6 m the cytoplasm (p=0.028, Spearman’s rho:
-0.140) (Stiasny et al. (July 2017) in pnnt at Oncology
Letters “The role of E6 oncoprotein, p53, p16, MDM2
and Galectin-3 for the clinical outcome of cervical
cancer patients”). In our case, E6 has an influence on
the expression of mutated p53 m the cytoplasm and
RIP140 correlates with mutated p33 in the cytoplasm.
Therefore, E6 may be involved m the RIP140/mutated
P33 correlation.

Finally, post-translational modifications lke
acetylation play major roles in controlling the repressive
activity of RIP140 [41]. The transcriptional contortion
in cancer induced through expression changes of co-
Tepressors is altered by the actions of histone modifying
enzymes [42]. In a recent study. we could show that

Bernd Peter Kost

the histone protein H3K4me3 was correlated with poor
prognosis in cervical cancer patients and is an independent
marker for relapse-free survival [8]. Moreover, the histone
protein H3K9ac was found to be an independent marker of
OS in cervical cancer patients [8]. In the present work, we
demonstrated a significant correlation of H3K%ac levels
with mclear (p=0.001) and cytoplasmic (p=0.013) RIP140

ion as well as with muclear LCoR expression
(p=0.025). In addition, cytoplasmic LCoR levels were
comrelated with H3K4me3 (p=0.031). The positive
comrelation of RIP140 with H3K9ac levels is i line
with our findings as we show that RIP140 is associated
with a less favorable OS in cervical cancer patients just
as the histone protein modification. It is already known
that RIP140 directly interacts with HDACs [15, 16]. It
has been proposed that this interaction might sequester
HDACs out of their target sites and could therefore
explain part of the positive effects that RIP140 exerts on
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Figure 4: Correlation of cervical tumor size with LCoR IRS staining. (4) Boxpl

tumour size (pT)
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a significant negative correlation (p=0.039; Spearman’s rho: -0.131); (B) median LCoR IRS in pT1a-b2 tumors = 1., magnification x25 (C)
Median LCoR IRS in pT2a-3 cervical tumors = 0; magnification x25.
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Figure 5: Correlation of LCoR expression with E6 expression. (A) Boxplot showing positive correlation berween LCoR and
E6 expression (IRS) (p=0.022; Spearman’s rho: -0.146). (B) LCoR expression in SCC cervical cancer, x25. (C) LCoR expression in SCC

cervical cancer, x25.
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l-'ignu_G: OS of patients with cervix carcinoma with a high (n=171) and a low RIP140 expression (n=68). Low RIP140

expression is associated with a longer OS in cervical cancer patients (p=0.015).
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Figure 7: OS of patients with squamous cell carcinoma with low and high RTP140 expression. There is 2 significant longer
05 in patients with squamons cell carcinoma expressing low RIP140 levels (p=>54) in companson to tumors with bigh RIP140 expression
(e=13T) (p=0.034).
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in 05 of patients with FIF140 negative adenocarcinoma (p=14) i companson to FIP140 posinve adenocarcimoma (p=33) (p=0.828).
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Figure 10: OS in patients with cervical cancer and low LCoR expression classified by positive (n=58) and negative
(n=28) RIP140 status. RIP140 expression is not associated with O5 (p=0.710) when LCoR expression is low (IRS<2) (n=86).
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Table 3: Cox-regression of significant histopathological variables regarding OS in cervical cancers

Bernd Peter Kost

Significance Hazard ratio Lower 95% CI of Upper 95% CI of
Exp (B) Exp(B) Exp(B)
Tumor size -
®T) 005 1264 1.072 1492
Histology S0z 3.076 1511 6.220
RIP140
{nucleus) 014 3385 1.285 go1z
(IRS=1)
a'f,.‘]i}" status 02 2417 1151 5.076
Significant correlations are marked with asterisks ("=p=0.03, "=p=0.01, *"*=p=0.001).
Table 4: Description of the cohort clinical pathological variables of the patients
Number (total number of patients: n=250) Wh
Age, vears
=49 139 556
=40 111 444
Tumor subtype
Squamaous 202 808
Adenocarcinoma 48 192
Tumor size, pT
pTl 10 440
T2 128 512
pT34 9 i6
NA 3 12
Tumor grade
I i | g4
o 143 572
m 78 312
NA g 32
FIGO
I 64 256
o 48 192
m 37 148
v 7 28
NA 04 376
Number of positive nodes
0 151 604
=1 o7 e
NA 2 0.8
(Confinued)
www.impactjournals.com/oncotarget 105367 Oncotarget

80



Habilitationsschrift Bernd Peter Kost

Number (total number of patients: n=250) Uy

Progression (over 233 months)

None 210 84.0

At least one 21 11.6

NA 19 16
Survival (over 235 months)

Censured 190 76.0

Dead 49 19.6

NA 11 44
gene expression such as when the 101 15 drrven the development of cervical cancer have to be sudied.

transcriptio

by the transcription factor Spl [15]. Such a sequestration
of HDACs mught lead to an merease in H3K9 acetylation.
Alternatively, H3E%ac marks on the genome {which are
essentially related to transcriptional activation) could be
linked to a global merease n gene expression meluding
that of the RIF140 and LCOR genes, thus explaming the
comrelations chserved i the present work.

