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RESUMO
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Programa de Pds-Graduacdo em Ciéncias Bioldgicas — Bioquimica
Toxicologica
Universidade Federal de Santa Maria

ESTUDO DO PERFIL OXIDATIVO E AVALIACAO DE PARAMETROS
ENZIMATICOS EM PACIENTES COM CANCER DE PROSTATA.

Autora: VANESSA BATTISTI
Orientadora: VERA MARIA MELCHIORS MORSCH
Co-Orientadora: MARIA ROSA CHITOLINA SCHETINGER
Local e Data da defesa: Santa Maria, 19 de dezembro de 2011

O céncer de prostata € reconhecido como um dos mais importantes
problemas médicos enfrentados pela populacdo masculina. Alteragfes inerentes ou
adquiridas no metabolismo celular que ocorrem ao longo dos anos podem ter
envolvimento no processo de desenvolvimento deste tipo de cancer. Dessa forma, o
estresse oxidativo pode desempenhar um papel importante nos processos celulares
associados com a iniciagdo e o desenvolvimento do cancer de préstata. Por outro
lado, o cancer pode estar associado com alteragfes na agregacado plaquetéria e no
metabolismo dos nucleotideos. Além disso, as enzimas que degradam ésteres de
colina desempenham fung¢des ndo colinérgicas e parecem estar envolvidas com a
proliferacéo e diferenciagéo celular. Levando em consideracéo tais afirmativas, este
trabalho teve como objetivos avaliar o perfil oxidativo, através da determinacdo do
conteddo de substancias reativas ao acido tiobarbitirico (TBARS) e de proteina
carbonil, e as defesas antioxidantes, através da determinacdo das atividades das
enzimas catalase (CAT) e superdxido dismutase (SOD) e dos niveis de tidis néo-
protéicos, vitamina C e vitamina E. Além disso, realizar a determinacdo das
atividades das enzimas ectonucleotidases representadas pelas enzimas NTPDase,
E-NPP, 5’nucleotidase e adenosina deaminase (ADA). Por fim, verificar as
atividades das enzimas acetilcolinesterase (AChE), butirilcolinesterase (BuChE) e os
parametros bioquimicos em pacientes e controles. Esse trabalho teve ainda como
objetivo, avaliar a influéncia da escala de Gleason, da presenca ou auséncia de
metastase e do tipo de tratamento a que foram submetidos os pacientes, nas
dosagens realizadas. Os resultados demonstram que o conteudo de TBARS e o0s
niveis de carbonilacdo de proteinas aumentaram nos pacientes quando comparados
com o grupo controle e mudangas no sistema de defesa antioxidante foram
observadas. A atividade da CAT estava diminuida e a atividade da SOD aumentada
nos pacientes quando comparados aos controles. Verificamos ainda um aumento
nos niveis de tidis ndo-protéicos no plasma e eritrécitos e uma diminuigdo nos niveis
séricos de vitamina C e de vitamina E em pacientes com cancer préstata. Os
resultados mostraram que a hidrélise dos nucleotideos ATP, ADP e AMP estava
aumentada nos pacientes quando comparado ao grupo controle, o que pode ser
comprovado pelo aumento nas atividades das enzimas NTPDase, E-NPP e
5'Nuclectidase. Por outro lado, nossos resultados revelaram uma diminuicdo na
atividade da ADA no soro desses pacientes. Os resultados mostraram também que
a agregacao plaquetaria foi diminuida apenas nos pacientes com cancer de préstata
antes do inicio do tratamento. As atividades da AChE e BuChE foram diminuidas



nos pacientes em relagéo ao grupo controle. Com os dados podemos concluir que
h& um aumento na formacéo de espécies reativas e um desequilibrio no sistema de
defesa antioxidante enzimético e n&o-enzimatico nos pacientes. Além disso, o
cancer de prostata avangado pode estar associado com um estado de estresse
oxidativo elevado. Os resultados refletem também o aumento na hidrolise de
nucleotideos e o consequente aumento nas concentragfes de adenosina nos
pacientes, que pode estar participando do processo de tumorogénese. A diminuigao
nas atividades das colinesterases (AChE e BuChE) e o consequente aumento nos
niveis de acetilcolina sugerem a participagdo da mesma no processo de
desenvolvimento do cancer. Finalmente, as alteragbes nas atividades das enzimas
NTPDase, 5’ Nucleotidase, E-NPP, ADA, BuChE e AChE quando os pacientes foram
divididos em grupos considerando a escala de Gleason, a presencga ou auséncia de
metastase O0ssea e o fato de estar ou ndo em tratamento, indicam que esses
parametros devem ser considerados.

Palavras-chaves: Cancer de prostata; ectonucleotidases; colinesterases; estresse
oxidativo; defesas antioxidantes
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Prostate cancer is recognized as one of the most important medical problems in
the male population. Inherent or acquired alterations in cellular metabolism that occur
over the years may be involved in the process of developing this cancer. Thus,
oxidative stress may play an important role in cellular processes associated with the
initiation and development of prostate cancer. On the other hand, the cancer may be
associated with changes in platelet aggregation and metabolism of nucleotides. In
addition, enzymes that degrade esters of choline are well known as participating in
non-cholinergic functions and intervene in important cell processes such as
proliferation, differentiation and apoptosis. Considering such statements, this study
aimed to evaluate the oxidative profile, through the determination of parameters such
as the TBARS and protein carbonyl content and antioxidant defenses, by determine
the catalase (CAT) and superoxide dismutase (SOD) activity and non-protein thiols,
vitamin C and vitamin E levels. Also, determine ectonucleotidases enzyme activities
represented by the enzymes NTPDase, E-NPP, 5'nucleotidase and adenosine
deaminase (ADA) and verified the acetylcholinesterase (AChE) and
butyrylcholinesterase (BuChE) activities. In addition, we evaluated the influence of
Gleason score, the presence or absence of metastasis and type of treatment used by
patients in the parameters analyzed. The results show that the content of TBARS
and protein carbonylation levels increased in patients when compared with the
control group. In addition, changes in the antioxidant defenses were observed. The
CAT activity was decreased and SOD activity increased in patients compared to
controls. We found also an increase in the levels of non-protein thiols in plasma and
erythrocytes and a decrease in serum levels of vitamin C and vitamin E in patients.
These results suggest an increased formation of reactive species and an imbalance
in the enzymatic and non-enzymatic antioxidant system defense in patients with
prostate cancer. Moreover, it was observed that advanced prostate cancer is
associated with a state of high oxidative stress. The results showed that nucleotides
hydrolysis (ATP, ADP and AMP) were increased in patients compared to controls,
which maybe observed by the increase in the enzymes activity (NTPDase, E-NPP
and 5'Nucleotidase). On the other hand, our results showed a decrease in ADA
activity in serum of these patients. These results reflect the increase in the nucleotide
hydrolysis and the consequent increase in the adenosine concentrations that may be
envolved in the tumorigenesis process. Our results also showed that inhibition of
platelet aggregation was decreased only in patients with prostate cancer before
starting treatment. The AChE and BuChE activities were decreased in patients in



relation to the control group. The decrease in the cholinesterases activities and the
consequently increase in acetylcholine levels suggest the participation of this
molecule in the process of cancer development. Finally, changes in the NTPDase, 5'
nucleotidase, E-NPP, ADA, AChE and BuChE activities when patients were divided
in groups considering the Gleason score, presence or absence of bone metastasis
and the treatment, indicate that these parameters must be considered.

Key-words: Prostate cancer; ectonucleotidases; cholinesterase; oxidative stress;
antioxidant defenses.
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1. INTRODUCAO

Nas ultimas décadas, o cancer de prostata tornou-se um problema relevante
de saude publica no Brasil e no mundo (CALVETE et al., 2003). O numero de casos
novos de cancer de préstata estimado para o Brasil no ano de 2012 é de 60.180.
Estes valores correspondem a um risco estimado de 62 casos novos a cada 100 mil
homens. Sem considerar os tumores de pele ndo melanoma, o cancer de prostata é
0 mais frequente em todas as regides do Brasil, com risco estimado de 68/100.000
na regiao Sul (INCA, 2012). No estado do Rio Grande do Sul, a estimativa para o
ano de 2012 é de 79 novos casos a cada 100 mil homens, o que pode ser
considerada uma taxa particularmente alta em comparacao a outros estados.

