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RESUMO

Akagi da Silva EM. Estudo de genes diferencialmente expressos em
cancer de vulva: validagées a partir de resultados de CGH array. Séo

Paulo; 2015 [Tese de Doutorado-Fundagao Antoénio Prudente].

Introdugdo: O carcinoma de vulva € um tumor de baixa ocorréncia, sendo
responsavel por menos de 3% de todos os tumores malignos que acometem
mulheres. Em mulheres jovens a ocorréncia da doenca esta atrelada a
fatores de risco como tabagismo e infeccdo por HPV, entretanto em
mulheres acima dos 50 anos ocorre por mecanismos genéticos ainda pouco
elucidados. Nos ultimos anos poucos autores estudaram alteragdes
genbmicas em carcinomas vulvares, contudo nenhum deles determinou um
fator prognéstico definitivo, nem tampouco correlacionou esses achados com
a expressao génica, mesmo representando pontos-chave na compreensao
do processo de carcinogénese. A partir da analise de arranjos de hibridagao
genbmica comparativa (CGH-array) realizada previamente em nosso
laboratério, dois genes candidatos, ROCK1 e RhoD, localizados em regides
com alta frequéncia de ganhos em nossas amostras de neoplasias vulvares,
foram selecionados para este estudo. Objetivo: Validar a expressao dos
genes candidatos, ROCK1 e RhoD, que foram identificados em regides com
ganho de copias nas amostras de carcinoma vulvar pelo método de CGH-
array, a fim de determinar melhores e mais acurados valores progndsticos
no carcinoma vulvar. Métodos: Os 16 casos submetidos ao estudo de
CGHa foram resgatados do Biobanco do A.C. Camargo Cancer Center para
a validacao por PCR em tempo real. Imuno-histoquimica (IHQ) foi realizada
em 96 casos (analise da expressdo de ROCK1) e em mais 150 amostras de
carcinomas vulvares (analise da expressdo de RhoD) provenientes dos
Arquivos do Departamento de Anatomia Patolégica do A.C. Camargo Cancer
Center, empregando-se os protocolos dos kits Advance (DAKO) e Novolink

(Leica), respectivamente. Todas as laminas de IHQ foram digitalizadas e



analisadas utilizando um sistema de imagem. O extrato proteico das
linhagens de células tumorais de vulva humana (SW954 e SW962) foi
submetido a gel SDS-PAGE 10% e, apods a eletroforese, as proteinas foram
transferidas para uma membrana de nitrocelulose, a qual foi sujeita a técnica
de Western blot para determinar a expressao basal do anticorpo RHOD nas
linhagens celulares. Os dados gerados foram submetidos a testes
estatisticos através do software SPSS Statistics 20 (IBM) correlacionando-os
aos principais dados clinicos das pacientes. Resultados: A expressao de
ROCK1 por gRT-PCR em tecido normal foi maior quando comparada com as
amostras de tumor (p = 0,016). Por IHQ, a maior expressao de ROCK1 foi
associada com a auséncia de metastase linfonodal (p = 0,022) e menor
profundidade de invaséao (p = 0,002). Além disso, os niveis mais elevados de
ROCK1 foram correlacionados com uma maior sobrevida livre de doenga (p
= 0,001). A perda de ROCK1 foi independentemente associada a pior
sobrevida especifica por cancer (p = 0,0054) determinada por meio da
analise multivariada. A expressdo de RhoD por RT-PCR foi maior em
amostras tumorais do que em amostras normais. Através da técnica de IHQ,
verificou-se que o aumento da expressdo de RhoD foi associado
estatisticamente com a auséncia de invasao perineural, vascular e linfatica
(p=0,014 e p=0,041, respectivamente). RhoD aumentado também foi
relacionado a menor profundidade de invasdo (p=0,001). A expresséao
aumentada de RhoD foi associada com melhor sobrevida global e livre de

doencga (p=0,013 e p=0,036, respectivamente).



SUMMARY

Akagi da Silva EM. [Study of differentially expressed genes in vulvar
cancer: results from the validation of array CGH]. S&o Paulo; 2015

[Doctoral Thesis - Antonio Prudente Foundation].

Introduction: The vulvar carcinoma is a low occurrence tumor, accounting
for less than 3% of all malignant tumors that affect women. In young women
the occurrence of the disease is linked to risk factors such as smoking and
HPV infection, but the majority of cases of vulvar cancer occurs in women
over 50 years by genetic mechanisms still poorly understood. Recently, few
authors studied genomic changes in vulvar carcinomas, however none of
them determined on prognostic factor, nor correlate these findings with gene
expression, even representing key points in understanding the
carcinogenesis process. From the analysis of comparative genomic
hybridization arrays (array CGH) previously performed in our laboratory, two
candidate genes, ROCK1 and Rhod, located in regions with high frequency
gains in our samples of vulvar cancer were selected for this study. Objective:
To validate the expression of the candidate genes, RhoD and ROCK1, which
have been identified in regions with a gain of copies in vulvar carcinoma
samples by CGH-array method, in order to determine the best and most
accurate prognostic values in vulvar carcinoma. Methods: 16 cases of vulvar
cancer were rescued from AC Camargo Cancer Center's Biobank for
evaluation by RT-PCR. Immunohistochemistry (IHC) was performed in 96
(ROCK1 analyze the expression) and 150 (to quantify the expression of
RhoD) samples of vulvar carcinomas from the Archives of Anatomic
Pathology Department of the A.C. Camargo Cancer Center, using the
protocols of Advance kits (DAKO) and Newlink (Leica), respectively. All IHC
slides were scanned and analyzed using an imaging system. Protein extract
of tumor cell lines of human vulva (SW954 and SW962) was added to SDS-

PAGE 10% gel, and after electrophoresis, proteins were transferred to a



nitrocellulose membrane, which were added to Western blot technique to
determine the baseline expression of RHOD antibody on cell lines. The data
generated were subjected to statistical tests by SPSS Statistics software 20
(IBM) correlating them with the main clinical data of patients. Results: The
expression of ROCK1 by gqRT-PCR in normal tissues was higher when
compared with tumor samples (p = 0.016). For IHC, most ROCK1 expression
was associated with the absence of lymphatic metastases (p = 0.022) and a
smaller depth of invasion (p = 0.002). Furthermore, ROCK1 higher levels
were correlated with increased disease-free survival (p = 0.001). ROCK1 loss
was independently associated with a worse cancer specific survival (p =
0.0054) determined by multivariate analysis. The expression of RhoD RT-
PCR was higher in tumor samples than in normal samples. Through the IHC
technique, it has been found that increased expression of RhoD was
statistically associated with the absence of perineural invasion, vascular and
lymphatic (p = 0.014 and p = 0.041, respectively). RhoD increased was also
related to lower depth of invasion (p = 0.001). Increased expression of RhoD
was associated with better overall and disease-free survival (p = 0.013 and p

= 0.036, respectively).
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INTRODUGAO

“Aprender é a unica coisa que a mente nunca se cansa, hunca
tem medo e nunca se arrepende. ”’

Leonardo da Vinci



1 INTRODUGAO

1.1 ANATOMIA DA VULVA

A genitalia externa feminina ou a vulva compreende o monte pubico,
grandes e pequenos labios, clitoris, vestibulo, bulbo vestibular e a glandula
vestibular maior (THIBODEAU e PATTON 2007; STANDRING et al. 2008).

O monte pubico é um monte de tecido adiposo sobre a sinfise pubica.
Os grandes labios sao dobras de pele cobertas com pele pigmentada lisa e
pélos na superficie externa. Cada grande labio € composto principalmente
de tecido adiposo e conjuntivo, com numerosas glandulas sudoriparas e
sebaceas na superficie interna. Os pequenos labios sdo duas dobras
cutaneas pequenas da mucosa vulvar, desprovidos de tecido adiposo,
situados entre os grandes labios. S&o compostos por tecido conjuntivo
permeado por fibras elasticas e cobertos por epitélio pavimentoso
estratificado com uma camada de células escamosas na superficie
(JUNQUEIRA e CARNEIRO 2004). Na area entre os pequenos labios
encontra-se o vestibulo (THIBODEAU e PATTON 2007; STANDRING et al.
2008). O clitéris € um pequeno 6rgao composto por tecido erétil, localizado
proximo a jungéo dos pequenos labios. Glandulas vestibulares maiores (ou
glandula de Bartholin) consistem em duas pequenas estruturas amarelo-
avermelhados, redondas ou ovais, que ladeiam o introito vaginal, em

contato com a extremidade posterior do bulbo vestibular. As glandulas sao



compostas de tecido tubulo-acinar. As células secretoras sao colunares e
secretam muco claro ou esbranquicado, com propriedades lubrificantes
(JUNQUEIRA e CARNEIRO 2004; THIBODEAU e PATTON 2007;
STANDRING et al. 2008).

A vulva é uma regiao muito suscetivel a diversas lesdes, como lesées
traumaticas, doengas sexualmente transmissiveis e tumores benignos e
malignos (CINTRA e MARTINS 1999). Possivelmente, essas lesdes sao
causadas por frequentes traumas, susceptibilidade a infecgdes recorrentes

e secregdes oriundas de regides préximas.

1.2 CANCER DE VULVA

Céancer vulvar € um raro tumor, representando aproximadamente 3 a
5% das malignidades do trato genital feminino (FIGUEIREDO 2004;
BAIOCCHI e ROCHA 2014; HACKER 2009; DE MELO MAIA et al. 2012) e
1% de todos os tumores malignos em mulheres (FIGUEIREDO 2004), com
uma incidéncia de 2-3 por 100.000 mulheres (WOELBER et al. 2011).

No Brasil, o cancer de vulva € o quarto cancer ginecolégico mais
incidente e, de acordo com o INCA, corresponde a 3,2% dos canceres
ginecologicos atendidos. Em 1992, Recife foi considerada a cidade com
maior incidéncia no mundo, com 5,6 casos por 100.000 mulheres/ano (DE
MELO MAIA et al. 2012).

Segundo o National Cancer Institute-NCl (2014) a incidéncia de

novos casos entre 2007 a 2011 foi de 2,4 casos por 100.000 mulheres € o



numero de mortes de 0,5 casos por 100.000 mulheres. Nos Estados Unidos,
estima-se que 4.850 mulheres serao diagnosticadas, perfazendo um total de
0,3% de novos casos, e aproximadamente 1.030 mulheres morreram de
cancer de vulva em 2014. Entre 2004 e 2010 a porcentagem de sobrevida
em 5 anos foi de 70,5%.

A incidéncia in situ aumenta entre 40 a 49 anos de idade e depois
diminui, enquanto que o risco de cancer invasivo aumenta com a idade,
mais rapidamente depois dos 50 anos (HACKER 2009).

Nas ultimas décadas houve um significante aumento na incidéncia de
neoplasia intraepitelial vulvar (VIN), principalmente em mulheres mais
jovens, relacionadas com a mudanga do comportamento sexual, infecgao
por papilomavirus (HPV) e fumo (HACKER 2009). As VINs séo consideradas
lesdes precursoras em alguns casos (RICCI et al. 2008).

O cancer de vulva ¢é provavelmente multifatorial, sendo
correlacionado com o acometimento em populagdes de baixa renda e
idosas por todo o mundo, levando a hipétese de que a higiene intima
inadequada e cuidados médicos precarios (FIGUEIREDO 2004).

A morbidade apds a cirurgia do cancer de vulva é alta. A disfungao
sexual e problemas psicossociais sdo as complicagcdes mais comumente
relatadas apoés a cirurgia da vulva (WILLS e OBERMAIR 2013). Por isso, um
tratamento mais especifico e adequado para cada paciente &€ necessario,
contando sempre com um acompanhamento multidisciplinar para melhorar a

qualidade de vida dessas pacientes.



1.2.1 Etiologia

Nao ha fator etiolégico especifico identificado para cancer de vulva, e
a relagao da doenca invasiva para a distrofia vulvar e neoplasia intraepitelial
da vulva é controversa. Prurido crénico é geralmente um importante
fendmeno antecedente em paciente com cancer vulvar (HACKER 2009).

O cancer de vulva ocorre principalmente em mulheres acima dos 60
anos de idade. Entretanto, houve um aumento na frequéncia da VIN de alto
grau nas ultimas décadas, principalmente entre mulheres mais jovens (40 a
60 anos de idade). VIN é considerada como tendo um baixo potencial de
malignidade, com progressao para doenga invasiva mais provavel em
idosos ou imunodeprimidos. A positividade por HPV é reportada em 20% a
60% das pacientes com céancer vulvar (HACKER 2009; KUMAR et al. 2008).

