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INTRODUCERE

Cu toate progresele realizate in domeniile chirurgiei si chimioterapiei, cancerul ovarian
continua sa fie principala cauza de deces in randul pacientelor cu cancere ginecologice.

In ultimele doua decenii s-a pus accent tot mai mult pe descifrarea biologiei moleculare
a carcinomului ovarian. Exista studii recente care sustin ca teoria carcinogenezei ovariene, asa
cum a fost ea sustinutd pana de curand, are multe puncte slabe, astfel ca in prezent sunt
propuse alte modele in care sunt incluse si mecanismele moleculare.Unul dintre aceste studii,
care ia in considerare aspectele clinice, patologice si moleculare ale bolii, propune modelul
dualist pentru carcinogeneza ovariana care imparte carcinoamele ovariene in doud tipuri de
tumori: de grad redus (tipul 1) si de grad inalt (tipul 2), cu anomalii genetice §i comportament
biologic diferit.

In ultimele doua decenii, investigatiile citogenetice din carcinomul ovarian, realizate cu
tehnici precum FISH-ul metafazic sau interfazic, CGH etc, au ajutat la identificarea unor
anomalii cromozomiale complexe si anomalii functionale ale genelor de pe acesti cromozomi

(informatii existente in Baza de date Mitelman).

Cromozomul 3 este unul dintre cromozomii umani la nivelul caruia s-au identificat prin
metode moderne deletii interstitiale la nivelul 3p intr-un numar mare de malignitati.
Implicarea cromozomului 3 in carcinogeneza ovariana a fost dovedita pe parcursul timpului
atat prin analiza citogenetica conventionald, cat si prin tehnici performante de biologie
moleculara care au raportat o serie de gene supresoare tumorale ,,candidate” la nivelul 3p.
Studiile citogenetice au aratat ca anomaliile cromozomului 3 implica deletii non-randomizate
de portiuni din 3p sau chiar a intregului brat 3p. Evidentierea acestor pierderi cromozomiale,
ca evenimente timpurii In carcinogeneza ovariand, a determinat initierea propunerii de a
introduce o clasificare genetica in care sunt descrise mai multe subtipuri de carcinom ovarian
in functie de marimea pierderilor de material genetic de la nivelul 3p. Deletiile la nivelul 3p
sunt cu mult diferite fatd de cele descrise la nivelul altor cromozomi, datoritd numarului
crescut de puncte de ruptura la acest nivel, la care se adauga o frecventa crescutd a deletiilor
la nivelul capetelor telomerice 3p si 3q, fatd de zona centromerului. In afard de pierderile de
material genetic la nivelul 3p, in cazul acestui cromozom au fost descrise si castiguri de

material genetic la nivelul 3926-gter Tntr-un numar de tumori.

In aceastd lucrare ne-am propus analizarea rolului cromozomului 3 in evolutia
carcinomului ovarian prin folosirea rezultatelor unui sistem functional experimental (testul de
eliminare -Et) pe materialul tumoral fixat si inclus in parafina, utilizand tehnici de

citogenetica moderna (FISH, CISH) si flow-citometrie pentru analiza ploidiei ADN, Tn acest



moment fiind singurul studiu publicat in tard pe acest tip de material, utilizand propriile

protocoale de lucru.

Lucrarea este compusa din doua parti: o parte generala - stadiul actual al cunoasterii si 0
parte personald — contributiile proprii.

In prima parte, structurata pe capitole, a fost realizatd o prezentare a celor mai recente
date din literatura privind subiectul abordat.

In capitolul 1 sunt trecute in revista date din literatura de specialitate despre
citogenetica clasicd si despre mecanismele citogenetice care apar in tumorile solide, despre
anomaliile cromozomiale numerice si structurale care apar in carcinoamele ovariene grupate
pe subtipuri histologice, despre aplicatiile diagnostice si prognostice ale analizei citogenetice
in acest tip de tumora cu modele de evolutie cariotipica.

Datele prezentate in capitolul 2 reprezinta doar o parte din biologia moleculara a
carcinomului ovarian, fiecare dintre anomaliile genetice descrise putand constitui in viitor un
posibil marker pentru identificarea timpurie a bolii.

Capitolul 3 este destinat cromozomului 3 si rolului pe care acesta il are in
carcinogeneza ovariand. De asemenea, sunt prezentate Cauzele instabilitatii genetice in
celulele tumorale ovariene. Anomaliile cromozomului 3, structurate pe subtipuri histologice,
reprezinta obiectul investigatiilor descrise in partea de contributii proprii a tezei.