A bibpsia prostatica permite ao patologista distinguir tumor benigno de
maligno e identificar o grau de diferenciagdo celular. Atualmente o sistema de
Gleason, que enfatiza a arquitetura glandular, € o mais utilizado para prever a
evolugdo e predizer o estagio patoldgico do cancer de prostata (GLEASON, 1992).
LesGes com escore de Gleason 2-4 (bem diferenciados) tém um comportamento
mais ameno e as de escore 7-10 (indiferenciados) séo agressivos, respondendo mal
as diferentes opg¢des de tratamento. O local mais comum de disseminag&o do cancer
de préstata é 0 0sso e a presenca ou ndo de metdstase Ossea é um dado
fundamental que direciona o tratamento. O tratamento deve ser individualizado para
cada paciente levando-se em conta a idade, o estadiamento do tumor, o grau
histolégico, o tamanho da préstata, as comorbidades, a expectativa de vida, os
anseios do paciente e o0s recursos técnicos disponiveis. Diferentes terapias
hormonais que atuam através de diferentes mecanismos estdo disponiveis, dentre
elas o acetato de goserelina e acetato de ciproterona (ANDERSON, 2003). Além
disso, o monitoramento de dano renal e hepatico e do equilibrio eletrolitico, entre
outras determinagfes bioquimicas s@o de extrema importdncia em pacientes com
cancer.

Assim como em outros canceres, a idade € um fator de risco importante, uma
vez que desenvolvimento do cancer de préstata aumenta drasticamente apds os 40
anos (MIYAKE et al., 2004). O estudo do mecanismo envolvido no aumento da
incidéncia do céncer de prostata com a idade é de grande interesse e importante

para o entendimento desta doenga. Uma explicacdo possivel pode estar associada
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ao desequilibrio entre os agentes oxidantes e o0s mecanismos de defesa
antioxidantes em varios tecidos, incluindo a préstata, que ocorre concomitantemente
ao envelhecimento e leva a um estado oxidativo e a danos ao organismo (WARNER,
1994). Além disso, estudos mostraram que o tecido da prostata € particularmente
vulneravel a estes danos oxidativos (BAKER et al., 1997; BOSTWICK et al., 2000).

Todos os componentes celulares s@o suscetiveis a agdo das espécies reativas,
porém a membrana é um dos mais atingidos em decorréncia da peroxidacao lipidica,
que acarreta alteragdes na estrutura e na permeabilidade das mesmas (MELLO
FILHO et al.,1984). A carbonilacdo de proteinas é outro exemplo de lesdo biolégica
que pode ser promovida pelos radicais livres (TIAN et al.,1998).

Normalmente, o estresse oxidativo tem seus danos minimizados pelo sistema
de defesa antioxidante enzimético, representado, principalmente, pelas enzimas
superéxido dismutase (SOD) e catalase (CAT) (BONNEFOY et al., 2002). A
detoxificagdo das espécies reativas envolve um mecanismo de elevada sincronia e
as enzimas antioxidantes atuam de maneira cooperativa. Cabe a SOD a dismutac¢éo
do radical superdxido a perdxido de hidrogénio, que é menos reativo e pode ser
degradado por outras enzimas, como a CAT.

Além das defesas antioxidantes enzimaticas, possuem grande relevancia os
antioxidantes ndo enzimaticos. Dentre estes antioxidantes podem-se citar as
vitaminas C, E e os compostos organicos contendo grupos sulfidrila (SH),
denominados tidis. A glutationa reduzida (GSH) € um tiol de baixo peso molecular
que se encontra no interior celular, sendo um tripeptideo importante na protecdo
contra o dano oxidativo.

A vitamina C apresenta, in vitro, uma multiplicidade de propriedades
antioxidantes, protegendo varias biomoléculas contra o dano causado pelas
espécies reativas (HALLIWELL e GUTTERIDGE, 2000). Além de sua agdo direta
contra radicais livres, o acido ascorbico ou vitamina C afeta indiretamente o balanco
entre oxidantes e antioxidantes, ja que promove a regeneracdo do a-tocoferol, um
importante antioxidante lipossolivel. Foi observado que a ingestdo de dietas
contendo acido ascorbico levou a diminui¢éo da incidéncia de cancer (YOUNG et al.,
1997). Os tocoferdis ou vitamina E sao varredores de radicais peroxil, sendo,
portanto, os inibidores mais importantes da peroxidacao lipidica em animais. Devido

as suas propriedades antioxidantes, acredita-se que esta vitamina possa prevenir
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doencas associadas ao estresse oxidativo, dentre elas o cancer (BRIGELIUS-
FLOHE et al., 2002).

Sabe-se que as células do cancer podem apresentar alteracdes nas vias de
sinalizagdo celular (SARKAR et al, 2010) e os nucleotideos extracelulares
produzem resposta em diversos processos bioldgicos, tais como apoptose, controle
da proliferagdo e da diferenciacdo celular (BURNSTOCK, 2002). Varios trabalhos
realizados em nosso laboratério de pesquisa evidenciam a estreita relacao existente
entre os nucleotideos da adenina e o cancer (ARAUJO et al., 2005; MALDONADO et
al., 2008). O controle dos niveis de nucleotideos na circulagdo & importante na
manutengdo do processo de sinalizagédo celular mediado pelos mesmos e também
na regulacdo da agregacéo plaquetéria. Este controle € feito por uma familia de
enzimas que hidrolisa os nucleotideos e, consequentemente, gera 0S seus
respectivos metabolitos (BOROWIEC et al., 2006). Estas ecto-enzimas incluem as
difosfohidrolases (Ecto-NTPDase), a familia das ectonucleotideos pirofosfato/
fosfodiesterases (E-NPP), bem como a 5’-nuclectidase e a adenosina deaminase
(ADA).

A NTPDase (EC 3.6.1.5, CD39) é uma enzima glicosilada ligada a membrana
que hidrolisa adenosina trifosfato (ATP) e adenosina difosfato (ADP) em adenosina
monofosfato (AMP) que é subsequentemente convertido & adenosina pela enzima
5'nucleotidase (EC 3.1.3.5, CD73). Ambas as enzimas desempenham um importante
papel na regulacdo do fluxo sanguineo pela regulagdo do catabolismo do ADP
(KAWASHINA et al.,, 2000; MARCUS et al., 2003). A associagdo clinica entre o
tromboembolismo venoso e o cancer é bem conhecida (DONATI et al., 2001), além
disso, pacientes com cancer podem exibir aumento da ativagdo plaquetéria
(ARAUJO et al., 2005).

A enzima ectonucleosideo pirofosfatase/fosfodiesterase E-NPP (EC 3.1.4.1) €
responsavel pela hidrélise das ligacdes fosfodiésteres nos nucleotideos, resultando
na producdo de nucleotideos monofosfatos (GODING et al., 2003). J& a enzima
adenosina deaminase (ADA) (EC 3.5.4.4) catalisa a desaminacdo da adenosina e
desoxiadenosina em inosina e desoxinosina. Esta enzima tem sido encontrada
alterada em certos tipos de tumores (SPYCHALA, 2000), além disso, € utilizada
como um marcador de malignidade. Levando em consideragédo o fato de que a
adenosina e os nucleotideos da adenina possuem papel importante na fisiologia do

cancer e que ambas as enzimas, ADA e E-NPPs estdo alteradas em muitos
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processos, é importante verificar o papel destas enzimas em pacientes com cancer
de préstata.

Outro importante grupo de enzimas que tem sido foco de estudo em pacientes
com cancer sé@o as colinesterases. Apesar de ser bem conhecida como a enzima
que hidrolisa a acetilcolina, a acetilcolinesterase (AChE) é agora também conhecida
por ter fungBes ndo enziméticas adicionais (SILMAN e SUSSMAN 2005). Vérias
observagbes tém também indicado a possibilidade de uma nova funcdo da
acetilcolinesterase em tecidos nado-neuronais, incluindo tumores (SMALL et al.,
1996; BATTISTI et al., 2009). Estudos relatam que parece haver uma associagao
entre mudangas na expresséo e atividade das colinesterases e o desenvolvimento
de vérios tipos de cancer (RUIZ-ESPEJO et al., 2003). No entanto, ainda néo
existem muitos estudos relacionando modificagdes no comportamento das
colinesterases a manifestacao do cancer de prostata.

Estudos realizados anteriormente pelo nosso grupo de pesquisa
demonstram a existéncia de alteragdes no perfil oxidativo (MALDONADO et al.,
2006; BATTISTI et al., 2008) e no comportamento de varias enzimas (ARAUJO et
al., 2005; MALDONADO et al., 2008) em pacientes com diferentes tipos de cancer.
Entretanto, o estudo enzimatico e oxidativo em pacientes com cancer de prostata
considerando a escala de Gleason e a presenca ou auséncia de metastase, bem
como o tipo de tratamento a que os pacientes sdo submetidos, ainda néo foi
realizado. Considerando a possivel relacdo dos parametros em estudo com o cancer
de préstata e a alta frequéncia desta doenca, torna-se importante avaliar o perfil de
estresse oxidativo, através do estudo do sistema oxidante e antioxidante, além de
determinar a atividade das enzimas NTPDase, 5’ nucleotidase, E-NPP, ADA, AChE
e BuChE em pacientes com diagnostico comprovado de cancer de prostata.
Finalmente, verificar a influéncia da escala de Gleason, da presenca ou auséncia de
metastases e do tratamento nas determinacdes realizadas torna o trabalho mais
relevante, ja que estes parametros devem ser levados em consideracdo no cancer

de préstata.
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2. OBJETIVOS

Objetivo Geral:

Estudar o perfil oxidativo e avaliar parametros enziméticos em plaquetas, soro
ou sangue total de pacientes com cancer de préstata e controles, considerando a
escala de Gleason, a presenca ou auséncia de metastases e o tratamento padréo

utilizado.