Existem duas vertentes bioldgicas distintas em relagéo a etiologia do
cancer vulvar: um tipo é visto principalmente em pacientes jovens, esta
relacionado com infecgao por HPV e tabagismo, e € comumente associado
com VIN classica, como basaldide e verrucosa. Geralmente nestas
mulheres alteragdes in situ (VIN) restritas ao epitélio precedem o
desenvolvimento do cancer propriamente dito. A VIN pode ser encontrada
em focos multiplos separados ou pode coexistir com uma leséo invasora. Ha
evidéncia de que, ao menos em algumas pessoas, a VIN esteve presente
por muitos anos, talvez décadas. O HPV, principalmente o tipo 16, esta
presente em 75% a 90% dos casos. Em muitos casos ha a coexisténcia de
carcinoma vaginal ou cervical, carcinoma in situ ou condiloma acuminado,

sugerindo um agente causal comum, provavelmente o HPV. N&o esta claro



se influéncias genéticas, imunolégicas ou ambientais (p. ex., tabagismo ou
superinfecgdo com novos tipos de HPV) determinam o seu curso (KUMAR
et al. 2008; HACKER 2009).

O outro subgrupo, o tipo mais comum, € visto principalmente em
pacientes idosas, ndo relacionado com o tabagismo ou infeccéo por HPV. E
muitas vezes precedido por anos de alteracdes epiteliais ndo-neoplasicas,
incluindo liquen escleroso e, raramente, liquen simples crénico, adjacente
ao tumor. Frequentemente o epitélio ndo apresenta as alteragdes citoldgicas
tipicas da VIN, contudo ele pode apresentar células disceratéticas e
queratinizacdo basal. A VIN, quando presente, € do tipo diferenciada (ou
simplex) e esta situada adjacente ao cancer invasivo. (KUMAR et al. 2008;
HACKER 2009).

A VIN diferenciada (n&o relacionada ao HPV) e os carcinomas
vulvares precoces aparecem como areas de leucoplasia causadas pelo
espessamento epitelial que envolve qualquer regido da vulva ou da pele
adjacente. Com o passar do tempo, estas areas evoluem para tumores
exofiticos ou tumores endofiticos ulcerativos (KUMAR et al. 2008).

Os tumores positivos para o HPV sao, mais frequentemente,
multifocais e apresentam-se VEerrucosos ou condilomatosos.
Histologicamente, as neoplasias em pacientes positivas para o HPV tendem
a ser carcinoma de células escamosas pouco diferenciados, enquanto as
lesdes em pacientes negativas para o HPV, que geralmente s&o unifocais,
tendem a mostrar células escamosas queratinizadas bem diferenciadas

(KUMAR et al. 2008).



1.2.2 Tipos de Cancer de Vulva

O cancer de vulva pode surgir a partir de seus componentes: células
de epiderme, melandcitos, glandulas sudoriparas e sebaceas, glandulas de
Bartholin, células neurais e musculares (FIGUEIREDO 2014).

O tipo histolégico mais comum é o carcinoma de células escamosas
(CEC), que acomete aproximadamente 90% dos casos. Os melanomas,
adenocarcinomas, carcinomas de células basais e sarcomas sdo menos

frequentes (FIGUEIREDO 2014; RICCI et al. 2008) (Figura 1).

M Carcinoma epidermdéide
u Melanoima
H Adenocarcinoma

B Carcinoma basocelular

Figura 1 — Principais tipos histolégicos no cancer de vulva

Existem ainda os tipos histologicos a considerar: adenocarcinoma nao
especificado; carcinoma da glandula de Bartholin; carcinoma verrucoso;

doencga de Paget da Vulva.



1.2.3 Carcinoma de Células Escamosas

O carcinoma de células escamosas ou epiderméides (CEC ou SCC)
€ predominantemente uma doenca de mulheres pds-menopausadas, com
média de idade de aproximadamente 65 anos (RICCI et al. 2008; HACKER
2009). Em sua forma invasiva, essa variedade de céancer de vulva é
relativamente incomum, representando cerca de 4% dos tumores
ginecoldgicos (RICCI et al. 2008).

A maioria dos carcinomas escamosos vulvares ocorre no labio maior,
no labio menor, clitéris e o perineo (HACKER 2009).

Os carcinomas escamosos ceratinizantes sado categorizados de
acordo com a sua diferenciagao histologica:

CEC1 ou CEC bem diferenciado: frequentemente associado a VINs
diferenciadas e dermatoses inflamatérias. Apresenta em sua camada basal
atipia leve a moderada, com diminui¢gdo da atipia com a maturacio.

CEC2 ou CEC moderadamente diferenciado: frequentemente
associado a VIN classica e HPV. Apresenta camadas de células neoplasicas
imaturas com alta relacdo nucleo-citoplasma.

CEC3 ou CEC pouco diferenciado: Também ¢é associado a VIN
classica e HPV e exibe as camadas de células neoplasicas imaturas. (CRUM

e GRANTER 2006).

1.2.4 Fatores de Risco
O aumento do numero de casos de cancer de vulva nas ultimas

décadas pode ser explicado pelo aumento da expectativa de vida e pela



exposicao a fatores de risco (FIGUEIREDO 2004). Os fatores de risco para o
desenvolvimento dessa doenca relacionam-se a aspectos comportamentais,
reprodutivos, hormonais e genéticos (PINTO 2002).

Dentre os fatores de risco tipicamente relacionados incluem-se
infeccdo por papilomavirus humano (HPV), tabagismo, VIN (PINTO 2002;
FIGUEIREDO 2004; WOELBER et al. 2011).

Outros fatores epidemiolégicos também foram associados: como
carcinomas genitais, doencgas imunossupressoras cronicas (como HIV),
doencas crbnicas de pela na vulva, diabetes, obesidade, hipertensao

(PINTO 2002; FIGUEIREDO 2004).

O HPV

Os papilomavirus sao classificados de acordo com a sua homologia
na sequéncia de nucleotideos. As regides codificadoras (ORF, open reading
frames) séo divididas nas sequencias precoce (ou early, E) e tardia (ou late,
L). Os produtos dos genes E estdo envolvidos no controle da replicagdo do
DNA viral e da expressao do gene viral. Os genes tardios sdo expressos na
fase final da infeccdo e estao envolvidos na sintese de proteinas estruturais
(FIGUEIREDO 2004).

A infeccdo por HPV requer a disponibilidade de células epiteliais
epidermais ou de mucosa que ainda sdo capazes de proliferar. Nestas
células, a expressao do gene viral é suprimida, mesmo com a expressao dos
genes virais E limitadas (como E5, E6 e E7), resultando no aumento da

proliferacdo das células infectadas e sua expansao lateral. Em seguida, na
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entrada da camada suprabasal, a expressao do gene viral L € iniciada; o
genoma viral circular é entdo replicado e ha a formagdo de proteinas
estruturais. Nas camadas superiores da epiderme ou da mucosa, particulas
virais sdo montadas e liberadas (ZUR HAUSEN 2002).

Trés genes possuem atividade estimulatéria proliferativa: E5, E6 e E7.
E5 é associada a prevengao da apoptose apos danos ao DNA. As principais
fungdes na transformagao maligna tém sido atribuidas aos genes E6 e E7,
cujos tipos sdo HPV 16 e 18 e suas proteinas. Eles sado frequentemente
expressos em tecidos alterados e sdo capazes de imortalizar varios tipos de
cultura de células humanas (ZUR HAUSEN 2002).

A entrada do virus nas células gera duas categorias de alteragbes
morfoldgicas: a infecgdo produtiva e o disturbio de maturagéo (FIGUEIREDO
2004).

A infeccao produtiva caracteriza-se, em células escamosas, pelo
efeito citopatico, sem capacidade de divisdao celular, correspondente a
coilocitose classica, distinguida por cariomegalia, hipercromasia,
irregularidades no contorno nuclear, multinucleagdo e amplo halo claro
perinuclear com reforgo citoplasmatico periférico. Ha discreta proliferagcao de
células basais (FIGUEIREDO 2004).

Os disturbios de maturagéo estdo associados aos produtos dos genes
E6 e E7, promovendo a imortalizagdo das células (FIGUEIREDO 2004).

A infecgdao por HPV é conhecida como uma importante causa de
cancer no colo uterinoe no carcinoma epidermdide (SIRIAUNKGUL et al.

2014).
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No carcinoma vulvar, a prevaléncia da infeccdo por HPV é descrita
entre 40 a 65% dos casos, considerada baixa quando comparada a
prevaléncia de outros tumores, como no cancer anal (90,8%) e cancer
vaginal (69,9%) (SIRIAUNKGUL et al. 2014).

RODRIGUES et al. (2013) descrevem que, em sua casuistica, 39,1%
dos casos de VSCC eram positivos para HPV, destes 35,3% eram HPV de
alto risco (HPV 16). As amostras HPV positivas foram associadas a melhor
sobrevida em carcinoma vulvar (RODRIGUES et al. 2013).

Acredita-se que a implementacdo da vacina profilatica contra HPV
resultara em uma diminuicdo significante na incidéncia de cancer vulvar
invasivo e in situ relacionados ao HPV, particularmente em mulheres jovens

(HACKER 2009).

1.2.5 Sintomas

Os sintomas do cancer vulvar sdo escassos e tardios. Muitas vezes o
seu diagnéstico somente podera ser realizado através de vulvoscopia e
biopsia (FIGUEIREDO 2004; HACKER 2009; RICCI et al. 2011).

Os sinais mais comuns podem incluir prurido vulvar, dor localizada,
sangramento e ulceragao (HACKER 2009).

A maioria apresenta um nddulo ou massa vulvar, embora haja uma
longa historia de pruridos, geralmente associado a distrofia wvulvar.
Ocasionalmente, uma grande massa metastatica na virilha pode ser sintoma

presente inicial.
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No exame fisico, a lesdao €& geralmente elevada e pode ser
avermelhada, ulcerada, leucoplasica ou aparéncia verrucosa. Lesdes
semelhantes a verrugas sao muitas vezes diagnosticadas inicialmente como

condiloma acuminado (HACKER 2009).

1.2.6 Diagnéstico

Diversos elementos devem ser usados para estabelecer o
diagndstico: historico clinico e um exame clinico cuidadoso, as medidas do
tumor, avaliacdo da extensdo da mucosa adjacente e envolvimento
linfonodal, sao imprescindiveis para o planejamento do tratamento
(FIGUEIREDO 2004; MOORE et al. 2009).

De maneira geral, os exames necessarios para a conduta diagnéstica

s&o:

o Citologia cérvico-vaginal.

o Colposcopia e vulvoscopia.

o Teste de Collins com bidpsia dirigida.

o Histopatologico: biopsia dirigida ou excisional na les&o <2 cm

(COELHO e COSTA 2005).

O diagndstico é firmado por bidpsia incisional, que deve incluir o
centro da massa tumoral e um pequeno segmento de pele normal, de modo
que o patologista possa avaliar adequadamente a profundidade e natureza
da invasdo estromal. Nos casos de pequenas lesdes suspeitas, € preferivel
a bidpsia excisional a incisional, a fim de nao perder esse parametro ou

referéncia anatébmica (HACKER 2009).
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Atraso no diagndstico do cancer vulvar € um problema comum,
particularmente se a lesdo tem uma aparéncia verrucosa, proporcionando a
rapida evolugao da doenca. Embora condilomas isolados ndo necessitem de
confirmagao histolégica para o diagndstico, qualquer lesdo verrucosa
confluente deve ser feita a bidpsia adequadamente antes da terapia médica
ou ablativa ser iniciada (RICCI et al. 2008; HACKER 2009).

Lembrando que a bidpsia para confirmar o diagnéstico e o exame
histopatolégico das lesbes € de extrema importdncia na programagao da

conduta terapéutica.

1.2.7 Estadiamento
A Federagao Internacional de Ginecologia e Obstetricia (FIGO)
adotou um sistema de estadio cirurgico modificado para carcinoma de vulva

(Quadro 1).



