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REVISAO DA LITERATURA



Tumores uroteliais da bexiga e alteracoes genéticas

Os tumores uroteliais da bexiga (UBC) — que tém como uma de suas caracteristicas mais
marcantes taxas relativamente elevadas de recorréncia, de progressdo e invasividade dos
tecidos vizinhos — constituem um modelo natural rico para o estudo da carcinogénese. Embora
70% dos carcinomas de células transicionais ndo sejam invasivos de inicio, tendem a progredir
rapidamente quando ndo devidamente tratados; destes, aproximadamente 15% progridem
para cancer invasivo (Lorenzo-Romero, 2003; WHO, 2004; Placer, 2005). Além disso, acima de
60% das denominadas neoplasias uroteliais superficiais recorrem apds sua resseccdo, e o
comprometimento da parede muscular da bexiga implica em pior progndstico, impondo
intervencgdo cirdrgica agressiva como, por exemplo, a cistectomia radical (Koenig et al., 2000;
Volanis et al., 2010). Nos ultimos 20 anos, o aumento da expectativa de vida favoreceu o
aumento da incidéncia do cancer de bexiga, totalizando 5% de todos os novos casos anuais.
Com isso, o cancer de bexiga tornou-se o quinto mais frequente na sociedade ocidental. A sua
ocorréncia esta fortemente relacionada com a exposi¢cdo ocupacional, principalmente a aminas
aromaticas, e ao habito de fumar (Crawford et al., 2008; Volanis et al., 2010).

A cistoscopia e a citologia urindria, complementada ou ndo por bidpsias, sdo
consideradas procedimentos padrdo-ouro para detectar o cancer de bexiga. No entanto, estas
abordagens tém limitacGes operacionais, relacionadas a invasividade e morbidade das
cistoscopias e bidpsias, e a sensibilidade relativamente baixa da citologia urinaria. Também,
estes exames geralmente sdo negativos nos periodos “livres-de-neoplasia”’, que sdo os
intervalos entre a ressec¢do do tumor original e sua recorréncia (Droller, 2002, Riesz et al. 2007,

Ayati et al.,, 2008). No entanto, neste periodo “livre-de-neoplasia” o urotélio contém células
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transformadas difusamente distribuidas na mucosa, que provavelmente sdo as responsaveis
pela instabilidade urotelial e progressdao da doenca. Em estudo anterior em nosso laboratdrio
registramos quebras cromossOmicas importantes em células morfologicamente normais de
pacientes neste periodo, obtidas por lavado vesical (Gontijo et al., 2002); observacao
semelhante foi feita por outros autores (Benhamou et al., 2003; Jones et al., 2005).

Ha necessidade de marcadores sensiveis, especificos e de baixa morbidade, que
permitam tanto a detec¢do precoce do cancer vesical como a estimativa de sua progressdo
(WHO, 2004; Diaz-Cano, 2008; Florl and Schulz, 2008). A identificacdo dos tumores que tém
maior potencial para progressao pode sustentar decisGes por tratamentos mais agressivos, que
podem representar maior chance de cura da doenca. Neste contexto, seria conveniente sua
deteccdo precoce na urina miccional e ou no liquido do lavado das bexigas obtido nas
cistoscopias de follow-up nos pacientes que tiveram neoplasia vesical ressecada.

O principal foco no estudo da carcinogénese vesical tem sido a detec¢do de alteracbes
moleculares importantes nas fases iniciais e tardias da carcinogénese urotelial. As principais
alteragOes iniciais estdo relacionadas com a expansdo clonal do tumor. Crawford (2008)
descreve seis regides cromossdmicas criticas: 3922-q24, 5922-q31, 9921-q22, 10926, 13q14 e
17p13 que, por se encontrarem alteradas em carcinomas in situ, foram relacionadas com a
expansdo clonal da doenga. Dele¢des no cromossomo 9, particularmente no brago longo (9p)
também tém sido encontradas em tumores iniciais (pTa) (Cordon-Cardo, 2008; Florl and Schulz,
2008). As alteracdes consideradas tardias, ou seja, aquelas que estdo presentes nos tumores de

alto grau, contemplam os genes supressores tumorais TP53, PB e PTEN (Cordon-Cardo, 2008).

02



Além disso, alteracdes nos sistema reparo do DNA, que envolve genes FANCC, FANCG e FANCF,
tém se mostrado relevantes no desenvolvimento da doenca (Florl and Schulz 2008).

O desenvolvimento do cancer de bexiga segue o processo da carcinogénese quimica de
multiplas etapas, em que varias lesGes no DNA sdo necessarias para que haja transformacao
maligna (Volanis et al., 2010). Dentre as altera¢des genéticas relacionadas ao desenvolvimento
dos carcinomas uroteliais de bexiga estao as dele¢des no cromossomo 11, preferencialmente
em 11p, fortemente associadas a progressdo tumoral (Chan et al., 2009); perdas do
cromossomo Y (Cheng et al., 2005), amplificacdes do gene ERBB2 (17q11.2-q12) (Hansel et al.,
2008); mutagdes nos genes TP53 (17p13.1), RB1 (13q14.2), MYC (8q24), P14 (2pter-p25.1),
PTEN (10g23) e PTCH (9922.1-g31) (Malmstrom et al., 2002 Baffa et al., 2006; Kawamoto et al.,
2006; Crawford, 2008), aumento da atividade da enzima telomerase (Sanchini et al., 2005;
Koenig et al., 2000) e mutag¢des do gene FGFR3 (Kompier et al., 2010; Lindgren et al., 2010).
MutagBes em TP53 (17p) ocorrem em 40-60% das neoplasias invasivas, com 90% delas nos
éxons 3 e 9. Neste sentido, a mutacdo do TP53, ou sua expressao imunoistoquimica, tem sido
usada como um marcador progndstico em neoplasias pTa ( Lu et al., 2002; Eissa et al., 2009;
Kompier et al., 2010). Aparentemente, mutagdes do oncogene H-RAS ndo estdo relacionadas
com o grau ou estadio dos tumores (Cattan et al., 2000).

