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RESUMO

Os sarcomas constituem um grupo heterogéneo de tumores que surgem a partir
de tecidos mesenquimais e que representam cerca de 1% de todos o0s tumores
sélidos malignos diagnosticados em adultos. Alteracdes que afetam o crescimento
tumoral, como a desregulacdo da apoptose, por meio da hiperexpressdo de
proteinas da familia Bcl-2, tém sido associadas ao prognostico dos pacientes em
diversos tipos de canceres, incluindo os sarcomas de partes moles (SPM). A
familia Bcl-2 inclui proteinas pro-apoptéticas e anti-apoptoticas, tais como as
proteinas Bax e Bcl-2, respectivamente. Apesar das evidéncias, o valor
prognéstico dessas proteinas, assim como a associacdo com fatores clinico-
patologicos, ainda permanecem controversos. O objetivo desse estudo foi
investigar o significado clinico da via da apoptose, por meio da avaliagdo da
expressao imuno-histoquimica de Bcl-2 e Bax, em um grupo de 86 casos de SPM
de extremidades, utilizando microarranjos de tecidos (tissue microarray). A
expressao citoplasmatica de Bcl-2 e Bax foi detectada em 25,9% e 66,7% dos
casos, respectivamente. A hiperexpressdo de ambos, Bcl-2 e Bax, foi associada
aos sarcomas sinoviais, ao grau histolégico e ao estadiamento clinico. Uma
associacao significativa entre a expressao das proteinas Bcl-2 e Bax também foi
observada. A sobrevida global em cinco anos foi de 57%, sendo menor para 0s
casos com hiperexpresséo de Bcl-2 (47,6% x 58,3%) e Bax (50% x 66,7%),
porém, esta diferenca ndo foi estatisticamente significativa. Apds analise
multivariada, o0 grau histologico apresentou-se como fator progndéstico
independente (p = 0.043, HR = 8.0, IC 95%, 1.1-60.1). Proteinas da familia Bcl-2
vém sendo testadas como alvos terapéuticos em diversos estudos clinicos em
varios tipos de canceres. Em nosso estudo, a expressao de Bcl-2 e Bax foi
associada com o grau histolégico e o estadiamento clinico, que séao fatores
classicos de mau prognoéstico. Assim, sugerimos 0 uso da expressao imuno-
histoquimica de Bcl-2 e Bax como potencial marcador prognéstico em SPM de
extremidades, possibilitando um planejamento terapéutico mais adequado para

cada caso.

Palavras-chave: Sarcomas de partes moles; Apoptose; Bcl-2; Bax; Progndstico.
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ABSTRACT

Sarcomas are a heterogeneous group of tumors that arise from mesenchymal
tissues which represent about 1% of all diagnosed solid malignant tumors in
adults. Changes that affect the tumor growth such as the deregulation of
apoptosis, through overexpression of the Bcl-2 family proteins, have been
associated with the prognosis of patients in various types of cancers, including soft
tissue sarcomas (SPM). The Bcl-2 family proteins include anti-apoptotic and pro-
apoptotic proteins such as proteins Bcl-2 and Bax, respectively. Despite the
evidence, the prognostic value of these proteins, as well as the association with
clinicopathological factors, remain controversial. The objective of this study was to
investigate the clinical significance of the expression of apoptosis-related markers
Bcl-2 and Bax in 86 patients with STS of extremities by immunohistochemical
analysis on a tissue microarray construction. Cytoplasmic expression of Bax and
Bcl-2 was detected in 25.9% and 66.7% of the cases, respectively.
Overexpression of both Bcl-2 and Bax was directly associated with synovial
sarcoma, histological grade and clinical stage. A significant association between
Bax and Bcl-2 expression was also observed. The 5-year overall survival (OS) for
the group was 57%, being lower for cases with Bcl-2 overexpression (47.6% vs
58.3%) and Bax overexpression (50% vs 66.7%), although such difference was
not significant. After multivariate analysis, the histological grade remained as an
independent prognostic factor (p=0.043, HR=8.0, 95% CI, 1.1-60.1). Bcl-2 family
proteins have been tested as therapeutic targets in some clinical studies in several
cancers. In our study, overexpression of both Bcl-2 and Bax was associated with
histological grade and clinical stage of the tumors, which are classical factors of
poor prognosis. Thus, we suggest the use of these proteins as potential prognostic
markers in STS of extremities, providing a more appropriate therapeutic planning

for each patient.

Keywords: Soft tissue sarcomas; Apoptosis; Bcl-2; Bax; Prognostic.
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1 INTRODUCAO

1.1 Sarcomas de partes moles — caracteristicas gera is

Partes moles sdo definidas como tecido nédo epitelial extra-esquelético
incluindo musculos, vasos sanguineos e linfaticos, tecido adiposo e estruturas
fiborosas de suporte, originando-se principalmente do mesoderma, com alguma

contribuicdo neuroectodérmica (MANOEL et al., 1988; CLARK et al., 2005a).

Os sarcomas de partes moles (SPM) podem originar-se em qualquer area do
corpo, sendo que 40% ocorrem em membros inferiores e cintura pélvica, 20% em
membros superiores e cintura escapular, 20% em regido retroperitoneal e
intraperitoneal, 10% em tronco e 10% em cabeca e pesco¢co (LATORRE e
FRANCO, 1999; SINGER et al., 2000; JEMAL et al., 2004). Os SPM néo
apresentam sintomas clinicos especificos para o diagnéstico. O achado mais
comum € de uma massa indolor de crescimento gradual. O tamanho do tumor no
momento do diagndstico varia de acordo com a localizagcdo. Tumores distais dos
membros e de cabeca e pescoco sdo geralmente menores devido a possibilidade
de serem notados mais precocemente, enquanto que tumores da coxa e do
retroperitbneo podem atingir grandes dimensdes até serem detectados. Os SPM
se expandem de uma maneira centrifuga, infiltrando a pseudocapsula tumoral e
estruturas adjacentes. Desta maneira, podem apresentar sintomas sitio-
dependentes, tais como, parestesia, dor, edema distal ou sintomas relacionados

aos orgaos intra-cavitarios (CLARK et al., 2005a) .

O crescimento dos SPM varia com a agressividade do tumor. Os sarcomas

de baixo grau podem evoluir por um longo periodo e serem confundidos com
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tumores benignos, especialmente lipomas. Tal situagdo pode levar a uma demora
do paciente na procura por centros especializados. A identificacdo dos SPM
requer exame clinico, exames de imagem e analise histopatolégica. Os exames
de imagem sao usados para definir o tamanho do tumor e a sua relagdo com as

estruturas adjacentes (RYDHOLM, 1998).

A confirmagdo diagndstica dos SPM é feita por meio de analise
histopatolégica. A bidpsia percutanea com agulha grossa (core biopsy) € um
procedimento seguro, efetivo e pode ser realizado com anestesia local em
pacientes ambulatoriais com tumores em membros superiores e inferiores. O sitio
da biépsia deve ser escolhido de maneira que se situe na area de uma possivel
subsequente resseccédo em bloco do tumor. O subtipo e o grau do tumor podem
ser determinados em 80% dos casos submetidos a esse procedimento (MANKIN

et al., 1996; HESLIN et al., 1997).

A sobrevida dos pacientes portadores de sarcomas de partes moles varia de
acordo com o tipo histolégico, sua localizacdo, estadiamento ao diagndstico e
com as margens cirargicas alcancadas durante a cirurgia (JEMAL et al., 2004). O
modelo progndstico para sarcoma de partes moles de extremidades e do tronco
foi proposto por Carneiro et al. (2011), em que o tamanho do tumor, a invasao
vascular, o grau de necrose e o padréo de crescimento referido como SING (Size,
Invasion, Necrosis, Growth) foi comparado com outros sistemas clinicos de
avaliacdo prognostica. Essas caracteristicas representam fatores prognosticos

independentes para o desenvolvimento de metéstases apds anélise multivariada.

As taxas de sobrevida global em 5 anos para os estagios |, Il, lll e IV sé@o de
aproximadamente 90, 70, 50 e de 10 a 20%, respectivamente, variando de acordo

com o tipo histologico, a localizacdo, o tamanho, o grau e os outros fatores
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inerentes ao tumor (PISTERS et al.,, 1994; STOJADINOVIC et al.,, 2002). Nas
lesbes de extremidades, a taxa de sobrevida em 10 anos varia de 55%, para
pacientes com lesbes de alto grau histolégico, a 90% para os de baixo grau

(BORDEN et al., 2003).