Objetivos Especificos:

- Analisar os danos oxidativos causados pelos radicais livres através da dosagem de
espécies reativas ao acido tiobarbitdrico (TBARS) em plasma e da determinagdo da
carbonilacé@o protéica em soro de pacientes com cancer de prostata e de controles.

- Avaliar o estado das defesas antioxidantes enzimaticas através da determinacéo
das enzimas catalase (CAT) e Superoxido dismutase (SOD) em sangue total.

- Avaliar o estado das defesas antioxidantes ndo enziméticas através da
determinagéo dos niveis de tidis ndo-protéicos em plasma e eritrocitos, Vitamina C e
vitamina E em soro destes pacientes e controles.

- Verificar a atividade das enzimas NTPDase e 5'nucleotidase em plaquetas de
pacientes com cancer de prdstata e controles.

- Determinar a atividade das enzimas E-NPP e ADA em soro e plaquetas destes
pacientes e controles.

- Avaliar a agregacdo plaquetaria no plasma rico em plaquetas de pacientes e
controles.

- Investigar possiveis alteragfes nas atividades das enzimas AChE e BUChE em
sangue total e soro, respectivamente, de pacientes e controles.

- Determinar parametros bioquimicos, dentre eles, desidrogenase lactica, fosfatase
alcalina, uréia, creatinina, acido Urico, gama glutamil transferase, sédio, potassio,
calcio, magnésio, alanina aminotransferase, aspartato aminotransferase e albumina.
- Relacionar os resultados das atividades enzimaticas e do perfil de estresse
oxidativo com alguns parametros importantes como: escore de Gleason, tratamento

padrdo e a presenca ou auséncia de metastase.
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3. REVISAO DE LITERATURA

3.1. Céancer de préstata

A prostata esté localizada abaixo da bexiga e na frente do reto e sua funcéo é
produzir uma secrec¢do liquida que faz parte do sémen. No homem adulto, a prostata
tem o tamanho aproximado de uma ameixa, pesando cerca de 20 gramas (Figura 1).
O céncer de prostata € notadamente reconhecido como um problema de saude
publica, dado a sua magnitude no quadro de morbimortalidade masculina. A
extensdo do cancer de proéstata € refletida pelas estatisticas publicadas pelo Instituto
Nacional de Céancer (INCA, 2012). No estado do Rio grande do Sul, segundo o
INCA, a taxa de incidéncia estimada para o ano 2012 é de 79 casos para cada
100.000 homens (INCA, 2012). Ainda segundo dados do INCA, no Brasil, apés o
cancer de pele, o de préstata € o que apresenta maior incidéncia, sendo a quarta
causa de morte por neoplasias em homens. Além disso, 0 nimero de casos Novos
diagnosticados de cancer de préstata no mundo € de aproximadamente 543 mil
casos por ano, representando 15,3% de todos os casos incidentes de cancer em
paises desenvolvidos e 4,3 % dos casos em paises em desenvolvimento.

O céancer de préstata tem crescimento lento, e é raro antes dos 50 anos de idade,
sendo que 85% dos casos sdo diagnosticados apds os 65 anos (BRAWLEY et al.,
2009; GREENE et al., 2009). A mortalidade por cancer de prostata € relativamente
baixa, o que em parte reflete seu bom prognéstico em comparagao a outros tipos de
cancer. Nos paises desenvolvidos, a sobrevida média estimada em cinco anos é de
64%, enquanto que para paises em desenvolvimento, a sobrevida média é de 41%
(INCA, 2010). O aumento observado nas taxas de incidéncia no Brasil pode ser
parcialmente justificado pela evolugdo dos métodos diagndsticos, pela melhoria na
qualidade dos sistemas de informacdo do pais e pelo aumento na expectativa de
vida (GONGCALVES et al., 2008). Os principais instrumentos diagnosticos utilizados
para diagnosticar o cancer de prostata incluem o exame digital transretal da
prostata, antigeno prostético especifico (PSA) e a bidpsia por ultrassonografia
transretal (USTR).



26

baxiga —4
relo

T
vesiculas seninal

pénis g b Y Do

o

_f;;Q

testiculo
uredra

prostala

Figura 1: Prostata. Adaptado de www.inca.gov.br

A utilizacdo de exames de rastreamento do cancer de prostata, como o PSA
(antigeno especifico prostético) é cercada por controvérsias na comunidade
cientifica internacional, existindo diferentes recomendac¢fes das sociedades médicas
e agéncias governamentais. Estudos realizados sobre o rastreamento do cancer de
prostata mostraram-se discordantes quanto a eficiacia do procedimento, dividindo a
opinido dos pesquisadores e apontando a necessidade de maior investigacdo sobre
o0 assunto (DJULBEGOVIC et al., 2010; WOLF et al., 2010).

3.2. Sintomatologia

Estudos sobre os sintomas evidenciam que, em geral, os pacientes com
cancer de proéstata tém descoberto a doenca, por acaso, durante exames de rotina
(GONCALVES et al., 2008). No entanto, os sintomas de disfungdo miccional s&o
historicamente mencionados como 0s sintomas mais comumente relacionados a
esta doenca, porém nao estdo especificamente relacionados ao crescimento
benigno ou maligno da glandula (RODHEN e AVERBECK, 2010). Esses sintomas
incluem: polacidria (aumento no numero de miccdes), disuria (dificuldade para
urinar), reducéo da for¢a e calibre do jato urinario, noctdria (necessidade de urinar a
noite), hesitacédo e sensacao de replecédo miccional.

Embora a hemospermia (presenca de sangue no esperma) ndo seja uma

manifestacdo caracteristica do cancer de prostata, a sua ocorréncia em individuos
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acima de 50 anos deve levar o clinico a pensar nesta possibilidade diagnostica (KIM
e GRAYHACK, 2000).

Nos casos de doenca metastética, a dor 6ssea e as fraturas patologicas sao
manifestacbes prevalentes; entretanto, um terco dos pacientes com metastases
0sseas podem estar assintoméaticos no momento do diagnostico (RODHEN e
AVERBECK, 2010).

O comprometimento linfonodal é assintomatico nos estagios precoces da
doenga avangada regional, mas pode apresentar quadros clinicos exuberantes, com
edema da genitalia externa e dos membros inferiores, nos casos mais avancados.
Além disso, sintomas neurologicos sdo observados em 20% dos pacientes com
cancer de prostata. Dores em diferentes sitios, fraqueza, distirbios esfincterianos
urinérios e retais sao clinicamente os achados mais caracteristicos (Rosenthal et al.,
1992). A compressdo medular aguda decorrente do comprometimento metastatico

das vértebras deve ser tratada emergencialmente.

3.3. Fatores derisco

Os fatores de risco para cancer de prostata sdo, na maioria, desconhecidos e
inevitaveis (GOMES et al., 2008). Os dois fatores que apresentam certo consenso
entre as fontes no que se refere ao aumento do risco de desenvolvimento do cancer
de préstata séo a idade e a histéria familiar. A grande maioria dos casos ocorre em
homens com idade superior a 50 anos e naqueles com histéria de pai ou irmdo com
cancer de prostata. De acordo com SROUGI (2011), os riscos aumentam de 2,2
vezes quando um parente de 1° grau (pai ou irmdo) é acometido pelo problema, de
4,9 vezes quando dois parentes de 1° grau séo portadores do tumor e de 10,9 vezes
quando trés parentes de 1° grau tém a doenca.

A incidéncia do cancer de proéstata difere substancialmente entre os grupos
étnicos. Alguns estudos apresentam faixas de riscos alta, intermediéria e baixa para
o desenvolvimento do cancer de préstata, situando-se 0s negros norte-americanos
na primeira, 0s brancos na segunda e os japoneses na terceira faixa (GOMES et al.,
2008). Alguns autores citam a dieta altamente cal6rica e os horménios masculinos
como fatores de risco para o cancer de préstata (EPSTEIN et al., 2005). Além disso,
trabalhos sugerem que o tabagismo, o etilismo e o estilo de vida podem possuir

relagdo com o desenvolvimento do cancer de prostata.
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3.3.1. Idade

O envelhecimento é considerado o fator de risco mais significante para o
desenvolvimento do cancer de prostata (GONCALVES et al., 2008). A incidéncia e a
mortalidade por cancer de prostata estdo fortemente associadas com a idade
(MACEFIELD et al., 2009). A probabilidade de ocorréncia de cancer de prostata em
pacientes com idade inferior a 50 anos é muito baixa, sendo que, cerca de 60% dos
casos de cancer de préstata diagnosticados sdo em homens com mais de 70 anos
de idade.