Apesar de estas informacdes serem importantes para o tratamento e sobrevida do
paciente, poucos estudos estdo focados nos processos envolvidos na recorréncia tumoral. H3
estudos relacionados com a deteccdo precoce de alteracées citogenéticas em lavado vesical e
urina miccional, porém, eles sé tém evidenciado alteracdes relevantes quando o tumor ja estd

instalado (Placer et al., 2005; Riesz et al., 2007; Ayati et al., 2008). A deteccdo de marcadores
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sensiveis capazes de prever precocemente alteragdes citogenéticas relacionadas com a
recorréncia tumoral pode minimizar o nimero de exames invasivos, como a cistoscopia e,
melhorar a qualidade de vida do paciente.

Na ultima década, o aporte de grande volume de informacdes sobre os aspectos
moleculares das neoplasias uroteliais levou a modificacdes de sua classificacdo que, agora,
procura integrar seus aspectos morfolédgicos com o comportamento bioldgico e caracteristicas
moleculares (Placer et al., 2005; Diaz-Cano 2008; WHO, 2004a). Este acimulo de conhecimento
foi obtido pelo uso de técnicas variadas de explora¢do génomica, como citogenética, hibridacao
fluorescente in situ (FISH), hibridagdo gendmica comparativa (CGH), avaliacdo da perda de
heterozigose (LOH) e andlise da instabilidade de microssatélites.

Até ha pouco tempo, as neoplasias uroteliais eram consideradas em dois grandes
grupos, as “superficiais” (o carcinoma plano in situ — CIS -, e aquelas neoplasias papiliferas nos
estadios pTa e pT1) e as “invasivas” (estadios pT2 ao pT4). Isto se baseava na crenca de que
neoplasias pT1 — que invadem somente até a lamina prépria da mucosa —, eram biologicamente
mais proximas das superficiais (pTa e CIS), do que das neoplasias invasivas. Esta conceituacdo
aparentemente ndo é mais valida, pois neoplasias tecidualmente préximas, como as em pTa e
as em pT1, diferem quanto a presenca de aneuploidias, que sdo mais freqlientes nas ultimas
(Richter et al., 1997; Florl et al., 2008; Knowles 2001). Além disto, os tumores pT1 e os pT2-pT4
tém menos diferengas entre seus perfis de alteragdes moleculares do que entre os pTa e pT1
(Richter et al., 1997; Simon et al., 2001; Florl e Schulz, 2008).

InformacgBes mais recentes permitiram o estabelecimento de dois grupos de neoplasias

cujos aspectos moleculares tém correspondéncia com os padrdes morfo-clinicos ja conhecidos,
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conforme classificados pela Organizacdo Mundial da Saude e pela Sociedade Internacional de
Patologistas Uroldgicos (WHO/ISUP) em 1998 (Epstein et al., 1998; WHO, 2004): a) neoplasias
papiliferas de baixo potencial maligno (LMPPN), que tém maior diferenciacdo e melhor
progndstico, b) carcinomas uroteliais papiliferos de baixo grau (LGPUC), com diferenciacdo e
progndstico intermediarios, e c) carcinomas uroteliais papiliferos de alto grau (HGPUC), que
tém chance maior de progressao e recorréncia. Segundo proposta da WHO (2004), as LMPPN e
0os LGPUC n&o-invasivos (G1-G2, pTa) constituem o grupo de neoplasias “geneticamente
estdveis”; as HGPUC nao-invasivas (G3 e CIS, pTa) e os tumores invasivos em geral (pT1-pT4)

constituem o grupo “geneticamente instavel” (Tabela 1).

Tabela A. Classificacdo de neoplasias uroteliais de bexiga [adaptado, WHO, 2004].

1. Neoplasia urotelial papilifera de baixo potencial

maligno Neoplasias

geneticamente
. 2. Carcinoma papilifero nao-invasivo de baixo grau =
Neoplasias estaveis

nio- 3. Carcinoma papilifero nao-invasivo de alto grau =

Invasivas 3.Carcinoma papilifero ndo-invasivo de alto grau

4. Carcinoma in situ/ plano

Neoplasias

geneticamente

Neoplasias pTl instaveis
invasivas 1
pT2-pT4
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Consideragdes Metodoldgicas

A microdissecgdo a laser (LCM) permite a coleta de estruturas histoldgicas ou de células
individuais com diferentes finalidades, como obtencdo de DNA ou de RNA. Neste caso, o
procedimento de microdisseccdo fornece seguranga para ensaios de biologia molecular, pois o
material resultante da extracdo consiste apenas do pool do &cido nucléico de interesse
(Hartmann et al., 2005). Esta técnica também se mostra eficiente e confiavel na avaliagdo do
processo da carcinogénese urinaria de multiplas etapas, permitindo correlacionar a presenca de
aberracGes genéticas em tumores primdarios com a manifestacdo e progressao da doenca para
estagios mais avancados (Hartmann et al, 2005).

A hibridagdo gen6mica comparativa de alta resolug¢do (HR-CGH) é uma metodologia de
triagem gendmica para identificacdo de alteracdes no numero de cdpias do DNA (perdas e
ganhos). O método emprega DNA tumoral e normal marcados com agentes fluorescentes
diferentes. A analise é feita em cromossomos metafasicos normais e é amplamente utilizada
em tumores solidos a fresco ou em amostras fixadas e incluidas em parafina (Kallioniemi et al.,
1995; Simon et al., 2001; Chan et al., 2009). A abordagem pela CGH em carcinomas uroteliais
revelou varias alteracdes, incluindo ganhos em 1q, 3p, 3q, 5p, 6p, 7p, 89, 10p, 179, 20g e Xg e
perdas em 2q, 4p, 4q, 5q, 64, 8p, 9p, 99, 10q, 11p, 11q, 13q, 17p, 18q e Y. Regides amplificadas
também foram relatadas em 1q22-24, 3p24-25, 6p22, 8p12, 8q22, 10p12-14, 10g22-23, 11q13,
12q12-21, 17921 e 209g13. Perdas em 2q, 3p, 449, 59, 8p, 9p, 99, 10g, 17q, 18g foram

confirmadas em estudos de perda de heterozigose (Billerey, 2001; Fadl-Elmula, 2005, Chan et
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al., 2009). Estudos de validacdo dos resultados obtidos pela CGH revelaram amplificacGes ou
expressdo aumentada de oncogenes em neoplasias uroteliaisinvasivas, como o HER2, EGFR e o
CCND1 (Baffa et al., 2006).