A Organizacdo Mundial de Saude (OMS) definiu cerca de 50 tipos relevantes
de SPM que sdo nominados de acordo com os tecidos aos quais mais se
assemelham (Anexo 1) (FLETCHER et al., 2002). Um sistema de graduacdo em
trés graus é aconselhado pela French Federation of Cancer Centers Sarcoma
Group, amplamente utilizado e leva em conta o grau de diferenciacdo, o niumero
de mitoses e a extensao de necrose do tumor. Sistemas de graduagdo em quatro
graus sdo também utilizados. Esta graduacéo deve ser feita de preferéncia antes
da terapia adjuvante, pois é dificil a classificacdo do grau dos tumores quando
previamente tratados com radioterapia, com quimioterapia e 0S tumores

recidivados (GREENE et al., 2002).

Atualmente, o tratamento dos sarcomas de partes moles € norteado pelo
grau histolégico e pela adequacdo das margens cirurgicas. Os sarcomas de baixo
grau sdo caracterizados por uma velocidade de crescimento menor, baixo risco de
metastase a distancia e por uma longa sobrevida, sendo o principal objetivo do

tratamento o seu controle local (MANOEL et al., 2008).

A determinacdo do estagio de um tumor permite ao médico estimar o
prognoéstico da doenca. O sistema de estadiamento aconselhado pela American
Joint Committee on Cancer (AJCC) e pela International Union Against Cancer
(UICC) (Figura 1) (GREENE et al., 2002; UICC, 2002) combina os mais
importantes determinantes da sobrevida em SPM: o grau, a profundidade, o

tamanho do tumor, o comprometimento linfonodal e a presenca de metastases a
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distancia. Estudos confirmam que o grau e o tamanho dos SPM séo de similar
importancia prognéstica (PISTERS et al.,, 1996; RAMANATHAN et al., 1999).
Nesses estudos, tumores Gl e GIl foram classificados como de baixo grau e

tumores Glll e GIV como de alto grau.

Grau
e TNM Descrigao T1a T1b T2a T2b
G1 Bem diferenciado Estagio
G2 Moderadamente diferenciado G1ou G2 1A 1B A
G3 Pobremente diferenciado G3 ou G4 1B 11C
G4 Indiferenciado N1
T Tumor < 5cm em sua maior dimensao M1
T1a Superficial a fascia profunda
T1b Profundo a fascia profunda que inclui:
Retroperitdneo, intratoracico e a
maioria de cabecga e pescoco
T2 Tumor > 5cm em sua maior dimensé&o Sobrevida 5 anos
T2a Superficial a fascia profunda Estagio %
T2b Profundo a fascia profunda que inclui:
Retroperitdneo, intratoracico e a I 86
maioria de cabega e pescoco I 72
N1 Linfonodos regionais metastaticos n 52
M1 Metastases a distancia v 10-20

Figura 1. Sistema de descricdo do estagio, grau e m etastases linfonodais e a
distancia (TNM) . Classificacdo segundo o Commitee on Cancer for Soft-tissue Sarcoma

e a International Union Agaist Cancer (Adaptado de: Greene et al. 2002).

1.2 Sarcomas de partes moles — caracteristicas epid  emioldgicas

Os SPM compdem um grupo heterogéneo de neoplasias malignas, com
diferentes padroes morfologicos. Representam cerca de 1% das neoplasias
malignas dos pacientes adultos. Apesar de apresentarem um pico de incidéncia
na infancia, sdo mais comuns na idade adulta, especialmente em maiores de 50
anos (SINGER et al.,, 2001). Aproximadamente 10.520 novos casos Ss&o
diagnosticados anualmente nos Estados Unidos (JEMAL et al., 2010) e cerca de

1.500 no Reino Unido (JEMAL et al., 2004).
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Segundo os dados do Instituto Nacional do Cancer (INCA), os sarcomas sao
encontrados em todas as faixas etarias, apresentando uma prevaléncia de 0,7 a
1,0% dentre todas as neoplasias (MARTIN, 1976; INCA, 2006). Em Goiania,
segundo o Registro de Cancer de Base Populacional de Goiania (RCBP-GO), em
2008, a incidéncia no sexo masculino foi de 1,54 por 100.000 habitantes,
equivalendo a 0,43% do total das neoplasias do sexo masculino. No sexo
feminino, 1,85 por 100.000 habitantes, correspondendo a 0,52% das neoplasias
em mulheres (RCBPGO, 2008). O aumento da incidéncia global dos sarcomas
pode ser parcialmente justificado pelo aumento do nimero de casos de Sarcoma
de Kaposi, associado a Sindrome de Imunodeficiéncia Adquirida (AIDS) (ZAHM et
al., 1997; LEVI et al., 1999). A incidéncia relativamente baixa, a diversidade
histopatolégica, a variedade de sitios anatdmicos e seu comportamento biolégico
fazem desses tumores entidades de dificil diagndstico e de dificil tratamento. Mais
de 50% dos pacientes diagnosticados com sarcomas de partes moles vao a 6bito,
em decorréncia da doenca, num periodo de cinco anos. Quando diagnosticados
em estagios iniciais, o indice de cura é alto, ao contrario da doenca metastética

onde a cura é rara (JEMAL et al., 2003; CLARK et al., 2005b).

Novas perspectivas em relagcdo a melhor compreensdo dos sarcomas e a
consequente melhora dos métodos diagndsticos e de tratamento tém surgido com

os estudos de biologia molecular.

1.3 Sarcomas de partes moles — caracteristicas gené ticas

Diversas evidéncias sugerem gue os sarcomas podem ser divididos em dois
grandes grupos genéticos: (1) sarcomas com alteracdes genéticas especificas e

cariotipos geralmente simples, como translocagfes cromossémicas reciprocas
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(por exemplo, FUS-DDIT3 em liposarcoma mixéide) e mutacdes oncogénicas
especificas (por exemplo, mutacdo no gene KIT em tumores estromais
gastrointestinais); (2) sarcomas com alteracdes genéticas ndo especificas e

cariétipos complexos (ANTONESCU, 2006).

Muitos tipos de sarcomas sao caracterizados pela presenca de produtos de
fusdes génicas especificas que permitem o diagndstico preciso do tumor, como o
sarcoma sinovial (SYT-SSX), sarcoma de Erwing (EWS-FIil), sarcoma de células
claras (EWS-ATF1), liposarcoma mixoide (FUS-CHOP) e outros (Anexo 2)

(MIETTINEN, 2006).

Os SPM com perfis genéticos complexos, cerca de 50% de todos os casos
de SPM, sdo predominantemente representados por sarcomas pleomoérficos
caracterizados pelo ganho ou perda de cromossomos ou regides cromossémicas,
assim como amplificacdes génicas. Muitas dessas aberracdes recorrentes tém um
papel significante na progressdo tumoral e/ou disseminagdo metastatica

(GUILLOU e AURIAS, 2010).

Algumas dessas anormalidades genéticas, incluindo mudancas
cromossémicas numeéricas, translocacoes, amplificacbes génicas ou extensas
delecbes podem ser detectadas por métodos citogenéticos, por meio da
cariotipagem ou Hibridizac&o in situ Fluorescente (FISH: do inglés, fluorescence in
situ hybridization), enquanto outras, tais como pequenas delecdes, insercdes ou
mutacdes pontuais, exigem técnicas moleculares especificas, como a reagdo em
cadeia da polimerase (PCR: do inglés, polymerase chain reaction) e o

sequenciamento de DNA (ANTONESCU, 2006).
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Novas metodologias vém sendo utilizadas para avaliacdo da expresséo
génica em SPM. Isso tem auxiliado na clasificagdo molecular desses tumores,
assim como no desenvolvimento de novos marcadores diagnésticos e
terapéuticos. Estudos protedmicos, utilizando eletroforese bidimensional e
espectrometria de massa, tém gerado novas informacdes importantes sobre o
desenvolvimento e progressao tumoral, marcadores diagnosticos, classificacédo e
tratamentos dos SPM (MADOZ-GURPIDE, 2009; SUEHARA, 2011). De forma
semelhante, estudos de analise de expressao génica em larga escala, utilizando
microarrays, tém gerado importantes informacdes acerca de possiveis
marcadores relacionados a patogénese tumoral, além de alvos terapéuticos e
marcadores preditivos e prognésticos em sarcomas (BAIRD et al.,, 2005;

TSCHOERP et al., 2007, CARNEIRO et al., 2009).

Sabe-se que o crescimento tumoral depende de duas vias distintas:
proliferacdo celular e apoptose. Véarios marcadores de proliferagdo celular e de
apoptose séo utilizados para determinar a progressado tumoral e/ou a resposta
terapéutica em diversos tipos de céanceres, inclusive os SPM. Os principais
marcadores apoptéticos pesquisados sao as proteinas da familia Bcl-2, que
devido a sua importancia, tém sido alvo de diversos estudos pré-clinicos e clinicos
na area da oncologia (CHIPUK et al., 2010; AZMI et al., 2011; BAJWA et al.,

2012).