In Capitolul 4 este descris un test functional experimental numit Testul de eliminare
(Et), cu ajutorul caruia au fost identificate la nivelul 3p regiuni cromozomiale frecvent
deletate (regiunea CERL1) si castiguri de material genetic la nivelul 3q26-qter (regiunea CRR),
in multe tumori umane maligne printre care se numara si carcinomul ovarian. Intr-o scurta
prezentare este descrisa si tehnologia de fuziune microcelulara care a permis cartografierea
genelor si secventelor de ADN la nivelul regiunilor cromozomiale din genomul uman.

In Capitolul 5 sunt prezentate tehnicile de citogenetici moderna utilizate in aceasta
lucrare pentru evidentierea anomaliilor genetice la nivelul 3p/3q.

Deosebit de utile sunt datele si corelatiile prezentate in ultimele doua capitole (6 si 7)
despre proteina si gena HER2/neu si despre rolul p53 in carcinomul ovarian, care au nu numai
o importanta teoretica, cit si implicatii utile terapeutice.

Partea a doua a tezei de doctorat prezinta cercetarile personale si cuprinde urmatoarele
capitole:

Cap. 8 Experimentarea si standardizarea unui protocol de izolare a nucleilor din

materialul tumoral fixat si inclus in parafina.

Intr-o prima etapa am experimentat un protocol de lucru pentru obtinerea din materialul

fixat si inclus in parafind a suspensiilor tumorale monodispersate, cu ajutorul carora sa se



poata analiza anomaliile genetice Tn tumorile umane utilizand tehnici de citogenetica moderna
si flow-citometrie.

Material de lucru: materialul tumoral fixat si inclus in blocul de parafind (95 de cazuri

+ 5 cazuri control), obtinut in urma interventiilor chirurgicale de la pacientele cu diagnosticul
de carcinom ovarian. Blocurile de parafina cu material tumoral, selectate Tn urma analizei
lamelor histologice colorate cu HE, au fost sectionate, iar sectiunile au fost prelucrate in
cadrul Centrului MTC (Microbiology Cell and Tumor Biology Center) al Institutului
Karolinska din Stockholm, Suedia.

Metoda: Protocolul utilizat pentru izolarea nucleilor din materialul tumoral fixat si
inclus in parafina este o varianta a protocolului Hedley de extractie a nucleilor tumorali.

Rezultate: » Protocolul de extractiec a nucleilor dintr-o sectiune tisulara fixata si
inclusa in parafind poate fi aplicat pentru orice tip de tesut; ®» Succesul tehnicilor de
citogenetica moderna depinde foarte mult de calitatea nucleilor extrasi, fiind obligatorie
respectarea timpilor de fixare in formol si de prelucrare in cel mai scurt timp pentru a evita
alterarea materialului genetic » Este necesara o selectare histologica atenta a sectiunilor
utilizate (marcare si sectionare) pentru obtinerea unor rezultate genetice corecte » Din
suspensiile tumorale monodispersate obtinute in etapa finala a protocolului de lucru au fost
pregatite lame care au fost examinate la microscopul cu fluorescenta pentru verificarea
urmatoarelor aspecte:

= numarul optim de nuclei analizabili si morfologia acestora;

= testarea prezentei citoplasmei cu DAPI-Sulphorhodamine (prezenta citoplasmei
determina o fluorescenta rosie perinucleara si altereaza rezultatele testelor);

= intensitatea fluorescentei DAPI-Sulphorhodamine (intensitatea albastrd nucleara
marcata semnifica o concentratie proteica redusa perinucleara).

Cap. 9 Experimentarea si standardizarea unui protocol FISH pentru analiza

citogeneticid a materialului tumoral fixat si inclus in blocul de parafina.

Material si metoda:

Suspensiile tumorale monodispersate obtinute care au indeplinit anumite criterii au fost
utilizate ca material de lucru pentru experimentarea unui protocol pentru tehnica FISH cu
ajutorul caruia au fost detectate si analizate anomaliile cromozomului 3 (aneuploidia, deletiile
CERI1 si amplificarile la nivelul 3926).

Tehnica FISH pe populatiile celulare tumorale prezintd o sensibilitate ridicata si ofera
posibilitatea detectarii anomaliilor cromozomiale intr-un numar mare de celule tumorale,
independent de activitatea lor proliferativa in vitro. Astfel, FISH-ul a devenit un instrument
complementar Tn citogenetica cancerului pentru detectarea anomaliilor cromozomiale
numerice Tn nucleii interfazici si pentru clasificarea cromozomilor marker, informatia

citogenetica putand fi corelata cu aspectele clinice si patologice ale cazului analizat.