A técnica de hibridagdao fluorescente in situ (FISH) é uma ferramenta valiosa para
localizacdo de seqiiéncias de DNA de interesse, além da deteccdo e quantificacdo de alteragdes
cromossOdmicas numéricas ou estruturais; baseia-se no uso de sondas de DNA marcadas com
fluoroforos ou com analogos de base nitrogenada que emitem fluorescéncia e que podem
anelar-se a sequéncias de DNA ou RNA complementares nos tecidos e células fixadas, sendo
posteriormente visualizadas por microscopia de fluorescéncia. O processo de hibrida¢do ocorre
apos a desnaturacdo de ambas as seqiiéncias (sonda e DNA alvo). As sondas para cromossomos
especificos permitem estudos de translocacdo e aneuploidia em células metafasicas ou em
nucleos interfasicos, fornecendo forte sinal apds hibridagdo (Hartmann et al., 2005; Ayati al.,
2008).

A FISH tem sido utilizada para avaliacdo das alteragdes cromossOmicas em células
uroteliais neoplasicas e ndo-neopldsicas de pacientes com histéria de cancer de bexiga
(Zellweger et al. 2006; Ayati et al., 2008). As alteragdes mais freqlientemente encontradas
foram polissomias dos cromossomos 3, 7, 17 e monossomia do cromossomo 9 (Ayati et al.,
2008). Esta ultima, e a alta freqliéncia de polissomia do cromossomo 17, foram relacionadas de
maneira independente a recorréncia do carcinoma urotelial. As perdas de 3p e 17p foram
relacionadas com o maior grau do tumor e também ao desenvolvimento de tumores invasivos

(Bollmann et al., 2005).
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O kit comercial Urovision (Vysis, Downers Grove, USA) tem sido utilizado para a
deteccdo de neoplasias ndo invasivas em material obtido por lavado vesical ou urina miccional.
Este teste utiliza a multimarca¢do para a detecgao de alteragdes numéricas nos cromossomo 3,
7, 17 e regido 9p21, regibes criticas no desenvolvimento de neoplasia urotelial da bexiga

(Zellweger et al. 2006).

Alterag6es gendmicas no UBC

Embora um nimero relevante de estudos tenha demonstrado o envolvimento de varias
regides genOmicas alteradas em carcinomas uroteliais, ainda ndao foram claramente
identificados os genes realmente decisivos para a progressdo destas neoplasias (WHO, 2004).
Em parte, isto é devido ao fato de os estudos terem enfocado tumores ja bem desenvolvidos,
clinicamente expressos, de modo que ndo se tem uma visdo dinamica do aparecimento,
manifestacdo e destino das lesGes precoces. Isto seria possivel em um estudo com
acompanhamento dos casos de neoplasias em que se pode analisar, em um mesmo paciente, a

I”

neoplasia inicial, a mucosa “normal” no periodo “livre-de-neoplasia” e quando possivel, a
recorréncia tumoral.

Outra limitacdo das informacgGes disponiveis é que elas tém sido geradas a partir das
classificacdes ja superadas de neoplasias uroteliais, e ndo atendem as concepg¢des recentes que
substanciam a nova classificagdao destes tumores. Por exemplo, existe a possibilidade de que

alguns estudos ndo tenham levado em conta a importante diferenca bioldgica — de

reconhecimento recente — que existe entre as neoplasias papiliferas ndo-invasivas (pTa) e as
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superficialmente invasivas (pT1) (Richter et al., 1998; WHO, 2004). Este cuidado poderia ser
tomado, se no momento do estudo for realizada uma reclassificacdo dos tumores que atenda
aos novos critérios de diagndstico de neoplasias uroteliais (Epstein et al., 1998; WHO, 2004).

No estudo apresentado em anexo procuramos superar algumas dessas limitacdes. Para
tanto, procurou-se detectar e caracterizar pela HR-CGH ganhos e perdas gendémicas em
neoplasias uroteliais classificadas conforme o sistema mais recente da OMS (WHO, 2004) e
eventuais alteracdes numéricas de cromossomas nas fases “livre-de-neoplasia”, que precedem
as recorréncias neoplasicas. Finalmente, a expressdao da proteina p53 foi avaliada tanto nos
tumores quanto em bidpsias de mucosa vesical negativas para neoplasia obtidas durante o
follow-up dos pacientes com histéria de UBC. Nossos resultados fornecem um bom substrato
para distinguir entre neoplasias uroteliais de baixo e alto grau. Além disso, indicam que
alteracdes de ganhos e perdas cromossdmicas apresentadas pelas recorréncias devem ser
consideradas no delineamento de estudos sobre a histdria natural dos UBCs. Finalmente, a
avaliacdo quantitativa imunohistoquimica da proteina p53 pode ser um instrumento Util para
predizer recorréncia em pacientes com histdria de UBC, mas no periodo em que estdo livres

desta neoplasia*.