1.4 Sarcomas de partes moles e os marcadores apopté  ticos Bcl-2 e Bax

A morte celular programada ou apoptose é controlada por proteinas da

familia Bcl-2, que incluem proteinas anti-apoptoéticas e pré-apoptéticas, tais como
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Bcl-2 e Bax, respectivamente. Bcl-2 e Bax sdo proteinas citoplasmaticas que

atuam na mitocondria promovendo ou inibindo a apoptose (CHIPUK et al., 2010).

A apoptose pode ser desencadeada a partir de estimulos extracelulares via
ligacdo de moléculas pro-apoptéticas a receptores de membranas, como TNF
(Tumor Necrosis Factor) ou FAS/CD95 (via extrinseca), ou a partir de sinais de
stress gerados dentro de célula, tais como danos ao DNA, privacdo de nutrientes
e hipoxia (via intrinseca ou mitocondrial) (CHIPUK et al., 2010). As duas vias

levam a ativacdo de caspases, que promoverdo de maneira efetiva a apoptose.

As proteinas da familia Bcl-2 atuam na via intrinseca da apoptose. Essa via
é iniciada pela permeabilizacdo da membrana mitocondrial externa, o que permite
a difusdo de proteinas solaveis, como o citocromo c, para o citosol. O citocromo
liberado apos o estimulo apoptético, liga-se a APAF-1 (Apoptotic Protease
Activating Factor-1), que promove a ativacdo da caspase-9 iniciadora, em um
complexo multimolecular denominado apoptossomo. A caspase-9 ativa entdo as
caspases-3 e -7 efetoras, que clivam substratos celulares para promover o

fendtipo apoptético (RIEDL e SALVESEN, 2007) (Figura 2).

21



Apoptose

L Bt s 1. Leches por Badicak Linrec
%ﬁ:;ﬂ%wr@ﬂ ' Tiztivas ¢ Radingbes.

1. Corte dofomecimerto 1. Begquladorec
& fatare s e Tescim erito Atiradores
& harm driee // Bax:Bal
ChSPASES Eroidoaes;

BaR! e B-XL

Fioteinas corm Dominio de vlorte

l TFM
3. CasPasES Cioromo ©
Lirada s ( I
/ > 1
Gransima B Catabo lsmmo

Celnlar

Bax e Bad

. .4. Corpiseculos Apoptobcos

Figura 2. Mecanismos gerais da apoptose. A ativagdo da apoptose pode ocorrer a

Erdarneleases

1. Teitotedco

M ac rifagos

partir de stress interno ou sinal apoptotico externo. Uma sequéncia de sinais
extracelulares e/ou intracelulares induzem a morte celular programada, por exemplo, a
ligacdo de fatores pro-apoptoticos a receptores transmembranares (FAS ou TNF), defeito
no reparo do DNA celular, drogas citotoxicas ou irradia¢des, privacdo nutricional, etc. O
estimulo pré-apoptético induz a ativagdo das caspases. As caspases iniciadoras
(caspase-8 e caspase-9) clivam formas inativas de caspases efetoras, ativando-as.
Caspases efetoras (caspase-3 e caspase-7) por sua vez clivam outras proteinas da

célula resultando no processo apoptotico. Adaptado de: Damiani (2004).

O proto-oncogene BCL-2 foi descrito como expresso em 80% dos pacientes
com linfoma folicular de células B, como consequéncia da translocacdo t(14:18)
(TSUJIMOTO et al., 1984). A expressado de Bcl-2 é extremamente variavel em
diferentes tipos de canceres. Enquanto a hiperexpressdao de Bcl-2 esta

relacionada a progressao tumoral, pior progndéstico e resisténcia as terapias
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anticancer em alguns tumores, como cérvix, bexiga, pancreas, ovario, prostata e
linfoma (BELKA e BUDACH, 2002; LETAI, 2008; CHIPUK et al., 2010; AZMI et al.,
2011; BAJWA et al., 2012), a expressao elevada desta proteina associa-se com
um melhor progndéstico em outros tumores, como cancer de mama, pulméao e

gastrico (ISHIDA et al., 1997; BELKA e BUDACH, 2002; LIU et al., 2011).

A proteina pré-apoptotica Bax tem um papel antagonista a Bcl-2. Essa
proteina é responsavel pela promocdo da permeabilizacdo da membrana
mitocondrial, permitindo assim a liberacdo do citocromo c e consequente
desencadeamento da apoptose (RENAULT e MANON, 2011). A auséncia de Bax
esta relacionada a interrupcdo da apoptose em diversos tipos celulares (WEI et
al., 2001). Essa proteina tem a capacidade de formar homodimeros (Bax-Bax)
assim como heterodimeros ao se ligar com Bcl-2 (Bax-Bcl-2) (OLTVAI et al.,
1993). Essa interacdo € fundamental para sobrevivéncia celular, jA que estudos
indicam que o homodimero Bax-Bax induz a apoptose, enquanto o heterodimero
Bax-Bcl-2 a suprime (YIN et al., 1994). Além disso, a hiperexpressao de Bax esta

associada a sensibilidade para alguns quimioterapicos (MCPAKE et al., 1998).

Em SPM, o real papel e o significado clinico desses marcadores
relacionados a apotpose ainda € controverso. Sabah et al. (2007) encontraram
altas taxas de expresséao de Bcl-2 e Bax (38.8% e 92.8%, respectivamente) em
SPM e demonstraram uma correlacdo entre a expressdo de Bcl-2 e o grau
histolégico e, consequentemente, com um pior progndstico para esses pacientes.
De forma semelhante, Nakanishi et al. (1997) demonstraram uma relacao entre a
expressao de Bcl-2, detectada em 43% dos casos, e o tamanho do tumor,
indicando 0 uso dessa proteina para predizer o progndstico dos pacientes com

SPM. Ja Lahat et al.(2010), apesar da imunodetec¢cdo de altos niveis de Bcl-2
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(53%), ndo encontraram associagao entre a expressao de Bcl-2 e a sobrevida dos
pacientes. Do mesmo modo, no estudo realizado por Dan'ura et al. (2002) n&o foi
observada correlacdo significativa entre a expresséo de Bcl-2 e Bax (expressos
em 32,1% e 40,8% dos casos, respectivamente) e o progndstico tumoral.
Entretanto, outros estudos destacam a relevancia prognostica desses marcadores
em SPM. Sun et al. (2006) revelaram uma relacdo entre a atividade apoptoética
tumoral, associada com a expressdo de Bax e Bcl-2, e um pior progndstico em
sarcomas sinoviais. Kohler et al. (2002), quantificando mRNA, mostraram que a
hiperexpressdo combinada de ambos Bax/Bcl-2 promove um aumento de 6,5

vezes no risco relativo de morte relacionada ao tumor em pacientes com SPM.

1.5 Microarranjos de Tecidos (TMA)

O termo “fator prognéstico” refere-se a uma série de aspectos clinicos,
histopatolégicos ou moleculares capazes de predizer a evolugdo de um tumor,
independente de tratamento (CORDON-CARDO, 1997). Estudos progndsticos em
cancer requerem a analise de um numero considerdvel de pacientes ou
espécimes tumorais, a fim de validar um marcador como fator progndstico. A
analise molecular de um grande numero de amostras € um procedimento
dispendioso, tanto do ponto de vista financeiro como operacional. A fim de
analisar um maior nimero de marcadores ou de espécimes tumorais, com
economia e precisdo, métodos baseados em microarranjos de tecidos (TMA: do
inglés tissue microarray) foram desenvolvidos, possibilitando a analise de um
marcador molecular, pela técnica de imuno-histoquimica, em um grande nimero

de amostras (FU e JEFFEY, 2007; MARCHIO e REIS-FILHO, 2008; CHEANG et

al., 2008).
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O TMA é considerado uma etapa importante para a consolidacdo do
conhecimento gerado através dos estudos de genomas e transcriptomas,
realizados com a técnica de “cDNA Microarrays”. Esta técnica determina quais
sao 0s genes hiperexpressos ou hipoexpressos em um tumor e que poderiam ser
associados ao progndstico tumoral, incluindo o crescimento das células tumorais,
o potencial de recorréncia local ou de metastase regionais e a distancia, a
sobrevida do paciente ou ainda, a resisténcia a quimioterapia e radioterapia

(SAUTER e MIRLACHER, 2002).

A técnica de microarranjo de tecido (TMA) € uma metodologia simples que
tem revolucionado as pesquisas em biologia molecular e patologia. Consiste na
montagem de um agrupamento de amostras teciduais em um Unico bloco de
parafina, para posterior analise da expressao de proteinas teciduais, por meio da

técnica de imuno-histoquimica (KONONEN et al., 1998).