In this study, we also demonstrated that RIF140
expression ([F.5=1) 15 associated with poor OS of patents
with cervical cancer. The inverse comelation of RIP140 with
05 of patients 15 signficant in squamous cell carcmoma of
the cervix (p=0.015) and not m adenccarcmoma samples
but this could be due to the smaller number of cases. A
positive comelation between nuclear RIP140 and LCoR
analysis of RIP140 showed that RIP140 was no longer a
negative prognosticator in cervieal carcinoma if LCoR
muclear expression was low. Hence, jomt expression of
both transcription factors FIP140 and LCoR. m cervical
tissue 1s associated with a worse prognosis. Of importance,
muclear RIP140 levels (together with histological subtype,
tumeor size and nodal status) is an additional mdependent
parameter which prognosticated survival in the tested
cervical cancer cohort.

Ome limitation of this study 15 that the study is a
retrospective wiich analyses the data of the patients who had
undergone surgery for cervical cancer from 1993 until 2002
The advantage of a refrospective study is that this enables
a long follow-up penod, however, therapy options have
been modified in the meantime which can firther have an
influence on the follow-up penod. Additonally, the whole
patient cohort origmates from a smgle hospital and, for a more
detailed analysis, a molti-centre study should be camied out.

In conclusion, RIP140 and LCoR transcription
factors may lead to the progression of cervical cancer,
and possibly represent novel therapeutic targets for the
treatment of this malignancy. Further studies are required
to analyze their roles m the biology of cervical cancer and,
mare precisely, their interaction with p33, E6 and histone
proteins. Additionally, the mechanisms of how EIP140 and
LCoR. interact with other pathways in order to influence

Genome-wide profiling of RIP140 and LCoF. binding sites
m cervical cancer cells will be needed to examine these
different cross-talks. In addition, because there is a direct
comrelation between FIP140 and LCoF. with the histone
protein modifications H3K4me3 and H3KO%c, analysis of
their involvement in the maintenance of the epigenome
should be investigated m cervical cancer.

MATERIALS AND METHODS

Characteristics of patients and biopsies

Formalin fixed paraffin embedded samples of all
assessable cervical cancer cases (230 patients, all without
distant metastasis (pM0) at the time pomt of primary
surgery) who had undergone surgery at the Department
of Gynecology and Obstetrics, Ludwig-Maximilians-
University Mumich, Germany, from 1993 until 2002 were
mchuded m the stady. All patients who had undergone
surgery for the treatment of cervical cancer and where the
paraffin-embedded fumer was available were meluded
m the smdy. There was no pre-selection of the patients.
Histopathological tumor subtypes were assigned according
to the WHO criteria by a gynecological pathologist.
Seamons cell carcinoma (SCC) (202 cases) and cervix
adenocarcinoma (48 cases) were included in the cohort
(Table 4). Other histological subtypes were excluded
from the study as there were only few cases. Clinical and
follow-up data regarding patient age, OS, tumer size,
Iymph node status, FIGO classification, tumor grade and
tumer subtype were retrieved from the Mumich Cancer
Registry (Table 4). Median age of patients was 47.0 years
(range 20-83 years). Tumor grade mcluded grade I (well
differentiated), grade II (moderately differentiated) and
grade III (poorly differentiated). In total, five patients
received an adjuvant chemotherapy.

Ethical approval and informed consent

All procedures mvelving human participants
were in accordance with the ethical standards of the
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institutional and/or national research commuittee and with
the Helsinki declaration of 1964 and its later amendments
or comparable ethical standards. The study was approved
by the local ethics committes of the Tudwig-Maximilians
Unrversity of Mumich (reference munber 259-16. 2016).

Immunochistochemistry

Expression of EIP140 and LCoF. was mmmmo-
histochemically quantified from the embedded cervical
cancer samples. Tissue samples were fixed in neutral-
buffered formalin (3.7%) swaizht after resection and
then underwent standardized paraffin embedding. For
imnumehistochemistry, formalm-fixed paraffin-embedded
tissue sections (3um) were first deparaffinised u1)|:_r,rl::|]1
reliydrated m a descending ethanol gradient and then
prepared for epitope retrieval n a pressure cooker using
sodivm citrate buffer (pH 6.0). Next, sections were blocked
with 3% H,0, m methanol at room temperature for20
min in order to mactivate the
Blockmg solution was applied for blocking of the non-
specific binding of the primary antibodies. Sections were
then consecutively meubated with the primary
anfibodies: anti-RIP140(polyclonal rabbit IzG. Sizma
Aldrich. 5t Louis, USA) and anti-LCoR (polyclomal
rabbit IgG, Novus Biologicals, Littleton, USA). Antibody
reactivity was analysed using the ZytoChemPlus HRP
Polymer System (mouse/Tabbit) (Zytomed Systems, Berlin,
Germany) according to the manufacturer’s protocol. Next,
substrate and chromogen (3,3 -dianunobenzidine DAB;
Dako, Glostrup, Denmark) were added to the shdes, which
were then connterstained with Mayer's acidic haematorylin
and cover slipped. Appropriate positive controls (placenta
samples) and negative controls (negative confrol senum
added on the placenta: Negative Control for Super Sensitive
Rabbit Antibodies, Rabbit IzG, Biogenics, Fremont, USA)
were included in each . Nuclear as well as
cytoplasmic RIP140 and LCoR. stammgv.asﬂ:mcm‘relamd
with eytoplasmic staming of E6, nuelear p33 (wild type and
mtated on Ser?0), HIK9ac and H3K4me3, which has been
carmied out for former publications [37] [8]. Most of the
mutations of p53 destroy the ability of the protem to bind
to its target DINA and thereby prevent transcnptional gene
activation. In a recent study, we detected a high mufation
rate of TP33 in a cervical cancer type where p53 is imtally
inactivated when cervical cancer develops [37]. The
mutation could be comrelated with a better OS, presumably