* Os dados brutos deste estudo encontram-se no item Anexos
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Abstract

Urinary bladder carcinomas (UBC) frequently recur. During the intervals “free-of-
neoplasia”, between the initially diagnosed tumor and its recurrences, there are not
undisputable histological alterations in the mucosa, although some studies have
reported DNA damage in urothelial cells. In order to understand developmental
characteristics of UBC, primary tumors and their recurrences were cytogenetically
evaluated for their genomic expression by High Resolution Comparative Genomic
Hybridization (HR-CGH). Tumors and their respective recurrences, six low-grade (LG) and
five high-grade (HG) cases, provided 20 tissue samples that were submitted to laser
microdissection capture followed by HR-CGH. HR-CGH profiles had two different
analyses — all tumors altogether or classified according to their respective histological
grades. Both comparisons showed high frequency (80%) of gains in 11p12 and losses in
16p12, in agreement with the literature that indicate alterations of 11p and 16p in UBC
recurrences. These findings suggest that those chromosome regions contain putative
oncogenes and tumor suppressor genes critical for urinary bladder carcinogenesis.
Within a same patient genomic profile showed high agreement between tumors and
their respective recurrences, i.e., tumors from the same patient showed a large number
of common losses and gains. The high similarities of genomic alterations in successive
tumors from the same patient suggest that a stable genomic profile was established in
UBCs and their recurrences. Besides, during the “free-of-neoplasia” intervals, negative
urinary bladder washes were submitted to Fluorescent in situ Hybridization (FISH) to
detect quantitative alterations in centromeres 7 (n=21 samples), 17 (n= 21) and 9p21
(n=36). No numerical alterations were found in these regions. Therefore, FISH did not
contribute to find numerical changes in these chromosomes during the “free-of-
neoplasia” periods. In a supplementary analysis, 30 UBC patients provided 85 samples
for immunohistochemical analyses of the p53 protein. Tumor samples from a same

patient did not show a common quantitative pattern of protein p53 expression.
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However, when the samples were analyzed altogether, p53 expression was directly
proportional to the tumor grades. Urotelial biopsies taken during the “free-of-
neoplasia” period revealed that one third of patients with no histological alterations had
more than 25% of urothelial cells labeled for the p53 protein. The meaning of p53
expression in apparently normal mucosa of patients with history of previous UBC should

be explored regarding its potential as a marker for recurrences.
Introduction

The increased life expectancy during the last 20 years has led to a concomitant
rise in the incidence of urinary bladder cancer (UBC), which currently accounts for up to
5% of all new human neoplasia. Accordingly, UBC is the fifth most common cancer in the
Western world. More than 60% of these tumors recur at least once and may progress to

less differentiated and or invasive neoplasm in 10-15% of all cases (Volanis et al., 2010).

UBCs are characterized by a number of chromosomal and genetic alterations but
during the intervals “free-of-neoplasia” — periods between the resection of the initially
diagnosed tumor and its late recurrences - there are not undisputable histological
alterations in the mucosa (Lindgren et al., 2008). However, in these periods the
urothelium contains transformed cells distributed throughout the mucosa, which
probably are responsible for urothelial instability and disease progression (Benhamou et
al., 2003; Jones et al., 2005). A previous study from this laboratory recorded a number
significantly increased of chromosomal breaks in morphologically normal urothelial cells
obtained by bladder washing in the “free-of-neoplasia” period of UBC patients (Gontijo

et al., 2002).
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Many tumor characteristics have been studied in an attempt to predict the
variable UBC behavior. These include histopathologic and cytologic features, and also
some putative molecular markers. The hitherto best known molecular event predictive
of advanced malignant progression is the loss of the p53 protein function, which is
found in the majority advanced urinary bladder cancers (Zieger et al., 2009). The current
WHO classification (2004) tries to integrate tumor morphology with its biological
behavior and molecular characteristics and considers a “genetically unstable” tumor

those that show high p53 protein immunoexpression.

In order to document developmental characteristics of these urinary bladder
tumors, primary UBC and their recurrences were cytogenetically evaluated for their
genomic expression by High Resolution Comparative Genomic Hybridization (HR-CGH).
Besides, during the “free-of neoplasia” periods, negative urinary bladder washes were
submitted to Fluorescent in situ Hybridization (FISH) using probes for three different
regions frequently altered in the urothelial tumor cells. Finally, the expression of the p53
protein was immunohistochemically evaluated in initial tumors and their recurrences in

30 UBC patients.

Materials and methods

Patients and tumor specimens
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This study was approved by the Committee for Ethics in Research of the
Botucatu Medical School (FMBo), UNESP, SP, Brazil (Protocolo n° 399/2005). UBCs
patients were diagnosed, treated and followed up at the Urology Service of the
FMBo/UNESP General Hospital; tissue samples from the initial tumors and from their
recurrences were paraffin blocked and filled at the Department of Pathology, FMBo,

UNESP.

High Resolution - Comparative Genomic Hybridization (HR-CGH)

Primary tumor and their recurrences, six patients with low-grade and five high-
grade papillary carcinomas were selected for HR-CGH analyses, resulting in 20 samples
studied. Tumor cells were obtained by laser capture microdissection (LCM) (Pix Cell Il
Laser Capture Microdissection, Arcturus Inc., EUA). The DNA was extracted by Nucleon
for Hard Tissue kit (Amershan Bioscience) and stored at -80°C. DNA tumor tests and
references were amplified and labeled by PCR-based protocols (SCOMP, Single Cell
Comparative Genomic Hybridization) as described by Stoecklein et al. (2002), with
modifications. Phytohemaglutinin-stimulated normal lymphocytes were prepared as
targets for HR-CGH experiments using a standard protocol (Albertini et al. 2000). The
hybridization and washes were performed as described by Kallioniemi et al. (1992).
Briefly, target DNA and normal reference DNA were labeled with biotin-14-dATP
(Invitrogen, USA) and digoxigenin-11-dUTP (Roche,USA), respectively. Tumor and Cotl

DNA, both labeled, were co-hybridized to normal chromosomes metaphases of
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lymphocytes from healthy donors. Slides were hybridized for 72h, washed and
counterstained with 4,6-diamidino-2-phenylindole. HR-CGH images were captured using
an Olympus AX61 fluorescence microscope (Olympus Optical, Hamburg, Germany)
equipped with a CCD camera (Photometrics CH 250, Huntington Beach, CA). The
software Applied Spectral Imaging CGH View 3.0 was used for image analysis. In each
case, 15-30 metaphases were analyzed. Chromosomal imbalances were detected by
standard reference intervals, as described in Kirchhoff et al. (1998). Superposed
chromosomes and heterogeneous hybridization patterns were excluded from the
analyses. A library with differentially labeled normal samples was constructed to select
the upper and lower limits for chromosomal gains and losses (standard reference
intervals). The 99.5% confidence interval of each mean ratio profile value was compared
to a corresponding 99.5% standard reference interval based on an average of 15 normal
DNA samples obtained from volunteers without cancer (140 lymphocyte cells). The

standard reference interval was scaled automatically to fit the individual test case.