Anomaliile cromozomului 3 au fost analizate cu ajutorul unor probe (sonde) pentru
tehnica FISH - clonele PACs “P1 derived artificial chromosome” pentru regiunea CER1
(3p21.3) si BACs ,,Bacterial artificial chromosome” pentru regiunea 3q26 (vectori utilizati
pentru a clona fragmente de ADN), obtinute in laborator pe baza unui protocol de lucru.
Clonarea ADN-ului este o metoda utilizatd pentru multiplicarea secventelor de ADN
particular (de interes), folosit pentru analiza anumitor regiuni cromozomiale. Probele BACs
reprezintd materialul ideal pentru analizarea secventelor de ADN cu markeri citogenetici.
Sunt cei mai importanti vectori folositi pentru secventierea genomului uman. De asemenea,
sunt utilizati pentru tehnica FISH deoarece reprezinta forme stabile si usor de manipulat de
ADN clonat, care produc semnale fluorescente atat pe metafaze cat si la nivelul nucleilor. In
studiul nostru au fost utilizate pentru analiza amplificarilor la nivelul 3q26.

Toate sodele PAC si BAC marcate au fost testate utilizand tehnica FISH-ului metafazic
si interfazic pe lame cu nuclei tumorali obtinuti dintr-o suspensie tumorala leucemica si dintr-
o linie tumorald de carcinom-nazofaringian Hone 1 (lame control), al caror status citogenetic
pentru regiunile CER1 si 3026 era cunoscut.Optimizarea protocolului FISH s-a realizat n
etapa finala pe suspensiile tumorale ovariene parcurgand etapele protocolului FISH de
pretratare, denaturare si hibridizare a ADN-ului din sondele PAC, BAC, CEP3 si a ADN-ului
tumoral ovarian, urmate de spalarea posthibridizare.Vizualizarea semnalelor fluorescente s-a
realizat cu ajutorul unui sistem alcatuit dintr-un microscop cu fluorescentd Leica, Leitz-
DMRB, Heidelberg, Germania si o camerd video CCD (Hamamatsu C 4800, Herrsching,
Germania). Softul utilizat pentru prelucrarea imaginilor a fost Adobe Photoshop 7.0.

CAPITOLUL 10. Analiza anomaliilor cromozomului 3 in carcinomul ovarian

e Analiza aneuploidiei cromozomului 3 Tn carcinomul ovarian.

Utilizadnd tehnica FISH-ului interfazic si proba centromerica CEP3 3 (o-satelitd),
aneuploidia cromozomului 3 a fost depistata in 72,6% din carcinoamele ovariene analizate,
restul de 27,4% reprezentand cazurile cu status diploid. Aneuploidia a fost frecvent intalnita
in carcinomul ovarian de tip histologic seros (87%) aflat in stadiul avansat, majoritatea
cazurilor fiind de grad Tnalt.Un procent de 13% din carcinoamele de tip seros au fost in stadiul
incipient (FIGO I-II) si au avut grad inalt. Carcinoamele cu histologie de non-seros
(subtipurile endometrioid, mucinos, cu celule clare, nediferentiat) si aneuploidia
cromozomului 3 au fost mai frecvent ntélnite Tn stadiul avansat (l11-1V), gradul fiind inalt.
Carcinoamele seroase aneuploide au fost mai frecvente in stadiul 111C (57%) comparativ cu

stadiul I11A+B (10%).

e Analiza deletiilor CER1 in carcinomul ovarian si stabilirea uor corelatii intre

deletiile CERI1 si caracteristicile clinico-patologice ale cazurilor

La nivelul bratului scurt banda 3p21 a fost frecvent raportata ca fiind sediul deletiilor

interstitiale in 23 de tipuri de tumori maligne, printre care se numara §i carcinomul ovarian.



Cu ajutorul Et a fost identificatd o regiune frecvent deletatd in tumori numitda CERI
(C3CERL), localizati la nivelul 3p21.3. CER1 are o dimensiune de aproximativ 2.4 Mb fiind
o regiune bogata in gene (contine 33 de gene).

Scopul acestui studiu a fost de a analiza cu ajutorul FISH-ului interfazic si a clonelor
PAC posibilele pierderi de material genetic la nivelul regiunii CER1 n carcinoamele ovariene
(deletiile CER1 care implica posibile gene supresoare tumorale - GST cu rol in carcinogeneza
ovariand = GST ,,candidate”) si de a stabili unele corelatii cu parametrii clinico-patologici ai
cazurilor respective.

