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Resumo

Introducdo: O processo de carcinogénese do colo do utero compreende a
inativacdo de genes supressores tumorais a partir da interacdo da célula
afetada pelo o Papilomavirus humano (HPV). Este estudo analisa a expressao
da proteina PTEN (Phosphataseandtensinhomolog) em pacientes com

carcinoma invasor do colo uterino.

Materiais e Métodos: Foram incluidas no estudo 20 mulheres com diagnostico
de Carcinoma de Células Escamosas (CCE) invasor de colo uterino em estagio
IB (casos) submetidas a tratamento cirdrgico e 20 mulheres com mioma uterino
(controles) submetidas a histerectomia vaginal. Amostras de tumor e colo
normal foram retiradas para avaliagdo histolégica e marcacdo imuno-
histoquimica(lIHQ) das proteinas PTEN, p53, Ki-67 e CD31, além do
sequenciamento genético do PTEN. Os dados foram analisados através do
teste de qui - quadrado (x2). O nivel de significancia foi considerado quando

p<0,05.

Resultados: A diminuicdo da imuno-marcagao da expressdo do PTEN nos
casos foi estatisticamente significativa (p<0,001). A média da intensidade de
expressao foi de 150,52 nas amostras de cancer de colo uterino e de 204,12

nos epitélios normais. Nenhuma mutacdo no sequenciamento genético dos



nove exons do PTEN foi encontrada. Nao houve associacdo estatisticamente
significativa entre a expressédo do PTEN e a expressao do p53 (p=0,969), Ki-67
(p=0,283) e CD31 (p=0,817) ou fatores progndésticos anatomo-clinicos nas

pacientes com carcinoma invasor do colo uterino.

Conclusao: Este estudo mostrou que o PTEN pode estar envolvido na
carcinogénese cervical mesmo na auséncia de alteragbes no seqienciamento
genético.Ndo houve associacdo entre o PTEN e p53 e os marcadores de

angiogénese e proliferacdo celular.

Palavras-Chave: Cancer invasor do colo uterino, imuno-histoquimica, gene

supressor tumoral, PTEN.
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1. INTRODUCAO

1.1. Epidemiologia do Cancer de Colo do Utero

O céancer de colo do Utero € um importante problema de salde publica.
Trata-se do terceiro tipo de cancer mais comum entre mulheres, com 529 mil
casos novos em 2008". A distancia entre paises desenvolvidos e em
desenvolvimento fica evidente nos numeros referentes a incidéncia e
mortalidade deste cancer. Os paises em desenvolvimento possuem uma
incidéncia duas vezes superior aos paises desenvolvidos. Em 2008, o cancer
de colo do utero foi responsavel pelo 6bito de 275 mil mulheres no mundo

sendo que destes, 85% foram de mulheres de paises em desenvolvimento®.

O Brasil faz parte do grupo de paises que ainda apresenta o cancer de
colo do utero como um desafio na saude publica. Sdo esperados 17.540 novos
casos para o ano de 2012, com um risco 17 casos a cada 10.000 mulheres®.
Trata-se do segundo tipo primario de cancer mais prevalente em mulheres no

pais.
1.2. HPV e Cancer do Colo de Utero

A possibilidade da prevencao eficaz € baseada no conhecimento do
agente etiologico e de seu meio de transmissdo. O papilomavirus humano
(HPV), que é sexualmente transmissivel, esta presente em 99% dos casos de

cancer de colo® ¥,
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A infeccdo persistente pelo HPV tem papel importante na
carcinogénesedo colo do utero, sendo o principal fator etiolégico no
desenvolvimento da doenca © ®. Entretanto, nem toda a paciente infectada
com HPV de alto grau desenvolve cancer. Pode-se dizer que a infeccdo é
necessaria, mas insuficiente para o processo carcinogénico & 7. A infeccéo
pelo HPV seria apenas a condicao inicial para o desenvolvimento do cancer de
colo uterino, seguida de eventos que, impulsionados pela divisdo celular, se
acumulariam ao longo do tempo ®. Esses eventos levam a perda do controle
da multiplicacédo celular, a instabillidade gendémica e a falha nos mecanismos

de controle do ciclo celular ©.
1.3. Carcinogénesedo colo do atero

O HPV possui em sua estrutura oncoproteinas (E6 e E7) que sao fatores
virais responsaveis por proporcionar instabilidade genética nas células
afetadas. Foi demonstrado que essas oncoproteinas interferem nas vias de
acdo de alguns genes supressores de tumor ‘9. Sabe-se que a oncoproteina
E6 produzida pelo papilomavirus liga-se a p53, estabilizando-a e impedindo
sua degradacado, o que provoca o acumulo celular da mesma. Alguns estudos
tém demonstrado que esse acumulo leva a um comportamento agressivo de
alguns tumores, com a tendéncia a metasteses a distancia e a diminuicdo da
sobrevida V. Alteracbes de genes supressores de tumor, ou de suas
respectivas proteinas, podem ser responsaveis por tais processos

carginogénicos.
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1.3.1. O gene p53

O gene p53 foi 0 primeiro gene supressor tumoral a ser identificado e a
perda de sua funcdo é o evento genético mais frequentemente descrito em
canceres humanos. Esse gene codifica uma fosfoproteina nuclear, também
chamada p53, que possui importantes fun¢des no controle do ciclo celular, no
reparo do DNA e na inducéo da apoptose %13,

O gene p53 € ativado apos a lesdo do DNA por agentes fisicos, como
radiacdo ultravioleta e raios gama, produtos quimicos mutagénicos ou
infeccbes virais, levando atranscricdo da sua proteina. O acumulo dessa
proteina no nucleo da célula inibe o ciclo mitético no inicio da fase G1 e ativa a
transcricdo de genes de reparo do DNA, impedindo a propagacédo do erro
genético as células - filhas. Caso o reparo do DNA nédo ocorra de forma
satisfatéria, a p53 induz a apoptose celular *¥. O sistema de funcionamento do
gene p53 é ativado na presenca de agressoes celulares.