As principais vantagens da técnica consistem na rapidez da analise
molecular e na preservacao dos tecidos, uma vez que somente pequenos filetes
cilindricos sdo removidos do bloco doador, na pesquisa em larga escala de
fatores progndsticos ou preditivos das neoplasias, e ainda na validacéo fenotipica
(protéica) da hiperexpressao ou hipoexpressdo génica identificada nos estudos
feitos pela andlise da quantificacdo do DNA complementar. O método permite a
avaliagdo de um grande numero de marcadores moleculares a partir de varios
cortes consecutivos, possibilitando economia de reagentes e de tempo na
avaliacdo uniforme de vérios tumores representados em diferentes estagios,
graus e subtipos histolégicos. A possibilidade de realizacdo de estudos
retrospectivos em tecidos arquivados é também uma importante vantagem do

7

método, que usualmente ndo é aplicada as outras pesquisas gendmicas ou
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transcriptébmicas que exigem material biologico colhido a fresco ou congelado

(ZHANG et al., 2003; ANDRADE et al., 2007).

Os estudos de TMAs utilizam material biologico fixado em formalina e
incluido em blocos de parafina. A principio, sdo confeccionadas laminas
contendo tecido com suficiente representatividade tumoral, coradas com
hematoxilina-eosina, a fim de direcionar as areas teciduais a serem removidas por
uma agulha grossa (core biopsy). As areas removidas sdo marcadas nos blocos
de parafina selecionados, denominados blocos doadores. Os cilindros de tecido
apresentam diametros que podem variar de 0,6 mm a 2,0 mm. Os cilindros
retirados dos blocos doadores s&o introduzidos em um novo bloco denominado
receptor, por meio de aparelhos manuais ou semi-automatizados, seguindo uma
sequéncia previamente estabelecida em uma planilha. A planilha descreve com
precisao a identidade de cada cilindro de tecido e sua posi¢céo no bloco receptor.
O bloco receptor final pode conter até mil amostras de tumores dependendo do
diametro do cilindro utilizado. A partir dos blocos receptores, montados com 0s
arranjos dos pequenos cilindros de tecidos, séo preparados 0s cortes
histologicos, que devem ser realizados de uma s6 vez em laminas sequenciais
numeradas, sem descarte dos niveis intermediarios para melhor aproveitamento
do bloco receptor. Para a montagem, laminas contendo adesivos especiais sao
utilizadas. Os cortes sao colhidos em fita adesiva e aplicados nessas laminas. Por
altimo, a fita adesiva é retirada pela exposicao a luz ultravioleta (VODUC et al.,

2008) (Figura 3).
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Figura 3. Construcdo do microarranjo de tecido (TMA ). (A) — Equipamento usado na
construcdo dos TMAs. Os principais componentes do equipamento sdao duas agulhas de
grande calibre com estiletes, um dispositivo de fixacdo do bloco de parafina e
micrometros de posicionamento dos blocos e agulhas. (B) “Bloco Doador” de onde séo
retirados os cilindros de tecido a partir da area selecionada e marcada pelo patologista.
(C) “Bloco Receptor” completo contendo os cilindros de tecido ja posicionados. O bloco
apresentado contém cerca de 300 cilindros de tecidos. (D) Seccao do bloco doador,
confec¢do das laminas e leitura (Adaptado de: Voduc et al., 2008).
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2 JUSTIFICATIVA

Os SPM de extremidades compreendem um grupo raro de doencas de dificil

diagndstico com baixas taxas de sobrevida e limitadas propostas terapéuticas.

Estudos imuno-histoquimicos envolvendo os marcadores apoptéticos Bcl-2 e
Bax em SPM ainda sdo raros e ndo respondem explicitamente o papel

prognostico desses marcadores nos SPM do adulto.

A elucidacdo do papel prognéstico de Bcl-2 e Bax em SPM de extremidades
poderd contribuir para o estabelecimento de protocolos terapéuticos mais
especificos e eficazes, além de estimular o uso rotineiro desses marcadores para

0S casos de SPM.

Com base na literatura revisada, nenhum estudo realizou a analise
simultdnea da expressdo imuno-histoquimica de Bcl-2 e Bax em SPM de

extremidades.
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3 OBJETIVOS

3.1 Objetivo geral

Determinar a importancia clinica dos marcadores apoptéticos Bcl-2 e Bax em
sarcomas de partes moles de extremidades, utilizando a técnica de microarranjos

de tecidos.

3.2 Objetivos especificos

Avaliar a expressao citoplasmatica de Bcl-2 e Bax, por meio de imuno-
histoquimica em microarranjos de tecidos, em espécimes de SPM de

extremidades.

Descrever o0s aspectos clinico-patoldgicos dos pacientes com SPM de
extremidades, incluindo tamanho do tumor, metastases linfonodais e a distancia,
grau tumoral, idade, género, estadio clinico-patoldgico, tipos histologicos e as

possiveis relacdes com a sobrevida.

Investigar as possiveis associacfes entre a imunodeteccdo citoplasmatica
de Bcl-2 e Bax e os aspectos clinico-patolégicos dos pacientes com SPM de

extremidades.

Investigar as possiveis associacdes entre a expressao de Bcl-2 e Bax e a

sobrevida dos pacientes com SPM de extremidades.

Contribuir para melhor elucidacdo do papel dos marcadores relacionados a

apoptose no prognostico dos pacientes com SPM de extremidades.
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Summary

Bcl-2 and Bax proteins are key regulators of programmed cell death or apoptosis,
a process that is deregulated in many human diseases, particularly cancer.
Overexpression of anti-apoptotic Bcl-2 protein is associated with drug resistance
and poor clinical outcome in cancer patients. The expression of pro-apoptotic Bax
protein, commonly detected in soft tissue sarcoma (STS), is often associated with
chemiosensitivity in different tumors. Studies on the clinical implications of
apoptosis-related markers Bcl-2 and Bax in STS are limited. In this study,
immunohistochemistry for Bcl-2 and Bax was performed on tissue microarrays of
86 cases of adult soft tissue sarcomas of the extremities. Bcl-2 and Bax positive
expression was detected in 25.9% and 66.7% of the sarcomas, respectively.
Overexpression of both, Bcl-2 and Bax, was directly associated with histological
grade and clinical stage. A significant association between Bax and Bcl-
2 expression was also observed (p =0.007). The 5-year overall survival for the
group was 57%, and it was lower for cases that overexpressed Bcl-2 (47.6% vs
58.3%) and Bax (50% vs 66.7 %), although not statistically significant. After
multivariate analysis, only the high histological grade appeared as an independent
prognostic factor for the patients (p = 0.043, HR = 8.0, 95% ClI, 1.1-60.1). In our
study, Bcl-2 and Bax expression was significantly associated with histological
grade and clinical stage, which are classical factors of poor prognosis. We suggest

the use of these proteins as potential prognostic markers in STS of extremities.

Keywords: Soft tissue sarcomas; Apoptosis; Bcl-2; Bax; Tissue Microarray.
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1. Introduction

Soft tissue sarcomas (STS) are a group of rare, highly heterogeneous
neoplasms that can arise anywhere in the body, being more frequent in the
extremities (59%), followed by the trunk (19%), retroperitoneum (15%) and head
and neck (9%) [1]. The relatively low incidence, high histopathological diversity,
multiplicity of anatomical sites and unpredicted biological behavior make diagnose
and treatment for such tumors a real challenge. The overall survival rate at five
years is about 60% [1], with a high rate of variability according to grade, size,
vascular invasion, necrosis, and peripheral tumor growth pattern, which are
important prognostic factors [2].

Programmed cell death (apoptosis) is controlled by Bcl-2 proteins family,
including anti-apoptotic and pro-apoptotic proteins, such as Bcl-2 and Bax,
respectively. These are mitochondrial proteins that act by inhibiting activation of
apoptosis (Bcl-2), or by changing mitochondrial membrane integrity leading to
cytochrome c release, and triggering apoptosis (Bax) [3]. Slight changes in these
proteins dynamic balance may result either in inhibition or activation of cell death
[4].

Blc-2 protein plays an important role in tissue homeostasis and it is scarcely
expressed in most tissues. However, the degree of expression can vary depending
on the type and cellular location [5]. Bcl-2 expression is commonly detected in
human cancers, and their overexpression has been associated with tumor
initiation, progression, and resistance to current anticancer therapies, resulting in a
worse prognosis for cancer patients [6].

Bax protein is related to the apoptosis in many cell types and its absence is

associated to the interruption of apoptosis [7]. Bax monomers have the ability to
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combine forming homodimers (Bax/Bax) as well as heterodimers by binding to Bcl-
2 (Bax/Bcl-2). Such interactions are vital for cell survival after an apoptotic
stimulus [8]. It has been reported that the Bax/Bcl-2 heterodimers suppress
apoptosis, while the homodimer Bax/Bax induces cell death [9]. Deregulation of
apoptosis promoted by changes in p53 or Bax gene expression is associated with
a worse prognosis in several cancers [10, 11]. Furthermore, the expression of Bax
Is associated with chemosensitivity to some therapeutic agents [12], which
contributes to a better therapeutic response.