14

Quadro 1 - Estadiamento FIGO para carcinoma de vulva

Estadio Achados clinicos
Estadio 0 Carcinoma in situ; carcinoma intraepitelial
Estadio A Tumor confinado a vul\(a ot_J per|nfeg;
2 cm ou menos na maior dimenséo;
com invas&o estromal menor ou igual @ 1mm e sem
metastase linfonodal
Estadio | B Tumor confinado a vul\(a ot_J per|nfeg;
2 cm ou menos na maior dimenséo;
com invas&o estromal maior que 1Tmm e sem metastase
linfonadal
. Tumor de qualquer tamanho com disseminac&o adjacente (1/3
Estadio Il o
uretra inferior,
1/3 vagina, @nus); sem metastase linfonodal
Tumor de qualquer tamanho com metastase linfono da
_ inguino-femoral
Estadio lIA (i) 1 linfonodo acometido maior ou igual a 5 mm
(ii) 1-2 linfonodo(s) acometido(s) em menos de 5mm
EstadiolllB (i) 2 ou mais metastases linfonodais maiores ou iguais a Smm
(ii) 3 ou mais metastases linfonodais menores que 5mm
Estadio IlIC Linfonodos positivos com disseminacgéo extra-capsular
(i) Tumor invade outras estruturas regionais (2/3 uretra
superior,2/3 vagina),
Estadio IVA : "
mucosa da bexiga, mucosa retal ou fixada ao 0sso pélvico
(i) Linfonodos inguino-femorais fixos ou ulcerados
Estadio VB Metastase a distancia, incluindo linfonodos pélvicos

Fonte: MOORE et al. (2009) e FIGO Committee on Gynecologic Oncology (2014).

O sistema TNM prévio baseava-se no tamanho do tumor, sua

localizacao e situagao linfonodal.

Na classificacdo TNM, adota-se como critérios de estadiamento o
tamanho do tumor, o comprometimento linfonodal e a metastatizagcao a
distancia, conforme descrito:

o T — tumor primario.
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o TIS — carcinoma pré-invasivo (carcinoma in situ).

o T1 — tumor confinado a vulva e/ou perineo com 2 cm ou menos na
sua maior dimenséao.

o T2 — tumor confinado a vulva e/ou perineo com mais de 2 cm na sua
maior dimensao.

o T3 — tumor de qualquer tamanho com invasao da uretra e/ou anus.

° T4 — tumor de qualquer tamanho infiltrando a mucosa vesical e/ou

retal incluindo a por¢ao superior da mucosa uretral e/ou fixacdo ao

0SSO0.

o N — linfonodos regionais.

o NO — linfonodos ndo palpaveis.

o N1 — linfonodos regionais unilaterais metastaticos.

o N2 — linfonodos regionais bilaterais metastaticos.

o M — metastase a distancia.

o MO — auséncia de metastase.

o M1 — metastase a disténcia (incluindo linfonodos pélvicos

metastaticos) (COELHO e COSTA 2005).

Como o indice de falha na avaliagdo da palpacdo dos linfonodos
inguinais era muito consideravel, o sistema de estadiamento foi alterado
para cirurgico, incorporando o status anatomo-patolégico dos linfonodos
inguinais (COELHO e COSTA 2005; HACKER 2009). Atualmente é
empregada a classificacdo TNM correlacionada com o sistema FIGO

(Quadro 2).
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Quadro 2 - Estadiamento TNM para carcinoma de vulva

Estagios TNM
Estagio O Tis NO MO
Estagio | T1 NO MO
Estagio I T2 NO MO
T1 N1 MO
. T2 N1 MO
Estagio Il T3 NO MO
T3 N1 MO
T1 N2 MO
Estagio IVA T2 N2 MO
T3 N2 MO
T4 Qualquer N MO
Estagio IVB  Qualquer T Qualquer N M1

Fonte: MOORE et al. (2009) e FIGO Committee on Gynecologic Oncology (2014).

1.2.8 Disseminagao

A propagacédo do cancer vulvar acontece pelas seguintes rotas de
disseminacao:
1. Extensao direta, para envolver as estruturas adjacentes, tais como a
vagina, uretra e anus.
2. Embolizagao linfatica para os linfonodos regionais.
3. Hematogénica, disseminando para locais distantes, incluindo os
pulmdes, o figado e os ossos (HACKER 2009).
Em uma etapa precoce de desenvolvimento, o carcinoma invade o
estroma em extensao microscopica; ele é caracterizado como microinvasivo
quando sua penetragao for de até 1 mm e seu didmetro de até 2 cm (RICCI

et al. 2008).
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Na evolugao do cancer vulvar, as células neoplasicas multiplicam-se e
invadem, sob a forma de blocos, extensbées de érgaos adjacentes. Devido a
estreita vizinhanga que a vulva tem com a vagina, uretra, bexiga, anus e
reto, esses 6rgaos sao atingidos com relativa frequéncia, a medida que
ocorre disseminagao tumoral por contiguidade (RICCI et al. 2008).

A embolizacdo de células neoplasicas, que irdo dar origem a
metastases em linfonodos, quase sempre ocorre de maneira escalonada,
passando sucessivamente pelas cadeias inguinais superficiais e profundas,
até atingir a cadeia pélvica. Inicialmente, propagac¢ao ocorre nos linfonodos
inguinais (RICCI et al. 2008; HACKER 2009).

A  disseminacéao hematogénica ocorre tardiamente no
desenvolvimento do cancer vulvar e é rara na auséncia de metastase
linfonodal. E incomum em pacientes com um ou dois nédulos positivos na
regido inguinal e mais frequente em pacientes com 3 ou mais ndédulos
positivos. Quando presente, a metastatizacdo via hematogénica é

preferencialmente pulmonar (RICCI et al. 2008; HACKER 2009).

1.2.9 Tratamento

As principais orientagdes no tratamento do cancer de vulva sao
baseadas nas diretrizes de pratica clinica do Comité de Oncologia
Ginecoldgica da FIGO e da International Ginecologic Cancer Society (IGCS),

publicados em novembro de 2003 (RICCI et al. 2008).
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A terapia escolhida é baseada principalmente na avaliagdo da
extensdo da doenga, acometimento linfonodal, histérico médico, estado geral
da paciente e na recorréncia tumoral (MOORE et al. 2009).

Os tipos de cirurgia mais comuns incluem a ressecg¢ao ampla da lesao
(exérese do tumor), vulvectomia simples (ressec¢do dos grandes e
pequenos labios, regido clitoridiana e da regido interna vestibular),
vulvectomia radical (ressecgao total da vulva, desde a regido pubica, sulcos
génito-femorais e posteriormente o perineo, contornando o anus, com
realizacdo da linfadenectomia), vulvectomia supra-radical (vulvectomia
radical associada ao esvaziamento linfonodal pélvico bilateral) (COELHO e
COSTA 2005).

O tratamento do cancer vulvar inclui opg¢des cirurgicas, radioterapia e
quimioterapia; no entanto, devido a baixa incidéncia da doenca e a falta de
estudos randomizados, ndo ha um consenso no melhor tratamento do
cancer vulvar. Muitas questdes sobre a indicagao de diferentes abordagens
de tratamento ainda continuam sem resposta (WOELBER et al. 2011;
BAIOCCHI e ROCHA 2014). As tendéncias atuais no manejo desta doenca
sao focadas em uma abordagem mais individualizada (MOORE et al. 2009).

Esse tratamento personalizado requer um conhecimento mais
especifico sobre a biologia e o desenvolvimento do tumor, bem como de
biomarcadores de progndstico inequivoco, preditivo e farmacodinamico para

determinar a conduta terapéutica (BRENNAN et al. 2010).
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1.3 ALTERAGOES GENOMICAS E EPIGENETICAS EM

CARCINOMAS VULVARES

Alteracbes no genoma sao fatores cruciais para a compreensao das
neoplasias e diversas técnicas estdo disponiveis para tal objetivo. No
carcinoma vulvar a expressao protéica tem sido o foco nos ultimos anos, e
poucos estudos relevantes sobre o status genémico foram realizados.

Técnicas classicas de citogenética revelaram rearranjos em 11p,
perdas em 3p, 5q, 8p 10g 15q 19p 22q, Xp entre outros, e ganhos em 3q
(SWANSON et al. 1997; TEIXEIRA et al. 1999; PINTO 2002). Um destes
estudos, conduzido por TEIXEIRA et al. (1999), verificaram clones diploides
e tetrapldides em trés tumores moderadamente diferenciados, os quais
possuiam uma série de rearranjos cromossémicos (TEIXEIRA et al. 1999).

Técnicas mais apuradas, tais como Multiplex Ligation-dependent
Probe Amplification (MLPA) e Methylation-Specific Multiplex Ligation-
dependent Probe Amplification (MS-MLPA) foram empregadas em estudos
envolvendo o carcinoma vulvar. No primeiro, KUNJOONJU et al. (2005)
testaram 122 genes candidatos implicados em perdas e ganhos em
linhagens celulares de cancer de vulva (KUNJOONJU et al. 2005). A perda
do gene TMSB10 foi a alteragao mais frequentemente observada, ocorrendo
em 11 das 12 linhagens. A proteina codificada por esse gene é responsavel
pela regulacdo da polimerizacdo da actina, controle do crescimento e
diferenciagdo celular. A segunda técnica foi empregada para avaliar as

alteragdes epigenéticas; foi observado que o gene TP73, envolvido na
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regulacdo do ciclo celular, foi o mais frequentemente metilado. Para tanto
foram analisados 11 genes em 13 linhagens celulares de pacientes com
cancer de vulva (STEPHEN et al. 2009).

Alteracbes citogenéticas foram identificadas por técnicas de
hibridacdo genbmica comparativa (CGH). Essas técnicas identificam os
nuameros de copias genbmicas aberrantes por meio de hibridagéo
competitiva do DNA gendmico em sondas. O numero de cépias entéo é
obtido através do balango entre as duas amostras (teste e normal) e reflete a
intensidade do sinal de cada uma delas (LOCKWOOQOD et al. 2006).

Tumores humanos s&do conhecidos por progressivos acumulos de
alteragdes genéticas e epigenéticas. Génese e progressao do cancer
humano sao ativadas pela fungao aberrante de genes que regulam aspectos
da proliferagao celular, apoptose, a estabilidade do genoma, angiogénese,
invasdo e metastase (HUANG et al. 2011). A forca motriz no
desenvolvimento desses tumores é a aquisicao de alteragdes gendmicas
somaticas como substituicbes de bases individuais, translocacdes,
insergdes, alteragdes no numero de copias e mudangas epigenéticas.
Alteragdes adquiridas no numero de cdpias somaticas, que sao diferentes
das variagdes herdadas de numeros de copias germinativas (CNV) que
existem em todos os individuos, sdo muito comuns no cancer (VAN DER
VEKEN e BUIJS 2011). A importancia das alteragdes no numero de copias
somaticas (CNA) foi evidente nos casos de oncogenes e genes supressores
de tumor. As CNAs resultaram em alteragdo da expressao desses genes

quando comparadas com a sua expressao fisiologica (HUANG et al. 2011).
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Em canceres vulvares sao poucos os dados a respeito das variagdes
de copias genbmicas. Em 2001 o primeiro relato envolvendo 10 amostras de
carcinomas vulvares utilizando a metodologia de CGH encontrou perdas em
4p13-pter (porcao terminal telomérica) e ganhos em 3q como as alteragdes
mais frequentes. Também foram encontradas perdas em 3p, 5q, 6g e 13g e
ganhos em 8q (JEE et al. 2001). As alteragcbes observadas em 3p e 3q foram
confirmadas por outros trabalhos em carcinomas vulvares que se seguiram
(ALLEN et al. 2002; BRYNDORF et al. 2004; RAITANEN et al. 2004,
HUANG et al. 2005). Os ganhos de 3q ja foram descritos em diversos
tumores sélidos como ovarianos, de cabeca e pescogo (KNUUTILA et al.
1999) e pulmonares (DUENSING e MUNGER 2004) e s&o vistos como um
possivel mecanismo de carcinogénese por abrigar diversos candidatos a
oncogenes (LAZO et al. 1992; HUANG et al. 2005). Outro achado recorrente
nos carcinomas vulvares foi o ganho no brago longo do cromossomo 8 e
perda do brago curto do mesmo cromossomo (ALLEN et al. 2002;
BRYNDOREF et al. 2004; RAITANEN et al. 2004; HUANG et al. 2005).