No cancer de colo uterino, alguns estudos sugerem que a expressao da
proteina p53 e 0 aumento da atividade mitética sdo eventos progressivos no
processo de carcinogénese™ . Contudo, o valor da expressdo da proteina
p53 como marcador progndstico ainda é controversa ¢ 17,

1.3.2. Proliferacao Celular

Os processos reguladores da carcinogénese interferem diretamente ou
indiretamente na proliferacdo celular ®® . As células em proliferacéo
expressam em seus nucleos uma proteina nao-histdnica, de meia-vida curta,
chamada Ki-67. Essa proteina esta presente em todas as fases do ciclo celular
(G1, S, G2 e M), exceto na GO e reage com o0 anticorpo monoclonal de

camundongo MIB-1 22,
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No epitélio escamoso cervical normal, a expressao de Ki-67 limita-se as
células em proliferacédo basais e parabasais. Nas displasias e no carcinoma, no
entanto, observa-se um aumento do nimero de células com expressao positiva
para essa proteina e uma extensdo da positividade da marcacdo acima de um
terco do epitélio cervical. H4 ainda associacdo entre o grau de leséo
intraepitelial escamosa e a intensidade da marcagéo celular .

A expressdo da proteina Ki-67 ja foi associada ao tamanho tumoral,
disseminacéao linfatica e sobrevida livre de doenca no cancer de colo uterino
9 Também ja foi observada associacdo entre menor sobrevida e maior
expressao tumoral de Ki-67nas pacientes com CCE de colo uterino 42,

1.3.3. Angiogénese

A angiogénese € a formacao de novos vasos sanguineos a partir de uma

rede vascular pré-existente.

Os tumores solidos requerem angiogénese para seu crescimento,
invasdo e disseminacdo metastatica. Por esse motivo, pode ser um indicador
prognostico, desempenhando importante papel na progressdo tumoral e na

sobrevida das pacientes com cancer ginecol6gico®®.

A avaliacdo da angiogénese pode ser realizada através de varios
marcadores de células endoteliais, entre eles o CD31 “”.Estudos anteriores
que avaliaram CD31, em estagios iniciais do cancer de colo uterino, mostraram
que existe associacdo entre a expresséo do CD31 e parametros
histopatolégicos de prognostico, como invaséo linfovascular e tamanho tumoral
(16)'

Mais recentemente, evidenciou - se que a expressdo do CD31, como

marcador de angiogénese, esta associada a um maior tempo de sobrevida livre
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da doenca e a uma maior sobrevida global, indicando esse marcador como

fator prognéstico de pior prognéstico independente no cancer cervical inicial 2.

1.4. PTEN

O PTEN (Phosphataseandtensinhomolog), identificado em 1997, € um
gene do cromossomo 10 (10g23.3) com importante funcdo no controle do
crescimento e divisdo celular, promocéo de apoptose e regulacdo da adeséo e
migracdo celular®® 2 39 Codifica uma fosfatase de acdo lipidica e protéica
cuja funcdo mais estudada é converter o fosfatidillinositol (3,4,5) trifosfato
(PIP3) em fosfatidillinositol (4,5) bifosfato (PIP2), antagonizando a atividade da
PI3 kinase (PI3K) ¥ Essa inativacdo resulta na manutencdo da sintese

protéica e progresséao do ciclo celular. (Figura 1)

' Ligante

Membrana
Plasmatica

- AKT

PI(3,4,5)P
- PTEN

Pl{4,5)P

Proliferacao Apoplose Qutros
celular efeitos
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Figura 1: Desenho esquematico da acdo do PTEN sobre o PIP3. A
fosfatase lipidica do PTEN citoplasmatico desfosforila o PIP3 resultando em

concomitante diminuicao da atividade do AKT.

A supressdo da funcdoPTEN resulta na ativacdo do PI3Kcom
consequente producdo dePIP3. A ligacdo defactores de crescimentoaos
receptores de membranacelularaumenta o PIP-3 que ativa o complexo AKTe
promovea proliferacdo celular.Inversamente, a elevagcdo na proteina
PTENreduz os niveis dePIP-3 e AKTfosforilado, induzindo assim a apoptose.O
PTEN,portanto, desempenhaumpapelimportantenade modulagcdodo ciclo

celular e/ouapoptose ©% 3,

Existem, no entanto, mecanismos alternativos
doPTENNno controle da carcinogénese, possivelmente independentesda
AKT.Tem sido demonstradouma associagao direta entre o PTEN e o p53 na
elevacdo da transcricdo e de niveis protéicos bem como manutencad da

estabilidade celular ©& %7,

A regido cromossO6mica 10g23.3 é frequientemente relacionada a perda
da heterozigose, fator que predispbe a carcinogénese de uma série de
neoplasias como o glioma®, cérebro®, préstata®?, mama®?, tireside“?,

endométrio“+?,

Mutacbes ou delecbes sdo 0os mecanismos de inativagdo da supressao
tumoral mais comuns. Porém, ha controvérsias na literatura quanto a perda da

heterozigose do PTEN para o cancer de células escamosas da cabeca, do

19
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pescoco e do colo uterino, uma vez que tais alteracbes sao encontradas por

alguns autores “**") e por outros néo s&o identificadas®" > *°).

Alteracdes estruturais genéticas no DNA ndo sdo os Unicos mecanismos
que resultam na diminuicdo da funcdo do gene. AlteracBes epigenéticas sdo
mudancas na expressao genética que ocorrem sem que haja mudancas na
sequéncia do DNA, porém sdo capazes de regular a dindmica da expressao
genética ©®®. Os precessos responsaveis pela regulacdo epigenética sdo a
metilacdo do DNA e modificacbes nas histonas (metilagdo, fosforilacdo e

acetilacao) V.

A metilacédo consiste transferéncia de um agrupamento metil (CH3) da S-
adenosilmetionina para o carbono 5 de uma citosina (5-MeC), que geralmente
precede a uma guanina (dinucleotideoCpG), pela alca de uma familia de
enzimas que recebe o nome de DNA metiltransferase (DNMT) ®2. A presenca
do agrupamento metil sobre uma citosina que precede a uma guanina pode
inibir a ligacdo de fatores de transcricAo a essas regides resultando na

auséncia de transcricao génica.