due to a better response to therapy.
Signal quantification

Cervical cancer sechions were examined by two
independent observers using a Leitz Diaplan microscope
(Leitz, Wetzlar, Germany). For each shde, stammg was

quantified by applymg the semiquantitative iImmuncreactive
score (TRS) which is used for optical assessment of the

Bernd Peter Kost

mtensity and distnibution pattern of antigen expression
[43]. The IES was caleulated by multiplying the mumber
of posittvely stamed cells (i %) (0 no stammg; 1: <10%
of the cells; 2: 11%% to 30%; 3: 51% to 80%, 4: =80%)
with staimng mtensity (0 none; 1: weak; 2: moderate; 3:
strong). We used a scale from 0-1 (no expression) to 12
(very lugh expression). A recerver charactenistic
curve (ROC-curve) was used to deternune the cut-off level
between RIP140 and LCoF. overexpression and reduced
EIP140 T LCoF. expression. For identification
of the cut-off level for RIP140 and LCoR. the maxinnm
difference between sensittviity and specificity was used.
Images were taken with a CCD color camera (JVC, Victor
Companry of Japan, Japan).

Statistics

IBM SPSS Statistics for Windows, Version 22.0.
Ammonk, NY. IBM Corp. was used for data analysis.
Pvalues lower than p={0.05 were considered statistically
significant. Survival times were compared by Eaplan-
Meser analysis, and differences in the OF times of patients
were tested for significance by the Cox-Mantel log-rank
test. Group comparisons of independent groups regarding
ordinal analysis variables were tested with the Mamm-
Whitney U test or the Kruskal-Wallis test as appropriate. All
histopathological variables which had been documented,
have been tested m the mmiltivaniable analysis. Correlations
between ordinal variables were tested using Spearmsan’s
rank comelation coefficient. Cox regression analysis was
used to compare the nsk of death m patients with and
without RTP140 and I.CoR expression when the effects of
further factors were accounted for. Independent variables
mcluded in the Cox regression model were RIP140 and
LCoF. expression, age, tumor size (pT) (T1-T4), histological
subtype (Sguamous cell carcinoma and Adenccarcinema),
tumor grade (G1, G2, G3), FIGO classification (Stage
I-IVB) and lymph node status (pIN) (pNO=no regional
Iymph node metastasis, pMNl=Tegional lymph node
metastasis). We used neither forward nor backward variable
selection because all stepwise procedures have strongly be
criticized [44. 43]. Vanables were therefore selected based
on theoretical considerations and forced mto the model

Abbreviations

ERu
HiEdme3

Estrogen receptor o
Histone H3 trimethyl K4

H3EO%ac  Histone H3 acetyl K9 H3KSac

LCoR. Ligand dependent corepressor

NEIF1  Nuclear Receptor Interacting Protein 1
m Modal status

T Tumer size

s Owerall survival

RIP140  Receptor Interacting Protem of 140 kDa
5CC Semamous cell carcinoma
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Abstract We know that one of the main risk factors for cervical cancer is an infection with high-risk
human papillomavirus (HE-HPV). Prostaglandins and their receptors are very important for the
tumour growth and tumour-assodated angiogenesis. Little is known about the expression of the
Prostaglandin E receptor type 3 (EF3) or the Prostaglandin (PG)Ex- EP3 signalling in cervical cancer,
50 the aim of the study was to analyse the expression of the EP'3 receptor in cervical cancer and find
prognostic factors in relation to survival; EP3 immunohistological staining of 250 cervical cancer slides
was performed and analysed with a semi-quantitative score. The statistical evaluation was performed
with Statistical Package for the Social Sciences (SPS5) to evaluate the staining results and the survival
analyses of the cervical cancer cases. A significant difference was observed in EF3 expression in
Fédération Internationale de Gynécologie et d'Obstétrique (FIGO) stadium [ versus FIGO stadium
IFIV cases. High expression of EP3 (IKS > 1.5) in cervical cancer patients was cormelated with
poor prognosis in overall survival rates. Survival in adenocarcinoma (AC) of the cervix was lower
than in squamous cell carcinoma (SCC). Cox regression analysis shows that EP3 is an independent
prognosticator. In this study we could show that the membrane-bound prostaglandin receptor EP3
is an independent prognosticator for cervical cancer patient survival. Targeting the EF3 eceptor
seems to be an interesting candidate for endocrine therapy Therefore, more research is needed on the
influence of the receptor system and its influence on cervical cancer growth.