Com o aumento da expectativa de vida dos homens, as possibilidades de se
ter cncer de prostata podem ser aumentadas. Estima-se que, aos 80 anos, cerca
de 50% dos homens sejam atingidos pelo cancer de prostata. Assim, € importante
considerar que o risco de se desenvolver o cancer de prostata aumenta a medida
qgue o homem envelhece (LOEB e SCHAEFFE, 2009).

3.3.2. Tabagismo

A fumaca do cigarro contém centenas de substancias cancerigenas, dentre
elas o arsénico, polbnio, formaldeido, acroleina, niquel, chumbo e cadmio, que tém
efeitos comprovados em todas as fases de desenvolvimento de cancer (HECHT,
1997). As etapas de iniciagdo, promogao e progressao tumoral tém sido associado
com compostos encontrados na fumaga do tabaco em uma variedade de modelos
experimentais (RODGMAN et al., 2000). A associagdo entre o tabagismo e as
neoplasias de pulméo, bexiga, cabeca e pescoco ja esta descrita em literatura, além
disso, ndo se exclui uma possivel associagdo entre o tabagismo e o céncer de
prostata (FLESHNER, 2003).

H& uma série de mecanismos hipotéticos pelos quais a fumaca de cigarro
pode aumentar o risco de desenvolvimento ou a progressdo do cancer de prostata.
Dentre estes mecanismos pode-se citar os efeitos do tabagismo na fisiologia
hormonal, j& que os hormbnios sexuais desempenham um papel importante na
etiologia e progressdo do cancer de préstata. ENGLISH e colaboradores (2001)
relatam que o tabagismo influencia os niveis de horménios sexuais. Niveis dos

hornénios estrogénio, testosterona e dehidroepiandrostenediona tém se mostrado
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significativamente diferentes entre homens fumantes, ex-fumantes e ndo-fumantes
(HSIEH et al., 1998).

Outro mecanismo que pode ser citado na relagéo entre o cigarro e o cancer é
a mutagdo genética, que é uma caracteristica de todos os canceres. A fumaca do
cigarro contém muitos agentes mutagénicos conhecidos, como o benzopireno por
exemplo, portanto, se considerarmos a fumaca do cigarro como causa de mutag&o
genética associada a iniciagdo ou promoc¢do da doenca, pode existir uma
associacdo entre o uso de tabaco e a incidéncia de cancer de préstata.

Por outro lado, o estresse oxidativo é considerado um mecanismo importante
para a progressao do cancer de prostata (FLESHNER e KLOTZ, 1999). O cigarro é
uma conhecida fonte de espécies reativas que podem causar dano celular se nédo
forem neutralizados pelos antioxidantes. AGARWAL e RAO (2000) demonstraram
que os niveis de antioxidantes importantes, como o licopeno por exemplo, podem
ser reduzidos pelo uso do cigarro. Portanto, é plausivel sugerir que o tabagismo,
através de interacdo com antioxidantes, desempenha um papel importante na

incidéncia e na progresséo da doenga.

3.3.3. Etilismo

O etanol é um conhecido agente cancerigeno e seu consumo € causalmente
associado a diversas neoplasias, incluindo cancer de cabega e pescogo, esdfago e
hepatico (BRESLOW e WEED,1998). Porém, os estudos séo contraditérios quando
relacionam o risco de desenvolvimento de céncer de prostata e o consumo de
bebidas alcodlicas (GONG et al., 2009). Estudos que possam melhor esclarecer a
associacdo do consumo de &lcool com o risco de desenvolvimento do céncer de
prostata sdo importantes, j& que ndo estdo bem estabelecidos quais séo os fatores
de risco modifichveis associados a este tipo de céncer. O &lcool altera o
metabolismo de esterbides sexuais e, assim, teoricamente poderia desempenhar
papel importante no desenvolvimento do cancer de préstata (TAVANI et al., 1994).
Além disso, alguns autores sugerem que o0 consumo excessivo de alcool pode
aumentar o risco relativo de desenvolvimento do cancer de prostata (GONG et al.,
2009; YARNEI et al., 2011).
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3.3.4. Profissao

Estudos sugerem a exposicdo ocupacional, como por exemplo, possiveis
associagbes com a agricultura e com a exposi¢cdo a substancias perigosas, tais
como pesticidas, caddmio e hidrocarbonetos aromaticos policiclicos como fatores de
risco para o desenvolvimento do cancer de prostata (PARENT e SIEMIATYCKI,
2001; RAMIS et al., 2011).

Outros estudos trazem evidéncias de que 0S grupos ocupacionais
potencialmente expostos a pesticidas, que incluem os agricultores e também os
fabricantes de pesticidas podem apresentar riscos elevados de desenvolvimento de
cancer de prostata (PARENT et al.,, 2009). Segundo PARENT et al. (2009) os
agricultores expostos a altos niveis de pesticidas tém um risco duas vezes maior de

desenvolvimento do cancer de prostata comparados aos agricultores ndo expostos.

3.4. Metéastase 6ssea

O céncer de prostata € um tumor de crescimento lento, com progressdo nao
linear. O local mais comum de disseminag@o hematogénica do cancer de prostata é
0 osso (Figura 2) (RIGAUD et al., 2002). A presenca ou ndo de metistase 6ssea a
época do diagnoéstico € um dado fundamental que direciona o tratamento (LEE et al.,
2000). A maioria das morbidades e mortalidade no cancer de prostata avancado
deve-se direta ou indiretamente ao comprometimento 6sseo metastatico, incluindo
dor Ossea, fraturas e a imobilidade (CLARK e TORTI, 2003). A presenca de
metastase 0ssea € sabidamente um fator de mau prognostico. Dos pacientes com
cancer de prostata que desenvolvem metéstase, 50% morrem dentro de 30 meses
(RIGAUD et al.,, 2002). Na autopsia dos pacientes que morreram de céancer
avancado de prOstata, as metdstases 0sseas estavam presentes em 80% a 90% dos
casos (CLARK e TORTI, 2003).
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Figura 2: Mdltiplas lesdes focais de metastase 6ssea. Os pontos escuros representam

metastases 6sseas. Método: Cintilografia 6ssea. Adaptado de ABREU et al., 2005.

3.5. Escore de Gleason

O céancer de prostata € classificado usando o sistema de classificagdo de
Gleason (Figura 3), que € baseado na aparéncia microscépica da arquitetura
glandular da prostata (KIRBY e MADHAVAN, 2010). Segundo CALVETE e
colaboradores (2003), o sistema de Gleason tem sido utilizado para ajudar a prever
a evolucdo e predizer o estagio patolégico, sendo um critério adicional de
prognostico para se estabelecer com precisdo as caracteristicas biologicas das
neoplasias prostaticas. O escore de Gleason é composto pelos dois padrdes mais
comuns de células cancerosas, expressas como numeros de um até cinco. O padréo
celular mais comum é listado primeiro, em seguida lista-se o segundo tipo celular

mais comum, a soma obtida é o valor da escala de Gleason final. Este sistema é



32

muito utilizado e seu resultado é dado por uma escala que varia de 2 a 10. Os
tumores de graus 2 e 4 compreendem as lesbes diferenciadas; ja os de graus 5 e 6
incluem as les6es moderadamente diferenciadas; e, por ultimo, os de graus de 7 a
10 relacionam-se as lesdes indiferenciadas. Sabe-se que lesbes com escore de
Gleason 2-4 tém um comportamento mais indolente e as de escore 7-10 séo

agressivos, respondendo mal as diferentes opcdes de tratamento.

Estrutura préxima da
normal

Grau Intermediario Tumor agressivo

Courtesy of ABPI]

Figura 3: Escala de Gleason. Adaptado de http://www.taringa.net/posts/info/5609275/Escala-de-

Gleason---Cancer-de-prostata.html

3.6. Tratamento

De acordo com CALVETE et al. (2003), as decisdes acerca do tratamento do
cancer de prostata compreendem muitos fatores. Quatro consideracbes sé&o
especialmente importantes para selecionar a op¢ao de tratamento: o estagio do
cancer (disseminacdo da doenca), o grau ou Escore de Gleason, a idade e as
escolhas do paciente (FAGUNDES et al., 2002).
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3.6.1. Doenca localizada:

As trés opcbes geralmente aceitas para tratamento do céncer de prostata
localizado s@o a prostatectomia radical (procedimento cirdrgico em que toda a
prostata e os tecidos adjacentes sdo removidos), a radioterapia (tratamento local
com um feixe de radiagdo direcionado) e a expectativa cuidadosa (ndo é realizado
nenhum tratamento ativo). As diferentes modalidades utilizadas para o tratamento do
cancer de prostata localizado segundo dados do CAPSURE (Cancer of the Prostate
Strategic Urologic Research Endeavor) apresentam 0s seguintes percentuais:
prostatectomia radical (51,6%), sementes de radiagdo implantadas na prostata, ou
braquiterapia (21,7%), radioterapia externa (6,8%), observagao (7,9%) e outros
(12%). A conduta deve ser individualizada, em virtude dos efeitos deletérios
associados a cirurgia e a radioterapia (externa e braquiterapia), custos e preferéncia
do paciente (RODHEN e AVERBECK, 2010).