Fluorescent in situ Hybridization (FISH)

During the follow-up of patients with history of surgically-removed UBC, 36
urinary bladder washes citologically negative for neoplastic cells were submitted to
FISH. Probes to centromeres 7, 17 and 9p21 region (Poseidon, Kreatch Diagnostics) were
applied in 21, 21 and 36 urinary bladder washes respectively according to the
manufacturer's recommendations. The software Applied Spectral Imaging FISH View 5.5

was used for image analysis. Every viable cell in the slide was analyzed and variations of
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the number of labeled regions were quantified. A positive FISH result was
assumed when five or more urinary cells presented gains or losses in the regions

explored (Ayati et al., 2005)

Immunohistochemical evaluation of the p53 protein

Thirty patients with history of surgically-removed UBC had the initially-diagnosed

III

tumors, their recurrences, and the “normal” urothelial mucosa samples taken during the
period “free-of-neoplasia”, analyzed for the quantitative expression of the protein p53,
totalizing 85 samples. Another 42 samples of patients with history of UBC but with only
one biopsy available in our service — either from the primary tumor or the recurrence -,
were added in order to increase our sampling to help to evaluate the relationship
between p53 expression and UBCs grade. All tumors were reviewed and classified
according to Epstein et al. (1998). Three flat carcinomas were grouped in the invasive
HG papillary carcinoma group since they are also considered “genetically unstable”
lesions (WHO, 2004). The expression of p53 was detected in a total of 127 tissue
samples using the monoclonal primary antibody anti-p53, clone DO-7
(DakoCytomation), in a 1:50 concentration followed by the LSAB+System-HRP
(DakoCytomation) procedure (Warnke and Levy, 1980). Histological sections of larynx
carcinomas were used as positive control (Peschos et al., 2005). p53-positive nuclei
were counted using a conventional optical microscope (Olympus BX 40), the

quantification based on the criteria of Hsu et al. (2008) that categorize p53 positive cells

in quartiles as follows: negative, <25%, <50%, <75% and >75% positively stained cells.
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Results

Some HR-CGH-detected chromosomal imbalances appeared in high frequencies
in the tumors (Table 1). Eighty percent of all tumors showed 7 losses and 7 gains; when
histological grades were considered, LG tumors showed 11 common losses and 3 gains
(80% of cases) and HG tumors showed 9 common losses and 14 gains (77% of cases).
Gains in 1g22-1g23 and 11qg12 and losses in 16p12 were altered concomitantly in LG
and in HG tumors. Loss in 1941 occurred in every LG tumor and gains in 2p11.2, 2q11.2-

g12, 7921 and 11q12 occurred in every HG tumor (Table 1).

Within the same patient, genomic profile showed high agreement among initial
tumors and their recurrences. All tumors from the same patient shared a set of 26-60
identical alterations (losses and gains) in LG and 30-40 (losses and gains) in HG cases,
with prevalence of losses in both types of tumors (data not shown). However, the
imbalances acquired during the recurrences were different when low and high-grade
tumors were compared; the most frequently acquired imbalances are listed in the Table
2. . A set of 21-60 imbalances were acquired in LG tumors, with predominance of gains;

HG tumors showed a set of 18-34 new imbalances, with predominance of losses.

Although rare numerical alterations were found in the centromeres of

chromosomes 7, 17 and 9p21 region by FISH in urothelial cells obtained by urinary
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bladder washes during the “free-of-neoplasia” periods in patients with history of UBC,

they were not considered biologically relevan (Table 3).

Among the 30 patients submitted to the immunohistochemical evaluation of the
protein p53, 19 had at least two successive recurrences with the same tumor grade;
most of them (12 cases) showed the same quantitative level of p53 expression. In those
same cases, when the next recurrences occurred, it was not possible identify a p53
standard expression (Table 4). The incidences of LG, non-invasive HG and invasive HG
papillary carcinomas with >75% p53-positive cells were 2%, 14% and 25% respectively
(Table 5), a clear relationship between p53 expression and tumor aggressiveness. Most
of the urinary bladders without neoplasia showed rare (<25%; 33% of samples) or no
(33% of samples) p53-positive cells. However, five (33%) of the 15 cases showed a
relatively high incidence of p53 positive cells (>25%), similar to the levels registered in
some tumors. Among these five patients, 4 patients had UBC recurrence (cases 1, 10, 11

and 22; Table 4).

Discussion

Herein, HR-GGH analyses indicated that in low grade urinary bladder tumors
genomic losses are more frequent than gains, and high grade tumors show more gains
than losses. Genomic losses have been associated to tumor suppressor genes in the
pathogenesis of urinary bladder cancers; otherwise, genomic gains may indicate that
oncogenes are associated to increased tumor aggressiveness (Fadl-Elmula et al. 2000;

Fadl-Elmula 2005). Since LG tumors may progress to HG ones, our data suggest that in
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some circumstances loss of tumor suppressor genes is followed by activation of
protooncogenes during the urinary bladder urothelial carcinogenesis process.