Despite the importance in controlling tumor growth, apoptosis-related
markers Bcl-2 and Bax are not routinely assessed in the practice of most
pathology laboratories worldwide. This is due mainly to conflicting results on
prognostic and predictive value of these markers in oncology. In STS, some
studies highlighted the prognostic role of Bcl-2 gene family members [13-18],
however, such studies are still limited in order to clearly define the clinical role of
apoptosis markers, especially in STS of extremities.

The objective of this study was to evaluate the expression of Bcl-2 and Bax
apoptotic markers in patients with STS of extremities and to investigate the
possible associations of these markers with the clinicopathological factors and

survival.

2. Patients and Methods

2.1 Samples

A group of 86 cases of Soft Tissues Sarcomas of extremities, treated from
1996 to 2006, were selected from the files of the Pathology Department of Hospital

Aratjo Jorge Goiania-GO, Brazil. Paraffin blocks from each patient were
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recovered from the files and one pathologist (ECP) from Hospital Aradjo Jorge
reviewed the slides, confirming the diagnosis. Sections, prepared from each block,
were stained with hematoxylin-eosin and analyzed by immunohistochemistry with
a panel of different antibodies in order to define the precise histological
classification of the tumors. Two pathologists (IWC and FS) from Hospital A. C.
Camargo, Sao Paulo, Brazil, were involved in the analysis. The tumors were
classified and graded according to the World Health Organization classification of
the soft tissue sarcomas. Only cases with complete agreement between the two
pathologists were included in the study. For tissue microarray (TMA), selected
sarcomas samples were prepared. The following histological types were included:
29 synovial sarcomas, 19 myxofibrosarcomas, 11 leiomyosarcomas, 9
pleomorphic sarcomas, 7 liposarcomas, 5 dermatofibrosarcoma protuberans, two
malignant peripheral nerve sheath tumors (MPNST), one clear cell sarcoma, two
spindle cell sarcomas not otherwise specified and one solitary fibrous tumor. The
stage was based according to the American Joint Committee on Cancer (AJCC)
classification [19]. This study was approved by Institutional Ethical Committee of

Araujo Jorge Hospital.
2.2. TMA construction

From the previous defined areas, core biopsies were taken using a tissue
microarray (Beecher Instruments®, Silver Springs, USA). Tissue cores with a
dimension of 1.0 mm from each specimen were punched and arrayed in duplicate
on a recipient paraffin block. Each core was spaced 0.2 mm apart. After cutting on
the recipient block and transfering with an adhesive tape to coated slides for
subsequent UV cross-linkage (Instrumedics Inc®, Hackensack, NJ), the slides

were dipped in a layer of paraffin to prevent oxidation, and kept in a -20°C freezer.
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Five cases were excluded for the Bcl-2 and Bax analyses, due to the scarce
material. This limitation resulted in an alternative distribution of the cases at table

2.
2.3. Immunohistochemistry of TMA

Immunohistochemistry analysis for Bcl-2 and Bax was carried out for 81
samples in two slides of different TMA levels, representing 4-fold redundancy for
each case. The second slides were 25 sections deeper than the first, resulting in
at least 250 um of distance between the two sections, and assuring complete
different cell samples for each tumor. This approach is very useful to improve
concordance between immunohistochemistry results performed on sections from
TMA and on standard full tissue sections.

TMA slides were deparaffinized in xylene (20 minutes incubation at 60°C and
20 minutes at room temperature), and then rehydrated in a series of alcohol
(100%, 95%, 80% and 70%, respectively) and water rinses. Heat-induced antigen
retrieval was performed using a domestic pressure cooker (Eterna, Nigro®) with a
boiled 0.01 M sodium citrate buffered solution (pH 6.0) for 4 min and cooled under
running water, as described previously [20].

Endogenous peroxidase activity was blocked by incubating the sections in a
methanol bath, containing 3% hydrogen peroxide for 20 min, followed by washing
in distilled water. After that, the primary antibody (Table 1) was diluted in 0.01 M
phosphate-buffered saline (PBS), pH 7.4, with 0.1% sodium azide (Sigma, catalog
S8032, USA) and 1% bovine serum albumin (Sigma, catalog A9647, USA) to
reduce background staining and incubated for 30 min at 37<C and overnight at 4C
in a moist chamber. Preliminary testing was performed in our laboratory to identify

the best concentration for each antibody and to choose the negative and positive
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controls using the dilution data supplied by the manufacturer as the starting point.
The staining procedure was performed using the labeled streptavidin biotin
method (DakoCytomation, catalog K0690, USA). After washing the primary
antibody with PBS, the slides were incubated for 30 min at 37C with the Link,
washed with PBS and incubated for another 30 min at 37<C with streptavidin. The
slides were developed with 3,3’-diaminobenzidine tetrahydrochloride (Sigma,
catalog D5637, USA), 1% dimethyl sulfoxide (Sigma, catalog D5879, USA) and
0.06% hydrogen peroxide in PBS for 5 min. Then, the slides were counterstained
with Harris’'s hematoxylin, dehydrated in ethanol, cleared in xylene, and mounted
with Entellanneu (Merck, catalog 1.07961, Germany). All the reactions were

processed in the same environmental conditions.
2.4. Immunohistochemistry evaluation

TMA evaluation was performed independently by two pathologists. Both Bcl-
2 and Bax cytoplasmic staining were considered. The results were considered
negative when there were no labelled cytoplasm; weakly positive when labelled
cytoplasm corresponded up to 25% of the cells; moderate positive when labelled
cytoplasm corresponded to 25% up to 75% of the cells; and strongly positive when
more than 75% of the cytoplasm were labelled. For the statistical analysis, Bcl-2
and Bax scores were classified in a high expression group (strong and moderate
immunoreactivity) and a low expression group (weakly and negatively
immunoreactive). Two spots were assessed for each case in a separate reaction
(duplicate) and analyzed by two observers. The end results were the average of

the four reviews.
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2.5. Statistical analyses

Fisher exact test and chi-square test were used to examine the possible
associations between the expression of Bcl-2 and Bax with clinicopathological
characteristics. Kaplan-Meier survival analysis was used to generate survival
curves. The log rank test was utilized to examine the difference of the
accumulated survival function. Significant factors by log-rank test were then
analyzed for independent prognostic importance by the Cox proportional hazards
regression. All statistical analyses were performed using the SPSS statistical
software package (version 15.0, SPSS Inc., USA). Two-sided p values were

calculated and p < 0.05 was considered to be significant.

3. Results

3.1. Characteristics of selected patients and tumor s

A total of 86 adult patients older than 18 years of age (mean = 45.7, range
18-91), diagnosed with soft tissue sarcoma of the extremities was admitted for the
study. High grade (grade 2 or 3) tumors affected 71 patients (82.6%), while 14
(16.3%) were classified as low grade (grade 1) sarcomas and for one patient
(1.2%) data related to the histological grade was not recorded. Most patients were
male (52.3%; n = 45) and older than 40 years of age (57%; n = 49). The most
frequent sites were lower limbs (76.7%; n = 66). The most common histological
type was the synovial sarcoma (33.7%; n = 29), followed by myxofibrosarcoma
(22.1%; n = 19); leiomyosarcoma (12.8%; n = 11); and liposarcoma (8.1%; n = 7).
The median tumor size was 10 cm, ranging from 2 cm to 48 cm, of which 70
(81.4%) presented tumors with more than 5 cm. Distant metastases were present

at the diagnosis for 12 patients (14%) and five patients (5.8%) were diagnosed
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with lymph node metastasis. The patients were classified according to
clinicopathological stages: 14 (16.3%) were in stage I; eight (9.3%) in stage II; 50

(58.1%) in stage lll; and 12 (14%) were in stage IV.

3.2. Bcl-2 and Bax expression and association with clinicopathological

parameters

Positive immunostaining for Bcl-2 and Bax was determined in 81 of 86
patients. Out of all tumors evaluated, 21 (25.9%) presented with Bcl-2 high
expression and 54 (66.7%) with Bax high expression. The overexpression of both
Bcl-2 and Bax was directly associated with synovial sarcoma, histological grade
and clinical stage; and inversely associated with mixofibrossarcomas. In addition,
there was an inverse association between the expression of Bcl-2 and age of
patients, and between Bax and liposarcoma. Other clinicopathological factors such
as gender, location, tumor size, lymph node and distant metastasis did not show
any significant association with Bcl-2 or Bax proteins (Table 2).

A significant association between cytoplasmic expression of both the Bcl-2
and Bax proteins was demonstrated in this study (Table 3; p = 0.007).
Furthermore, the concurrent overexpression of both Bcl-2/Bax was associated with

histological grade (p = 0.036) and clinical stage (p = 0.031).