Apesar dos recentes estudos e melhorias nestes tratamentos, uma grande
propor¢cdo de pacientes com doenca localizada apresenta falha na terapia local e
desenvolve doenca metastatica (ANDERSON e STERNBERG, 2008).

3.6.2. Doenca metastatica:

No caso de cancer metastatico, a terapia enddcrina ou hormonoterapia € o
tratamento mais indicado (KALIKS e GIGLIO, 2008). Nesta terapia sdo empregados
varios medicamentos a base de hormbnios (estrégenos, analogos do horménio
liberador do horménio luteinizante e antiandrégenos), que impedem a producgédo de
testosterona ou blogqueiam as suas a¢des na prostata (TONON e SCHOFFEN,
2009). A orquiectomia ou retirada cirargica dos testiculos, também é utilizada como
hormonoterapia, ja que elimina os 6rgédos que produzem o hormdnio masculino, este
apontado como principal responsavel pelo crescimento do tumor (SHAHI e MANGA,
2006).

Muitas questdes permanecem duvidosas em relacdo a estratégia de
tratamento ideal para a doencga localizada e para o cancer metastatico. Com relagéo
ao tratamento quimioterapico, diversos esquemas tém sido utilizados em tumores

avancados ou metastaticos da prostata, porém, os resultados ndo sdo animadores.
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A utilizacdo de apenas uma droga ou a associacdo de varias drogas vem sendo
proposta, entretanto, até o momento ndo se pode concluir quanto sua eficacia
(WROCLAWSKI et al., 2003, NELIUS et al., 2011).

O tratamento hormonal para o cancer de prostata metastatico, ou privagdo
androgénica do cancer avangado de prostata € um tratamento paliativo, que melhora
a expectativa e a qualidade de vida, mas néo cura. Além disso, hd um percentual de
pacientes que, eventualmente, tornam-se refratarios a terapia hormonal
(HEIDENREICH et al., 2011).

3.6.2.1. Acetato de Goserelina

A testosterona tem muitas fungdes complexas, uma delas € influenciar,
atravées de produto derivado conhecido como dihidrotestosterona (DHT), o
crescimento do tecido prostatico, incluindo o cancer (FAGUNDES et al., 2002). A
producdo de testosterona no testiculo é regulada pela hipofise, através da liberacao
do horménio luteinizante (LH). A utilizacdo de estrégenos inibe em nivel hipotalamico
e hipofisario a liberacdo de LH e, consequentemente, reduz os valores séricos da
testosterona a niveis de castragdo (TONON e SCHOFFEN, 2009). Além da inibicao
da producdo de testosterona, os estrogenos em doses elevadas tém uma acao
citotoxica direta sobre as células prostaticas (SROUGI e SIMON, 1996).

Os medicamentos denominados anélogos do horménio liberador do horménio
luteinizante (LHRH), representados pelo acetato de goserelina, impedem a formagao
de testosterona no testiculo, travando ou retardando o crescimento do cancer de
prostata (SBU, 2011). A terapia com analogo do LHRH consiste na administragéo de
uma droga denominada agonista do receptor do LHRH; este conduzindo a uma
queda no nivel de testosterona. Sdo administrados como inje¢do subcutanea mensal
(dep6sito ou depot), para ser liberado no periodo de 28 dias.

A administragdo de um anélogo do LHRH produz um resultado tdo bom
quanto a remocéo dos testiculos, porém ndo envolve cirurgia. Esta classe de drogas
pode oferecer uma alternativa para o paciente que ndo pode, ou opta por ndo
realizar uma orquiectomia ou receber a terapia estrogénica (SCHELLHAMMER et
al., 1997).
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3.6.2.2. Acetato de Ciproterona

Outro tipo de hormonoterapia utilizada no combate ao cancer de prostata é a
administragdo de drogas denominadas antiandrogénicas (representados pelo
acetato de ciproterona), que blogueiam os receptores da testosterona ao nivel da
prostata, impedindo, assim, a acdo do horménio masculino. Portanto, ndo atuam
através da suspenséo da produgdo de testosterona, mas impedindo a interacéo da
dihidrotestosterona (derivado da testosterona) com as células cancerosas. Segundo
MOTTET et al. (2011), a terapia com antiandrogénicos resultou em uma taxa de
sobrevivéncia pior quando comparada a terapia com goserelina. Os resultados
obtidos com os antiandrogénicos tem se mostrado conflitantes, portanto, esses
agentes ndo tém sido muito utilizados como monoterapia no tratamento do cancer
de prostata (MOTTET et al.,, 2011). Os antiandrogénicos quando usados em
monoterapia podem preservar a libido e a poténcia sexual, sendo estas, as razbes

mais importantes para o uso isolado destes agentes.

3.7. Dosagens bioguimicas

Véarias dosagens bioquimicas (lactato desidrogenase, dosagens para avaliagdo
de funcdo hepética e renal, equilibrio eletrolitico e albumina) tém sido propostas
como importantes para o prognoéstico do céncer de prostata e devem ser
monitoradas e avaliadas em pacientes com esta patologia.

A insuficiéncia renal aguda pode ser uma das muitas complicagdes associadas a
malignidade (GIVENS et al., 2010) e o acompanhamento dos niveis de uréia, &cido
arico e creatinina sdo importantes em pacientes com cancer. Da mesma forma, a
funcdo hepatica pode ser alterada no cancer e a dosagem de testes de fungéo
hepatica, como, aspartato aminotransferase (AST), alanina aminotransferase (ALT),
fosfatase alcalina (FAL) e gama-glutamiltransferase (GGT) se faz necessaria. Além
disso, evidéncias mostram que a GGT pode ser considerada um indicador do risco
de cancer (TARGHER et al., 2010) e a FAL sérica total reflete a atividade
osteoblastica e a tendéncia é estar mais elevada em pacientes com volume maior ou

doenga Gssea metastatica agressiva (SONPAVDE et al., 2010).
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Niveis elevados de lactato desidrogenase (LDH) foram relatados como um fator
progndéstico negativo para a sobrevida no céncer de préstata (SMALETZ et al.,
2002). Por outro lado, o desequilibrio eletrolitico pode ser induzido em pacientes
com cancer por varios fatores. Assim, é importante verificar os niveis de ions no soro
destes pacientes. Finalmente, as associagoes entre as concentragdes de albumina e
mortalidade tém sido amplamente relatadas em pacientes com vérias doengas,

incluindo o cancer (LIS et al., 2003).

3.8. Estresse oxidativo

O estresse oxidativo € definido como um desequilibrio entre a produgéo de
radicais livres, também conhecidos como oxidantes ou espécies reativas de oxigénio
(EROs) e a sua eliminagdo por meio de mecanismos de protegéo, definidos como
antioxidantes (REUTER et al.,, 2010). Este desequilibrio leva a danos as
biomoléculas importantes para a célula, com potencial impacto sobre o organismo
(Figura 4) (DURACKOVA, 2010). As EROs séo produtos do metabolismo celular
normal e desempenham papel importante na estimulagédo das vias de sinalizagéo
nas células, em resposta a mudancas intra e extracelulares e a condi¢des
ambientais. A maioria das EROs sdo geradas nas células nas reacfes enddgenas
da cadeia respiratéria mitocondrial (POYTON et al., 2009). EROs como, por
exemplo, o &nion superéxido (Oy), perdxido de hidrogénio (H,0,), radical hidroxila
(OH") e peréxidos organicos sdo produtos da redugdo das moléculas de oxigénio na
cadeia respiratéria mitocondrial. As proteinas e os lipidios sdo alvos significativos
para o dano oxidativo e modifica¢cdes nestas moléculas podem aumentar o risco de
mutagénese (SCHRAUFSTATTER et al., 1988).
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Figura 4 - Dano oxidativo a macromoléculas biolégicas. Adaptado de TORRES, 2003.

3.8.1. Indicadores de dano oxidativo

3.8.1.1. Lipoperoxidacéo

Os &cidos graxos poliinsaturados, contendo duas ou mais duplas ligacdes,
sdo facilmente oxidados pelas EROs formando radicais peroxil lipidicos e
hidroperoxidos lipidios, um processo chamado de peroxidagao lipidica. Uma vez que
0 processo de peroxidacao lipidica € iniciado, ele prossegue como uma reacao em
cadeia mediada pelos radiais livres envolvendo as etapas de iniciagdo, propagacao
e terminagdo (GAGO-DOMINGUEZ et al., 2005).

Um dos mais conhecidos produtos da lipoperoxidacdo é o malondialdeido
(MDA), o qual é o produto final da degradagdo ndo enzimatica de acidos graxos
poliinsaturados (VALKO et al., 2006; VALKO et al., 2007). Altos niveis de MDA
elevam a formacd@o de lipoperoxidos e indicam um aumento da lipoperoxidacao
(KASHYAP et al., 2005).