UBC karyotyping is characterized by high heterogeneity of chromosomal
alterations (Fadl-Elmula, 2005). However, the group of tumors herein studied showed
very high frequency of some common chromosomal imbalances, when they were
considered altogether. These altered common regions, listed in Table 1, are probably
prone to be involved in the process of carcinogenesis in general, i.e., most of these
regions have been reported to be altered in different type of tumors. For example, loss
in 1g41 and gain in 2p11.2 were found in breast cancers (Corson et al., 2005; Mastracci
et al., 2006), gain in 11912 is involved in prostate and kidney tumors (Best et al., 2005;
Johanneson et al., 2007) and losses in 18p11.2 and in 20p12 occur in esophageal tumors
(Nakakuki et al., 2002; Qin et al., 2008). On the contrary, some imbalances found in LG
tumors revealed to be more specific to UBC development. Gains in 1g22-q24 and loss in
1p22-p23 and in 6q are related to urothelial tumor progression (Kallioniemi et al., 1995;
Richter et al., 1999). Another relevant imbalance found in LG tumor is the loss in 9p21,
which appear to be an early event, related to tumor initiation. At this region there is the
CDKN2A gene, which encodes p16™** and p14**** that are negative cell cycle regulators
proteins and are, therefore, considered potential tumor suppressor genes (Placer et al.,
2005; Ayati et al.,, 2008; Florl and Schulz, 2008). Exclusive alterations in HG tumors
included imbalances in chromosome 8 and 11. These alterations have been already
related to progression and invasion of HG urothelial tumors (Fadl-Elmula et al., 2000;

Simon et al., 2001; Eguchi et al., 2010). High-grade tumors also present imbalances in
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chromosome 5, but the role of this alteration remains unclear. Simon et al. (2001)
denominate this alteration a late event in UBC carcinogenesis, and Zieger et al. (2009a)
detected this alteration in carcinoma in situ, i.e., in an early HG tumor. In this context,
our results are in line with this late involvement of chromosome 5 imbalances during
urothelial carcinogenesis. The imbalances found were present in at least 77% of the
cases studied, a level much higher than the one usually considered (28%) as indicating
genes putatively critical for urinary bladder carcinogenesis under HR-CGH approach

(Simon et al., 2001).

Urinary bladder carcinomas from a same patient showed a large number of
losses and gains in common, revealing a similar genomic profile and supporting a clonal
expansion of neoplastic cells. In the most general sense, conventional models of
carcinogenesis suppose the existence of successive mutation events within a specific cell
clone, enabling its eventual escape from regulatory mechanisms for cell division and
maintenance of genome integrity (Crawford, 2008). Herein, the number of imbalances
acquired by the tumor recurrences was high. These acquired alterations can be related
to tumor progression in many different ways. The key issue is that mutations that
provide a selective advantage are essential for tumorigenesis (Bodmer, 2008).
Biologically, neoplasm develop through acquisition of capabilities that involve tumor cell
aspects and modified microenvironment interactions, resulting in unrestricted growth
due to a stepwise accumulation of cooperative genetic alterations that affect key
molecular pathways (Diaz-Cano, 2008) . Over the last years, checkpoint dysfunction has

emerged as a common factor contributing to different mechanism of chromosome
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imbalance in bladder cancer (Florl and Schulz, 2008). Our findings may provide valuable

information about genes critical for urinary bladder carcinomas.

Early detection of bladder cancer recurrence is critical to improve patient
prognosis and decrease the need of cystectomy, by identifying tumor recurrence before
they become muscle invasive (Crawford, 2008). No numerical alterations of the
centromeres of chromosomes 7 and 17 and 9p21 region were found by FISH during the
“free-of-neoplasia” periods. However, early and LG tumors are more difficult to
diagnose than HG ones (Ayati et al., 2008). However, DNA damage has been reported in
urinary bladder “free-of-neoplasia” (Gontijo et al., 2002; Benhamou et al., 2003; Jones
et al., 2005). Conjugated with our findings, this information suggests that the FISH
parameters adopted in this study or the procedure sensitivity were not capable of
detecting early alterations in a “normal” mucosa prone to UBC development. Efforts

should be done to find more sensible biomarkers.

Protein p53 quantitative expression did not show a stable quantitative pattern
within tumor samples from the same patient. However, when the samples were
analyzed altogether, quantitative p53 expression was directly proportional to tumor
grades. Therefore, although not a consistent marker for individual tumor, our data
confirms that immunohistochemically detected p53 is a general marker of UBC
aggressiveness (Lorenzo-Romero et al., 2003; Salinas-Sanchez et al.,, 2007). The

|"

relatively increased amount of p53-positive cells in “normal” mucosa of patients with

history of UBC suggests that they can be more susceptible to recurrence than those
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which lower number of marked cells. The meaning of p53 expression in apparently
normal mucosa of patients with history of previous UBC should be explored regarding its

potential as a marker for recurrences.

During the “free-of-neoplasia” periods, cells obtained by urinary bladder washes
did not show any numerical alterations of the chromosome 17, where the p53 protein is
encoded. Moreover, HR-CGH also did not revealed imbalances of that chromosome in
tumor samples. Considering that some morphologically normal mucosa taken during the
“free-of-neoplasia” periods had increased number of p53-positive cells, the question
remains on how to explain this increased expression of that protein. Several
mechanisms can lead to loss of p53 function, e.g. gene mutation or loss, transcriptional
downregulation and enhanced degradation (Zieger et al., 2009). Our data suggest that
loss in chromosome 17 should not be the main molecular event related to alterations of

p53 protein expression.

In conclusion, our data provide good substrate to distinguish early from late
events in UBCs. The chromosomal imbalances acquired by tumor recurrences should be
considered in order to point out further experiments on the biological nature of UBCs
recurrences. Immunohistochemical detection of the p53 protein could be a helpful tool

to predict recurrences of patients with history of previous UBC.
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Table 3. Frequency of copy number alterations in the centromere 7 and 17 and in
the 9p21 region by FISH in urinary bladder washes taken in the “free-of-neoplasia”
periods of patients with history of urinary bladder carcinoma.