Rezultate: Pe baza analizei datelor obtinute, ludnd in considerare statusul regiunii
CER1, am identificat urmatoarele 3 grupuri de studiu: Grupul A: cu status diploid -
carcinoamele ovariene cu numar normal de copii pentru toate probele utilizate; Grupul B:
cuprinde cazurile cu status aneuploid (> 3 copii ale cromozomului 3) si cu numar mic de
deletii CER1; Grupul C: cuprinde cazurile de carcinom ovarian in care predomina deletiile
CER1. Cele mai multe deletii CER1 au fost identificate n carcinoamele ovariene de tip
histologic seros, toate tumorile fiind de grad Tnalt. Cele mai multe carcinoame ovariene cu
deletii CER1 au fost in stadiul avansat (72%), predominant FIGO IIIC, insd un procent de
29% de carcinoame seroase au fost in stadiul incipient (FIGO I-II). Deletiile CER1 au fost
detectate si in subtipul endometrioid de carcinom ovarian, insa numai in cazurile de grad
Tnalt, aflate Tn stadiul avansat, corespunzind tipului 2 de tumori conform modelului dualist.

e |Identificarea cu ajutorul tehnicii FISH a anomaliilor genetice la nivelul 3926

in_carcinomul ovarian si stabilirea unor corelatii intre aceste anomaliile

oenetice si caracteristicile clinico-patologice ale cazurilor

Pentru identificarea cu ajutorul FISH-ului interfazic a unor posibile castiguri de material
genetic la nivelul 3g in carcinoamele ovariene am utilizat trei clone BAC, doua pentru 3g26.1
si una 3q26.33, regiunea 3q26 fiind cunoscuta pentru frecventa inalta a amplificarilor 3q in
multe tumori maligne umane.

Rezultate: S-au detectat castiguri de material genetic (polisomie si/sau amplificare) la
nivelul regiunii 3q26 (3q26.1 si 3q26.33) in carcinoamele ovariene.Acestea au fost mai
frecvente n tipul histologic seros, de grad Tnalt, aflate predominant tn stadiul FIGO IIC.
Cistigurile de material genetic sub forma amplificarilor la nivelul 3q26 au fost prezente in
14% din cazuri.Castigurile de material genetic sub forma polisomiei au fost prezente 1in trei
cazuri de carcinom non-seros (subtipurile endometrioid si cu celule clare), toate tumorile fiind
de grad inalt si stadiu avansat (FIGO IIIC-1V).

e Deletiile CER1 (3p21.3) si amplificirile pe 3926 — posibili factori prognostici

Tn carcinomul ovarian

Avand in vedere numarul mic de cazuri (50 din numarul total de 95 utilizate pentru

studiul aneuploidiei), care au putut fi analizate prin tehnica FISH atit pentru deletiile CERI1,



cat si pentru castigurile la nivelul 3q26, valoarea prognostica a anomaliilor cromozomului 3
poate fi validata numai pe loturi mari de paciente cu diagnosticul de carcinom ovarian care
prezinta aceste tipuri de anomalii.

Analiza supravietuirii pacientelor (metoda Kaplan-Meier) din cele trei grupuri analizate
la nivelul regiunii 3q26 a aratat o reducere a supravietuirii mediane pentru pacientele cu
polisomie si cu amplificari 3926, fatd de cele din grupul diploid.

Cap. 11 Determinarea prin metoda flow-citometrici a ploidiei ADN pe tesut

tumoral ovarian fixat si inclus in parafina.

Utilizand suspensia tumorala ovariand monodispersatd a fost elaborat un protocol de
lucru pentru analiza ploidiei ADN prin flow-citometrie, datele obtinute prin aceastd metoda
fiind ulterior comparate cu cele rezultate la determinarea aneuploidiei 3 cu ajutorul FISH-ului
interfazic. Masurarea fluorescentelor a fost realizata cu ajutorul flow-cytometrului Becton-
Dickinson FACScan, iar evaluarea histogramelor ADN cu ajutorul softului CellQuestPro
(Becton- Dickinson). Pentru control extern au fost utilizate probe de tesut ovarian non-
tumoral.

Rezultate: Cazurile analizate prin metoda flow-citometrica si prin FISH interfazic au
prezentat rezultate similare, existand cateva probleme de supraexprimare a ploidiei ADN, date
in special de numarul mai mare de nuclei tumorali suprapusi sau de subexprimare a ploidiei
ADN in probele cu numar insuficient de nuclei, datorita utilizdrii acestora in testarile
anterioare. Determinarea ploidiei ADN prin flow-citometrie necesitd suspensii
monodispersate cu numar suficient de mare de celule tumorale pentru a evita aparitia unor
erori de tipul supra sau subexprimarii ploidiei.

Cap. 12 Analiza statusului HER2 in carcinomul ovarian prin tehnicile IHC si
CISH

Expresia imunohistochimica a proteinei c-erb b2/HER2 si amplificarea genei

HER2/neu evaluata prin CISH (chromogenic in situ hybridization) au fost studiate pe un lot
de 95 cazuri de tumori ovariene (1 tumora ovariand seroasd borderline, 77 carcinoame
seroase, 10 carcinoame endometrioide, 2 carcinoame mucinoase, 2 carcinoame cu celule
clare, 3 carcinoame nediferentiate).