3.8.1.2. Oxidacao Protéica

As proteinas sdo moléculas bioldgicas alvos para a modificagdo oxidativa e

danos causados pelas EROs. A exposi¢cao das proteinas ao ataque dos radicais
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livres resulta em multiplas modificagbes nestas moléculas. As modificacdes nas
proteinas incluem a oxidacdo dos grupos das cadeias laterais de aminoacidos,
fragmentacdo, modificagbes na hidrofobicidade e na conformacdo e formagéao de
Novos grupos reativos (como os grupos carbonil). Estes processos podem resultar
na perda da estrutura ou atividade enzimética das proteinas (HAWKINS e DAVIES,
2001). Portanto, os danos oxidativo as proteinas provocados pelas EROs podem ter
consequéncias biolégicas significativas (KLAUNIG et al., 2011). A carbonilacdo
protéica parece ser um fendbmeno comum durante a oxidagdo, e sua quantificacdo
pode ser usada para medir a extensdo do dano oxidativo (DONNE et al., 2003), ja

que é um marcador estavel de oxidagdo protéica.

3.8.2. Defesas Antioxidantes

O sistema de defesa antioxidante tem a fungéo de inibir e/ou reduzir os danos
causados pela acdo deletéria dos radicais livres ou das espécies reativas néo-
radicais (BARBOSA et al., 2010). Tais agdes podem ser alcangadas por meio de
diferentes mecanismos de acdo: impedindo a formagdo dos radicais livres ou
espécies ndo-radicais (sistemas de prevencdo), impedindo a acdo dessas espécies
(sistemas varredores) ou, ainda, favorecendo o reparo e a reconstituicAo das
estruturas biolégicas lesadas (sistemas de reparo) (CLARKSON e THOMPSON,

2000). Usualmente, esse sistema é dividido em enzimético e ndo-enzimatico.

3.8.2.1. Antioxidantes Enziméticos

O sistema de defesa enzimatico inclui as enzimas Superdxido Dismutase
(SOD), Catalase (CAT) e Glutationa Peroxidase (GPx). As enzimas que atuam na
detoxificagdo das espécies reativas agem em um mecanismo de elevada sincronia e
atuam de forma altamente cooperativa. A SOD catalisa a dismutagdo do &nion
radical superdxido (O2) a perdxido de hidrogénio (H.0,) e O, a CAT atua na
decomposicao de H,O, a O, e H,O e a GPx atua sobre perdxidos em geral, com
utilizac&o de glutationa como co-fator (Figura 5) (LEOPOLD e LOSCALZO, 2009).
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Um dos mais eficazes antioxidantes enzimaticos intracelular € a enzima
superoxido dismutase (EC 1.15.1.1). Embora esta enzima tenha sido isolada em
1939, foi somente em 1969 que MCCORD E FRIDOVICH comprovaram a sua
atividade antioxidante. A SOD existe em varias isoformas, em humanos, existem trés
formas: citosdlica (Cu, Zn-SOD), mitocondrial (Mn-SOD) e extracelular (SOD-CE).

Outro antioxidante enzimatico importante é a CAT que esta localizada em
uma organela celular chamada de peroxissomo. A enzima promove de forma muito
eficiente a conversdo de peréxido de hidrogénio a agua e oxigénio molecular. A
capacidade da CAT de degradar o peroxido de hidrogénio se mostrou diminuida

em uma variedade de tumores (VALKO et al., 2006).

ANTIOXIDANTES ENZIMATICOS
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Figura 5 - Antioxidantes enzimaticos. Adaptado de http://www.institutobiologico.com/

seminarios/stop%?20al%20envejecimiento.htm.

3.8.2.2. Antioxidantes ndo — enzimaticos

Além das defesas antioxidantes enzimaticas, possuem grande relevancia os
antioxidantes ndo enzimaticos. O organismo possui a capacidade de produzir
compostos que apresentam grande capacidade de defesa antioxidante, direta ou
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indireta, atuando a fim de manter o estado de equilibrio celular (HALLIWELL e
GUTTERIDGE, 2000). Além disso, alguns compostos ingeridos na alimentacdo
também atuam como antioxidantes. Entre os antioxidantes ndo enziméticos podem-
se citar as vitaminas, compostos fendlicos e os compostos de baixo peso molecular,
como os tidis ndo protéicos.

A glutationa reduzida (GSH) est4 presente na maioria das células, é o tiol
mais abundante no meio intracelular e sua capacidade redutora é determinada pelo
grupamento —SH presente na cisteina. A GSH, que constitui um importante sistema
de protecdo endbdgena, € um tripeptideo formado a partir dos residuos dos
aminoacidos glicina, glutamato e cisteina (RUBER e ALMEIDA, 2008).

A vitamina C ou acido ascérbico é uma vitamina hidrossolavel e antioxidante
que reage diretamente com o oxigénio simples, radical hidroxila e radical superoxido.
Além disso, coopera com a vitamina E na medida em que a regenera. A vitamina C
tem papel importante na manutencédo do tecido normal epitelial e na regeneragéo da
epiderme, além de ter a funcdo de evitar a formag&o de carcinégenos a partir de
compostos precursores, podendo inibir a carcinogénese pelos seguintes
mecanismos: alteracdo da estrutura do carcindégeno, inibigdo competitiva e
prevencdo de acesso do carcindgeno ao tecido-alvo por estabilidade crescente da
membrana (ANTHONY e SCHORAH, 1992). Tem sido constatado em pesquisas que
véarios grupos de pacientes com cancer tém deficiéncia de vitamina C (SAMPAIO e
ALMEIDA, 2009).

A familia de vitaminas lipossoliveis E & composta pelos tocoferois (alfa, beta,
gama, os deltatocoferéis) e os tocotriendis, todos com provavel atividade
antioxidante. Essa fungdo exercida por meio da inibicdo da peroxidacdo lipidica
protege a integridade das membranas biol6gicas. A vitamina E é outro antioxidante
de grande importancia, e sua forma mais ativa biologicamente € o alfa-tocoferol. Sua
funcdo como antioxidante é proteger os tecidos adiposos do ataque de radicais
livres, como por exemplo, a formacao de radicais perdxidos a partir de acidos graxos
poliinsaturados nas membranas fosfolipidicas. Cabe ressaltar que a vitamina E tem
sido citada como agente de prevengdo para o cancer de prostata (BARDIA et al.,
2009).
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3.8.3. Estresse oxidativo versus cancer de préstata

O céancer de préstata possui uma etiologia complexa, sendo que fatores
genéticos e ambientais contribuem para o aumento do risco de desenvolvimento da
doenca (HSING e CHOKKALINGAM, 2006; MINELLI et al., 2009). Entre os fatores
ambientais, o estresse oxidativo tem recebido atengdo como um fator que contribui
para a patogénese do cancer de prostata, principalmente nos fendétipos de doenca
mais agressiva (KHANDRIKA et al., 2009)

As células prostaticas devem manter um equilibrio entre a geragdo de EROs e
as defesas antioxidantes. Um aumento na produgéo de EROs ou uma diminuigéo na
capacidade antioxidante pode perturbar este equilibrio e atuar na promogéo da
carcinogénese prostatica (VALKO et al., 2006; KHANDRIKA et al., 2009).

Estudos revelam a associacéo inversa entre a ingestao de alimentos ricos em
antioxidantes, como vitamina C, E, licopeno, entre outros e o risco de desenvolver o
cancer de prostata (KIRSH et al.,, 2006). Portanto, fatores ambientais como, por
exemplo, a dieta, inflamacéo, envelhecimento e desequilibrio redox sdo possiveis
mecanismos que contribuem para o aumento da geracdo de EROs. Este aumento
de EROs pode estimular a proliferagédo celular, causar muta¢cdes sométicas no DNA
e promover a instabilidade genética, senescéncia e, além disso, em células de
cancer pode causar aumento da angiogénese e motilidade (KHANDRIKA et al.,
2009).

3.9. Plaguetas

3.9.1. Estrutura

As plaquetas séo fragmentos citoplasmaticos envolvidos por membranas e
destituidos de nucleo (Figura 6), estdo presentes no sangue e s&o produzidos a
partir de megacariécitos na medula 6ssea (CASTRO et al., 2006). Medem de 1 a 3
pm de didmetro e contém finos granulos dispersos no citoplasma, ou concentrados
no centro (BAIN, 2007). Morfologicamente, considerando o tamanho, densidade e

coloragéo, apresentam marcada heterogeneidade (EYRE e GAMLIN, 2010).
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As plaquetas possuem uma estrutura discéide complexa, apesar de
parecerem ter aparéncia simples no esfregaco de sangue periférico (ANDREWS e
BERNDT, 2004). Possuem estrutura interna dividida em quatro zonas: A zona
periférica que inclui as membranas externa e interna e € onde se encontram 0s
fosfolipidios de membrana; a zona sol-gel que é composta por citoesqueleto e pelo
sistema contratil; a zona de organelas que consiste de granulos alfa, granulos
densos e componentes celulares e o sistema membranar que inclui o sistema

tubular denso onde se concentra o calcio (HARTWIG, 2002).