9p21 region® Centromere 7° Centromere 17°
Number of cases 36 21 21
Mean number of cells
87.1+ 414 109.90 +40.76 112.95+40.3
analyzed per case
Mean number of cells
with copy number 0.2 + 0.4* 0.19 + 0.51* 0.67 + 1.01*
alteration

FISH: fluorescent in situ hybridization; ® Values are expressed as mean * S.D, *Significantly
different from number of cell analyzed per case (p<0.0001, Binomial test).
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Table 4. Frequency (%) of immunohistochemically p53-positive urothelial cells of patients

with history of urinary bladder cancer.

patient Su‘cess‘ive re-l(-:l::ree:t:e Tumor p53-positive
Biopsies Grades* cells
(month)
A - LG <75%
B 2,40 LG <50%
1 C 2,70 NN <75%
D 17,10 LG <25%
E 3,80 NN Negative
F 2,53 HG <25%
A - LG <50%
B 0,53 LG <25%
5 C 7,10 HG <75%
D 1,27 LG <50%
E 9,57 HG <25%
F 2,93 HG <25%
A - LG <50%
B 3,97 HG inv <75%
3 C 3,00 HG <50%
D 4,53 LG <50%
E 6,70 HG <25%
A - LG >75%
B 9,53 LG <50%
4 C 3,03 LG <50%
D 8,00 HG <25%
E 9,83 HG <25%
A - LG <75%
B 0,50 NN <50%
> C 12,33 NN Negative
D 27,00 NN Negative
A - LG <75%
B 0,70 LG <25%
6 C 7,23 LG <25%
D 5,27 LG <25%
A - HG Negative
7 B 69,80 HG <50%
C 12,80 HG <25%
A - LG <25%
8 B 5,37 LG <25%
C 10,57 LG <50%
A - LG <50%
9 B 12,93 LG <50%
C 8,67 LG <50%
A - NN <25%
10 B 31,27 LG <75%
C 1,80 LG <75%
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A - NN <50%
11 B 1,13 Cainsitu >75%
C 0,63 HG inv >75%
A - LG <25%
12 B 12,57 HG <25%
C 1,87 NN <25%
A - HG <25%
13 B 1,33 HG Negative
C 3,77 NN < 50%
1 A - HG inv <25%
B 5,93 HG inv < 25%
15 A - HG >75%
B 5,00 HG <75%
16 A - HG inv >75%
B 7,60 HG inv <50%
17 A - LG <50%
B 4,07 LG <25%
18 A - LG inv <25%
B 37,53 HG <25%
19 A - HG <25%
B 0,67 HG inv < 25%
20 A HG inv Negative
B 53,13 HG <25%
1 A - HG <50%
B 28,10 HG <25%
s A - NN <25%
B 12,43 HG Negative
’3 A - HG >75%
B 24,10 HG >75%
"4 A - HG inv <25%
B 0,37 HG inv < 25%
-5 A - HG <50%
B 5,87 HG inv <50%
26 A - HG inv <25%
B 3,27 HG < 50%
A - LG <25%
27 .
B 67,63 N Negative
-8 A - LG <25%
B 8,83 HG <25%
29 A - HG inv >75%
B 13,20 HG inv >75%
30 A - HG inv <25%
B 9,17 HG inv Negative

N: No neoplasia; LG: low-grade papillary carcinomas; HG: high-grade papillary carcinomas;
HG inv: invasive high-grade papillary carcinomas.



Table 5. Frequency (%) of immunohistochemically p53-positive urothelial cells of
patients with history of urinary bladder cancer.

p53-positive cells* (number of labeled cases/total
number cases)’

Histologic Diagnosis

0 <25% <50% <75% >75%
33 33 26 7 0
“Free of neOpIaSia" (5/15) (5/15) (4/15) (1/15)
Low grade papillary 2 48 30 18 2

carcinoma (LG) (1/50) (24/50)  (15/50) (9/50) (1/50)

H|gh grade papillary 11 43 23 9 14
carcinoma

Non-invasive (HG) (4/35) (15/35) (8/35) (3/35) (5/35)

H|gh grade papillary 4 49 12 12 28
carcinoma

Invasive (HG inv) (1/27)  (11/27)  (3/27) (3/27)  (6/27)

*Round values.
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ANEXOS
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Figura 1. Padrdo de marcacdo da HR-CGH para amostra de carcinoma urotelial
marcada pela metodologia de SCOMP. A) Imagem capturada com filtro no espectro
verde; B) Idem, no espectro vermelho; C) Idem, com filtro triplo e, D) padrdo de
banda GTG (DAPI-reverso), E) Perfil médio da HR-CGH. O desvio da linha azul para a
esquerda indica perda (vermelho) e para a direita indica ganho (verde).
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TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

Explicacdo ao paciente

A sociedade atual apresenta alta taxa de doengas degenerativas cronicas, como doengas do
coracao, hipertensao e cancer, entre outras intimamente relacionadas aos habitos de vida de
cada pessoa, como consumo de cigarros, bebidas alcodlicas, ma alimentacdo, contato com
substancias toxicas (solventes de tintas, pesticidas) etc.

O tumor de bexiga é uma doenca que esta relacionada principalmente a esses habitos de vida
inadequados, pois as substancias contidas no cigarro, por exemplo, podem alterar o DNA e
com o tempo provocar o desenvolvimento do tumor. Desta forma, é importante analisar
essas alteracdes, pois elas podem indicar um risco de desenvolvimento ou reaparecimento do
tumor e, ainda, sugerir formas de tratamento.

Em decorréncia disto, o (a) Sr(a) estda sendo convidado a participar de um estudo, para
investigar se existem alteragdes no material genético das suas células de bexiga.

Caso aceite o convite, parte do lavado de bexiga que o médico responsavel ja
retirou do(a) Sr(a) para a avaliacédo de rotina (por exemplo, verificar se ha inflamacéo na
bexiga ou a presenca de células tumorais) serd usado em nosso estudo, ndo havendo

nenhum desconforto adicional ou complicacdes para o (a) Sr(a), pois aproveitaremos

apenas parte da biopsia e do lavado, que sera coletado de qualquer maneira pelo clinico
responsavel. Além disso, serd apresentado ao Sr(a) um questionario, no qual o(a) senhor(a)

podera nos informar sobre seus habitos de vida.