Poucos trabalhos publicados até o momento envolvendo carcinomas
vulvares e variacdo no numero de cépias do DNA relacionam as alteragdes
encontradas com fatores progndésticos, nem tampouco realizaram a
investigacao ou validagdo de genes que possam estar envolvidos na
carcinogénese vulvar. Esse tipo de estudo pode contribuir para a melhor
compreensao do cancer de vulva, uma vez que a variagdo no numero de
copias pode alterar a expressdo dos genes incluidos naquele segmento de

DNA sujeito a CNA, isso pode favorecer uma hiper ou hipoexpressao desses
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genes causada pela incapacidade de regulagao transcricional desse numero
aberrante de cépias (HASTINGS et al. 2009).

A analise das alteracbes no numero de copias através da técnica de
Comparative Genomic Hybridization array (aCGH), realizada pelo aluno de
doutorado André Mourao Lavorato da Rocha, identificou possiveis drivers
para a validagdo em carcinoma de vulva. Dentre esses genes, ROCK1 e

RhoD foram eleitos para a investigagcao neste estudo.

1.4 MOTILIDADE CELULAR

O comportamento migratorio celular € um processo essencial em
todos os organismos multicelulares e ele é dirigido por diversos sinais
extracelulares que atuam quer como atrativos ou repulsivos. Esses sinais
provocam uma variedade de respostas intracelulares que incluem mudancas
na organizagéo e contratilidade do citoesqueleto de actina (MURPHY et al.
2001; RAFTOPOULOU e HALL 2004).

A reestruturacdo do citoesqueleto ocorre em diferentes partes da
célula, facilitando as alteragcdes dindmicas necessarias para a adesdo, o
crescimento e a motilidade celular (MOORMAN et al. 1999; HALL 2012).

A atividade detalhada da organizagao e da motilidade celular esta sob
o controle de proteinas da familia Rho GTPases. O programa complexo de
migragdo celular depende da ativagdo localizada de cada uma dessas
proteinas em pequenos dominios do citoplasma, que, por sua vez,

capacitam a célula como um todo a se mover em uma dire¢ao ou outra. Para
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isso, filamentos de actina formam diversos tipos de projecdes na superficie
das células em diregdo ao movimento pretendido. Algumas dessas
projecdes sao estruturas dinamicas, como lamelopddias e filopddias, usadas
pela célula para explorar o territério e a impulsionar, permitindo assim o
avanco celular (ALBERTS et al. 2006; WEINBERG 2008).

A contragdo do corpo celular é igualmente importante para o
movimento direcionado da célula. Essa contracdo também é coordenada,
em grande parte, por membros da familia Rho de proteinas. Encorajados a
formarem feixes de actina no citoplasma, as proteinas Rho sao capazes de
criar estruturas conhecidas como “fibras de estresse”, contribuindo para a
regulagcao da contratilidade do citoplasma (WEINBERG 2008).

A ativacao das proteinas Rho necessita ser muito bem coordenada no
tempo e no espago para que o programa de mobilidade celular seja
executado apropriadamente (WEINBERG 2008).

A locomocéao celular necessita de uma polarizagao inicial da célula
para posiciona-la em uma diregao particular. Para auxiliar na organizagao do
movimento persistente em uma direcdo determinada, as células utilizam
seus microtubulos. Os microtubulos sdo um dos principais componentes do
citoesqueleto, sendo essencial no transporte vesicular, divisdo, migragao e
polarizacao celular (WATANABE et al. 2005; ALBERTS et al. 2006; LOBERT
e STENMARK 2011).

A integridade da actina do citoesqueleto e as redes de microtubulos

sao essenciais para o transporte de vesiculas e, consequentemente, as
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proteinas que organizam o citoesqueleto também podem participar do
trafego vesicular (MURPHY et al. 2001).

A caracteristica mais insidiosa no cancer € a sua capacidade de
propagacao e comprometimento de 6rgaos a distancia via um complexo
processo de metastase. Para que a metastase ocorra, € necessaria uma
reorganizagao e repolarizagao celular coordenada pelas proteinas da familia
Rho GTPases. O papel preciso das Rho GTPase na invasividade do tumor
ainda nao esta totalmente elucidado (WEINBERG 2008; McCLATCHEY

1999).

1.5 RHO GTPases

Proteinas Rho sdo membros da superfamilia Ras de pequenas
GTPases (21-25Kda) reguladas pela troca GDP/GTP através do controle
positivo de fatores de permuta dos nucleotideos de guanina que catalisam a
substituicdo de GDP para GTP e controladas negativamente por proteinas
GTPase que aceleram a atividade intrinseca, promovendo a inativagcao da
proteina pela ligagao a forma GDP (ROBERTS et al. 2008). Ativadas, as Rho
GTPases - GTP se ligam preferencialmente a efetores sequenciais,
estimulando diversas cascatas de sinalizagcdes citoplasmaticas que
controlam importantes redes de processos celulares basicos responsaveis
pela regulacdo do citoesqueleto.

As proteinas Rho regulam alteragbes morfologicas especificas do

citoesqueleto através dos microfilamentos de actina. As Rho GTPases
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ativadas sao essenciais no rearranjo do citoesqueleto, contragdo celular,
motilidade, diferenciagao, polaridade celular, expressdo génica, dinamica da
membrana, progressao do ciclo celular, adesao, apoptose, transporte
intracelular, trafico vesicular (MURPHY et al. 2001; SYMONS e RUSK 2003;
JANK et al. 2006; BOUREUX et al. 2007; ROBERTS et al. 2008).

A familia Rho GTPases compreende 20 proteinas, que sao divididas
em oito subgrupos com base em sua sequencia de aminoacidos, motivos
estruturais, proteinas e fungdes bioldgicos: proteinas Rac (Rac1, RAC2,
RAC3 e RhoG), proteinas Rho (RhoA, RhoB e RhoC), proteinas CDC42
(CDC42, RhoQ e Rhod), proteinas Rnd (RND1, Rnd2 / RhoN, e Rnd3 /
RhoE), proteinas RhoBTB (RhoBTB1, RhoBTB2), RhoH, RhoUV (RhoU e
RhoV), e da subfamilia RhoF (RhoD e RhoF) (MURALI e RAJALINGAM
2014). Cada uma dessas proteinas tém fungbes especializadas em
reorganizar a forma celular e favorecer sua mobilidade.

O interesse bioquimico e biolégico nas Rho GTPases tem focado nos
trés membros classicos: RhoA, Rac1 e Cdc42, que estdo envolvidos na
formacado de fibras de estresse, lamelipodia e filopodia, respectivamente
(BOUREUX et al. 2007; GAD et al. 2012).

As proteinas Rho estdo envolvidas em todas as fases da progressao
do cancer, influenciando sua capacidade migratoria para invadir e
metastatizar. Embora a descoberta inicial das Rho GTPase como
reguladores da dindmica do citoesqueleto tem explicitado sua contribuigdo

na migragdo e invasao no cancer, sua fungdo nao se restringe a estes
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eventos, podendo afetar as células tumorais por meio da modulagdo da
transcrigdo génica, divisdo e sobrevivéncia celular (VEGA e RIDLEY 2008).
Ha controversias quanto a real contribuicido das proteinas da familia
RHO na carcinogénese, que as torna um 6timo desafio para o estudo dos
mecanismos de desenvolvimento e migracdo de células neoplasicas
malignas, além da aplicagao dessas moléculas como futuros biomarcadores

ou alvos terapéuticos.

1.6 RHO-ASSOCIATED COILED-COIL CONTAINING PROTEIN

KINASE1 (ROCK1)

ROCK1 é uma serina/treonina quinase que funciona como efetores
sequenciais de pequenas GTP-ligadas a proteina RhoA. A sinalizacdo Rho
via ROCK regula um numero de fungdes celulares incluindo organizacaéo do
citoesqueleto de actina, adesao celular e migracao celular (LOCK et al.
2012). O gene humano ROCK1 esta localizado no cromossomo 18
(18911.1).

A transicdo de complexo focal para adesao focal é, em parte, uma
funcdo de RhoA e seus efetores downstream (ROCK1 e ROCK2), que
estimulam a contratilidade da miosina. Ambas isoformas de ROCK
desempenham uma fungcdo na regulagdo do citoesqueleto de miosina
através da fosforilacido e inibicdo da subunidade da cadeia leve de fosfatase

da miosina (LOCK et al. 2012; TANG et al. 2012).
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Ao ser ativado, ROCK fosforila alguns substratos, como os canais
leves de miosina (MLC), a subunidade MLC fosfatase (MYPT-1) e LIM
kinase. Esses substratos catalizam diversos processos durante as

mudancas morfolégicas, como exemplificadas na Figura 2.
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Figura 2 — Respostas celulares acionadas por ROCK. Proteinas Rho ativadas,
como RHoA e RhoC, ligam-se ao ROCK, ativando-o que, por sua vez fosforila uma
variedade de substratos. Os principais substratos do ROCK incluem cadeia leve da miosina
(MLC), miosina subunidade de ligacao do MLC fosfatase 1 (MYPT1) e cinases Lim (LIMK).

Esses substratos estdo envolvidos na regulagédo da sobrevivéncia e morte celular.
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ROCK1 pode mediar caracteristicas oncogénicas em varios tumores,
como aumento da invasdo de células de cancer e direta fosforilacdo das
cadeias leves de miosina, que conduzem ao aumento da migragao e invasao
celular, ativacdo da sinalizacdo AKT/mTOR/elF4E, e aumento da producéao
de citocina M-CSF que facilitam a metastase. Baseados em sua atividade
oncogénica, estudos tém focalizado interesse em ROCK como alvo
terapéutico em varios tumores, como glioblastoma, préstata e mama
(SOMLYO et al. 2000; LANE et al. 2008; ZOHRABIAN et al. 2009; LIU et al.
2011).

LIU et al. (2011) mostraram que ROCK1 é altamente expresso em
varias linhagens de células tumorais e em tecidos de pacientes com
osteossarcoma. Utilizando a técnica de silenciamento do gene (siRNA), eles
observaram que houve uma diminuicdo da proliferacdo, viabilidade e a
inducdo da apoptose em linhagens de sarcoma. Adicionalmente, a alta
expressao de ROCK1, determinada por imuno-histoquimica, foi associada
com pior prognostico em pacientes com osteossarcoma. Este estudo
apresenta ROCK1 como um promissor alvo terapéutico no tratamento de
osteossarcoma (LIU et al. 2011).

O papel preciso de ROCK1 na carcinogénese e no rearranjo estrutural
das células tumorais ainda € muito debatido (NAKASHIMA et al. 2011). A
funcdo de ROCK1 no cancer pode estar implicada no complexo balanco

entre sua fungéo oncogénica e pro-apoptética, que variara no tipo celular.
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1.7 RAS HOMOLOG FAMILY MEMBER D (RHOD)

RhoD foi primeiramente descrito em 1996 como uma molécula de
ligacédo entre o trafico de membrana e o citoesqueleto. O gene RhoD esta
localizado no cromossomo 11 (11914.3), podendo ser encontrado na
membrana plasmatica e no endossomo precoce (MURPHY et al. 1996).

RhoD tem uma atividade de troca de nucleotideos intrinseca superior
aos outros membros da familia Rho, resultando em predominancia na
conformacgao ativa, ligado ao GTP, mesmo em células em repouso (NEHRU
et al. 2013). Quando ativado, RhoD causa rearranjo do citoesqueleto de
actina e de células de superficie, e administra a motilidade e distribuicao
endossomal precoce (MURPHY et al. 1996; MURPHY et al. 2001). De fato,
as principais fungdes de RHOD estao atreladas a sua locali¢ao celular.

MURPHY et al. (1996) identificaram e exploraram as propriedades
funcionais de RhoD. Em células BHK causa o desaparecimento das fibras de
estresse de actina do corpo celular, das protrusées da membrana plasmatica
€ uma concomitante perda de proteinas associadas a adesao focal. Através
da técnica de transferrina, eles identificaram sua localizagdo no endossoma
precoce e a superexpressao de RhoD bloqueia o movimento dessa
organela. Ja em 2001, esse mesmo grupo tentou determinar quais os efeitos
de RhoD na dindmica endossomal. Utilizando a construgéo
constitutivamente ativa de rab5 (rab5Q79L), uma importante GTPase que
aumenta a fusdo endossomal e sua motilidade ao longo dos microtubulos,
demonstrou que RhoD neutraliza os efeitos de rab5 no endossoma precoce.

Além disso, a forma constitutivamente ativada de RhoD, RhoDG26V,
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também altera a dinamica da membrana, prejudicando a mobilidade das
células endoteliais (MURPHY et al. 1996; MURPHY et al. 2001).