3.3. Survival analysis

The 5-year overall survival (OS) for the patients group was 57% (Figure 1).
Univariate analysis of the date showed that histological grade (Figure 2; p = 0.005)
and stage (Figure 3; p = 0.002) were significantly associated with decreased

survival. High grade patients showed poorer survival compared to the low grade
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group in the univariate (Figure 2; p = 0.005) and multivariate analysis (p = 0.043,
HR = 8.0, 95% CI, 1.1-60.1).

The 5-year OS of patients was 58.3% for low and 47.6% for high Bcl-2
expression group; and 66.7% for low and 50% for high Bax expression,
respectively. Kaplan-Meier curves of OS stratified by Bcl-2 and Bax status are
shown in Figures 4 and 5, respectively. The overall survival didn't show any
significant difference (p > 0.05, log rank test) for the two groups.

In this study, by comparing the survival curves obtained for concurrent Bcl-
2/Bax high expression and the other combinations, no significant difference was

observed (47.4% vs 58.1%, respectively; p > 0.05, log rank test).

4. Discussion

In this study, a tissue microarray with 86 STS of extremities was employed in
order to analyze the expression of apoptotic Bcl-2 and Bax proteins, using
immunohistochemistry. Tissue microarray allows the analysis of a tumor series,
comprising different histological types and grades, with the advantage of using a
uniform method for all tumor samples, avoiding methodological variation.

Apoptotic signaling can initiate from outside the cell via plasma membrane
receptors (extrinsic pathway), or through stress that originates from within the cell
(intrinsic or mitochondrial pathway) [21].

The intrinsic pathway is primarily regulated by the Bcl-2 family and triggered
by intracellular stress signals such as DNA damage, oncogenes expression,
hypoxia, and growth factor withdrawal [21]. This pathway is initiated by
mitochondrial outer membrane permeabilization, which allows soluble proteins

(e.g., cytochrome c) in the mitochondrial intermembrane space to diffuse into the
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cytosol. Cytochrome c released by an apoptotic stimulus binds to apoptotic
protease activating factor-1 (APAF-1), which promotes the activation of initiator
caspase-9, in a multimolecular complex termed the apoptosome. Caspase-9 then
activates executioner caspases-3 and -7, which cleave cellular substrates to
promote the apoptotic phenotype [22].

Although the Bcl-2 proteins are implicated in a wide range of diseases,
cancer is the best characterized one. The Bcl-2 proto-oncogene was first
described in non-Hodgkin’s lymphoma, as a result of its involvement in the t(14;18)
chromosomal translocation [23].

Many studies have reported that the overexpression of Bcl-2 contributes to
cancer progression, poor prognosis and resistance to apoptosis induced by
standard anticancer therapies [24, 25].

The pro-apoptototic protein Bax (Bcl-2 Associated protein X) plays a pivotal
role in the mitochondria-dependent apoptotic pathway. In contrast to Bcl-2, Bax
promotes permeabilization of the mitochondrial membrane and consequent
release of cytochrome after an apoptotic stimulus[26].

The expression of apoptosis-related markers Bcl-2 and Bax has been
extensively evaluated in several tumors, in which the rates of expression and
association with predictive and prognostic factors are highly variable. Expression
of Bcl-2 is very heterogeneous in several tumour types. For example, increased
Bcl-2 levels are generally predictive of aggressive disease, poor prognosis, and
chemotherapeutic resistance in human epithelial cancers such as cervix, bladder,
pancreatic, ovarian, prostate and lymphoma [21, 24, 25, 27]. However, the
overexpression of Bcl-2 was associated with better prognosis in breast cancer,

non-small-cell lung cancer and gastric cancer [27-29]. Already abnormal
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expression of Bax has been indicated as a prognostic indicator for patients with
ovarian cancer and bladder cancer [11, 30].

In STS, the exact role and clinical significance of Bcl-2 and Bax remain to be
elucidated. In our study, high Bcl-2 expression was detected in 25.9% of soft
tissue sarcoma of extremities cases. Dan'ura et al [17] , Sabah et al [15],
Nakanishi et al [14] and Lahat et al [16] reported higher rates of Bcl-2
Immunoreactivity in soft tissue sarcomas (32.1%, 38.8%, 43% and 53%,
respectively). High Bax expression was detected in 66.7% of the cases in our
study. Bax expression is a common finding in soft tissue sarcomas and was
detected in 92.8% of soft tissue sarcomas in the study of Sabah et al [15]. Dan'ura
et al [17] and Kawauchi et al [31] reported lower rates of Bax expression in soft
tissue sarcomas (40.8% and 51%, respectively). Different cut-offs used in
immunohistochemical analysis may explain these differences, since we used in
our study a cut-off higher than Sabah et al [15] and Lahat et al [16] (25% vs 10%),
and lower than Kawauchi et al [31] (25%vs 50%). The heterogeneity of technical
issues (methods of detection, different reagents among assays, different
positive/negative cut-off levels, different specimen preparations, etc.) is an
important source of variability in STS studies [32].

By comparing histological types, the higher Bcl-2 expression was found in
synovial sarcoma (73.1%; p < 0.001) and rarely detected in other histological

types. Bax expression was more frequent in leiomyosarcoma (90.9%; p = 0.089),

followed by synovial sarcoma (84.6%; p = 0.023), myxofibrosarcoma (47.7%; p

0.041), dermatofibrosarcoma (40%; p = 0.327) and liposarcoma (16.7%; p
0.014). The disproportion observed in Bcl-2 and Bax cytoplasmic expression

among different histological types of sarcomas, in our series, can be explained by
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the diverse histological origin of such tumors. Bcl-2 and Bax expression is highly
variable according to the tumor type [15, 18, 31], being frequent in synovial
sarcoma [18, 31], and rarely observed in others, such as fibrosarcoma and
malignant fibrous histiocytoma [15].

A relationship between Bcl-2 and Bax expression was found in our study
(p =0.007). Koéhler et al [13] showed that the combinations of high Bax/Bcl-2
MRNA expression provide an increase of 6.5 fold in the relative risk of tumor-
related death in patients with STS. In our study, overexpression of both Bcl-2 and
Bax, analyzed separately or combined, was associated with the histological grade
and clinical stage. High grade tumors showed higher expression of Bcl-2 and Bax
than low grade tumors (30.9% vs 0%, p = 0.03; 75% vs 17.7%, p < 0.001;
respectively). Likewise, Bcl-2 and Bax immunodetection was more frequent in
tumors with advanced clinical stages than in those with an early clinical stage
(33.9% vs 5%, p = 0.017; 74.6% vs 40%, p = 0.005; respectively). Among the
clinicopathological factors analyzed, histologic type and stage were related to
survival by univariate analysis. Patients presenting tumors with high histological
grade showed poorer survival compared to low grade tumors (50.7% vs 92.9%) in
both the univariate (p = 0.005) and multivariate analysis (p = 0.043, HR = 8.0, 95%
Cl, 1.1-60.1). Similar results were observed by Lahat et al [16].

The statistic association between the expression of Bcl-2 and Bax with the
classical factors of poor prognosis (histological grade and clinical stage),
described here, supports the clinical importance of these apoptotic markers in
predicting the prognosis of patients with STS of extremities. These findings are
consistent with the observations reported by Sabah et al [15], which revealed

significant correlation between Bcl-2 expression and histologic grade, and
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therefore with poor prognosis. Similarly, Nakanishi et al [14] showed that Bcl-2
expression was correlated with a larger tumor size and it was a useful marker for
predicting prognosis in STS. Sun et al [18] revealed a relationship between tumor
apoptotic activity associated with Bcl-2 and Bax expression and poor prognosis in
synovial sarcoma. In contrast, Dan’ura et al [17] found no correlation between Bcl-
2/Bax expression and tumor prognosis.

The most effective and prevalent mechanism of apoptosis deregulation in
cancer is the overexpression of anti-apoptotic proteins, such as Bcl-2 [33]. The
role of both anti-apoptotic and pro-apoptotic family members in the regulation of
apoptosis has become clearer in recent years. A balance between pro and anti-
apoptotic Bcl-2 family proteins controls the decision-making process at the
mitochondrion, modulating cell sensitivity to death. Several inhibitory molecules
have been used as anticancer therapy interfering in the interactions between
proteins of the Bcl-2 family [25]. However, changes in other cellular pathways,
such as p53 mutations, may also contribute to the regulation of programmed cell
death in tumor cells. It was concluded that alterations in the p53 pathway and in
genes that regulate apoptosis are common events in soft tissue sarcomas [15].
Furthermore, it is known that wild-type p53 can transcriptionally repress Bcl-2
expression while inducing expression of Bax [34]. Thus, Bax induction alone
without expression of wild-type p53 might be insufficient to induce apoptosis. Data
generated from studies in vitro suggested that expression of three proteins: Myc,
Bax and p53, are required for maximal cell death to occur [35].

In summary, our data emphasize the role of changes in apoptosis-related
markers in the pathogenesis of soft tissue sarcomas of extremities.