A atuacdo do PTEN no CCE de colo do utero é controversa e com isso,
muito se tem pesquisado sobre os mecanismos envolvidos na supressao do
PTEN e a carcinogénese do colo uterino. Diante dessa lacuna na literatura fica

imperativo o estudo do PTEN e suas proteinas no carcinoma cervical.
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2. OBJETIVOS

Objetivo Geral

e Avaliar a expressdo da proteina PTEN no colo uterino em pacientes
apos histerectomia radical por CCE do colo uterino em comparacao a

pacientes submetidas a histerectomia por miomatose uterina.

ObjetivosEspecificos

e Comparar osequenciamento genético do PTEN no CCE invasor de colo
uterino, de pacientes submetidas a histerectomia radical, e no colo

normal, de pacientes operadas por mioma uterino.

e Avaliar a associacdo da proteina PTEN no tumor com o grau de
diferenciacao, com a presenca de invasao linfovascular, com o tamanho
tumoral, com o acometimento parametrial e com presenca de
metastases em lifonodos pélvicos nas pacientes com CCE invasor do

colo uterino.

e Avaliar a correlacdo entre a expressdo das proteinas PTEN e p53, CD31

e Ki-67 no CCE invasor de colo uterino.
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3. MATERIAIS E METODOS

O estudo foi aprovado pelo Comitéde Eticaem Pesquisa (COEP) da

Universidade Federal de Minas Gerais (Parecer 135/02).

Apds, o preenchimento do Termo de Consentimento Livre e Esclarecido

(Anexo l)as pacientes foram incluidas no estudo e divididas em 02 grupos:

- Grupo 1 (casos): 20 mulheres com diagndstico de carcinoma de células
escamosas do colo uterino em estagio IB acompanhadas no Servico de
Oncoginecologia do Departamento de Ginecologia e Obstetricia do Hospital

das Clinicas da Universidade Federal de Minas (UFMG).

- Grupo 2 (controles): 20 mulheres com mioma uterino atendidas no

ambulatério de Ginecologia Cirdrgica do mesmo hospital.
3.1. Critérios de Incluséo

e Pacientes com diagnoéstico de CCE invasor do colo uterino,
estadiamento IB da FIGO com indicac&o de histerectomia radical e sem
historia de radioterapia e/ou quimioterapia prévias (casos).

e Pacientes com mioma uterino e indicagdo de histerectomia vaginal,
avaliadas previamente por citologia oncoética e colposcopia, sem
evidéncias de NIC ou carcinoma invasor do colo uterino (grupo controle).

e Auséncia de sinais sugestivos de processos infecciosos agudos no colo
uterino.

e Termo de Consentimento livre e esclarecido preenchido e assinado.

25
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O estadiamento clinico do tumor foi definido pré-operatoriamente, apos a
inducdo anestésica, e através do exame da pelve, conforme recomendado pela

Federacao Internacional de Ginecologia e Obstetricia (FIGO) ©3 59,

As pacientes com céancer de colo uterino foram submetidas a
laparatomia mediana com realizagcdo de inventario da cavidade abdominal,
histerectomia radical classe Il Rutledge-Piver e linfadenectomia pélvica
®3)(Anexo IIl). O tratamento cirtirgico foi o primeiro a ser adotado e nenhuma

das pacientes foi submetida a radioterapia ou quimioterapia antes da cirurgia.

As pacientes com mioma uterino foram submetidas a histerectomia de

acordo com a técnica modificada de Heaney ©.

3.2. Obtencao das amostras

Foram removidas do material cirdrgico quatro amostras medindo 0,5x0,5
cm, todas retiradas de areas nao necroéticas, Em seguida os exemplares foram
fixados em formalina neutra tamponada 10% e enviados ao servico de
Anatomia Patolégica da UFMG. A avaliacdo histolégica de todas as amostras
foi realizada por dois patologistas de acordo com as recomendacdes da
Sociedade America de Patologistas ®”. Foram avaliados o tamanho do tumor,
a classificacao, o grau de diferenciacdo (G1, G2, G3), a invaséo linfovascular, o
envolvimento vaginal e parametrial e a presenca metastases em linfonodos

pélvicos.
3.3. Imuno-histoquimica

As amostras retiradas do colo uterino normal e neoplasico foram

estudadas através da técnica de IHQ. Foram avaliadas as expressfes das
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proteinas PTEN (Upstate, USA), p53 (clone DO7, DAKO), ki-67 (clone MIB-1,

DAKO) e CD 31 (clone JC/70A, DAKO).

As amostras foram desidratadas em série crescente de etanol,
diafanizadas em xilol e incluidas em parafina. Posteriormente foram cortadas
(espessura de 4,0um), fixadas em ladminas e coradas com Hematoxilina &
Eosina. A avaliacdo histolégica de todas as amostras foi realizada pelo mesmo
patologista de acordo com as recomendacdes da Sociedade America de
Patologistas ©”. Esta analise é realizada com a determinacdo do tamanho do
tumor, da classificacdo do grau de diferenciagcéao (G1, G2, G3), da presenca ou
auséncia de invasdo do espaco vasculo-linfatico (LVSI), do envolvimento

vaginal e parametrial, e da presenca de linfonodos pélvicos metastaticos.

O tumor foi considerado bem diferenciado (grau 1), moderadamente
diferenciado (grau 2) e pouco diferenciado (grau 3). Para LVSI considerou-se
invasado linfatica quando havia células neoplasicas compactas associadas ou
nao a linfécitos, no interior do espaco luminal recoberto com células endoteliais
achatadas. Para invasdo vascular considerou-se a presenca de células
neoplasicas associadas a eritrocitos no lume de vasos sanguineos. Para ser
definido como LVSI deveria haver invasdo linfatica e/ou vascular, além de

adeséao a parede vascular e presenca de expansao luminal.