Keywords: cervical cancer; squamous cell carcinoma; adenocarcinoma; EP3 receptor; overall survival;
prognostic factor; oo regression

L Introduction

Approximately half a million women amre diagnosed annually with invasive cervical cancer
worldwide. In the year 2012 we had about 530,000 new cases, which is about 8% of all female cancer
deaths [1]. The infection with genital human papillomavirus (HPV) is one of the most common
sexually-transmitted infections worldwide [2]. We know that one of the main risk factors for cervical
cancer is an infection with high-risk human papillomavirus (HR-HI'V). Especially HFV-16 and HPV-18
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subtypes cause nearly 70% of all cases of cervical cancer [3]. The most common HFV subtypes in
woman with normal cytological findings are HFV-16, HFV-18, HFV-52, HPV-31, and HPV-58 [Z].

Prostanoids are metabolites of arachidonic acid synthesized by cvclooxoy genase-1 (COX-1) and
oyclooygenase-2 (COX-2) [4]. The prostaglandin (PG) Dy, PGEy, PGFy,, PGI,, and the thromboxane
Ay are found in most tissues and organs. They are produced by almost all nucleated cells and act as
autocrine and paracrine lipid mediators [5]. Each prostaglandin has, as a ligand, its own receptor.
The receptor for the PGEz, named EP receptor, has four subtypes (EF1, EP2, EPF3, EP4). The receptors
ame 5 protein-coupled receptors with seven transmembrane domains [6]. The prostaglandins play
an important role in the induction of fever, pain, infection, immunity, and the stimulation of the
hypothalamic-pituitary-admenal axis [7]. Some of the prostaglandins are implicated in many aspects
of reproductive functions. In addition the PG play an important role in vascular homeostasis,
like inducing hypertension, thrombosis, and haemostasis [6].

The prostaglandins and their receptors are very important for tumour growth and
tumour-associated angiogenesis. However, the identity of the responsible prostaglandins and the
prostaglandin receptors is at the moment unknown [8]. Amano et al. characterized the role of
PC-signalling in tumour-associated angiogenesis and tumour progression in a mouse model and
declare that the PGE2-EP3 signalling is critical for tumour-assodated angiogenesis and tumour
growth [8]. Recent studies suggest that many tumours are regulated by COX eneyme products [9].
COX-2 is upregulated in numerous cancers like pancreas, lung, bladder, colon, and prostate [10].

The EP3 receptor subtype is very special among the EP receptors, because in that there are multiple
isoforms generated through mENA splicing. So various splicing variants have been identified [11-13].
The different isoforms differ in the C-terminus and through different signal transduction pathwanys [13].
Regarding the EF3 isoforms and their effects, little is known and their different physiclogical roles
remain unknown [12].

Little is known about the expression of the EP3 eceptor or the PGE;-EP3 signalling in cervical
cancer. A few studies suggest the overexpression of COX-2 in eervical cancer [14]. However,
the mechanism of the upregulation of COX-2 in cervical cancer remains unknown [15].

The aim of this study was a systematic analysis of the expression of the EP3 receptor in human
squamous cell carcinomas and adenocarcinomas of the cervix. In addition, we want to investigate if
there exists some prognostic factors in relation to survival. A selective EP3 antagonist may exhibit a
chemoprotective effect and, in the future, it could become a new important tool for cancer therapy [5].

2. Results

2.1. Positive Control of EF3 Staining

Paraffin-embedded sections of ovarian carcinoma metastasis in the colon were used to control the
quality of the EP3 staining (Figure 14, B). The anti-FTGER3 antibody binding site, the first cytoplasmatic
domain with the amino acid sequence: REESKREKSFLLC position 79—91 is present in all EP3 isoforms
1-12 and was picked after researching the Human Protein Atlas.
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Figure 1. All images are at 10x magnification with an insert at 25x magnification. (A) Positive
control of ovarian cancer metastasis in the colon shows cystoplasmatic and membrane-assocated
stamng; (B) Negative control of ovarian cancer metastas:s in the colon; (C) Squamous cell carcmoma
Immunoneactive score (IRS) 1; (D) Adenocarcinoma IRS 1; (E) Squamous cell carcinoma IRS 4;
(F) Adenocarcinoma IRS 4; (G) Ad. mnoma inoma IRS 8; (H) Squamous cell caranoma IRS §,

(I) Squamous cell carcinoma IRS 9; (J) Prostaglandin E receptor type 3 (EP3) stamning of an Fédération
Internationale de Gynécologie et d'Obstétrique (FIGO) Ib diagnosed IRS 2 stamned squamous cell
carcinoma; (K) EP3 staming of an FIGO 4 diagnosed IRS 4 stained sq cell carcy ; (L) Baxplot
of FIGO I and FIGO [I-IV cases with median IRS.

2.2. EP3 Staining in Cervical Carcinoma

The intensity of the expression was evaluated by the immunoreactive score (IRS) using a Leitz
(Wetzlar, Germany) microscope, and is well-established and applied in numerous other studies. In brief,
this semi-quantitative score multiplies the intensity of the staining (0 = not stained; 1 = low intensity;
2 = moderate intensity; 3 = high intensity) and the percentage of stained cells (0= 0%; 1= 1-10%;
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2=11-50%; 3 = 51-80%; 4 = 80%). Finally, we distinguished between (0 = no expression and 12 = very
high expression of EI3 [16]. Two independent observers were blinded and evaluated the intensity and
distribution pattern of the immunochemical staining reaction. The two observers differed in eight
cases (I = 3.2%) of the evaluation. These cases were re-evaluated together and both observers came to
the same result. The concordance before the re-evaluation was 96.8%.