Overexpression of both Bcl-2 and Bax was associated with histological grade and
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clinical stage of the tumors, suggesting the use of such proteins as

potential prognostic markers in STS of extremities.
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Table 1 Characteristics of antibodies used in immunohistochemical analysis

Antigen Clone Dilution Commercial source

Bcl-2 124 1:20 Dako
Bax Rabbit Polyclonal 1:100 Dako A 3533
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Table 2 Association between clinicopathological parameters and Bcl-2 and Bax expression in soft tissue sarcoma of

extremities
Bcl-2 expression Bax expression
Variables Al High Low p-value High Low p-value
cases
Age (years)
<40 34 16 (47.1) 18 (52.9) <0.001* 25 (73.5) 9 (26.5) 0.265
=40 47 5(10.6) 42 (89.4) 29 (61.7) 18 (38.3)
Gender
Male 43 10 (23.3) 33 (76.7) 0.560 27 (62.8) 16 (37.2) 0.431
Female 38 11 (28.9) 27 (71.1) 27 (71.1) 11 (28.9)
Location
Upperlimb 20 6 (30) 14 (70) 0.632 11 (55) 9 (45) 0.202
Lowerlimb 61 15 (24.6) 46 (75.4) 43 (70.5) 18 (29.5)
Histological grade
Low 12 0 (0) 12 (100) 0.03 2 (17.7) 10 (83.3) <0.001
High 68 21 (30.9) 47 (69.1) 51 (75) 17 (25)
Tumor size (cm)
<5 13 1(7.7) 12 (92.3) 0.167 6 (46.2) 7 (53.8) 0.102
>5 66 20 (30.3) 46 (69.7) 46 (69.7) 20 (30.3)
Tumor type
Myxofibrosarcoma
Yes 19 1(5.3) 18 (94.7) 0.018* 9 (47.4) 10 (52.6) 0.041*
No 62 20 (32.3) 42 (67.7) 45 (72.6) 17 (27.4)
Dermatofibrosarcoma
Yes 5 0 (0) 5 (100) 0.32 2 (40) 3 (60) 0.327
No 76 21 (27.6) 55 (72.4) 52 (68.4) 24 (31.6)
Synovial sarcoma
Yes 26 19 (73.1) 7 (26.9) <0.001 22 (84.6) 4 (15.4) 0.023
No 55 2 (3.6) 53 (96.4) 32 (58.2) 23 (41.8)
Leiomyosarcoma
Yes 11 0 (0) 11 (100) 0.058 10 (90.9) 1(9.1) 0.089
No 70 21 (30) 49 (70) 44 (62.9) 26 (37.1)
Liposarcoma
Yes 6 0 (0) 6 (100) 0.331 1(16.7) 5(83.3) 0.014*
No 75 21 (28) 54 (72) 53 (70.7) 22 (29.3)
Lymph node metastasis
Yes 4 0 (0) 4 (100) 0.569 3 (75) 1(25) 1
No 74 21 (28.4) 53 (71.6) 49 (66.2) 25 (33.8)
Distant metastasis
Yes 11 1(9.2) 10 (90.9) 0.273 7 (63.6) 4 (36.4) 1
No 70 20 (28.6) 50 (71.4) 47 (67.1) 23 (32.9)
Stage
I+l 20 1(5) 19 (95) 0.017 8 (40) 12 (60) 0.005
"+ v 59 20 (33.9) 39 (66.1) 44 (74.6) 15 (25.4)

NOTE. High Bcl-2 and Bax expression was directly associated with histological grade, clinical stage and
synovial sarcoma. Data are reported as number of patients with percent in parentheses. *Inverse
association.
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Table 3 Association between Bcl-2 and Bax expression in soft tissue

sarcoma of extremities

Bcl-2 expression

Bax expression Low High Total p-value
Low 25 (92.6) 2 (7.4) 27 (100)  0.007
High 35 (64.8) 19 (35.2) 54 (100)

Total 60 (74.1) 21 (25.9) 81 (100)

NOTE. We included 81 cases on tissue microarray construction. Of these,
19/81 (23.5%) presented co-expression of Bcl-2 and Bax and 25/81 (30.9%)
showed low expression for both. Data are reported as number of patients with
percent in parentheses.
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Figure 1 Kaplan-Meier overall survival curve of patients with soft tissue sarcomas of
extremities.
1,0
Histological grade
08 1low
’ _I"THigh
-+ Low-censored
— 06 -} High-censored
m ’
2
>
5
0,
A 4 50.7%
0,2
0,0 p = 0.005
| ' | ' | ' | ' | ' |
0 12 24 36 48 60

Time (Months)
Figure 2 Kaplan-Meier analyses of overall survival according to histological grade (p =
0.005, log rank test). Multivariate Cox’s regression hazard analysis showed that high
grade patients showed an 8-fold increased risk of tumor-related death (p = 0.043, HR =
8.0, 95% Cl, 1.1-60.1) compared with low grade patients.
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Figure 3 Kaplan-Meier analyses of overall survival according to stage (p = 0.002, log rank
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Figure 4 Kaplan-Meier analyses of overall survival according to Bcl-2 expression (p >

0.05, log-rank test).
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Figure 5 Kaplan-Meier analyses of overall survival according to Bax expression (p > 0.05,
log-rank test).
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5 CONCLUSOES

Com base nos objetivos propostos neste estudo, concluimos que:

1. Nosso estudo demonstrou que a hiperexpressao citoplasmatica de Bcl-2 e
Bax representa um evento comum em sarcomas de partes moles de
extremidades, evidenciada em 25,9% e 66,7% dos sarcomas de partes
moles de extremidades analisados, respectivamente.

2. Entre as variaveis clinico-patolégicas analisadas, o estadiamento clinico e
0 grau histologico foram o0s principais fatores que influenciaram
negativamente a sobrevida do grupo estudado, sendo o grau histologico
um fator progndstico independente.

3. A expressao citoplasmatica de ambos, Bcl-2 e Bax, foi significativamente
associada aos sarcomas sinoviais, ao grau histolégico e ao estadiamento
clinico.

4. Pacientes cujos tumores hiperexpressavam Bcl-2 e Bax, apresentaram
uma menor sobrevida em cinco anos de seguimento; entretanto, as
diferencas com relacdo as demais combinacdes de niveis de expressao
desses dois marcadores nédo foram estatisticamente significativas.

5. A avaliagdo imuno-histoquimica dos marcadores apoptéticos Bcl-2 e Bax,
utilizando a técnica de microarranjos de tecidos, apresentou importante
relevancia clinica neste estudo como um possivel marcador progndostico em
SPM de extremidades. Assim, recomendamos o uso de tais marcadores
como ferramenta adicional para um planejamento terapéutico mais

adequado nos casos de SPM de extremidades.
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7 ANEXOS

7.1 Anexo 1 - Classificacdo de Sarcomas de Partes M

Organizacdo Mundial de Saude (OMS)

oles Segundo a

GRUPOS TUMORES CODIGO
Lipossarcoma Desdiferenciado 8858/3
Lipossarcoma Mixéide 8852/3
TUMORES GORDUROSOS L@possarcoma de Célglqs Redondas 8853/3
Lipossarcoma Pleomorfico 8854/3
Lipossarcoma Mixoéide 8855/3
Lipossarcoma, ndo especificado 8850/3
Fibrossarcoma do Adulto 8810/3
TUMORES Mixofibrossarcoma 8811/3
FIBROBLASTICOS / Sarcoma Fibromixoéide de Células Fusiformes Hialinizantes de 8811/3
MIOFIBROBLASTICOS Baixo Grau
Fibrossarcoma epitelibide esclerosante 8810/3
Fibrohistiocitoma maligno pleomérfico /
Sarcoma pleomérfico indiferenciado 8830/3
TUMORES Fibrohistiocitoma maligno de células gigantes / Sarcoma
FIBROHISTIOCITICOS pleomorfico indiferenciado de células gigantes
Fibrohistiocitoma maligno inflamatério / Sarcoma pleomorfico 8830/3
indiferenciado com proeminente inflamacéo 8830/3
TUMORES DE MUSCULOS | Leiomiosarcoma (excluindo pele) 8890/3
LISOS
TUMORES Tumor glémico maligno 8711/3
PERIVASCULARES
(PERICITICOS)
Rabdomiossarcoma embrionario 8910/3
(incl. células fusiformes, botrioide, anaplasico) 8912/3
TUMORES DE MUSCULOS | Rabdomiossarcoma Alveolar 8910/3
ESQUELETICOS (Incluindo: sdlido, anaplasico)
Rabdomiossarcoma pleomarfico 8920/3
8901/3
Sarcoma de Kaposi 9140/3
TUMORES VASCULARES Hemangioendotelioma epitelidide 9133/3
Angiossarcoma de partes moles 9120/3
Sinoviossarcoma 9040/3
Sarcoma epitelioide 8804/3
Sarcoma alveolar de partes moles 9581/3
Sarcoma de células claras de partes moles 9044/3
Condrossarcoma mixoéide extraesquelético 9231/3
TUMORES DE PNET / Tumor de Ewing extraesquelético pPNET
DIFERENCIACAO . .
INCERTA Tumor de Ewmg, e_xtraesqlfeletlco 9364/3
Tumor desmoplésico de células redondas pequenas 9260/3
Tumor rabddide extrarenal 8806/3
Mesenquimoma maligno
Neoplasias com diferenciagéo de células claras perivascular 8963/3
Tumor miomelanocitico de células claras 8800/3