Rezultate: Rata de pozitivitate a HER2 in carcinoamele ovariene (cazurile cu scor IHC
3+ si cele cu scor THC 2+ confirmate prin CISH) din studiul nostru a fost de aproximativ
16%. Nu au fost gasite corelatii ale statusului HER2 nici cu grupul anomaliilor cromozomului
3, nici cu parametrii clinico-patologici ai cazurilor. O diferenta semnificativa in ceea ce
priveste supravietuirea a fost evidenta intre pacientele HER2 negative (0/1+) si cele HER2
pozitive (2+/3).

Cap. 13 Expresia imunohistochimici a proteinei p53 in carcinoamele ovariene




Expresia imunohistochimica a proteinei p53 a fost studiatd pe acelasi lot de 95 cazuri
de tumori ovariene (1 tumora ovariand seroasa borderline, 77 carcinoame seroase, 10
carcinoame endometrioide, 2 carcinoame mucinoase, 2 carcinoame cu celule clare, 3
carcinoame nediferentiate).

Rezultate: Supraexpresia p53 a fost gasita pozitiva in 58% din cazuri. Tumorile
ovariene pozitive pentru p53 au fost carcinoame majoritatea de tip histologic seros (50,5%),
de grad inalt, aflate in stadiul avansat (FIGO I1IC-I1V). Coloratia imunohistochimica pentru
p53 a fost absentd in tumora seroasd borderline, in carcinomul cu celule clare, in
carcinoamele endometrioide si mucinoase aflate in stadiul incipient (FIGO I-11).

O analiza a supraexpresiei p53 in grupurile studiate pentru anomaliile cromozomului 3
a evidentiat urmatoarele aspecte: P> lipsa supraexpresiei p53 in grupurile cu status diploid
pentru cromozomul 3; P>supraexpresia p53 a fost identificata in grupurile cu anomalii ale
cromozomului 3 (deletii CER1 la nivelul 3p21.3, polisomie, amplificari la nivelul 3q26),
numai 1n carcinoamele ovariene de tip seros, grad inalt si stadiu avansat, fard insa a putea
stabili cu certitudine o corelatie cu tipul anomaliei genetice; o usoara preponderentd a
cazurilor p53 pozitive a fost observata in grupul cu amplificari la nivelul 3g26.1 si 3q26.33
pentru cazurile cu > 6 copii ale cromozomului 3;

Utilizand testul ¥ au fost gasite corelatii cu semnificatie statistica intre supraexpresia
p53 si varsta de peste 55 de ani a pacientelor (p=0.01), stadiul FIGO avansat (llIC-
IV)(p<0.01), tipul histologic seros (p=0.03), gradul Tnalt (p<0.01), prezenta ascitei (p<0.01) si

tumora reziduald > 2cm dupa interventia chirurgicala citoreductionala (p<0.01).
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INTRODUCTION

Despite all the progress made by surgery and chemotherapy, ovarian cancer
continues to be the leading cause of death among patients with gynecological cancers.

Over the last two decades, deciphering the molecular biology of the ovarian
carcinoma has increasingly gained interest. Recent studies maintain that the theory of
ovarian carcinogenesis, as it was asserted until recently, has many weak points,
therefore other models are currently suggested, models which include molecular
mechanisms. One of such studies, which considers the clinical, pathological and
molecular aspects of the disease, proposes a dualist model for ovarian carcinogenesis,
which classifies ovarian carcinoma into two types of tumors: low grade (type 1) and
high grade (type 2), types which show different genetic abnormalities and biological
behavior.

Over the last two decades, cytogenetic research into ovarian carcinoma, using
techniques such as metaphase or interphase FISH, and CGH, has helped identify complex

chromosome abnormalities and functional abnormalities of the genes on these chromosomes

(Mitelman Database).

Chromosome 3 is one of the human chromosomes on which modern methods have
identified 3p level interstitial deletions in a large number of malignancies. Chromosome 3’s
involvement in ovarian carcinogenesis has been proven over time both by conventional
cytogenetic analysis, and by high-end molecular biology techniques, which have reported a
series of 3p level “candidate” tumor-suppressor genes. Cytogenetic studies have shown that
chromosome 3 abnormalities include non-random deletions of portions of 3p or the entire 3p
arm. The evidence of such chromosomal losses as early events in ovarian carcinogenesis has
led to the proposal to introduce a genetic classification, which describes several subtypes of
ovarian carcinoma according to the size of 3p genetic material losses. 3p deletions are very
different from the deletions of other chromosomes, due to the high level of breakpoints, and
the increased frequency of deletions of telomeric 3p and 3q ends as compared to the
centromeric area. Besides the 3p genetic material losses, this chromosome has also shown

3026-qter genetic material gains in a number of tumors.