TSUBAKIMOTO et al. (1999) inocularam em fibroblastos uma forma
constitutivamente ativa de RhoD (RhoDG26V) que causa alteragbes no
citoesqueleto que incluem a desmontagem das fibras de estresse de actina e
das adesdes focais, porém o dominante negativo RhoDT31K n&o tem efeito
nessas estruturas. Estas alteragcbes implicam que RhoD tem um efeito
antagonista a RhoA, pelo menos na desmontagem das fibras de estresse e
adesdes focais. Além disso, eles constataram que RhoD interfere na
citocinese por controlar a formacado dos aneis de contractilidade da actina,
suprimindo a formagao de estruturas do citoesqueleto. A prevencao da
citocinese, sem divisdo nuclear, parece resultar na formagao de células
multinucleadas (GAD et al. 2012; NEHRU et al. 2013; TSUBAKIMOTO et al.
1999). Alguns estudos ponderam que RhoD pode ser atribuido na prevengao
do potencial invasivo e metastatico das células transformadas.

Contudo, existem estudos que alegam que a expressdo de RhoD
conduz a aberracbes na formagdo celular que s&o as principais
caracteristicas do fenétipo de instabilidade cromoss6mica exibida por muitas
células cancerosas. RhoD esta associado com a proliferacdo celular e a sua
superexpressao pode induzir a progressao do ciclo celular da fase S para a
fase G1. O efeito sobre a proliferagdo esta associado com a diminui¢cao da
diferenciacao e amplificacdo centrossomal, levando a formagao de fusos

multipolares aberrantes e segregagao anormal (KYRKOU et al. 2013).



OBJETIVOS

“Todos os nossos sonhos podem se realizar, se tivermos a
coragem de persegui-los.”

Walt Disney



32

2 OBJETIVOS

21 OBJETIVO GERAL

Validar a expressao dos genes candidatos que foram identificados em
regides com ganho de cdépias nas amostras de carcinoma vulvar pelo
método de CGH-array, a fim de determinar melhores e mais acurados

valores prognosticos no carcinoma vulvar.

2.2 OBJETIVOS ESPECIFICOS

1- Determinar a expressao dos genes candidatos ROCK1 e RhoD através
de qRT-PCR.
2- Analisar a expressdao de ROCK1 e RhoD em carcinoma epidermdide

invasor da vulva através de IHQ.
3- Correlacionar todos os achados obtidos a partir da IHQ e gRT-PCR com

os principais dados clinico-patolégicos e de sobrevida das pacientes.



A metodologia e os resultados desta tese serdo apresentados sob a
forma de artigos cientificos. O primeiro artigo foi publicado na revista
BMC Cancer (ISSN: 1471-2407 2014 Nov 7;14:822) e o segundo

artigo sera submetido a revista Tumor Biology (ISSN: 1010-4283)

ARTIGOS

“A percepcao do desconhecido é a mais fascinante das
experiéncias. O homem que nao tem olhos abertos para o
misterioso passara pela vida sem ver nada.”

Albert Einstein
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ABSTRACT

Background: Vulvar carcinoma is an infrequent tumour, accounting for fewer
than 3% of all malignant tumours that affect women, but its incidence is rising
in the past few decades. In young women, the manifestation of the vulvar
carcinoma is often linked to risk factors such as smoking and HPV infection,
but most cases develop in women aged over 50 years through poorly
understood genetic mechanisms. Rho-associated coiled-coil-containing
protein kinase 1 (ROCK1) has been implicated in many cellular processes,
but its function in vulvar cancer has never been examined. In this study, we
aimed to determine the prognostic value of ROCK1 gene and protein
analysis in vulvar squamous cell carcinoma (VSCC).

Methods: ROCK1 expression levels were measured in 16 vulvar tumour
samples and adjacent normal tissue by qRT-PCR. Further, 96 VSCC
samples were examined by immunohistochemistry (IHC) to confirm the
involvement of ROCK1 in the disease. The molecular and pathological
results were correlated with the clinical data of the patients. Sixteen fresh
VSCC samples were analyzed by array-based comparative genomic
hybridization (aCGH).

Results: In each pair of samples, ROCK1 levels were higher by gRT-PCR in
normal tissue compared with the tumour samples (p=0.016). By IHC 100% of
invasive front areas of the tumour and 95.8% of central tumour areas were
positive for ROCK1. Greater expression of ROCK1 was associated with the
absence of lymph node metastasis (p=0.022) and a lower depth of invasion

(p=0.002). In addition, higher ROCK1 levels correlated with greater
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recurrence-free survival (p=0.001). Loss of ROCK1 was independently linked
to worse cancer-specific survival (p=0.0054) by multivariate analysis. This
finding was validated by IHC, which demonstrated enhanced protein
expression in normal versus tumour tissue (p<0.001). By aCGH, 42.9% of
samples showed a gain in copy number of the ROCK1 gene.

Conclusions: A gain in ROCK1 copy number effects overexpression of its
transcript and protein levels. In an independent sample set of VSCCs, lower
expression levels of ROCK1 correlated with worse survival rates and a poor
prognosis. These findings provide important information for the clinical
management of vulvar cancer.

Keywords: vulvar carcinoma, ROCK1, gRT-PCR, immunohistochemistry,

aCGH, prognosis

BACKGROUND

Vulvar carcinoma is an infrequent tumour, accounting for 3% to 5% of all
cancers of the female genital system [1,2,3]. Its incidence rises with age,
peaking in women aged between 65 and 75 years [4,5].

Vulvar squamous cell carcinoma (VSCC) constitutes 90% of all malignant
vulvar tumours and has 2 clinicopathological types. The first type arises
primarily in younger patients and is associated with human papillomavirus
(HPV) infection; the other form is seen mostly in elderly patients and appears
to develop independently of HPV infection. These types of VSCC have
disparate epidemiological, clinical, pathological, and molecular characteristics

[3,4,6]. Despite its rarity, the incidence of VSCC has been rising in the past
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several decades, necessitating the identification of predictive factors of its
prognosis.

Changes in cellular dynamics induce morphological alterations in cells, due
to reorganization of the actin cytoskeleton. The Rho family of small GTPases
are central regulators of the dynamics and reorganization of the actin
cytoskeleton, mediating the formation of stress fibers and focal adhesions
[7,8,9]. Certain members of the Rho family, such as RhoA and RhoC, interact
with downstream targets, culminating in various cellular responses. Their
principal activity is to promote actomyosin contractility by phosphorylating a
specific serine/threonine kinase, Rho-kinase associated coiled-coil (ROCK).
ROCK1 and 2 have been implicated in many cellular processes and
pathologies, particularly in metastatic processes of cell lines and in the
cardiovascular and nervous systems. Based on their oncogenic activity,
ROCKs are being examined as therapeutic targets in various tumours, such
as non-small-cell lung tumours [10]; glioblastoma [11]; osteosarcoma [12];
and prostate [13,14], breast [15], ovarian [16], hepatocellular [17], and
bladder cancers [18].

Human ROCK1 maps to chromosome 18 (18q11.1) [19,20,21,22] and
performs its functions by phosphorylating substrates, such as myosin light
chain (MLC), the MLC phosphatase subunit (MYPT-1), and LIM kinase; many
other substrates continue to be reported. These substrates catalyze many
processes during morphological changes and metastasis, including structural
rearrangement, adhesion, alterations in cellular polarity, migration, invasion,

transformation, proliferation, cytokinesis, and apoptosis [9,22,23].
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The precise function of ROCKL1 in carcinogenesis and in the architectural
rearrangement of tumour cells during metastasis remains debated [24].
ROCK1 appears to be implicated in a complex balance between oncogene
function and proapoptotic responses, depending on the cell type. Based on
its involvement in cell migration in other tumours and the lack of data on its
function in vulvar carcinomas, we selected ROCK1 for further study.

We aimed to examine the function of ROCK1 in the progression of vulvar
carcinoma. In this study, we measured ROCK1 mRNA and protein levels and
analyzed the data on ROCK1 copy number alterations from a parallel project
of our group. The transcript and protein results were correlated with
clinicopathological characteristics to determine the prognostic value of

ROCK?1 in vulvar cancer.

METHODS

Patient and sample selection

A total of 96 invasive vulvar carcinoma samples were randomly and
retrospectively selected from the archives of the AC Camargo Cancer Center
Anatomic Pathology Department from January 1990 to December 2010 and
analyzed by immunohistochemistry. All samples were formalin-fixed and
paraffin-embedded (FFPE), and their HPV status has been reported [2,5,25].
Sixteen fresh frozen tumour samples and 11 adjacent nontumour samples
were also obtained from the AC Camargo Cancer Center Biobank for mRNA

expression and DNA copy number analysis.
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The inclusion criteria were patients who had undergone surgery or biopsy in
this hospital and were diagnosed with invasive vulvar squamous cell
carcinoma. All cases were H&E-stained and reviewed by experienced
pathologists to confirm the previous diagnosis and adapt the reports to
updated nomenclature. The clinical data on all patients were obtained from
their medical records. In situ carcinomas, cases in which neoadjuvant
radiotherapy and/or chemotherapy were performed, and cases that lacked
sufficient material or clinical information for the analyses were excluded from
the study.

This work was approved by the ethics committee at AC Camargo (Research
Ethics Committee number 1672/12) and was performed per the Helsinki

Declaration.

RNA extraction from fresh frozen samples

The RNeasy Mini Kit RNA Extraction Kit (QIAGEN, Austin, TX, USA) and a
Precellys® 24 homogenizer (Stretton Scientific, Stretton, UK) were used to
extract RNA from the fresh frozen samples per the manufacturer’s
instructions. Prior to the extraction, the H&E slides from all samples were
reviewed by the Biobank’s chief pathologist (Dr. AHJFMC). Aliquots of RNA

were stored at -80°C until cDNA synthesis.

Quantitative real-time RT-PCR (RT-qPCR)
Gene expression was analyzed by RT-gPCR on an Applied Biosystems

7900HT Fast Real-Time PCR System (Applied Biosystems, Foster City, CA,
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USA) using the TagMan Universal PCR Master Mix detection system
(Applied Biosystems), according to the supplier’s specifications. Primers and
probes for ROCK1 (Hs01127688 m1) were purchased from Applied
Biosystems. HPRT was used as an endogenous control. Data analyses were
performed, comparing adjacent normal and tumorous vulvar samples. The
Pfaffl (2001) method was used to obtain relative quantification (RQ) values

and determine gene expression levels [26].

Immunohistochemistry

Four-micrometer-thick FFPE samples were placed on StarFrost® electrically
charged slides (Braunschweig, Germany). All reactions were performed on
whole-tissue slides using the Advance Kit Protocol (DAKO). Antigen recovery
was performed using Tris-EDTA (pH 9.0) in a water bath (96°C). The primary
antibody was anti-ROCK1 (ABCAM, Cat.#1761-1, Clone EP786Y), diluted
1:100. At the end of the reaction, the slides were washed with tap water,

dehydrated sequentially in alcohol and xylene, and mounted manually.

Evaluation of immunohistochemistry

Slides were digitalized on an APERIO® scanner and scored visually. IHC
expression patterns were evaluated quantitatively, wherein expression levels
were scored by the percentage of positive cells and the intensity of
immunostaining [HScore = Z (ix Pi) and Pi: percentage of positive pixels,
ranging from 0% to 100% and color intensity of the pixel i = 0 1 2, or 3],

ranging between 20 and 250 per Rodrigues et al. [25]. Final HScores were
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defined as HScore = 1 when the positivity was weak, with staining intensity
ranging from 20 to 149 and HScore = 2 for strong staining and a staining
intensity of 2150. ROCK1 immunostaining was present in all samples.

Two areas for each case—the central tumour and invasive front—were
examined for ROCK1 expression. As described (Rodrigues et al. 2013), the
central tumour was considered as the largest area of extension of the
tumour; at least 3 areas were selected and analyzed. The invasive front was
defined as a group of up to 5 cells that detached from the main tumour mass,

which usually infiltrated the adjacent stroma; 10 fields were selected [25].

Array based-comparative genomic hybridization array (aCGH)

Based on our ROCK1mRNA and protein data, we examined ROCK1 copy
number alterations in vulvar carcinoma samples by array-CGH using data
from a parallel study. A total of 200 ng each of tumour DNA and normal
commercially available DNA (Human Genomic DNA: Female; Promega,
Madison, USA) were analyzed compared on an 8x60 K Agilent platform for
aCGH (Agilent Technologies®, Santa Clara, USA).