Os cortes das amostras foram desparafinizados em xilol e hidratados em
série decrescente de etanol. A seguir, foram mergulhados em solucdo de EDTA
1mM (pH 8,0), e aquecidos a 96°C em vaporizador steamer por 30 minutos,
para a recuperagdo antigénica. Apos resfriamento e lavagem dos cortes em

tampao TRIS, Tris-HCI 0,05M (pH 7,6), eles foram tratados com solugéo de
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H.O, a 3%, fundamental na inativacao da peroxidase endégena. Nova lavagem
com TRIS foi feita para que, em seguida, os cortes fossem incubados com os
anticorpos primarios anti-PTEN (Novocastra, Reino Unido) diluido a 1:500.
Foram utilizados anticorpos monoclonais de camundongo para a pesquisa do
p53 (anti-p53 em diluicdo 1:300), Ki-67 (MIB-1 na diluicdo 1:100) e CD31 (anti-
CD-31 na diluicdo 1:40). Para controle negativo da imuno-marcacdo, foi
utilizado apenas TRIS. Essa incubac&o durou uma noite e foi mantida a 4°C em
camara umida. Apos lavagem em TRIS, as seccfes foram expostas a solucdo
pos-primaria, kit NovoLinkTM Max Polymer (Novocastra, Reino Unido). Nova
lavagem precedeu a exposicdo dos cortes ao polimero, kit NovoLinkTM Max
Polymer, fundamental para a amplificacdo da resposta. A imuno-reacao foi
visualizada usando diaminobenzidina - DAB, kit Liguid DAB +
SubstrateChromogen System (DakoCytomation, Estados Unidos), que foi
preparado de acordo com as orientacBes do fabricante. Ao final, os cortes
foram contra-corados com hematoxilina de Harris, desidratados, diafanizados e

montados.

3.4. Analise da Imuno-marcacao de PTEN

Para analisar e quantificar a intensidade de imuno-expressdo da
proteina PTEN no nucleo das células cancerosas, foram obtidas imagens
digitais dos cortes IHQ, utilizando microscépio Leica DM LB 100T. Foram
fotografadas, aleatoriamente, 10 areas de cada lamina, por paciente. As
imagens foram capturadas pelo programa Leica IM50, versdo 4.0, e
processadas no programa Adobe Photoshop, versdo 9.0.2. O processamento

das imagens foi feito da seguinte forma: primeiramente foram convertidas para
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escala de cinza e, posteriormente, invertidas. Entdo, as imagens foram
importadas para o programa Image Tool, versdo 3.0, onde os nucleos de 100
células, por paciente, foram submetidos a quantificacdo de coloracdo. A
medida da intensidade da coloracdo dos nucleos procedeu-se com o0s
seguintes critérios: um nudcleo era escolhido, aleatoriamente, e a partir dele os
nove nudcleos consecutivos eram quantificados. Foram desconsiderados os

ndcleos que néo estivessem com forma e foco bem definidos.

3.5. Andlise da imuno-marcacéao de p53, Ki-67 e CD31

A expressdo da proteina p53, o indice de proliferacao celular (Ki-67) e a
angiogénese (CD31) foram avaliados em cortes histolégicos pela técnica IHQ
nas amostras do tumor ou colo uterino. Os anticorpos monoclonais
empregados foram o anti-p53 contra a proteina p53, o MIB-1 contra o antigeno
nuclear presente em fase de proliferacdo, e o anti-CD31 contra as células

endoteliais.

3.6. Anélise Estatistica

As analises estatisticas foram feitas utilizando-se o software SPSS 18.0
(SPSS Inc., Chicago, IL, USA). Os dados foram analisados através da
estatistica descritiva e através do teste de qui - quadrado (x2) para avaliar
diferencas significativas entre dois grupos. O nivel de significancia foi
considerado quando p< 0,05. O calculo amostral para o estudo mostrou uma

margem de erro de 5% e um poder estatistico de 80%.
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4. ARTIGO

“Expression of PTEN in patients with carcinoma of the cervix and its

association with p53, Ki-67 and CD31”

Key-words:Cervical neoplasia; immunohistochemistry; tumor suppressor gene;

PTEN.

4.1. Introduction

Cervical cancer is a world-wide public health problem, with an annual incidence
rate of 530,232 new cases and 275,008 deaths ™. Most cases occur in
undeveloped countries where no effective screening systems are available .
In Brazil, 17,540 new cases are estimated to occur in 2012, making it the third

most common malignancy and the fourth leading cause of death among women

®)

Persistent infection with human papillomavirus (HPV) plays a critical role in
cervical carcinogenesis. However, HPV infection alone is not sufficient to induce
malignant transformation, and additional genetic or epigenetic changes in tumor
cells are required * . The development and progression of cervical squamous
cell carcinoma (CSCC) are likely to be associated with the loss of growth
suppression, increased cell growth rates, and angiogenesis ©”.These

combinations of genetic abnormalities generate cells that divide more rapidly or

31
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evade cell death, thus liberating them from growth control and cell cycle

checkpoints.

PTEN (phosphatase and tensin homolog) is a tumor suppressor gene localized
on chromosome 10 (10g23.3) in a chromosome region that is often related to
loss of heterozygosis and a consequent predisposition to carcinogenesis in a
number of malignancies ©!9. Genetic, epigenetic and protein expression
alterations in PTEN have been described in several types of tumors such as
brain, prostate, breast, thyroid and endometrial tumors % PTEN
phosphatase is a negative regulator of the Akt/PKB survival pathway, which is
over-expressed in CSCC . Mutations are common in many human cancers,
but the presence of a loss of heterozygosity, genomic deletion and punctual
mutations in PTEN and their associations with squamous cells carcinoma are

controversial*>1?,

The role of PTEN in cervical carcinogenesis has not been clearly determined,
and there is no general agreement about the mechanism related to the
reduction of PTEN expression in cervical cancer ®?. Therefore, the purpose of
this study was to investigate protein expression and mutations in PTEN in
patients with stage IB CSCC and the association with clinicopathologic features,

tumor p53 expression, cell proliferation and angiogenesis.

4.2. Materials and Methods

Women with stage IB CSCC (n=20) (study group) and uterine myoma (n=20)
(control group), aged 49.1+1.7 years (Mean +SEM, range 27-78 years), were

prospectively evaluated. The study was performed in accordance with the
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Ethical Committee for Research in Human Beings guidelines of the institution.
Informed consent was obtained from all included patients.

Patients with CSCC underwent a class Il Rutledge-Piver radical hysterectomy
and a pelvic lymphadenectomy. This was the primary treatment for all patients
because none had previously been treated with radiotherapy and/or
chemotherapy. The clinical stage was defined preoperatively by a pelvic
examination under general anesthesia according to the International Federation

of Gynecology and Obstetrics (FIGO) recommendations % 22

. A vaginal
hysterectomy was performed for uterine myomas according to the modified
Heaney technique.