This paper has proposed to analyze the role of chromosome 3 in the evolution of
ovarian carcinoma by using the results of an experimental functional system
(elimination test - Et) on the tumor material, which was fixed and paraffin embedded;
the system used modern cytogenetic techniques (FISH, CISH) and flow cytometry to
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analyze DNA ploidy; it is the only study published in Romania so far that uses this

type of material, and its own operating protocols.

The paper has two parts: a general part — current state of knowledge — and a personal
part — personal contributions.

The first part, which is structured into chapters, presents the most recent
literature data on the subject of the paper.

Chapter 1 summarizes data in the specialized literature on classical cytogenetics and
the cytogenetic mechanisms that take place in solid tumors, numerical and structural
chromosome abnormalities that occur in ovarian carcinomas grouped into histological
subtypes, and diagnostic and prognostic applications of cytogenetic analysis for this tumor
type with karyotypic evolution models.

The data in chapter 2 represent just a part of the molecular biology of ovarian
carcinoma, and each of the genetic abnormalities described can constitute a possible
marker for early disease identification in the future.

Chapter 3 is dedicated to chromosome 3 and its role in ovarian carcinogenesis. It also
discusses the causes of genetic instability in the ovarian tumor cells. Chromosome 3
abnormalities, structured into histological subtypes, represent the object of the research
described in the personal contribution part of the thesis.

Chapter 4 describes an experimental functional test called the Elimination Test (Et),
which helped identify frequently deleted 3p chromosome regions (the CER1 region) and
3026-qgter genetic material gains (the CRR region) in many malignant human tumors, among
which ovarian carcinoma. It includes a short description of the microcell fusion technology
which allowed the mapping of genes and DNA sequences in the chromosome regions of the
human genome.

Chapter 5 presents the modern cytogenetic techniques used in this paper to evidence
3p/3q genetic abnormalities.

The data and correlations presented in the last two chapters (6 and 7) on the HER2/neu
protein and gene, and the role of p53 in ovarian carcinoma are also especially useful, since

they not only have theoretical significance, but also useful therapeutic implications.

The second part of the doctoral thesis presents personal research, and comprises the

following chapters:

Chapter 8. Experimentation and standardization of a protocol for nuclei isolation

in fixed and paraffin-embedded tumor material.
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In the initial stage, we experimented on an operating protocol for obtaining
monodispersed tumor suspensions from the fixed and paraffin-embedded material; the
suspensions would be used to analyze genetic abnormalities in human tumors by using
modern cytogenetic techniques and flow cytometry.

Working material: the fixed and paraffin-embedded tumor material, obtained by

surgical interventions from patients diagnosed with ovarian carcinoma. The paraffin blocks
containing tumor material, selected following the analysis of HE stained histology slides,
were sectioned, and the sections were processed at the MTC Center (Microbiology and
Tumor Biology Center) of Karolinska Institute in Stockholm, Sweden.

Method: The protocol used to isolate the nuclei in the fixed and paraffin-embedded
tumor material is a variant of the Hedley protocol for the extraction of tumor nuclei.

Results: » The protocol for the extraction of nuclei from a fixed and paraffin-
embedded tissue section can be applied to any type of tissues; » The success of the modern
cytogenetic techniques highly depends on the quality of the extracted nuclei, therefore the
times for formalin fixing and immediate processing have to be complied with to avoid
damaging the genetic material; » Careful histological selection of the used sections (marking
and sectioning) should be made in order to obtain accurate genetic results; » The
monodispersed tumor suspensions obtained in the final stage of the operating protocol were
used to prepare slides, which were examined under a fluorescence microscope for the
following aspects:
= optimal number and morphology of analyzable nuclei;
= test of the presence of cytoplasm using DAPI-Sulphorhodamine (the presence of cytoplasm
determines perinuclear red fluorescence and alters test results);
= intensity of DAPI-Sulphorhodamine fluorescence (marked nuclear blue intensity means low
perinuclear protein concentration).

Chapter 9. Experimentation and standardization of a FISH protocol for the

cytogenetic analysis of fixed and paraffin-embedded tumor material.

Material and method: The obtained monodispersed tumor suspensions that met

certain criteria were used as working material in the experimentation on a protocol for the
FISH technique, which helped detect and analyze chromosome 3 abnormalities (aneuploidy,
CER1 deletions, and 3926 amplifications). The FISH technique applied to tumor cell
populations is highly sensitive, and offers an opportunity to detect chromosome abnormalities
in a large number of tumor cells, regardless of their in vitro proliferative activity. Thus, FISH
has become a complementary instrument in cancer cytogenetics for the detection of numerical
chromosome abnormalities in interphase nuclei, and the classification of marker
chromosomes, since the cytogenetic information can be correlated with the clinical and

pathological aspects of an analyzed case.
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Chromosome 3 abnormalities were analyzed using some probes for the FISH technique
- “P1 derived artificial chromosome” or PAC clones for the CER1 (3p21.3) region, and
“Bacterial artificial chromosome” or BAC clones for the 3926 regions (vectors used to clone
DNA fragments), obtained in laboratory according to an operating protocol. DNA cloning is a
method used to multiply particular (specific) DNA sequences, which are used to analyze
certain chromosome regions. The BAC Probes are ideal material for the analysis of DNA
sequences using cytogenetic markers. They are the most important vectors used in the
sequencing of the human genome. They are also used in the FISH technique, since they are
forms of cloned DNA that are stable and easy to manipulate, and give fluorescent signals both
on the metaphases, and the nuclei. We used them in our study to analyze 3926 amplifications.