The labeling, hybridization, and washes were performed per the Agilent
Oligonucleotide Array-Based CGH for Genomic DNA Analysis — Enzymatic
Labeling kit protocol (Agilent Technologies®, Santa Clara, USA). The slides
were scanned on a DNA microarray scanner with Surescan High-Resolution
Technology (Agilent Technologies®, Santa Clara, USA), based on HG19,

and the results were extracted using Feature Extraction, v10.7.3.1 (Agilent
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Technologies®, Santa Clara, USA). Copy number analysis was performed
using Nexus Copy Number Software, v6.0 (Biodiscovery, EI Segundo, USA).
A copy number alteration was defined as exceeding the significance
threshold of 1x107° in a minimum of 5 consecutive probes and in more than
30% of the samples.

Thresholds were defined as the average log, CGH fluorescence ratio for
copy gains = 0.3, high copy number gains defined as = 0.6, losses defined as
< -0.3, and homozygous losses defined as < -1.0. Nonrandom genomic copy
number alterations were identified using the Fast Adaptive States
Segmentation Technique 2 (FASST2) algorithm and the Significance Testing
for Aberrant Copy number (STAC) statistical method [27,28]. Alterations that

were detected in at least 42.9% of samples were examined in greater detail.

Statistical Analysis

Statistical analyses were performed using the Statistical Package for Social
Sciences (SPSS, IBM), version 20.0. Protein expression in the tumour center
and invasive front was compared by Wilcoxon signed-rank test. Mann-
Whitney test and student t-test were used to analyze the association between
protein expression and clinicopathological parameters, and the Kaplan-Meier
method was used to examine specific cancer survival and recurrence-free
survival rates. The difference between survival curves was assessed by log-
rank test. Multivariate analyses were performed using the Cox proportional

hazards regression model. Statistical significance was set to p < 0.05.
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RESULTS

Demographic and clinicopathological features

The mean age of the 96 patients was 75 years, ranging from 30 to 103 years.
The mean age at menopause was 50 years, ranging between 38 and 60
years. Most patients were Caucasian (83.3%) and did not consume alcohol
(88.5%); 15.6% of patients were current or past smokers.

Forty eight percent of the patients were HPV-positive, most of whom had the
subtypes HPV16 (48%), HPV33 (24%), and HPV18 (15%). Associated
lesions were present, such as vulvar intraepithelial neoplasias (VINs; 13.5%
of patients) and lichen sclerosus (6.25%). Based on the histological
diagnosis, moderately differentiated squamous cell carcinomas (SCC2) was
the most prevalent form (46%), followed by SCC1 (34%), basaloid (9%),
SCC3 (8%), sarcomatoid (2%), and verrucous carcinoma (1%). Most tumours
were classified as FIGO stage IB (53.1%), followed by stage 11IB (20.3%), IlIA
(12.1%), Il (6.2%), IlIC (6.2%), and IVA (2.1%). Of the 96 patients with
VSCC, 34.4% died due to the cancer, and 46.9% expired due to other

causes.

ROCK1 mRNA expression

By RT-gPCR, ROCK1 was down expressed in tumour tissue samples
compared with the normal adjacent (p = 0.0167, Figure 1A). Also, ROCK1
HScores were higher in normal epithelium versus the tumour areas in a

subset of samples (n=21) (p<0.001) (Figure 1B, C, and D).
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ROCK1 immunostaining

ROCK1 immunostaining was heterogeneous and cytoplasmic in all tumour
extensions (Figure 2) and positive in the invasive front of all cases (100%)
and in 92 central tumours (95.8%). There was a significant positive
correlation between central tumour and invasive front expression of ROCK1
(p < 0.001; Figure 3A).

In the statistical analysis, greater expression of ROCK1 in central tumours
and the invasive front correlated significantly with the absence of lymph node
metastasis (p = 0.036 and p = 0.022, respectively), the presence of
inflammatory infiltrate (p = 0.010 and p = 0.009, respectively), and a lower
depth of invasion (p = 0.048 and p = 0.002), as shown in Figure 3B. There
was no association between ROCK1 positivity and HPV infection, histological

type, FIGO stage, recurrence, or vascular invasion.

ROCK1 expression and patient survival

Patients with lower expression of ROCK1 in the central tumour and invasive
front had lower recurrence-free survival rates (p = 0.004 and p = 0.001,
respectively; Figure 4A and B), and those with weak ROCK1 expression in
the invasive front experienced lower cancer-specific survival (p < 0.001;
Figure 4C and D). By multivariate analysis, high ROCK1 expression in the
invasive front was independently associated with greater cancer-specific
survival (HR 0.3, 95% CI 0.11-0.84, p = 0.0054; Table 1). The
clinicopathological characteristics were analyzed by Cox regression. Lymph

node metastasis (data not shown) and vascular invasion were independently
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associated with decreased of the survival (p = 0.0074 and 0.0365,

respectively).

aCGH analysis

By aCGH analysis 29 regions underwent significant copy number alterations:
9 were associated with copy number loss (8p23.3, 5911.1-911.2, 3p11.1-
g11.1, 9p23 21p11.2-p11.1, X928, 7q36.3 19p13.3, and 21p11.2), and 20
had gains (1922 20911.21-911.23 1p36.23-p36.22 11913.3 19913.12
19913.32, 7q11.21, 7q11.22, 7911.23, 7q11.23, 7922.1 11912.2-q12.3
11912.3 11913.2 16922.1 18q11.1-911.2 18911.2, 7p22.2-p22.1 12924.31,
and 15q11.1-q11.2). Of the latter, region 18q11.1-q11.2, which harbors
ROCK1, had more copies than the reference DNA in 42.9% of samples
(Figure 5).

To identify their function and the processes that they mediate, the genes that
were selected in the copy number analysis were included in an in silico
functional analysis, performed by Ingenuity Pathways Analysis (IPA). ROCK1
appeared in 2 of the top 5 canonical pathways with the highest ratios—
RhoGDI and Rho GTP signaling—both of which are associated with cell

migration.

DISCUSSION
ROCK has significant functions in cancer progression and metastasis,
rendering it a potential therapeutic target [9]. In this study, we examined the

function of the Rho-associated protein kinase ROCK1 in human vulvar
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carcinoma. Our data showed that aspects that are related to a good
prognosis, such as the absence of lymph node metastasis, lower depth of
invasion, and better survival, correlated with ROCK1 immunoexpression,
suggesting that ROCK1 is a marker of good prognosis in vulvar cancer.
ROCK1 immunopositivity was observed in the tumour invasion fronts of all
cases and in nearly all central tumour areas. Also, there was no difference in
ROCK1 expression levels between central tumour versus invasive front
areas, in contrast to what we have reported concerning the variability of
epithelial to mesenchymal transition markers [26], EGFR [29], and c-Kit [5] in
tumours. Nevertheless, vulvar carcinomas can be highly heterogeneous
[29,30], and cytoplasmic immunostaining for ROCK1 protein was
heterogeneous in all tumour extensions in our cases, reflecting a
disadvantage of ROCK-targeting therapies in this tumour type.

In this study, we performed a global evaluation of ROCK1 expression and its
relationship with clinical data and the prognosis. ROCK has a significant
influence on cancer progression [8,9,11,31], metastasis [17,21,32,33], and
apoptosis [12,23,34]. Recent evidence suggests that ROCK phosphorylates
PTEN [34,35], a negative regulator of the PI3-K/Akt pathway, with roles in
cell survival and apoptosis [34,36].

Inhibition of ROCK/Rho-kinase in Ras-transformed cells is insufficient to
effect a motile phenotype in them, suggesting that this cell type requires
changes in other regulators of the cytoskeleton to increase its motility [32].

Notably, elongated cells, such as SW-962, a vulvar squamous cell carcinoma
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metastatic cell line do not require Rho or ROCK function, unlike cells that
move through rounded, or amoeboid, movement [21,37,38].

Thus, we hypothesize that elongated vulvar carcinoma cells move and
migrate using mechanisms other than Rho/ROCK activation. The
effectiveness of therapeutic agents against ROCK, such as fusadil and
Y27632, might be limited when cells move through elongated morphology
[37].

ROCK1 immunostaining was also associated with important clinical features
in vulvar cancer and with the most significant clinical property and prognostic
factor in this tumour: lymph node metastasis. When overexpressed, ROCK1
correlated inversely with lymph node metastasis in the central tumour and
invasive front. To define groups for the statistical analysis regarding the
clinical implications of the presence or absence of lymph node involvement,
we considered positivity as metastasis when 2 or more lymph nodes were
involved and negativity when 1 or O lymph nodes were involved. This strategy
was based on a previous study that demonstrated that 5-year survival for
patients with negative or 1 positive lymph node did not differ from each other
[39]. Similarly, greater expression in the central tumour and invasive front
was associated with lower invasive depth and higher recurrence-free
survival.

Clinicopathological characteristics analyzed by Cox regression demonstrated
that lymph node metastasis and vascular invasion were independently
associated with decreased of the survival, indicating that these features are

related to poor survival in patients with VSCC. Also, higher expression of
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ROCK1 was linked to greater survival, the absence of lymph node
metastasis, and a lower depth of invasion. Moreover, elevated ROCK1 levels
in the invasive front was an independent protective factor (HR = 0.22 for
moderate expression, and HR = 0.33 for strong expression) with regard to
cancer-specific survival (p = 0.0054).

These results implicate ROCK1 as a good prognostic marker in vulvar
cancer. In addition, patients with weak expression of ROCK1 in the invasive
front, but not the central tumour, had lower cancer-specific survival rates,
implying that this marker is protective during cancer progression. Conversely,
ROCK1 has been largely reported as a marker of worse prognosis in many
cancer types [12].

There is emerging evidence that ROCK governs the morphological events
that take place during apoptosis (cell contraction, membrane blebbing,
nuclear fragmentation, and disintegration of apoptotic cells) through
cytoskeletal rearrangement and actomyosin contractility [40,41]. Other
groups contend that ROCK1 is required for apoptotic fragmentation and
phagocytosis of dying COS-7 cells [41]. Because ROCK is a proapoptotic
regulator in various cell types, depending on the cell type and apoptotic
stimulus [40], we believe that its overexpression in vulvar cancer is
associated with apoptotic stimuli and, thus, it can be associated with better
prognosis; as demonstrated in other studies [41,42]. Although the
relationship between apoptosis and the prognosis remains unknown, it could,
at least in part, explain the association of ROCK1 with a good prognosis in

vulvar cancer.
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ROCK1 copy number gains were detected in 42.9% of our samples.
However, these data are controversial, because ROCK1 was more highly
expressed in normal tissue by IHC and RT-gPCR compared with tumour
samples. Although associations between copy number and gene expression
comprise the concomitant amplification of the gene with enhancement of its
expression, there remain other genes, approximately 50% [43], the
amplification of which does not correspond to gene overexpression.

We hypothesize that tissues that were used for normalization of the validation
techniques were adjacent to the tumour. Despite careful morphological
analysis by an experienced pathologist of nontumour tissue, the proximity of
malignant cells could have influenced the surrounding microenvironment,
upregulating various genes, including ROCK1, in normal epithelia.

In addition, other mechanisms, such as microRNA regulation and epigenetic
alterations (including methylation and histone deacetylation), might cause the
lack of correlation between the genomic and proteomic data found in our
study. Previous reports have demonstrated the function of microRNAs (eg,
microRNA-135a and microRNA124-3p) in ROCK1 regulation in prostate,
gastric, and bladder carcinoma [44,45,46].

Also, despite the increase in copy number in tumour samples by aCGH
analysis, we can not make any conclusions regarding gene integrity and the
extent of its abnormal. Our results do not allow us to conclude much
concerning the amplification of ROCK1 in the tumour samples or on the
possible generation of aberrant mRNA or truncated protein. The genomic

mechanism that leads to gene amplification in tumour cells remains
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undefined, as do the molecular pathways that effect amplified gene

expression.