Microtubulos Microttbulos

Membrana plasmética

Sistema tubular denso Granulos delta

Mitocondrias

Granulos alfa

Figura 6 - Representacdo de uma célula plaquetaria. Adaptado de LORENZI et al., 2003

3.9.2. Hemostasia e Agregacao Plaquetéria

A hemostasia € um processo fisioldgico que tem como objetivo manter o
sangue em estado fluido dentro dos vasos sanguineos, sem que haja hemorragia ou
trombose. A principal funcdo das plaquetas € manter a hemostasia, na qual elas
desempenham atividade mecéanica e bioquimica.

Para que ocorra a coagulacéo, é fundamental que haja ativacdo plaquetaria,
que acontece como resposta ao dano vascular e/ou estimulo quimico (pela trombina,
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ADP, tromboxano A2 ou epinefrina). A adesdo plaquetaria resulta da ligagdo do
complexo de superficie glicoproteina (Gp) Ib/Gp IX (Gplb/IX) (presente nas
plaquetas) ao fator von Willebrand (FVW), presente no subendotélio vascular. O
passo seguinte, a agregac¢ao plaquetaria, é resultante da liberagédo de granulos pelas
plaguetas, tais como ADP e tromboxano A2, que ativam e recrutam outras plaguetas
para o sitio de lesdo. As plaguetas ativadas expressam, em sua superficie, o
complexo plaquetario llb/llla (GPlIb/llla), que se liga ao fibrinogénio circulante,
mediando a formag&o do tampéao plaquetario (MANN, 1999). A adesé&o e a ativacao
plaquetaria sdo seguidas pela agregacdo plaquetéaria, levando a formacdo de um
trombo rico em fibrinogénio no local da lesédo. A agregacdo plaquetéria € um
complexo e dinadmico processo que envolve muitos ligantes (tais como fibrinogénio,
fibronectina e FVW), receptores (como GPIlba e allbf3) e plaquetas em diferentes
estados de ativagdo (BROOS et al., 2011).

3.9.3. Agregacéo plaquetaria e o cancer

Desordens tromboemboliticas sdo complicagbes bem conhecidas nos
pacientes com cancer (CAMPELLO et al., 2011). Armand Trousseau (1801-1867) foi
0 primeiro a mostrar a relacdo entre cancer e trombose, através da observagéo do
aparecimento de trombose venosa em pacientes com suspeita de neoplasia. No
entanto, devido a deficiéncia de métodos diagndsticos eficazes na época, essa
observacgé&o ndo pode ser comprovada.

Segundo SABRKHANY (2011) além de estarem envolvidas no processo de
hemostasia, as plaquetas também desempenham importante papel em doencas
malignas. N&o é incomum os pacientes com cancer desenvolverem alteracdes de
coagulagdo, nas quais o funcionamento das plaquetas pode estar alterado,
sugerindo o envolvimento das plaquetas no desenvolvimento e no crescimento do
tumor. A angiogénese, que é o processo de crescimento de novos vasos sanguineos
a partir de vasos pré-existentes, é imprescindivel para o crescimento do tumor. As
plaquetas contém vérias moléculas pré e antiangiogénicas, além disso, as células do
tumor séo fenotipicamente e funcionalmente diferentes das células endoteliais do
tecido saudavel, estimulando a ades&o plaquetaria local e a subsequente ativacéo.

TESSELAAR e colaboradores (2007) mostram que pacientes com cancer possuem
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risco aumentado de eventos tromboembdlicos, tais como: tromboembolismo venoso,

incluindo trombose venosa profunda e embolia pulmonar.

3.10.Nucleosideos e nucleotideos de adenina

Os nucleosideos sdo moléculas resultantes da unidao de uma base purica ou
pirimidica a um agucar pentose. Exemplos de nucleosideos séo a citidina, uridina,
adenosina, timidina, guanosina e inosina (ATKINSON et al., 2006). Os nucleosideos
séo fosforilados por quinases especificas na célula, produzindo os nucleotideos. Os
nucleotideos extracelulares de adenina, adenosina trifosfato (ATP), adenosina
difosfato (ADP), adenosina monofosfato (AMP) e o nucleosideo adenosina, modulam
uma variedade de efeitos teciduais, que incluem o fluxo sanguineo, a inflamacéo, a
secrecdo, o tonus vascular e a fungdo plaquetaria (BURNSTOCK, 2002). Além
disso, desempenham papéis importantes como moléculas carregadoras de energia
celular e como segundo mensageiros intracelulares.

Os nucleosideos e nucleotideos exercem um papel de moléculas
sinalizadoras extracelulares em varios tecidos, através dos receptores purinérgicos
(BURNSTOCK e KNIGHT, 2004). A hip6tese de um "sistema purinérgico de
sinalizacdo", usando nucleotideos e nucleosideos extracelulares como mediadores,
foi pela primeira vez desenvolvido em estudos da neurotransmisséo por
BURNSTOCK e KNIGHT (2004). Os nucleotideos séo liberados no meio extracelular
através de mecanismos como, por exemplo, a lise celular que ocorre frente a injuria
celular. Também podem ser liberados por vesiculas tais como os granulos densos
das plaguetas, que liberam o ATP e o ADP. A molécula de adenosina também pode
ser liberada no meio extracelular como resultado da degradagéo do ATP e do ADP
por enzimas especificas (YEGUTKIN, 2008).

A adenosina é produzida principalmente pela desfosforilagdo do AMP
catalisada pela 5-nucleotidase. Véarios estudos sugerem a participacdo da
adenosina no desenvolvimento do cancer (SPYCHALA, 2000). Devido ao seu rapido
crescimento, os tumores sélidos rotineiramente, estdo em um ambiente de hipdxia e
necrose, o que leva a degradacdo de nucleotideos da adenina e a liberacdo de
adenosina (SPICHALA, 2000). A adenosina liberada pode exercer uma ampla gama

de efeitos, como por exemplo, protecdo contra a isquemia, a estimulagdo do
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crescimento e da angiogénese e a supressao de respostas imunes, proporcionando

o ambiente favoravel para o acelerado crescimento do tumor.

3.11.Receptores purinérgicos

Os nucleotideos, uma vez presentes no meio extracelular, desempenham
suas acdes pela ligacdo a tipos especificos de receptores localizados na superficie
de varios tipos de células (YEGUTKIN, 2008). Os nucleotideos e nucleosideos da
adenina, que sdo moléculas sinalizadoras, medeiam seus efeitos por interacdes com
diferentes receptores de superficie celular denominados purinoreceptores (Figura 7).
Existem duas principais familias de purinoreceptores, os receptores de adenosina ou
do tipo P1, e os receptores do tipo P2, que reconhecem principalmente o ATP e o
UTP e seus analogos difosfonados. Os receptores P1 respondem principalmente a
adenosina e sao divididos em quatro subtipos Al, A2a, A2b, A3, todos acoplados a
proteina G, e classificados desta forma com base em evidéncias moleculares,

bioquimicas e farmacoldgicas.

&LUJI.F) Tt I?) $heecree E) U A@l]@
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Figura 7: Vias de sinalizacéo purinérgica — receptores. Adaptado de YEGUTKIN, 2008
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3.12.Enzimas que degradam nucleotideos e nucleosideos

Os eventos induzidos pelos nucleotideos extracelulares séo regulados pela
acao das ectonucleotidases, que sao importantes moduladores da transmisséo da
sinalizagdo purinérgica. As ectonucleotidases sdo enzimas que atuam em conjunto,
formando uma cadeia enzimética e hidrolisando os nucleotideos extracelulares aos
seus respectivos nucleosideos (SCHETINGER et al., 2007). Na ultima década,
vérias ectonucleotidases foram descobertas e caracterizadas (ROBSON et al.,
2006). Dentre estas enzimas podem-se destacar as ENTPDases (Ecto-Nucleosideo
Trifosfato Difosfoidrolase), a familia das E-NPPs (Ecto-Nucleotideo Pirofosfatase/
Fosfodiesterases), 5’-nucleotidase e a adenosina deaminase (ADA) (Figura 8)
(ROBSON et al., 2006; YEGUTKIN, 2008). A cadeia enzimatica se inicia com a a¢ao
da E-NTPDase e da E-NPP, as quais catalisam a hidrélise do ATP e do ADP
formando AMP (ZIMMERMANN, 2000). A seguir a enzima 5’-nucleotidase hidrolisa a
molécula de AMP formando adenosina, a qual posteriormente € degradada pela
acao da ADA gerando inosina (YEGUTKIN, 2008).