All the marked PAC and BAC probes were tested using the metaphase and interphase
FISH technique on slides containing tumor nuclei from a leukemic tumor suspension and a
nasopharyngeal carcinoma tumor line Hone 1 - (control slides), whose cytogenetic status for
the CERL1 region and 3926 was known. The FISH protocol was optimized in the final stage on
the ovarian tumor suspensions by going through the stages of the FISH protocol, i.e.
pretreatment, denaturation and hybridization of DNA from the PAC and BAC probes, and
ovarian tumor DNA, followed by post-hybridization washing. The fluorescent signals were
viewed using a system comprising a Leica fluorescence microscope, Leitz-DMRB,
Heidelberg, Germany, and a CCD video camera (Hamamatsu C 4800, Herrsching, Germany).

The software used for image processing was Adobe Photoshop 7.0.

CHAPTER 10. Analysis of chromosome 3 abnormalities in ovarian carcinoma

e Analysis of chromosome 3 aneuploidy in ovarian carcinoma.

Interphase FISH technique and centromeric probe (a-satellite) Cen 3 evidenced
chromosome 3 aneuploidy in 72.6% of the analyzed ovarian carcinomas, while the remaining
27.4% represented diploid status cases. Aneuploidy was frequently found in advanced-stage
ovarian serous carcinoma (87%), most of which high grade cases. 13% of the serous
carcinomas were incipient stage (FIGO I-11), high grade cases. Non-serous carcinomas (the
endometrioid, mucinous, clear- cell, and undifferentiated subtypes) showing chromosome 3
aneuploidy were more frequently found in advanced stage (llI-1V), high grade cases.
Aneuploid serous carcinomas were more frequent in stage IHIC (57%) than stage IIIA+B
(10%) cases.

e Analysis of CER1 deletions in ovarian carcinoma, and establishment of

some correlations between CER1 deletions and the clinical-pathological

characteristics of cases
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Band 3p21 of the short arm has been frequently reported as the location of interstitial
deletions in 23 types of malignant tumors, among which ovarian carcinoma. Et was used to
identify a frequently deleted region in tumors called CER1 (C3CERL1), and located at 3p21.3.
CER1’s approximate size is 2.4 Mb, and it is a gene-rich region (it contains 33 genes).

The purpose of this study was to analyze with the help of interphase FISH and
PAC clones possible genetic material losses in the CER1 region in ovarian
carcinomas (CER1 deletions that mean possible tumor suppressor genes — TSG — that
play a certain role in ovarian carcinogenesis = “candidate” TSG), and to establish
some correlations with the clinical-pathological parameters of the respective cases.

Results: Based on the analysis of the obtained data, by considering the status of the
CERL region, we have identified the following 3 study groups: Group A: diploid status,
comprising ovarian carcinomas with a normal number of copies for all the used probes;
Group B: comprising cases with an aneuploid status (> 3 copies of chromosome 3) and a
small number of CERL1 deletions; Group C: comprising ovarian carcinoma cases in which
CERL1 deletions predominate. Most CER1 deletions were identified in serous ovarian
carcinomas, which were all high grade tumors. Most ovarian carcinomas with CER1 deletions
were identified in advanced stage cases (72%), among which FIGO IIIC was predominant,
although 29% of serous carcinomas were in incipient stage (FIGO I-11). CER1 deletions were
also detected in the endometrioid subtype of ovarian carcinoma, but only in high grade,

advanced stage cases, which corresponded to type 2 tumors of the dualist model.

e Identification using the FISH techniques of 3926 genetic abnormalities

in ovarian carcinoma, and establishment of some correlations between

such genetic abnormalities and the clinical-pathological characteristics

of cases

In order to identify possible genetic material gains at chromosome 3q in ovarian
carcinomas with the help of interphase FISH, we used three BAC clones: two for 3g26.1 and
one for 3926.33, since the 3926 region is known for the high frequency of 3q amplifications
in many malignant human tumors.