Tissue samples were fixed in 10% neutral-buffered formalin, embedded in
paraffin, and stained with hematoxylin and eosin for histological evaluation.
Histological specimens were analyzed by the same pathologists according to
the recommendations of the American Society of Pathologists ©2.
Clinicopathologic characteristics, such as tumor size, differentiation grade,

lymphatic vascular invasion (LVSI), parametrial involvement and pelvic lymph

node status, were recorded.

Immunohistochemistry

Tissue sections from CSCC and normal mucosa were stained with PTEN
(Upstate, USA), p53 (clone DO7, DAKO), Ki-67 (clone MIB-1, DAKO) and
CD31 (clone JC/70A, DAKO) antiserum. Briefly, 4 pm paraffin-embedded
sections were deparaffinized in xylene and hydrated with graded ethanol

solutions. Endogenous peroxidase activity was blocked with 3% H,0, in water
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for 10 min. Heat-induced epitope retrieval was performed with 1 mM EDTA
buffer (pH 8.0) for 30 min in a steamer at 96°C. Primary polyclonal rabbit
antiserum was used at a 1:100 dilution for PTEN, p53, and Ki-67 antiserum and
a 1:40 dilution for CD31 antiserum for 18 h at 4°C. This was followed by
incubation with a labeled streptavidin-biotin kit, the NovoLinkTM Max Polymer
Detection System (Novocastra, United Kingdom). Peroxidase activity was
developed with DAB (Sigma, St Louis, MI) with timed monitoring using a
positive control sample. The sections were then counterstained with

hematoxylin, dehydrated and mounted.

Analysis of PTEN staining

The intensity of PTEN immunostaining was estimated by computer-assisted
image analysis, based on previously reported protocols. Pictures from 10
different fields of each sample were taken by a Leica DMLB microscope and
digitalized using the Leica IM50 program, version 4.0. Digital images were
processed with Adobe Photoshop (Adobe Systems, US), converted to grayscale
and inverted. The images were then exported to Image-Tool software (version
3.0, University of Texas Health Science Center, San Antonio, US) for
guantitative analysis. For this proposal, 10 epithelial cell nuclei from 10 different
fields, totaling 100 nuclei from each patient, were traced and had their area
measured. The pixel intensity was determined for the traced areas. For each
field, one nucleus with an evident nucleolus was randomly chosen for
measurement, and the next nine consecutive nuclei were quantified. Out-of-
focus and altered-form nuclei were not considered. The background intensity

was determined by tracing an unlabeled area adjacent to the measured cells.
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The final pixel intensity was calculated by subtracting the values detected in the

labeled nuclei from the background (Figure 1).

PTEN Sequencing

Genomic DNA was isolated from CSCC tissue samples according to a
proteinase K-based protocol. After DNA isolation, exons 1 through 9 of PTEN
were amplified by PCR with primers specific for each region. For the PCR
reactions, 2 pl of DNA at 30 ng/pl were mixed with 2.5 pl of 10X IIB Buffer (40
mMNaCl; 10 mMTrisHCI pH=8.4; 0.1% Triton X-100; 1.5 mM MgCl,), 2.5 ul of
0.2 mMdNTPs, 0.5 ul of each primer at 10 pmol/ul and 0,25 pl of Taq
polymerase (0,625 U), for a final volume of 25 pl. The samples were amplified
using an EppendorfMastercycler® (Hamburg, Germany) gradient thermocycler
at 94°C for 3 minutes followed by 35 cycles of 94°C for 30 seconds, 55°C for 30
seconds, 72°C for 30 seconds and a final extension time at 72°C for 5 minutes.
PCR products were purified using the lllustra GFX PCR DNA and Gel Band
Purification Kit (GE Healthcare) following the manufacturer’s protocol and were
visualized on a silver-stained 6,5% polyacrylamide gel. Sequences were
obtained wusing an ABI 3130 Genetic Analyzer (Applied Biosystems).
Bidirectional sequence data were analyzed with Sequencher 4.9 software, and

the analysis was followed by a manual review.

Analysis of p53, Ki-67, and CD31 staining
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All slides were examined under light microscopy. Staining for p53, Ki-67, and
CD31 was evaluated according to the number of positively stained cells by a
single pathologist who was blinded to the clinical course of the patient. This was
performed by classifying the protein immunoexpression into four categories for
statistical purposes as follows: grade 1, 0% to 25% expression; grade 2, 26% to
50% expression; grade 3, 51% to 75% expression; and grade 4, greater than

75% expression.

Statistical analysis

Statistical analyses were performed with SPSS 18.0 software (SPSS Inc.,
Chicago, IL, USA). The data were analyzed using a chi-square test and
Student’s t-test to evaluate significant differences between the groups. The level

of significance was set at P < 0.05.

Power calculations showed that the sample size (n=20) allowed a minimal
detectable difference of 35% between the two prevalence rates, with a power of

80% and a type | error of 5%.

4.3. Results

The clinical stage (FIGO) was IB1 in 14 patients (70%) and IB2 in 6 patients
(30%). The tumors were well differentiated (G1) in 1 (5%) patient, moderately
differentiated (G2) in 15 (75%) patients and poorly differentiated in 4 (20%)

patients. Lymphatic vascular invasion was present in 4 patients (20%) (Table 1).
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The PTEN expression intensity was lower in the CSCC group than in the benign
cervix samples (150.5£5.2 versus 204.2+2.6; p<0.001) (Figure 2). No
associations were identified between tumor PTEN expression and tumor stage
(p=0.337), grade of differentiation (p=0.436), the presence of lymphatic vascular
invasion (p=0.179), parametrium involvement (p=0.053) or pelvic lymph node

metastasis (p=0.859) in patients with invasive carcinoma of the cervix (study

group).

All nine PTEN exons were sequenced, and we were unable to find any
modifications in the PTEN exon DNA sequence in the 20 CSCC samples
included in the study or in the normal cervical squamous epithelial sample used

as control.

PTEN expression was not associated with tumor expression of p53 (p=0.969),
CD31 (p= 0.817) or Ki-67 (p= 0.283) in patients with invasive carcinoma of the

cervix (Figure 3).