TODO O MATERIAL UTILIZADO NESTE PROJETO DE PESQUISA PERMANECERA ESTOCADO EM UM BANCO DE DADOS E,
POSSIVELMENTE, PODERA SER REMANIPULADO.
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TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

I. Identificacdo do Paciente (Voluntario)

Nome:

RG: Cédigo (nao preencher) :
Endereco:

Cidade: Bairro:

CEP: Estado: Telefone:

I1. DADOS SOBRE A PESQUISA CIENTIFICA

1- Titulo do Protocolo da Pesquisa: "Lesdes gendmicas em momentso sucessivos do carcinoma urotelial de

bexiga humana".
2- Pesquisadores responsaveis: Merielen Garcia Nascimento, Dr Jodo Lauro Viana de Camargo, Dra.

Silvia Rogatto, Biomédica Luciana Scudeletti Dra. Maria Luiza Cotrim Sartor de Oliveira, Dr José
Carlos de Souza Trindade Filho e Dr Carlos Marcio Nobrega de Jesus (urologistas responsaveis).
3- Avaliacdo de risco da Pesquisa: sem risco, visto que aproveitaremos o material de arquivo e parte do

lavado ja coletado pelo médico responsavel, ndo havendo coletas adicionais unicamente para a pesquisa.

Il - REGISTRO DAS EXPLICACOES DO PESQUISADOR AO PACIENTE OU SEU
REPRESENTANTE LEGAL SOBRE A PESQUISA:

1 - Justificativa e Objetivos da Pesquisa: Os pacientes que foram submetidos a cirurgia para retirada de

tumor de bexiga apresentam risco aumentado de desenvolvé-lo novamente, por isso sdo realizados
lavados vesicais periodicos e coleta de bidpsia para controle. Desta forma, propomo-nos avaliar
possiveis alteragbes no DNA das células da bexiga que possam indicar, precocemente,
desenvolvimento ou reaparecimento do tumor.
2 - Procedimentos utilizados: utilizacdo de parte das bidpsias e do lavado da bexiga, ja coletado pelo médico

para as avaliacOes de rotina.

3 - Desconfortos e riscos: ndo havera desconforto fisico adicional, além do procedimento de coleta de

lavado que seria realizado de qualquer maneira pelo clinico.

4 - Beneficios que poderdo ser obtidos: Possivel contribuigdo futura para o diagndstico precoce do tumor e

melhora da qualidade de vida dos pacientes.
5- Procedimentos vantajosos para os individuos: avaliagdo de possiveis alteracfes que possam estar

relacionadas ao desenvolvimento ou reaparecimento do tumor.

IV - ESCLARECIMENTOS DADOS PELO PESQUISADOR SOBRE GARANTIAS DO SUJEITO DA

PESQUISA:

1- Fui esclarecido sobre garantia de ter acesso a qualquer momento, as informacGes sobre procedimentos,
riscos, beneficios e outros assuntos relacionados com a pesquisa, inclusive para dirimir eventuais

davidas?

[

]1NAO

2- Fui esclarecido que terei a liberdade de retirar meu consentimento e sair desta pesquisa a qualquer
momento, sem que iSso traga prejuizo quanto a continuidade do meu tratamento.

[

] NAO

3- Fui esclarecido de que a seguranca de minha identidade sera preservada, mantendo-se todas as

informacGes em carater confidencial?

[

1 NAO
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4- Fui esclarecido sobre a disponibilidade de assisténcia no HCFMUNESP por eventuais danos a salde,
decorrentes da pesquisa? ~
[ 1SIM [ INAO

5-  Fui esclarecido sobre a viabilidade de indenizacdo por eventuais danos a satide decorrentes da pesquisa?
[ 1SIM [ INAO

6- Fui esclarecido que ndo receberei qualquer remuneragéo financeira por participar desta pesquisa?
[ ]1SIM [ INAO

7- Fui informado de que os médicos e pesquisadores que participam deste projeto de pesquisa estardo a
minha disposicdo (24 horas) para esclarecimento de qualquer questdo relacionado a pesquisa?
[ ]1SIM [ INAO

TODO O MATERIAL UTILIZADO NESTE PROJETO DE PESQUISA PERMANECERA ESTOCADO EM UM BANCO DE DADOS E,
POSSIVELMENTE, PODERA SER REMANIPULADO.

V. CONSENTIMENTO PGS-INFORMADO

Eu, abaixo assinado, declaro que fui
esclarecido sobre o objetivo do presente estudo, sobre o0s eventuais desconfortos que poderei sofrer, assim como
sobre os beneficios do estudo. Concordo, portanto, em participar, na qualidade de voluntario, do referido Projeto
de Pesquisa, sob livre e espontanea vontade.

, de de

ou
Paciente Responsavel

VI - INFORMAGCOES DE NOMES, ENDEREGOS E TELEFONES DOS RESPONSAVEIS PELO ACOMPANHAMENTO
DA PESQUISA, PARA CONTATO EM CASO DE INTERCORRENCIAS CLINICAS E REAGOES ADVERSAS:

Nome: Dr. Jodo Lauro Viana de Camargo
Endereco: Depto. de Patologia - Faculdade de Medicina de Botucatu, UNESP Rubido Junior S/N, Botucatu - SP
Telefone: (14) 3811-6238 (ramal — 215) / (14) 3882-8255

Nome: Merielen Garcia Nascimento
Endereco: Depto. de Patologia - Faculdade de Medicina de Botucatu, UNESP Rubido Junior S/N, Botucatu - SP
Telefone: (14) 3882-8255

Nome: Dra. Silvia Rogatto
Endereco: Laboratdrio Neogene, Depto. de Urologia - Faculdade de Medicina de Botucatu, UNESP Rubido
Junior S/N, Botucatu — SP.
Telefone: (14) 3811-6436

Nome: Dr. José Carlos de Souza Trindade Filho e Dr Carlos Méarcio Ndbrega de Jesus
Endereco: Depto de Urologia — Faculdade de Medicina de Botucatu, UNESP Rubido Junior S/N, Botucatu — SP
Telefone: (14) 3811-6271
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