A total of 77.2% of all cervical cancer specimens showed oytosolic expression of EP3. The IRS was
275 in 76%: of the samples, compared to cases that did not express EP3 (18.0%) at all. Compared to
21.1% with low expression (IRS < 1.5), an enhanced staining (IRS > 1.5) was detected in 78.9% of the
samples. The cut off of IRS 1.5 was obtained through receiver operator curve (ROC) analysis. We found
significant positive cormrelation using Spearman’s test between EP3 IRS staining and tumor stze (pT)
{p= 0.018; Rho = 0.154) and FIGO stadium (p = (L440; Rho = (01133).

We separated two groups regarding invasiveness: FIGO stadium patients with the diagnosis of
FIGOT, 1A, IB (Figure 1]) which have a limited tumour in the cervical part of the uterus and the second
group with FIGO L, IT1, IV (Figure 1K) stadium. The result was that the first group of 57 cases had a
median EP3 IES score of 2 and the second group of 91 cases showed a median EP3 IRS scome of 4 with
a significance of p= 0.012 (Figure 1L}).

2.3. Correlation Analysis between Prostaglandin E Receptor Type 3 (EP3) and Fédération Internationale de
Gimécologie et d"Obstétrique (FIGO) Classifi cation

We examined the cormelation between EP3 and several clinic pathological parameters, such as
grading, histology, size of the primary tumour (T-status), nearby mph nodes (M-status),
and FIGOclassification by noticing the distribution of these parameters in our study group. In addition,
a significant difference was observed in EP3 expression in FIGO stadium [ cases versus FIGO stadium
II-IV cases (Table 1).

Table 1. EF3 Immunosesctive scone (IRS) stamang results and cornelation analysis, pN = lymph node
stage, pT = tumour stage, FIGD = Ridération Internationale de Gynécologie et d'Obsétngue.

Variables P INFAR) Correlation Coe ficient

Histology 0700 {—0.025)
pN 0,220 0.078
pT 0018 0.154
FIGO 0.0400 0.133

2.4 Role of EP3 for Orwerall Suroiond

Enhanced EP3 expression (IRS = 1.5, obtained by ROC-analysis) was assodiated with shorter survival
time after diagnosis. As shown in the Kaplan-Meier curve (Figure 24}, high expression of EP3 (IRS > 1.5)
in cervical cancer patients was cormelated with poor prognosis in overall survival rates (p = 0.012).

2.5 Survival Function of Squamous Cell Carcinoma Versus Adenocarcinoma

Additionally, we compared the cumulative survival of all EF3-positive (IRS > 1.5) squamous
cell carcinomas versus adenocarcinomas. The Kaplan-Meier curve (Figure 2B) shows, as expected,
that adenocarcinoma patients have a poor survival time after diagnosis p = 0,009 [17].

2.6. EP3 Staining of Squamous Cell Carcinoma Versus Admocarcinoma

In addition, we performed a Kaplan-Meier test for EP3 positive (IRS = 1.5) squamous cell
carcinoma and adenocarcinomas versus their EP3 negative ones and were able to show that EP3
expression in squamous carcinoma patients is significant with poor survival (p = 0.003; Figure 2C).
Owerall survival in cervical adenocarcinomas indicates that none of the EP3 negative patients in our
collective died (Figure 2I3).
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Figure 2. Kaplan-Meier curves: (A) EP3 survival function of all cervical cancer carcinoma p = 0.012;
(B) EP3 survival function of all cervical squamous-versus adenocarcmoma p = 0.009; (C) EP2 survival

function of cervical sq;

m‘l Laiv 1
cervical adenocarcinomas patients p = 0.003.

2.7. Cox Regression of EP3 Immunoreactive Score (IRS) with Clinic Pathalogical Variabies

The additionally performed multivariate cox-regression tested which histopathological parameter
were independent prognosticators for survival in our study group.

For overall survival the histological subtype (p = 0.002), lymph node metastasis (pN)-status
(p= 0.025) and tumor size (pT)-status (p = 0.001) were independent prognosticators (Table 2).

diagnosed patients p= 0.003; (D) EP3 survival function of

Table 2 Cox regression of clinic pathological variables regarding overall survival, pM = distant
metastasis stage, IRS = Immunoneactive score, Cl = confidence interval, Exp (B) = hazard ratio.

Variable  Significanae  Hazard Ratio of Exp (B) Lower95% Clof Exp (B) Upper95% Clof Exp (B) B
EP3 RS 0.007 1264 1.066 1498 024
Histology 0002 118 1538 6322 IR
pr 0.001 132 1115 1562 0z7
F'l’go 0025 2208 1103 442 0792

0.398 0971 0.905 104 -0.030
Grading 0242 1.381 0.804 2372 0323
Age 0136 1021 0.993 105 0021
M 0261 2214 0.554 BAS7 2214
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3. Discussion

In recent years, attention has been focused on understanding the roke of inflammation in tumour
biology. It is known that COX-2 plays an important role for the induction of inflammation either
individually or through sustained production of PGE; [18]. The overexpression of COX-2 is reported
in numerous human malignandies including colon, breast, lung, and prostate [19]. It is even reporied
that COX-2 is overexpressed in HPV-related diseases, like cervical cancer [20].