4.4. Discussion

PTEN genetic alterations occur in multiple types of cancer, such as brain,
prostate, breast, thyroid and endometrial. The inactivation of PTEN may play an
important role in the pathogenesis of a variety of human malignancies. PTEN
protein was significantly diminished in CSCC compared with the control group.
These findings suggest that the loss of PTEN expression plays a role in cervical

carcinogenesis. Previous reports have also demonstrated that PTEN
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expression is progressively reduced along a continuum from normal epithelium

to squamous cell carcinoma #* 22,

We have screened the coding regions of PTEN for mutation of the cervix. Our
study did not identify any mutations after sequencing all nine PTEN exons, even
in the hot spot in exon 5. Structural changes to PTEN in cervical carcinomas do
not appear to be common. Previous reports have not identified mutations in the
PTEN gene @ . However, Poetsch et al. demonstrated PTEN mutations in
23% of head and neck SCC tumor samples ©®, and Kurose et al. found
intragenic PTEN mutations in 15% (3/20) of cervical tumors ©”. PTEN
mutations were frequently found in cancers arising from the endometrium ©®,
brain ®® and prostate ®?. An analysis of the PTEN gene in squamous cell
carcinomas from other sites also found that PTEN is not frequently mutated in
the lung ®?, cervix ™, skin ©®? head and neck ®® or esophagus ®*. Although
numerous somatic mutations have been localized to the PTEN gene, these only
occur in a minority of tumors, which indicates that alternative mechanisms of
PTEN inactivation, both genetic and non-genetic, must exist.

We did not study the role of epigenetic changes of PTEN in the development of
squamous cell carcinoma. The future challenge is to further understand the
roles of epigenetic mechanisms of PTEN alteration and their biological
relevance. PTEN inactivation via epigenetic mechanisms was first
demonstrated in prostate cancer cell lines ®®and later found in prostate cancer
and melanoma ©®. The association of poor prognosis with PTEN aberration has
also been reported previously in glioma®’and tongue carcinoma ©®. Whether

PTEN methylation contributes to the development of cervical cancer and affects
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the prognosis has not been elucidated. Cheng et al found that PTEN
methylation was significantly associatedwith reduced total and disease-free
survival andsuggested that tumors without normal PTEN functioning may be

more aggressive ©.

In the present work, we analyzed p53, CD31 and Ki-67 expression and their
association with PTEN expression in CSCC. We believe that our study is the
first report describing PTEN expression in a benign cervix and cervical cancer
lines and the association between expression and those biomarkers. The roles
of p53 and PTEN in cervical carcinogenesis have been addressed, but little is
known about the interaction of these proteins in cervical cancer. PTEN has
been shown to directly associate with p53, increasing its stability, protein levels,
and transcriptional activity ?. The expression of Ki-67 and CD31 was assessed
in various grades of cervical intraepithelial neoplasia (CIN) to evaluate their
potential for predicting the extent of possible damage to the epithelium and CIN
progression. Proliferating cells express a nonhistone protein with a short half-life
in their nuclei, known as Ki-67. Cell proliferation has been described as an
additional parameter that is useful in the prognostic evaluation of cervical
cancer. To evaluate intratumoral vascularization, blood microvessels are usually
immunostained with a panendothelial marker, such as factor Vlli-related
antigen, CD31 or CD34. No significant association was found between PTEN
and other biomarkers, suggesting that the loss of PTEN expression is sufficient
to facilitate tumorigenesis, but different mechanisms may explain cervical

carcinogenesis.
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Our study did not identify any clinical or pathologic factors associated with
PTEN expression in CSCC specimens. Given the limited number of samples
that we investigated, our ability to detect prognostic associations of modest size
was limited. The association between PTEN expression and disease outcome
warrants further investigation in a larger study cohort along with an analysis of
PTEN expression and prognostic factors.

In conclusion, our findings demonstrate that the PTEN protein is significantly
diminished in CSCC. Therefore, we argue that PTEN plays an important role in
carcinogenesis in the uterine cervix.

It is interesting to note that no mutations in PTENare apparent. Alternative
mechanisms of PTEN dysregulation, such as epigenetic mechanisms, that
result in clinical manifestations must therefore exist. Additional functions will
certainly be uncovered and these should help us to further elucidate the

importance of this protein in human health and disease.
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4.5. Tables and Figures Legends

em carcinoma de colo do Utero.

PTEN
Variables p
(meant SEM)
Clinicalstage 0.337
IB1 150.8+6.4
B2 159 +4.9
Tumor grade 0.436
G1 and G2 150.5+15.9
G3 159.2 +7.7
LVSI 0.179
No 150.2 +14.8
Yes 163.2+11.1
Parametrial
0.053
Invasion
No 147.6 +13.6
Yes 164.4 +10.5
Lymph Node
0.859
Metastasis
Yes 152.7 +13.2
No 154.3 +16.5

Table 1: Association of tumor size, grade of differentiation, presence of

lymphatic vascular invasion, parametrium involvement and pelvic lymph node

metastasis with tumor PTEN expression in patients with squamous -cell

carcinoma of the cervix.
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Figure 1. Photomicrographs of a squamous cell carcinoma with PTEN nuclear
immunostaining in normal cervical epithelium (A) and cervical CSCC (B). The
markup is brown. Note the reduction in intensity of expression in the CSCC as

compared to control. 400X magnification.
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Figure 2: Expression of PTEN intensity in benign cervix (control group) and in
the tumor (study group).Note: Differences between groups were assessed by t

student test (two groups).
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Figure 3: Association between PTEN expression and p53 (A), CD31(B) and Ki-
67 (C) tumor expression in patients with squamous cell carcinoma of the cervix.
Note: Differences between groups were assessed by the t student test (two
groups). Grade 1: less than 25% expression; Grade 2: 26% to50% expression;

Grade 3: 51% to 75% expression; Grade 4: greater than 75% expression.
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5. CONSIDERACOESFINAIS

A participacdo do gene PTEN na carcinogénese do colo do utero €
controversa. Apesar da mutacao do gene nao ser encontrada em diversos
estudos em carcinoma de cédulas do colo “? e pele ®®, outros estudos
indicam mecanismos alternativos, genéticos ou epigenéticos, de inativacdo

do gene.