CONCLUSIONS

This is the first report to demonstrate that ROCK1 correlates with a good
prognosis in cancer. Although vulvar carcinomas are rare, this type of cancer
can serve as a valuable model in the study of molecular alterations that can
be transposed to other types of epithelial neoplasms. Further, novel
biomarkers, such as ROCKH1, are significant, because its evaluation by IHC in
routine practice can help better establish prognosis and select more

conservative surgical approaches for this mutilating disease.
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FIGURE LEGENDS

Figure 1. ROCK 1 mRNA and protein are overexpressed in normal
tissues. ROCK1 is overexpressed by qRT-PCR analysis in normal adjacent
samples compared with tumour samples (p = 0.016, A). Increased ROCK1
immunostaining HScore in normal epithelium compared with tumour in a
subset of samples (n=21) (B); p < 0.001. Representative images of normal

epithelium (C) and tumour (D) immunostaining from the same case, captured

at 400X magnification.
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Figure 2. Immunohistochemical staining of ROCK1 in vulva carcinoma.
Representative image of weak-positive staining in central tumour (A) and
invasive front (B, arrows); moderate staining in the central tumour (C) and
invasive front (D, arrows); strong-positive staining in central magnification.
Images A and B were captured at 200X magnification. Images C, D, E, and F

were captured at 400X magnification.
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Figure 3. Association between clinicopathological features and ROCK1
in vulvar carcinoma. Abbreviations: <2 = 2 or fewer lymph nodes involved;
> 2 = more than 2 lymph nodes involved; SMD = superficial and mid-dermis;

DDA = deep dermis and subcutaneous tissues. *Statistically significant,
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Figure 4. Kaplan-Meier survival curves for ROCK1 staining. Increased

expression of ROCK1 in the central tumour (p = 0.004; A) and in the invasive

front (p = 0.001; B) correlates with better recurrence-free survival and lower

cancer-specific survival in the central tumour (p = 0.081; C) and in the

invasive front (p < 0.001; D). Abbreviations: CT= central tumour; IF= invasive
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Table 1. Multivariate analysis of ROCK1 expression and clinicopathological

characteristics in patients with vulvar SCC.

Hazard Ratio for

Variables Category n Survival 95.0% Cl p
SCC1, SCC2, Verrucous Ca
, . (1) 76 1 1
Histologic types ) 0.6177
SCC3, Basaloid Ca,
Sarcomatoid Ca(2) 20 0.78 0.30-2.05
1A, 1B, 11 (1) 54 1 1
FIGO stage 0.2083
1A, 1B, IIIC, IVA, IVB (2) 40 1.62 0.76 - 3.47
Absent (0) 50 1 1
HPV 0.2238
Present (1) 46  0.63 0.30-1.33
Inflammatory Absent (0) 38 1 1
0.4964
infiltrate Present (1) 58 0.77 0.36 - 1.64
Vascular Absent (0) 74 1 1
0.0365
Invasion Present (1) 17 222 1.03-4.77
Perineural Absent (0) 76 1 1
0.4178
invasion Present (1) 12 1.43 0.60 - 3.38
Weak expression 22 1 1
ROCK1 CT Moderate expression 55 0.70 0.28-1.75 0.6653
Strong expression 19 0.95 0.34 -2.67
Weak expression 8 1 1
ROCK1 IF Moderate expression 53 0.22 0.08 - 0.60 0.0054*
Strong expression 35 0.30 0.11-0.84

Abbreviations: SCC = squamous cell carcinomas; Cl = confidence interval; FIGO = International Federation of
Gynecology and Obstetrics; HPV = human papillomavirus; SMD = superficial and mid dermis; DDA = deep dermis

and subcutaneous tissues; CT = central tumour and IF = invasive front. *Statistically significant, p<0.05.



Figure 5. Representative image of aCGH analysis of chromosome 18 with emphasis on ROCK1 (A) The copy number
gain (chr18:18,539,853-19,429,001) is in blue; exons of ROCK1 are illustrated at the bottom of the diagram (B) Example
highlighting the gains (=0.3) in blue and high gains (20.6) in yellow. Gene regions covered by each probe can be seen as small
dots.
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ABSTRACT

Introduction: RhoD is a small Rho GTPase that causes the rearrangement of
the actin cytoskeleton and cell surface by collapsed of actin stress fibers and
focal adhesions. Furthermore, RhoD is essential in the early endosome and
their dynamic motility, providing a link between the cytoskeleton and the
membrane traffic. The last years, few authors studied genomic and proteomic
alterations in vulvar carcinoma, and none of them have established a
prognostic factor in this sense. Our study focused in the translational
relationship between RhoD expression and clinicopathological features in
patients diagnosed with Vulvar Squamous Cell Carcinoma (VSCC). Methods:
RhoD was evaluated in 17 samples by gRT-PCR. Immunohistochemistry
(IHC) expression of RhoD was analyzed in 150 formalin-fixed paraffin-
embedded (FFPE) cases of vulvar carcinoma arrayed in a tissue microarray
(TMA). Protein extracts of vulvar tumor cell lines (SW954 and SW962) were
subjected to Western blot technique to determine the expression of RhoD
antibody. Statistical tests were performed correlating the obtained results
with the main clinical data of patients. Results: RhoD mRNA expression in
tumor samples was greater than in adjacent non-tumor samples by gRT-

PCR. IHC analysis showed that greatest expression of RhoD was associated
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with the absence of perineural, vascular and lymphatic invasions (p = 0.014,
p = 0.001 and p = 0.041, respectively) and with lowest depth of invasion (p =
0.001). Increased RhoD expression was associated with better overall and
recurrence-free survival (p = 0.013 and p = 0.036, respectively). In Western
blot analysis, no significant difference in the expression of RhoD between the
tested cell lines and the control line. Conclusions: We found that RhoD is
more expressed in tumor tissues than in adjacent normal tissues, but the
overexpression of this protein is linked to better prognosis in VSCC.

Keywords: vulvar carcinoma, RhoD, prognosis

BACKGROUND

Squamous cell carcinoma (SCC) is the most common cancer of the vulva,
corresponding to approximately 90% of the vulvar tumors % Although
the incidence rates of vulvar cancer in older women presents relatively stable
in the last decades, the diagnosis in younger women (40-60 years old) has
alarmingly increased !"®l. Still, despite the increase incidence of the disease,
molecular studies in vulvar SCC are little explored in the literature.

RhoD protein was first described in 1996 as a binding molecule from the

trafficking of membrane and cytoskeleton !'"!

. RhoD gene is located on
chromosome 11 (11914.3) and can be found in the plasma membrane and
early endosome. RhoD has an intrinsic activity nucleotide exchange superior

to other members of the Rho family, predominantly resulting in the active

conformation bound to GTP, even in resting cells "*l. When enabled, RhoD
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cause rearrangement of the actin cytoskeleton and cell surface, and
manages the endosomal motility and distribution!""".,

Briefly, RhoD interacts with ZIP kinase, modulating actin assembly and
dynamics of focal adhesion!™. Changes in the cytoskeleton by RhoD,
including disorientation and decrease in the density of actin bundles, loss of
stress fibers and focal adhesions, than can lead to a delay of cell migration.
Some studies suggest that RhoD can be used to prevent the invasive and
metastatic potential of transformed cells!”'3171,

Rho GTPases studies have focused on the classic three members of this
family: RhoA, Rac1 and Cdc42, which are involved in the formation of stress
fibers and filopodia, lamelipodia respectively *”. Role of RhoGTPases
antagonists has also been described, as RhoD that can antagonize the RhoA
function "7,

However, some studies claim that RhoD expression leads to aberrations in
cell formation that they are the main features of the chromosomal instability
phenotype displayed by many cancer cells .. RhoD is associated with cell
proliferation and the overexpression of this protein can lead to cell cycle
progression from G1 phase to S phase. The effect on proliferation is
associated with a decrease in differentiation and centrossomal amplification,
leading to aberrant multipolar spindle formation and abnormal
segregation® .

Our study focused in the translational relationship between RhoD expression
and clinic-pathological features in patients diagnosed with Vulvar Scamous

Cell Carcinoma (VSCC). For this, we have designed this study based on the
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mRNA and protein expression of RhoD in VSCC and correlated these
findings with clinical and anatomopathological data, in order to evaluate its

prognostic value as a cancer biomarker.

METHODS

Patients and pathological specimens

Seventeen fresh frozen samples of Vulvar Squamous Cell Carcinomas
(VSCC) were retrospectively selected from the AC Camargo Cancer Center
Biobank of between January 1980 and December 2011. Inclusion criteria
were diagnosis of invasive VSCC, and exclusion criteria was presence of in
situ carcinoma vulvar intraepithelial neoplasia, patients who underwent
neoadjuvant chemotherapy and radiotherapy and cases presenting no
sufficient material for analysis or those with lack of clinical information on the
medical records.

One hundred and fifty formalin-fixed paraffin-embedded (FFPE) samples of
tumor tissue were selected from the files of the Department of Pathology, AC
Camargo Cancer Center and the cases were used for immunohistochemistry.
Representative tumor areas of the VSCC samples from different histological
subtypes have been arranged on a tissue microarray (TMA). Diagnostic
confirmation was performed by an experienced pathologist using slides
stained with H&E. Demographic, clinical and anatomopathological data of

patients were collected from medical records of the patients.
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This work was approved by the ethics committee at AC Camargo (Research
Ethics Committee number 1672/12) and was performed per the Helsinki

Declaration.

RNA extraction

For RNA extraction, RNeasy Mini Kit and the Precellys® equipment were
used, following all the technical specifications. Extracted samples were
aliquoted and stored in a freezer at -80 ° C. The samples were evaluated by
the Biobank pathologist prior to extraction, so that only the tumor region was

extracted.

Real-time PCR (qRT-PCR)

The gRT-PCR reactions were performed in a total of 17 tissue samples, one
being a "pool" of tumor from normal samples and 16 samples extracted
edges of tumors. The qRT-PCR reactions were carried out in Applied
Biosystems 7900HT Fast Real-Time PCR System (Applied Biosystems). For
the relative quantification (RQ) method, TagMan Universal Master Mix
(Applied Biosystems) detection system was used and the assay for RhoD
gene (Hs00989683 m1) was inventoried by Applied Biosystems. As controls
for the reactions, endogenous HPRT (hypoxanthine - guanine
phosphoribosyltransferase) and GAPDH (glyceraldehyde 3-phosphate

dehydrogenasehuman) were used.
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Vulvar Squamous Cells Carcinoma Culture Lines

SW954 cells (squamous cell carcinoma of the vulva, HTB-117) and SW962
(lymph node cells from metastatic carcinoma of the vulva, HTB-118) were
purchased from American Type Culture Collection (ATCC). The cells were
grown in 75 cm? flasks in RPMI culture medium (Gibco) supplemented with
10% fetal bovine serum inactive (Invitrogen) and antibiotics garamycin
(Invitrogen, 0.1 mg / ml). The bottles were kept in a humidified incubator at
37° C and 5% CO0,. When subconfluent, the cells were trypsinized (trypsin -
0.25% EDTA) for 5 minutes, centrifuged for 10 minutes at 2000 rpm at 4° C

and replated in 25 cm? bottles.

Western Blot Analysis

The SW954 and SW962 cells were trypsinized and centrifuged. The cell
pellet was resuspended in RIPA lysis buffer (50mMTrisHCI 150mM NaCl 1%
NP-40, 0.5% Sodium Deoxycholate, the 1% SDS, phosphatase inhibitor and
protease inhibitor). After centrifugation, the supernatant was collected and
assayed protein concentration by the Bradford method (Bio-Rad Protein
Assay). For Western blot analysis 25 ug of protein extract was diluted with
4X Laemmli buffer, heated for 5 minutes and subjected to SDS-PAGE 10%.
After electrophoresis, proteins were transferred to a nitrocellulose membrane
by electroblotting in a Tris-Glycine buffer. The membrane was washed with
5% Tween 20 in PBS and blocked in 5% skimmed milk powder (Molico®) for
2 hours. After blocking, incubated with the primary antibody Anti-RhoD (1mg /

mL) for 2 hours and then with the secondary antibody conjugated to HRP



72

Anti-rabbit IgG (Cell Signaling) for 1 hour. Subsequently, the membrane was
detected using Amersham ECL Prime Western blotting detection reagent
(GE Healthcare) developing solution and the protein band was visualized by
chemiluminescence using the UVITEC gel documentation systems &
software (Cleaver Scientific). MCF-7 (breast adenocarcinoma, HTB-22) cell
line was employed as a positive control and anti a-tubulin antibody (ABCAM)
was used as reaction control. The Western blot assay was performed in

triplicate and expression was observed in all three lines RhoD.