In our investigation we examined the expression of EF3 receptor in cervical cancer
{adenccarcinoma and squamous cell carcinoma), the EP3 receptor as an independent marker and tried
to find prognostic factors in relation to survival.

Within this study, we showed that the immunohistochemical evaluation of EP3 receptor staining
was correlated with high FIGO-classification in cervical cancer This is in line with prognostic
implications of higher EP3 receptor expression and higher FIGO-classification, which are both
associated with poorer survival. We demonstrated that an increased EP3 receptor expression correlates
with a negative outcome of overall survival of cervical carcinoma patients.

Further studies suggest that tumour histology has an important impact on survival for women
with cervical cancer and, additionally, a poorer survival in patients with cervical adenocarcinoma [21].
We find the same mesults but, additionally, we could demonstrate that patients with adenocarcinoma
and an IRS less than 1.5 had a very good overall survival rate. It is useful to distinguish between
patients with AC and patients with AC and a high expression of EP3 receptor too, because the latter
had a significantly worse outcome regarding survival. Thus, targeting the EP3 receptor, diagnostically,
gererally seems possible. On the other hand a new study from 2017 suggest that there was no
significant difference in survival when patients were compared by cell type, so the prognosis of
adenocarcinoma is controversially discussed in the literature and further studies are required [22].

The frequency of cervical adenocarcinoma is variable, but a prevalence between 15% and 25% is
reported in the current literature [23]. Although the AC is less frequent than the SCC, we think that
an immunohistochemical evaluation of the EP3 receptor could be an interesting tool for the clinical
routine in the future.

In our study next to the EP3 receptor we found the T-status, the histology and the N-status
to be an independent marker of overall survival. To our knowledge, this is the first time that
assodiations of EP3 receptor with other biological characteristics of cervical cancer and the effect
of EP} on survival of cervical cancer patients have been analysed. We could not find another report
describing EP3 as an independent prognosticator for long time survival in cervical cancer patients.
ther independent markers for overall survival in patients with cervical cancer have also been
investigated by Beyer et al. [16]. They found the histone H3 acety] K9 to be an independent marker of
overall survival. Chen et al supposed that cervical carcinoma high-expressed long non coding BMNA 1
(IncKMA-CCHE1) is an independent peor prognostic biomarker [24].

The role of EP3 and cancer in other studies show various effects. Some studies demonstrate
an indirect pro-tumorigenic effect of EP3 receptor expression in various kinds of cancer, which was
similar to our data. Miyata et al. have shown that the density of EF3 receptor positive stromal
cells is associated with cancer cell progression and malignant potential, including angiogenesis and
lymphangiogenesis [25]. The EF3 receptor has been shown to contribute to malignant aggressiveness,
carcinogenesis and poor prognosis in several cancer types like lung adenocarcinoma and breast
carcinoma [26]. On the contrary, other studies suggest an anti-tumorigenic effect of EP3 receptor
expression. Shoji et al. show a colon tumour development in EP3 receptor knockout mice and suggest
an important role of EP3 in suppression of cell growth [27]. Another study shows that an upregulation
of EP3 expression in prostate cancer cells has preventive and anticancer effects [28,29].

Important to respect is the fact that we have different isoforms of the EP3 receptor. Many details
of the EP3 receptor and its isoforms are uncovered and the data have a number of discrepancies,
especially with regard to its effects [12]. The isoforms of the EP3 receptor may have different effects
and physiological roles based on the tissue, in which they are expressed [12]. Thus, further studies are
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required to investigate the PGE; /EP3 isoforms for a better understanding of the physiological and
pathophysiological effects.

4. Materials and Methods

41. Patimts and Specimes

In this study, cervical cancer tissue samples of 250 patients who underwent surgery
for cervical cancer from 1993 to 2002 at the Department of Gynecology and Obstetrics,
Ludwig-Maximilians-University of Munich, Germany were used. The patient’s median age was
47 years (range 2083 years), and overall median survival was 100 months. The distribution of
clinic-pathological variables can be seen in Table 3. In our study patients with squamous cell carcinoma
or adenocarcinoma of the cervix were included, other histological subty pes were excluded due to the
low number. No pre-selection besides that took place. As a positive control for immunchistochemical
staining, we utilized ovarian carcinoma metastasis of the colon tissue for EP3 which was received
from the Department of Obstetrics and Gynecology of the Ludwig-Maximilians-University of Munich.
The Munich Cancer Registry (MCR) provided clinical and follow-up data for statistical analyses and
retrieved from medical records. All of this is supported by the Bavarian Cancer Registry act and results
in a loss of 4.4% follow-up patients.