Nosso estudo permitiu identificar diferencas na expressdo do PTEN
entre os grupos avaliados. Apesar de nao ter encontrado mutacdes de DNA,
encontramos significativa reducdo da expressdo do PTEN nas amostras de

CCE em comparacao ao tecido normal.

N&o houve associacéo entre a reducao na expressao do PTEN e fatores
prognosticos anatomo-clinicos, o p53 e 0os marcadores de angiogénese e
proliferacdo celular. A limitacdo do nimero de pacientes estudas pode ter

influenciado esses resultados.
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7.1 ANEXO |: TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

IDENTIFICACAO DA PACIENTE:

Nome: Registro:
Idade:

Endereco:

Telefone: Carteira de identidade:

A senhora esta sendo convidada a participar de um projeto de pesquisa que
visa investigar a presenga de algumas substancias no colo uterino que possam nos
ajudar a fazer o diagnodstico das doencas desse 6rgdo.

A participacdao no estudo consiste em doar uma parte do material, que foi
retirado durante a sua cirurgia para tratamento de cadncer do colo uterino ou
mioma, para serem analisados. Essa participacdo ndo modifica o tratamento
proposto para a sua doenga ou o seu acompanhamento médico.

A sua identidade sera preservada e o seu direito de ndo participar no estudo
ndo a prejudicara no seu tratamento.

1. DESCRICAO DAS COMPLICACOES DOS METODOS: ndo haverd aumento

do risco de complicacdes do seu tratamento. As complicacdes serdo as mesmas
relacionadas ao procedimento cirdrgico relizado previamente (retirado do Utero).

2. Recebi todas as informagbes que desejava conhecer e a possibilidade de
fazer perguntas e questionar duvidas.

3. Também entendi que, a qualquer momento e sem necessidade de dar

nenhuma explicacdo poderei suspender o consentimento que agora presto.

Investigador: Prof. Agnaldo L. Silva Filho
Endereco: Avenida Professor Alfredo Balena 110/4%ndar. Santa Efigénia. Belo

Horizonte. Minas Gerais. CEP: 30 130 100. Tel: (31) 32489764 / 92250909
De pleno acordo

Cidade: Data:

Assinatura do médico Assinatura da paciente

Testemunha Testemunha

Declaro que é possivel a qualquer momento antes da cirurgia revogar o meu
consentimento.
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Revogo o consentimento prestado no dia .......covvvvviiiiiiiiiiinnnen. E afirmo que
nao desejo prosseguir na pesquisa e tratamento que me foi proposto, que dou
como finalizado nesta data.

Cidade: Data:

Assinatura do médico Assinatura da paciente

Testemunha Testemunha
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7.2 ANEXO Il: ESTADIAMENTO DO CANCER DE COLO UTERINO (FIGO)

Estddiol O carcinoma esté restrito ao colo do Gtero
la cancer invasor identificado apenas microscopicamente. A invasao
é limitada ao estroma com uma profundidade maxima de 5mm e
diametro inferior a 7mm.
lal invaséo do estroma inferior a 3mm em profundidade e
inferior a 7mm em diametro
la2 invaséo do estroma superior a 3mm e inferior a 5mm em
profundidade, didmetro inferior a 7mm.
Ib lesBes clinicas confinadas ao colo ou lesdes pré-clinicas maiores
que o estadio IA
Ibl lesdes clinicas menores que 4 cm
Ib2 lesBes clinicas maiores que 4 cm
Estadio Il O carcinoma ultrapassa o colo, mas nao se estende a parede
pélvica. O tumor envolve a vagina, ndo o 1/3 inferior.
lla  sem Obvio acometimento parametrial. Envolve os 2/3 superiores
da vagina.
llb  acometimento parametrial 6bvio, ndo a parede pélvica.
Estadio Il

O carcinoma se estende a parede pélvica. No toque retal néo se
evidencia espago livre de neoplasia entre o tumor e a parede lateral
da pelve. O 1/3 inferior da vagina é acometido.

Todos os casos com hidronefrose ou insuficiéncia renal devem ser

incluidos, exceto se atribuidas a outras causas.

llla  tumor envolve o 1/3 inferior da vagina, sem extensao a parede
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pélvica

[llb  tumor se estende a parede pélvica e/ou causa hidronefrose ou

insuficiéncia renal

Estadio IV

O tumor invade a mucosa da bexiga ou reto e/ou ultrapassa a pelve

verdadeira.

IVa disseminacdo tumoral aos 6rgaos pélvicos adjacentes

IVb disseminacéo tumoral & distancia
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7.2 ANEXO lll: DESCRICAODA TECNICA CIRURGICA

1. Laparotomia mediana infra e supraumbilical, com avaliacdo das estruturas

abdominais e pélvicas.

2. Ligaduras dos ligamentos redondos e infundibulo — pélvicos; aberta lateral
do peritbnio parietal com dissecacdo do espaco paravesical e pararretal e

identificacdo dos ligamentos cardinal e Uterossacros.

3. Identificacdo do ureter no espaco retroperitoneal e, em seguida, disseccéo
do tunel do ureter, com ligadura do ligamento vesicouterino e do pilar vesical.

Liberacéo do ureter até a sua penetracado na musculatura vesical.

4. Abertura do septo retovaginal, com separacdo do reto da porcao proximal

da vagina anteriormente e dos ligamentos uterossacros lateralmente.

5. Ligadura do ligamento cardinal no seu terco lateral, préximo a parede

pélvica.

6. Ligadura dos paracolpos, com abertura da cavidade vaginal, com retirada o

terco superior da vagina, Utero e anexos em monobloco.

7. Fechamento da vagina.

8. Linfadenectomia pélvica, iniciando a disseccao pela cadeia linfonodal dos
vasos iliacos comuns; em seguida dos vasos iliacos externos, internos e fossas

obturatoérias.