Results: Genetic material gains (polysomy and/or amplification) were detected in the
3026 region (3g26.1 and 3g26.33) in ovarian carcinomas. They were more frequent in the
serous, high grade type cases, most of which in stage FIGO I11C. Genetic material gains under
the form of 3g26 amplifications were present in 14% of the cases. Genetic material gains

under the form of polysomy were present in three cases of non-serous carcinoma (the
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endometrioid and clear-cell subtypes); all the tumors were high grade and advanced stage
(FIGO HIC-1V) cases.

e CERI1 (3p21.3) deletions and 3926 amplifications — possible prognostic

factors in ovarian carcinoma

Given the small number of cases (50 of the total of 95 cases used for the study of
aneuploidy) that could be analyzed by the FISH technique both for CER1 deletions and 3q26
gains, the prognostic value of chromosome 3 abnormalities can only be validated on large
groups of patients diagnosed with ovarian carcinoma who evidence such types of
abnormalities.

The analysis of patient survival (the Kaplan-Meier method) in the three groups
involved in the analysis of the 3926 region showed a decrease in the median survival in

patients with polysomy and 3q26 amplifications, as compared to the diploid group.

Chapter 11. Determination of DNA ploidy by the flow cytometry method on fixed

and paraffin-embedded ovarian tumor tissue.

The monodispersed ovarian tumor suspension was used to design an operating protocol
for the analysis of DNA ploidy by flow cytometry; the results obtained by this method were
subsequently compared with the results of the determination of 3 aneuploidy by interphase
FISH. Fluorescence was measured with a Becton-Dickinson FACScan flow cytometer, while
the DNA histograms were assessed using CellQuestPro (Becton-Dickinson) software. A
sample of non-tumor ovarian tissue was used for external control.

Results: The cases analyzed by the flow cytometry method and interphase FISH
showed similar results; there were some problems involving overexpression of DNA ploidy,
especially determined by the larger number of overlapping tumor nuclei, or underexpression
of ploidy in the probes with an insufficient number of nuclei, due to their use in previous
testing. The determination of DNA ploidy by flow cytometry requires monodispersed
suspensions with a sufficient number of tumor cells in order to avoid the occurrence of ploidy
over- or underexpression errors.

Chapter 12. Analysis of HER2 status in ovarian carcinoma using the IHC and
CISH technigues

The immunohistochemical expression of the c-erb b2/HER2 protein and the

amplification of the HER2/neu gene assessed by CISH (chromogenic in situ hybridization)
were studied on a group of 95 cases of ovarian tumors (1 serous borderline ovarian tumor, 77
serous carcinomas, 10 endometrioid carcinomas, 2 mucinous carcinomas, 2 clear-cell

carcinomas, and 3 undifferentiated carcinomas).
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Results: The HER2 positivity rate in ovarian carcinomas (cases that scored IHC 3+ and
IHC 2+, confirmed by CISH) in our study was approximately 16%. No correlations were
found between the HER2 status and the chromosome 3 abnormality group, or the clinical-
pathological parameters of the cases. A significant difference in terms of survival was found
between the HER2 negative (0/1+) patients and the HER2 positive (2+/3) patients.

Chapter 13. Immunohistochemical expression of the p53 protein in ovarian

carcinomas

The immunohistochemical expression of the p53 protein was studied on the same group
of 95 cases of ovarian tumors (1 serous borderline ovarian tumor, 77 serous carcinomas, 10
endometrioid carcinomas, 2 mucinous carcinomas, 2 clear-cell carcinomas, and 3
undifferentiated carcinomas).

Results: p53 overexpression was found to be positive in 58% of the cases. Ovarian
tumors positive for p53 were mainly high grade, advanced stage (FIGO IlIC-1V) serous
carcinomas (50.5%). Immunohistochemical staining for p53 was absent in the serous
borderline tumor, in the clear-cell carcinoma, and in the incipient stage (FIGO I-II)
endometrioid and mucinous carcinomas.

The analysis of p53 overexpression in the groups studied for chromosome 3
abnormalities evidenced the following aspects: P lack of p53 overexpression in the groups
with a diploid state for chromosome 3; » p53 overexpression was identified in the groups
showing chromosome 3 abnormalities (CER1 deletions at 3p21.3, and 3g26 polysomy and
amplifications) only in high grade, advanced stage serous carcinomas; a correlation with the
type of genetic abnormality could not be established with certainty; slight predominance of
p53 positive cases was noticed in the group showing 3926.1 and 3g26.33 amplifications for
the cases with > 6 copies of chromosome 3.

By using the y° test, statistically significant correlations were found between p53
overexpression and patients aged 55 years and older (p=0.01), advanced FIGO stage (I11C-1V)
(p<0.01), the histological serous type (p=0.03), the high grade (p<0.01), the presence of
ascites (p<0.01), and residual tumor > 2cm after cytoreductive surgery (p<0.01).
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