Table 3. Patient characke ristica

ltem Numbers/Total Numbers Permlage

Age

=40 138/250 R5.6%

=40 111,/250 4447
Number of positive lymph nodes

1] 151/250 B0.4%,

=1 o7 250 3B.8%

Mot avanlable 2/250 A%
PT, Tumour size

Tl 1107250 44,07,

PT2/3/4 137 /250 54 8%

Mot available 3,250 L2%
FIGO

I &4,/ 250 25.6%

o/ I TV 92,250 36.8%

Mot avanlable 04/ 250 376N
Tumour grade

I 21/250 B4%

i 1437250 B7.2%

1 787250 3L

Mot av ailable 8,250 2%
Tumour sublype

Squamous X2 /250 BO.8%,

Adenccarcnoma 48/ 250 19.2%
Progression (over 135 months)

MNaome 210/250 B4, 07

Al least one event 217250 11.6%:

Mot av ailable 11,250 4.4%
Survival (over 235 monthsh

Right cemsured 190,250 76,0%

Ched 40/ 250 19.6%

Mot avanlable 11/ 250 44%
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4.2. Ethics Approval

The initially collected cervical cancer specimens for histopathological diagnostics wene no longer
used for clinical tests, We recruited all patients for this survey out of this histopathological collective.

The data of the patients were totally anonymised. The authors were blinded for clinical
information during statistical analyses, including survival time. The ethics committee of the
Ludwig-Maximilians University approbated the ethical vote of this study. The Helsinki Declaration
guidelines were mespected (reference number 255-16, 12 June 2016).

4.3 Immunohistochemistry

The paraffinrembedded and formalin-fived samples were cut (3 um) from all specimens and
mounted on positively charged glass slides. Stored at +20 °C before dewaxing for 20 min in xylol
was performed. After washing the tissue in 100% ethanol, the endogenous peroxidase was blocked
with 3% methanol/H204 for 20 min. The tumour slides weme rehydrated in a descending aloohol
series. To unmask the antigen after formalin- fication-associated profein-agglomeration, the slides were
warmed up in an airtight pot for 5 min at +100 “C, adding a trisodium citrate buffer solution (Merck 244
and Merck 6448) with pH = 6. After preparing the slides by washing them in distilled water and
PHS-buffer the first step of the Polymer kit (ZytoChem Plus HRP Polymer System, Berlin, Germany)
was applied for 5 min to aveid unspecific (hydrophobic) bindings. Incubation of the samples at
+4 °C for 16 h with the EP3 primary antibody (anti-PTGERS antibody polyclonal rabbit IzG; ABCAM
abl189131) followed. After steps 2 and 3 of the polymer kit (Reagents 2 and 3), the substrate-staining
with DAB (chromogen substrate kit, Dako, Munich, Germany) was performed for two and a half
minutes, followed by the counterstaining by hemalaun colouring (2 min). The samples were finally
dehydrogenated in an ascending alcohol series and covered.

5 Conclusions

In this study we showed that the immunchistochemical evaluation of the EP3 receptor expression
is correlated to the FIGO classification, so we could demonstrate that an increased EP3 receptor
expression cornelates with a negative outcome of overall survival of cervical carcinoma patients.

In addition we found a different expression of EP3 in correlation to the histological subtype.
Patients with AC and a high expression of EP3 receptor had a significant worse outcome regarding
survival. Targeting the EP3 receptor diagnostically seems generally possible.
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3 Zusammenfassung

Die Inzidenz des Zervixkarzinoms ist in Deutschland in den letzten Jahren riicklaufig. Noch in
den 70er Jahren des vergangenen Jahrhunderts war das Zervixkarzinom das haufigste
Karzinom der Frau. Durch Friiherkennungsuntersuchungen konnte die Anzahl an invasiven
Karzinomen deutlich reduziert werden. Insgesamt ist auch der Anteil hohergradiger
Tumorstadien und die Mortalitat riicklaufig, allerdings stagniert der Riickgang in den letzten
Jahren. Zur Risikoabschatzung erkrankter Patientinnen mit Zervixkarzinom sind wichtige
klinische Prognosefaktoren bekannt. Nach durchgefiihrter Primartherapie kommt es im
weiteren Verlauf bei etwa einem Drittel der Patientinnen zu einem Rezidiv innerhalb eines
Zeitraums von 2 Jahren. In Studien kam es bei bis zu 60% der Patientinnen zu einer
Fernmetastasierung. Diese Patientinnen sind in der Regel, bei insgesamt schlechtem
Ansprechen, nur noch einer palliativen Therapie zugdnglich. Als klinische Risikofaktoren
konnten in Studien das initiale Tumorstadium und der Befall an Lymphknoten identifiziert
werden (S3 Leitlinie Zervixkarzinom 2014).

Neben klinischen Faktoren sind fir diverse andere Tumorentitaten molekulare
Prognosefaktoren untersucht, aus denen neben einer Risikoklassifizierung auch
weiterfiihrende Therapieoptionen abgeleitet werden koénnen. Seit mehreren Jahren
beschaftigt sich die Forschungsgruppe der Klinik und Poliklinik fir Frauenheilkunde der LMU
Minchen mit Fragen zur molekularen Tumorbiologie bei verschiedenen Tumorentitaten aus
dem Fachgebiet der Frauenheilkunde. Hierbei sind fiir einige gynakologische Karzinome auch
prognostisch relevante klinische und molekulare Faktoren untersucht worden. Das
Zervixkarzinom ist diesbeziiglich sowohl durch die Forschungsgruppe als auch international

noch unzureichend erforscht.