Immunohistochemistry (IHC)

Tumor fragments of 1.0 mm were arranged in duplicate in TMAs and four
TMA block-micrometer sections were placed on slides with electric charge
(StarFrost). Immunohistochemistry reactions were performed manually using
the Novolink kit protocol (Leica). Antigen retrieval and incubations were
carried out in a water bath (96° C) in citrate solution (pH 6.0). The RhoD
protein was assessed using polyclonal rabbit anti-RhoD (1/750 dilution,
LSBio [LS-B6828]). Prior to reactions in TMA slides, the antibody was
standardized in tonsil tissue, for positive control, and whole slides of vulvar
tumors to determine the homogeneity of the marker in the tissue. At the end
of the reaction, the slides were washed in water, dehydrated in alcohol,

xylene, and manually mounted.
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IHC evaluation

Upon completion of the IHC, all slides were scanned in Pannoramic 250
Flash 1l (3DHistech) equipment and analyzed visually. The pattern of
expression was assessed quantitatively by Pannoramic Viewer software
(3DHistech) DensitoQuant using the analysis module. This software provides
a HScore ranging from 0-300. There was no HScore in RhoD expression less
than 170 (MED = 222.41, ranging between 174.46 and 271.99). Final
HScores were defined as HScore = 1 for weak staining, with staining
intensity ranging from 170 < and <222; and HScore = 2 for strong staining,
with staining intensity ranging from < 222 and <272. RhoD immunostaining
was present in all samples from the TMA.

To perform statistical analysis, histological diagnosis in vulvar carcinoma
samples were categorized in groups 1: SCC1 and SCC2 (better prognosis);
and group 2: SCC3, basaloid carcinoma, sarcomatoid carcinoma (worse
prognosis). Regarding FIGO staging, the following categorization was
adopted: Group 1 — FIGO stages IA and IB; Group 2 - I, llIA, IlIB and IlIC. To
layer the presence or absence of HPV, lymph node metastasis, tumor
recurrence, perineural invasion and vascular and lymphatic invasion, the
classification 0 for no (absence) and 1 for yes (presence) was adopted.
Tumor size was categorized as 1, in smaller tumors than 5 centimeters; and
2 for tumors with tumor greater than 5 centimeters. According to the depth of
tumor invasion, group 1 was given to more superficial invasion tumors,
including dermis and superficial dermis; and 2 for tumors with deeper

invasion (deep dermis and subcutaneous).
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Statistical Analysis

Statistical analysis was performed using the Statistical Package for Social
Sciences (SPSS, IBM), version 20.0. For the association between protein
expression and clinicopathological parameters it was used Anova and Mann-
Whitney tests, following confirmation of the non-normal distribution of the
samples by test Kolmogorv-Smirnov. For the analysis of overall survival,
specific cancer survival and recurrence-free survival, Kaplan-Meier technique
was used. The difference between survivals curves were assessed by the log

rank test. The significance level was 5% (p<0.05).

RESULTS

Demographic, anatomopathological and clinical data of the patients

The average age of the 150 patients included in this study was 70 years,
ranging between 30 and 91 years. The data from medical records showed
that average age of menopause of patients was 50 years, ranging between
31 and 64 years. Most women were white (87.8%), married (51%), 96.8% did
not consume alcohol and 84.6% did not smoke. In relation to HPV infection,
40.4% of the tested patients were positive for HPV, and HPV16 was the most
prevalent type (38%). Regarding FIGO stage, most of the samples were
grouped at stages 1B (57.3%) and IlIB (20.3%). According to the histological
diagnosis, squamous cell carcinoma Grade 2 (SCC2) was the most prevalent

(39.5%), as detailed in Table 1.
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RhoD mRNA expression

RhoD expression quantitated by relative RT-PCR revealed higher levels of
mMRNA in tumor samples when compared to normal adjacent samples (figure
1A). IHC evaluation in whole tissue sections revealed a higher HScore in
tumor samples compared to normal epithelia (figure 1B and C), corroborating
mRNA data. However, there was no correlation between RhoD mRNA and

clinicopathological data.

Western blot

SW954, SW962 and MCF7 were used to analyze the specificity of anti-RhoD
antibody. The western blot analysis showed a positive band with molecular
weight of approximately 23kDa (figure 2), consistent with the estimated
molecular weight. This results indicates that the antibody used in our study is

specific to RhoD protein.

RhoD expression

The antibody showed cytoplasmic immunostaining for RhoD and none of the
cases showed negativity of this marker. RhoD immunostaining was observed
in whole slide tissues demonstrated homogeneity, making suitable the use of
TMA slides in this case.

To distinguish the differences of RhoD expression between samples, we
have adopted HScore classification (as demonstrated previously) and

different expressions can be seen in figure 3.
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Statistical analysis considering RhoD positivity and clinicopathological data
demonstrated a significant association between increased RhoD expression
and absence of perineural, vascular and lymphatic invasions (p= 0.014 and
p= 0.041, respectively). Higher expression of RhoD protein was correlated
with the lowest depth of invasion (p = 0.001), as shown in figure 4.

However, the expression of RhoD was not statistically correlated with the
histological diagnosis, FIGO stage, HPV infection, tumor recurrence, or

lymph node metastasis.

Survival

Increased expression of RhoD showed better overall survival (p = 0.013;
figure 5A) and recurrence-free survival (p = 0.036; figure 4B). However, there
was no statistical relationship with the cancer-specific survival (p = 0.158;

figure 5C).

DISCUSSION

This study focused on the determination of the prognostic value of RhoD in
vulvar cancer, with the aim of translating the RhoD expression levels with
clinic and pathological data of patients diagnosed with VSCC. The results of
this study demonstrated that RhoD expression seems to be linked to good
prognosis in cancer of the vulva, since its greatest expression was related to
the absence of vascular, lymphatic and perineural invasion, with less depth of

invasion and better survival rates.



77

Several studies have focused on important molecules in the modification and
movement of tumor cells, to understand the function of these molecules in
the progression and spread of cancer. The Rho GTPase family is closely
connected to these processes, since members of this family are very
important in the cellular cytoskeletal rearrangement promoting the
modification of the cellular structure. Possibly, tumor cells attempt to subvert
these structures, by increasing or decreasing the expression of these
molecules, in order to restructure the cell, which may interfere with the
metastatic process®'®,

The main RhoD functions described are associated with a location in the
early endocytic compartment and the plasma membrane, being an important
mediator of such dynamic membranes, both regulating intracellular
endosomal motility and cell movement ",

RhoD induces changes in the actin cytoskeleton, including the loss of focal
adhesions and stress fibers disassembly, which may trigger the suppression
of cell motility and migration of the endosome. Tsubakimoto et al. !'"]
inoculated in fibroblasts a constitutively active form of the RhoD
(RhoDG26V), resulting in disassembly of focal adhesions and the stress actin
fibers, leading to retardation of cell migration and reversal of the
enhancement of the fibers, antagonizing the effect of RhoA.

Overexpression of RhoD was related to cases with absence of perineural,
lymphatic and vascular invasion, as well as the lowest depth of invasion. We
suggest that in vulvar cancer, RhoD has also the capability to inhibit cell

migration. Further studies remain necessary to prove this.
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The expression of mMRNA RhoD was two times higher in tumor tissues than in
adjacent normal tissues. This can be explained by the fact that RhoD induces
multinucleation, the defective cytokinesis proliferation and cell cycle
progression, factors that are essential for tumor cell growth. Kirkou A. et al.
(2013), showed that GTPase-deficient mutant of RhoD, RhoDG26V, in vivo
had increased cell proliferation and disturbed epidermis differentiation, G1 /
S-phase progression of the cell cycle and overduplication of centrosomes in
vitrot,

In other words, RhoD is important in tumor proliferation, but its
overexpression has been correlated with the absence of invasion and
increased survival.

Studies on vulvar cancer have been directed to novel biomarkers discovered
for this tumor type, such as mesenchymal epithelial transition markers!',
EGFR ['® sox2P! Survivin®, cyclin D1, c-Kit . This is because even
though its relative low incidence, vulvar tumors still presents high recurrence
rates 'Y and comorbidity due to poor quality of life of patients diagnosed !".
For this reason, we are constantly making efforts to direct our research in the
search for new biomarkers that allow early diagnosis of this disease and
possible molecules that can interfere with tumor development.

In conclusion, this is the first report describing the association between RhoD
expression with the clinicopathological characteristics of patients with vulvar
carcinomas. We found that this gene is more expressed in tumors tissues
than in adjacent normal tissues, but the overexpression of this protein is

linked to better prognosis in VSCC.
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Future studies are needed to better understand the mechanisms of
interaction between members of the Rho family and the progression of vulvar
tumors, particularly RhoD. We believe RhoD to be an important mediator in
cytoskeletal rearrangement, intervening metastasis mechanisms in vulvar

carcinomas.
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Table 1. Clinicopathological data and HPV infection status from Vulvar
Squamous Cell Carcinoma patients. Abbreviations: HPV = human
papillomavirus; SCC = Scamous Cell Carcinoma; CA = Carcinoma; VIN =
vulvar intraepithelial neoplasia; FIGO = International Federation of

Gynecology and Obstetrics.

Category Variables %
Type HPV
Presence 40.4% HPV 16 37.9%
HPV infection HPV 18 13.8%
Absence 59.6% HPV 33 103%
SCCH1 32.9%
SCC2 39.5%
) ) SCC3 10.5%
Histologictype Basaloid CA  13.2%
Sarcomatoid CA 2.6%
Verrucous CA 1.3%
LS 19.7%
Associated lesions VIN 10.6%
Condyloma 2.8%
1B 57.3%
Il 5.6%
A 8.4%
FIGO stage e 20.3%
nc 7%

IVAeB 0.7%
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Figure 1. RhoD mRNA and protein expression in Normal versus Tumor
Samples. Higher levels of RhoD mRNA in tumor samples when compared to
normal adjacent samples (A). Representative images of normal epithelium
(B) and tumour (C) immunostaining from the same case, captured at 400X

magnification.

p=0.3679
One-way ANOVA

Relative Quantification
RhoD/GAPDH
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Figure 2. Specificity of the anti-RhoD antibody by Western blot. RhoD
expression was analyzed in tumor cell lines of human vulva (SW954 and
SW962) and of breast (MCF-7, as positive control). Anti a-tubulin antibody

was used as reaction control
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Figure 3. Immunohistochemical staining of RhoD in vulva carcinoma.
Representative image of weak-positive staining (A); strong-positive staining

(B). Images A and B were captured at 100X magnification.
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Figure 4. RhoD immunostaining in vulvar carcinomas. Abbreviations:
SMD = superficial and mid-dermis; DDA = deep dermis and subcutaneous

tissues. *Statistically significant, p<0.05.
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Figure 5. Overall, recurrence-free and specific cancer survival curves
for RhoD staining. Better global and recurrence-free survivals was observed
in patients with increase expression of RhoD (p= 0.013, figure 4A; p=0.036,
figure 4B; respective). There was no statistical with specific cancer survival

(p= 0.058, figure 4C). *Statistically significant, p<0.05.
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CONCLUSAO

“Talvez nao tenha conseguido fazer o melhor,
mas lutei para que o melhor fosse feito.

Nao sou o que deveria ser, mas Gragas a Deus,
nao sou o que era antes.”

(Marthin Luther King)
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CONCLUSOES

ROCK1 foi correlacionado com melhor prognéstico no cancer de
vulva, contrariando muitos trabalhos envolvendo diferentes tumores
que associam sua expressdo a maior agressividade tumoral,
considerando-o como um possivel alvo terapéutico.

Ganho no numero de copias de ROCK1 foi detectado em 42.9% das
amostras de VSCC, porém esse resultado ndo foi replicado nos
ensaios de RT-PCR e IHQ, jd que os mesmos apresentaram maior
expressao nas amostras normais do que nas amostras tumorais.

A maior imunomarcacao de ROCK1 foi associada a maior sobrevida,
(tanto livre de doenga quanto cancer especifica), a auséncia de
metastase linfonodal e a menor profundidade de invasdao, mostrando
seu papel de marcador de bom progndstico nesta neoplasia.

A expressdao aumentada de RhoD foi correlacionada com melhor
sobrevida, auséncia de invasao perineural, vascular e linfatica e com
a menor profundidade de invasdo. Além disso, a expressdao de RhoD
€ maior nos tumores do que nas amostras adjacentes normais. Esses
resultados nos revelam que RhoD pode ser considerado um marcador
de bom prognéstico para VSCC.

Portanto, esses achados corroboram o0s principais trabalhos
publicados sobre RhoD, que relacionaram essa proteina com a

interferéncia na migragao celular.
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