9. Sintese da parede abdominal por planos.
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	O gene p53 foi o primeiro gene supressor tumoral a ser identificado e a perda de sua função é o evento genético mais frequentemente descrito em cânceres humanos. Esse gene codifica uma fosfoproteína nuclear, também chamada p53, que possui importantes...
	O gene p53 é ativado após a lesão do DNA por agentes físicos, como radiação ultravioleta e raios gama, produtos químicos mutagênicos ou infecções virais, levando atranscrição da sua proteína. O acúmulo dessa proteína no núcleo da célula inibe o ciclo...
	Os tumores sólidos requerem angiogênese para seu crescimento, invasão e disseminação metastática. Por esse motivo, pode ser um indicador prognóstico, desempenhando importante papel na progressão tumoral e na sobrevida das pacientes com câncer ginecol...
	“Expression of PTEN in patients with carcinoma of the cervix and its association with p53, Ki-67 and CD31”
	Key-words:Cervical neoplasia; immunohistochemistry; tumor suppressor gene; PTEN.
	4.1. Introduction
	Cervical cancer is a world-wide public health problem, with an annual incidence rate of 530,232 new cases and 275,008 deaths (1). Most cases occur in undeveloped countries where no effective screening systems are available (2). In Brazil, 17,540 new c...
	Persistent infection with human papillomavirus (HPV) plays a critical role in cervical carcinogenesis. However, HPV infection alone is not sufficient to induce malignant transformation, and additional genetic or epigenetic changes in tumor cells are r...
	PTEN (phosphatase and tensin homolog) is a tumor suppressor gene localized on chromosome 10 (10q23.3) in a chromosome region that is often related to loss of heterozygosis and a consequent predisposition to carcinogenesis in a number of malignancies (...
	The role of PTEN in cervical carcinogenesis has not been clearly determined, and there is no general agreement about the mechanism related to the reduction of PTEN expression in cervical cancer (20). Therefore, the purpose of this study was to investi...
	4.2. Materials and Methods
	Women with stage IB CSCC (n=20) (study group) and uterine myoma (n=20) (control group), aged 49.1±1.7 years (Mean ±SEM, range 27-78 years), were prospectively evaluated. The study was performed in accordance with the Ethical Committee for Research in ...
	Patients with CSCC underwent a class III Rutledge-Piver radical hysterectomy and a pelvic lymphadenectomy. This was the primary treatment for all patients because none had previously been treated with radiotherapy and/or chemotherapy. The clinical sta...
	Tissue samples were fixed in 10% neutral-buffered formalin, embedded in paraffin, and stained with hematoxylin and eosin for histological evaluation. Histological specimens were analyzed by the same pathologists according to the recommendations of the...
	Immunohistochemistry
	Tissue sections from CSCC and normal mucosa were stained with PTEN (Upstate, USA), p53 (clone DO7, DAKO), Ki-67 (clone MIB-1, DAKO) and CD31 (clone JC/70A, DAKO) antiserum. Briefly, 4 µm paraffin-embedded sections were deparaffinized in xylene and hyd...
	Analysis of PTEN staining
	The intensity of PTEN immunostaining was estimated by computer-assisted image analysis, based on previously reported protocols. Pictures from 10 different fields of each sample were taken by a Leica DMLB microscope and digitalized using the Leica IM50...
	PTEN Sequencing
	Genomic DNA was isolated from CSCC tissue samples according to a proteinase K-based protocol. After DNA isolation, exons 1 through 9 of PTEN were amplified by PCR with primers specific for each region. For the PCR reactions, 2 µl of DNA at 30 ng/µl we...
	Analysis of p53, Ki-67, and CD31 staining
	All slides were examined under light microscopy. Staining for p53, Ki-67, and CD31 was evaluated according to the number of positively stained cells by a single pathologist who was blinded to the clinical course of the patient. This was performed by c...
	Statistical analysis
	Statistical analyses were performed with SPSS 18.0 software (SPSS Inc., Chicago, IL, USA). The data were analyzed using a chi-square test and Student’s t-test to evaluate significant differences between the groups. The level of significance was set at...
	Power calculations showed that the sample size (n=20) allowed a minimal detectable difference of 35% between the two prevalence rates, with a power of 80% and a type I error of 5%.
	4.3. Results
	The clinical stage (FIGO) was IB1 in 14 patients (70%) and IB2 in 6 patients (30%). The tumors were well differentiated (G1) in 1 (5%) patient, moderately differentiated (G2) in 15 (75%) patients and poorly differentiated in 4 (20%) patients. Lymphati...
	The PTEN expression intensity was lower in the CSCC group than in the benign cervix samples (150.5±5.2 versus 204.2±2.6; p<0.001) (Figure 2). No associations were identified between tumor PTEN expression and tumor stage (p=0.337), grade of differentia...
	PTEN expression was not associated with tumor expression of p53 (p=0.969), CD31 (p= 0.817) or Ki-67 (p= 0.283) in patients with invasive carcinoma of the cervix (Figure 3).
	4.4. Discussion
	We have screened the coding regions of PTEN for mutation of the cervix. Our study did not identify any mutations after sequencing all nine PTEN exons, even in the hot spot in exon 5. Structural changes to PTEN in cervical carcinomas do not appear to b...
	In the present work, we analyzed p53, CD31 and Ki-67 expression and their association with PTEN expression in CSCC. We believe that our study is the first report describing PTEN expression in a benign cervix and cervical cancer lines and the associati...
	Our study did not identify any clinical or pathologic factors associated with PTEN expression in CSCC specimens. Given the limited number of samples that we investigated, our ability to detect prognostic associations of modest size was limited. The as...
	In conclusion, our findings demonstrate that the PTEN protein is significantly diminished in CSCC. Therefore, we argue that PTEN plays an important role in carcinogenesis in the uterine cervix.
	It is interesting to note that no mutations in PTENare apparent. Alternative mechanisms of PTEN dysregulation, such as epigenetic mechanisms, that result in clinical manifestations must therefore exist. Additional functions will certainly be uncovered...
	4.5. Tables and Figures Legends
	Table 1: Association of tumor size, grade of differentiation, presence of lymphatic vascular invasion, parametrium involvement and pelvic lymph node metastasis with tumor PTEN expression in patients with squamous cell carcinoma of the cervix.
	Note: Differences between groups were assessed by the t student test (two groups). Grade 1: less than 25% expression; Grade 2: 26% to50% expression; Grade 3: 51% to 75% expression; Grade 4: greater than 75% expression.
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