Eine Infektion mit dem Humanen Papillomavirus (HPV) (iber sexuelle Kontakte ist sehr
wahrscheinlich und weit verbreitet. Hierbei scheint es vor allem in Risikopopulationen zu einer

ubiquitdaren anogenitalen Infektion zu kommen. Bei auffdlliger Zervix-Zytologie ist eine
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gleichzeitige anale Infektion mit dem vergleichbaren HPV-Subtyp sehr wahrscheinlich. Ebenso
verhalt es sich bei Patientinnen mit HIV-Infektion, unabhangig von ihrem individuellen

Zervixbefund.

Verschiedene molekulare Faktoren und Mechanismen, welche in der Karzinogenese des
Zervixkarzinoms eine wichtige Rolle spielen, sind bekannt. Zur Detektion molekularer
Faktoren werden unterschiedliche, naturwissenschaftliche Analysevefahren verwendet. Zur
Verbesserung der Analysemethode und zur Etablierung einer einfachen, sicheren und
kostengiinstigen Detektion von molekularen Faktoren, wie Onkoproteinen, Rezeptoren,
Regulatoren und Repressoren oder Histonen wurde in einer molekularen Arbeit unter Testung
einer Vielzahl an Antikérpern und Farbeprotokollen ein immunhistochemisches Farbe- und

Analyseverfahren etabliert.

Diverse molekulare Faktoren, die mit HPV-getriggerten onkogenen Veranderungen des
Zellzyklus assoziiert sind, wurden innerhalb dieser Arbeit analysiert. Die molekularen Daten
wurden mit klinischen Daten der jeweiligen Patientinnen korreliert. Die Analyse ermoglichte
eine Aussage auf die Progression des Zervixkarzinoms lber 10 Jahre nach stattgehabter
Operation und damit Probengewinnung. Mittels immunhistochemischer Analyse wurden die
molekularen Faktoren E6 und E7, der Tumorsuppressor p53, Ser-20 p53 Mutant, p16, das
Proto-Onkogen MDM?2, Gal-3, die Histone H3 Acetyl K9 und H3 Tri Methyl K4, der
Prostaglandinrezeptor EP3, die Ko-Regulatoren RIP 140 und LCoR sowie der

Glucocorticoidrezeptor untersucht.

Fiir die meisten analysierten Marker konnte eine hohe Expression in den jeweiligen Proben
nachgewiesen werden. Hierbei konnte fiir einige dieser Faktoren eine Korrelation mit
klinischen Parametern wie histologischem Typ, GroRe des Karzinoms mittels T-Stadium, FIGO-
Klassifikation oder Nodalstatus hergestellt werden. Durch Korrelation der molekularen Daten
mit klinischen Parametern konnten Daten zur Frage der Prognose der Patientinnen in unserer
Untersuchung gewonnen werden. Eine interessante Korrelation zwischen Uberleben der

Patientinnen und molekularem Marker konnte fiir die immunhistochemische Expression der
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Faktoren Galektin-3 (gal-3), Glukokortikoidrezeptor (GR), Ko-Regulator RIP 140 (Receptor
Interacting Protein), Histon H3acetylK9Histon H3trimethylK4 und dem Prostaglandinrezeptor
EP3 gezeigt werden. Aus der Literatur ist bekannt, dass gal-3 in Tumorzellen epigenetisch
reguliert wird. Durch die vorliegenden Korrelationsanalysen konnte gezeigt werden, dass auch
modifizierte Histonproteine beteiligt sein kdnnen. Auch der Glukokortikoidrezeptor wirkt
epigenetisch. Hierfir ist die Aktivierung von Ko-Regulatorproteinen wie RIP 140 oder auch

LCoR notig.

Wie bereits bei anderen Tumorentitdten etabliert, soll, basierend auf einer potentiellen
molekularen Risikostratifizierung, der Anreiz fiir die Forschung an weiterfihrenden
Therapieoptionen beim Zervixkarzinom gelegt werden. Diese Faktoren koénnten neue
innovative Ansatze einer zielgerichteten Strategie in der Pravention, Prognoseeinschatzung

und Therapie des Zervixkarzinoms darstellen.
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HPV = Humanes Papillomavirus

WHO = World Health Organization

UICC = Union internationale contre le cancer
TNM = T: Tumor, N: Nodus, M: Metastase

DNA = Desoxyribonukleinsaure

LCR = Long Control Region

LR = Low-Risk

HR = High-Risk

p16 = CDK-Inhibitor 2A Protein

E6-AP = E6-assoziiertes Protein

MDM2 = MDM?2 Proto-Onkogen

Rb = Retinoblastom-Protein

Gal-3 = Galektin-3

NR = Nukledre Rezeptoren

RIP140 = Receptor Interacting Protein

NRIP1 = Nuclear Receptor Interacting Protein 1)
LCoR = Ligand dependent Corepressor

COX = Cyclooxegenase

FIGO = International Federation of Gynecology and Obstetrics

Her-2 = human epidermal growth factor receptor 2
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HIV = Humanes Immundefizienz-Virus

G = Gruppe

PCR = Polymerase Kettenreaktion

CIN = Cervikale Intraepitheliale Neoplasie
LK = Lymphknoten

EP 3 = Prostaglandin E Rezeptor Typ3

LMU = Ludwig-Maximilians-Universitat
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