Traduzido, baseado em Fletcher et al.(2002).
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7.2 Anexo 2 - Translocagbes cromossOmicas comumente

em sarcomas de partes moles

encontradas

Tumor

Translocagao

Produto da Fusédo

Rabdomiossarcoma alveolar

t(2;13)(q35;q14)

PAX3 : FOXO1A

t(1;13)(p36;q14)

PAX7 : FOXO1A

Sarcoma de partes moles alveolar t(X;17)(p11;925) TFE3 : ASPL
Fibro-histiocitoma angiomatéide t(12;16)(q13;p11) FUS : ATF1
Sarcoma de células claras t(12;22)(q13;q12) EWS : ATF1
Fibrossarcoma (Nefroma mesoblastico congénito) t(12;15)(p13;925) ETV6 : NTRK3

Dermatofibrossarcoma protuberante t(17;22)(q22;q13) COL1Al : PDGFB

Tumor desmoplasico de pequenas células t(11;22)(p13;q12) EWS:WT1

Sarcoma estromal endometrial t(7;17)(p15;921) JAZF1 : JJAZ1
t(11;22)(q24;912) EWS : FLI1

. t(21;22)(q22;912) EWS : ERG

'?sxgrml\?e%?oi\ggggermal primitivo ((7,22)(p22:912) EWS - ETV1
t(17;22)(q12;912) EWS : E1IAF
t(2;22)(q33;q12) EWS : FEV
t(9;22)(g922;912) EWS : NR4A3

Condrossarcoma mixéide extra-esquelético

t(9;17)(922;911)
t(9;15)(q22;921)

RBP56 : NR4A3
TCF12 : NR4A3

Sarcoma fibromixoide de baixo grau

t(7;16)(q33;p11)
t(11;16)(p11;p11)

FUS : CREB3L2
FUS : CREB3L1 (rare)

t(1;2)(q22;p23) TPM3 : ALK
- fo . t(2;19)(p23;p13) TPM4 : ALK
Tumor miofibroblastico inflamatério 1(2:17)(p23:q23) CLTC : ALK
t(2;2)(p23;q13) RANBP2 : ALK
Lipossarcoma mixoide t(12;16)(q13;p11) FUS : DDIT3
t(12;22)(p13;q12) EWS : DDIT3
SS18: SSX1
Sinoviossarcoma t(X;18)(p11;q11) SS18: SSX2

SS18 : SSX4 (raro)

Traduzido, baseado em Antonescu (2006).
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7.3 Anexo 3 - Ficha de coleta de dados clinico-pato  |6gicos de SPM —

Hospital Aradjo Jorge — ACCG

BANCO DE DADOS RETROSPECTIVO

SARCOMAS DE PARTES MOLES NHmErR
HOSPITAL ARAUJO JORGE —ACCG
DEPARTAMENTO DE TECIDO CONJUNTIVO E ORTOPEDIA o

L IDENTIFICAGAO ’ o
1. Prontuario: o 2. Nome:
3. Data de nascimento: / / ___ 4Sexo: D1 Masc [J2Fem 5. Idade: .
Il. LOCALIZAGAO/DIAGNOSTICO/ESTADIAMENTO
6. Localizagao: [ 1. cabega e pescogo [J 2.térax [J 3. parede abdominal (] 4. retroperiténio [ 5. pelve

L) 6.intra-abdomibal [J 7. membro superior [J8.membro inferior [ 9.outos: .
7. Biopsia fora: [J 1. Sim () Nao 8. Cirurgia fora: (J1.Sim [ 2. Nao 9. Dorlocal: (J1.8im [J2. Néao
10.Histologia/IHQ:[ ] 1. fibrossarcoma [ 2.FHM [J 3 lipessarcoma (J 4. leiomiossarcoma [ 5.rabdomiossarcoma

[} 6. linfangio/ssarcoma [1 7 Kaposi [ 8. sarcoma sinovial [0 9. sarcoma epitelidide

[J10. TON O11. GIST [ 12. Ewing O12.PNET 0 13. paraganglioma

[J 14_sarcoma alveolar [] 15. sarcoma SOE [ 16. outros

11. Estadiamento: 12. Tamanho: cm 13. Linfonodos: [J1.Sim [ 2.Nao
14. Grau: J 1.baixo [J2.alto 15. Metastase: (1 1.Sim [0 2. Ndo 16.Resseccao de metastase: [0 1.Sim [0 2.Nao
17. Sitio metastatico: [ 1. pulmao [0 2.figado (I 3.cérebro (O 4.0sso [15.NA [ 6.outros:

ll. NEOADJUVANCIA
18. Radioterapia neoadjuvante: ] 1.Sim (0 2.Nao 19. Dosex Gy
20. Quimioterapia neoadjuvante: [J1.Sim [ 2.Ndo 21. Droga principal:

IV. TRATAMENTO CIRURGICO
22. Cirurgia: [J 1. Preservagéao O 2. Amputagio/ressec. 6rgdo  22. Margem: [ 1.livre [0 2.comprometida [J 3. NA
23.Complicagées: 0 1. Sim [J2.Ndo 24.Tipo: [ 1.Infecgdo [ 2. Deiscéncia 3.outras:

V. ADJUVANCIA/TRATAMENTO EXCLUSIVO CURATIVO
25. Radioterapia adluvante: 00 1. Sim 0O2. Nao 26.Dose: Gy
27.Quimioterapia adjuvante: (J1. Sim (J 2. Nao  28.Droga principal :

29.Trat. paliative inicial: (J1. Sim (02Nao 30. Tipo: O1.RT 0O 2.QT 0O 3 Cirurgia O 4.Combinado:

VI. EVOLUGAO

30.Recoméncia: [ 1.Sim [ 2.Nao 31.Padrao: (O 1.local (J2.local+distancia [ 3. distAncia
32. Sitio metastatico: [J 1. puimao O 2.figado [ 3.cérebro [ 4.0sso (05 nao O 6.outros:
33.Ressecgdo de metastase: [0 1.Sim O 2.Nao 34. Tempo para recorréncia: meses

35.Situacdo atual: 0 1. vivo s/doenga (2. vivo c/doenga (O 3. perda de seguimento [ 4.6bito
36. Tempo de seguimeinto meses 37. Admissdo:_ [/ [ 38.Ultima consulta; !/ /

Apenas sarcomas de partes moles. Se tratamento paliativo(29), apenas itens |, Il e VI36-39 NA=ndo avalidvel : TON=tumor de
ornegem neural;GIST= tumor estromal gastrintestinal; PNET=tumor neuroectodérmico
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7.4 Anexo 4 - Aprovacdo do Comité de Etica em Pesqu

Associagdo de Combate ao Cancer em Goias (CEPACCG).

o4 [o9

PROTOCOLO CEP/ACCG N° 049/09 Goifnia, 05/11/2009

INVESTIGADOR (A) RESPONSAVEL (IES): Dr. Wilmar José Manoel

Orientadora: Maria Alves Barbosa

TITULO: “Imunodetecgiio das proteinas p53, mdm?2, p2lwafl/cipl, bcl-2 e bax em

sarcomas de partes moles no adulto”.

Area Tematica: Grupo I11
Area de Conhecimento: Ciéncias da Saide/Medicina
Local de Realizagio: Hospital Aratjo Jorge/ACCG - Servico de Tecido Conjuntivo e

Anatomia Patolégica.

Informamos que o Comité de Etica em Pesquisa da ACCG analisou e aprovou o projeto de
Pesquisa acima referido, juntamente com 0s documentos apresentados € os mesmos foram

considerados em acordo com os principios éticos vigentes.

Nio ha necessidade de aguardar o parecer da CONEP — Comissio Nacional de Etica em

Pesquisa para iniciar a pesquisa.

O Pesquisador responsavel deverd encaminhar ao CEPACCG, relatérios semestrais do

andamento da pesquisa, encerramento, conclusdo (Bes) e publicagio (des).

(62)3878-7000 | 3243-7000

Rua 239, n° 206, St. Universitario
Goiania - Goias - Brasil - CEP 74.605-070
ASSOCIACAO DE COMBATE AO CANCEREM GOIAS  www.accg.org.br
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