D 3 4 5
AP ADP AMP = Ade = Ihe = Ryp

1. E-NPP ATP - AMP + PP;

2. E-NTPDase ATP - ADP + P;; ADP = AMP + P;
3. Ecto-5’-nucleotidase AMP - adenosine + P;

4. Adenosine deaminase  Adenosine = Inosine

5. PNP Inosine = hypoxanthine

Figura 8 - Enzimas envolvidas na degradacédo extracelular de nucleotideos e nucleosideos da
adenina. Adaptado de Yegutkin, 2008.
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3.12.1. NTPDase

As NTPDases sdo um grupo de enzimas glicosiladas extracelulares que
catalisam a hidrélise do fosfato terminal dos nucleosideos trifosfato (por exemplo,
ATP e UTP) e difosfatos (ADP e UDP). As NTPDases precisam de um meio com pH
alcalino e que contenha concentracdes milimolares de Ca** e Mg®" na auséncia
destes cations as NTPDases ndo apresentam atividade.

Ao menos oito diferentes membros da familia de E-NTPDases, com
propriedades enzimaticas distintas, foram descobertos e estudados nos ultimos anos
(Figura 9) (ROBSON et al., 2006; SCHETINGER et al., 2007). As NTPDases 1, 2,3 e
8 estdo ligadas a membrana plasmaética e possuem um dominio extracelular (Figura
10) (ELIANHU et al.,, 2010). A NTPDase 1 (CD39/ATPDase/ectoapyrase /ecto-
ADPase) hidrolisa ATP e ADP igualmente bem e na proporgédo de 1/1, enquanto a
NTPDase 2 (ecto-ATPase/CD39L1) hidrolisa preferencialmente o ATP. Ambas
NTPDase 3 (CD39L3/HB6) e NTPDase 8 sdo intermediarias e funcionais entre a
NTPDase 1 e a NTPDase 2 mostrando preferéncia pelo ATP sobre o ADP
(KUKULSKI et al., 2005). As NTPDases 4-7 estdo associadas principalmente com
organelas intracelulares. O AMP, produto da atividade da NTPDase, € hidrolisado
pela ecto-5’-nucleotidase (CD73), liberando a adenosina.

NTPDases m%}

{NTP> NDF) }, 3 h maﬂ;g:
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NTPDased
m (UDP > GOP = COP)

NTPDaseb
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NTPDaseT

UTPGTROTR)

Figura 9 - Membros da Familia das NTPDases. Adaptado de ROBSON et al., 2006
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As NTPDases estdo envolvidas em uma série de processos fisioldgicos e
patolégicos em wuma multiplicidade de tecidos. De um modo geral, as
ectonucleotidases limitam o efeito de ATP nos receptores P2. Além disso, possuem
grande importancia na sintese de adenosina. A adenosina produzida pela 5'-
nucleotidase pode atuar em quatro tipos diferentes de receptores P1 (Al, A2A, A2B
e A3).

E-NTPDases
CcCOOH
A
g “coon NH.
NTPDase1 NTPDase5
NTPDasez2 MNTPDase6
NTPDase3
NTPDase4

Figura 10 - Topografia de membrana de ectonucleotidases. Adaptado de ZIMMERMANN,
2001.

3.12.2.  Ecto-Nucleotideo Pirofosfatase/Fosfodiesterase (E-NPP)

A familia de E-NPP €& composta por sete enzimas estruturalmente
relacionadas que estéo localizadas na superficie das células e sdo expressas como
proteinas transmembranas ou enzimas secretoras (BUFFON et al., 2010). Estas
enzimas estdo envolvidas numa grande variedade de atividades biol6gicas, que
incluem: a formag¢é@o dos ossos, a motilidade celular, as metéstases tumorais e a
resisténcia a insulina em diabetes do tipo Il (GODING et al., 2003; STEFAN et al.,
2006). Estas proteinas hidrolisam ligacdes pirofosfato ou fosfodiéster das moléculas,
tais como nucleotideos e dinucleotideos (NPP1-3), fosfolipidios e nucleotideos

(NPP2), e os ésteres de colina (NPP6 e NPP7). Relata-se também a existéncia das
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NPPs 4 e 5, porém pouco se sabe sobre sua atividade catalitica (GODING et al.,
2003). As E-NPP hidrolisam uma ampla gama de substratos, tais como UDP-
galactose, + NAD, AMPc, ATP e ADP (STEFAN et al., 2005, 2006).

Devido ao fato de seu sitio catalitico ser voltado para o meio extracelular essa
familia de enzimas é denominada ecto-NPPs (E-NPPs) e funcionam, in vitro, em pH
alcalino entre 8.5-8.9 (GODING, 2000). A porcdo extracelular contém ainda um
residuo de treonina que é transitoriamente adenilado e/ou fosforilado durante o
mecanismo catalitico (MALDONADO, 2008).

A catalise realizada pelas E-NPP afeta processos importantes, tais como a
proliferagdo celular, motilidade celular e angiogénese (STEFAN et al. 2005).
Evidéncias apontam o envolvimento da NPP2 na progressdo do cancer. A NPP2 é
secretada por células tumorais de varios tipos, incluindo pele, pulmdes e as células
de cancer de mama. Além disso, em reacdo acoplada com a 5'-nucleotidase, a
NPP2 tem o potencial de hidrolisar ATP a adenosina, que é um importante fator de
crescimento tumoral (STEFAN et al. 2006).

3.12.3. Ecto 5'- nucleotidase

A enzima ecto-5-nucleotidase (E.C. 3.1.3.5, Ecto-5-NT) desfosforila
nucleotideos monofosfatados nédo ciclicos (ZIMERMANN, 2000), através da hidrélise
da ligacdo fosfodiester de 5’-ribonucleotideos, levando a formagdo do
correspondente ribonucleosideo e fosfato. A principal fungdo em animais € a
hidrélise de AMP até adenosina (ZIMMERMANN, 2000). Esta atividade enzimatica é
dependente de cations divalentes, como calcio e magnésio. A ecto-5"-nucleotidase é
uma enzima ancorada & membrana plasmética por glicosil-fosfatidil inositol (GPI),
sendo que formas solUveis da enzima podem ser originadas mediante a acao de
uma fosfolipase especifica (ZIMMERMANN et al., 1993).

Vérios tipos desta enzima tém sido descritos, ao todo sdo sete subtipos
isolados e caracterizados em humanos, com localizagdo subcelular variada, sendo 5
delas localizadas no citosol, uma na matriz mitocondrial e uma anexada a membrana
plasmética externa. Enquanto essas enzimas compartiham a habilidade em

hidrolisar 5’- nucleosideos monofosfatos e se sobrepbem na especificidade ao
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substrato, elas variam na afinidade por 5’- monofosfatos (HUNSUCKER et al., 2005).
A Ecto 5-NT produz a adenosina extracelularmente e é uma enzima presente e
expressa em muitos tecidos e em diferentes niveis, variando muito a sua atividade e

concentracdo em fibroblastos e em alguns carcinomas.

3.12.4.  Adenosina Deaminase (ADA)

A ADA é uma importante enzima que catalisa a desaminacéo irreversivel da
adenosina e 2'-desoxiadenosina em inosina e 2'-desoxinosina respectivamente
(Figura 11). E uma enzima amplamente expressa no intestino, timo, bago e outros
tecidos linféides e néo linféides (SPYCHALA, 2000) possuindo fun¢des importantes
na imunidade celular. Em humanos a ADA existe na forma de duas isoenzimas
classificadas como: ADA1l e ADA2 (SHAROYAN et al.,, 2006). A ADAl1 é uma
proteina monémera encontrada em todo o organismo, que esta localizada no citosol
e possui massa molecular de aproximadamente 40 kDa. A ADAL pode ser expressa
como uma ectoenzima na superficie de linfécitos (FRANCO et al., 1998) e células
dendriticas (DESROSIERS et al., 2007).

Por outro lado, a ADA2 apresenta diferengas tanto estruturais quanto
cinéticas. Possui massa molecular de aproximadamente 100 kDa e representa a
menor parte da atividade da ADA em tecidos, sendo abundante no plasma. Além
disso, a ADA2 tem menor afinidade para a adenosina e menor atividade catalitica
com a deoxiadenosina que a ADAL(IWAKI-EGAWA et al., 2006).
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Figura 11 - Catabolismo dos nucleotideos da adenina e geragdo de adenosina. Adaptado de
SPYCHALA, 2000.
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A diminuicdo na atividade da ADA foi relacionada com varios distarbios
imunolégicos e imunoproliferativos (HERSHFIELD e MITCHELL, 1995). A ADA tem
sido considerada um marcador de malignidade e a diminuigcdo da sua atividade tem

sido observada em vérios carcinomas, incluindo o cancer de célon (BALIS, 1985).

3.13.Enzimas que degradam ésteres de colina

3.13.1.  Acetilcolina (ACh)

A acetilcolina (ACh) (Figura 12) € um mediador quimico de sinapses no
sistema nervoso central (SNC), no sistema nervoso periférico (SNP) e também na
juncdo neuromuscular. A ACh, seus receptores e as enzimas responsaveis por sua
sintese e degradacao constituem o sistema de neurotransmisséo colinérgica. A ACh
foi descoberta por Henry Dale em 1914 e a sua fungédo como neurotransmissora foi
confirmada em 1921 por Otto Loewi. O ciclo vital de sintese, armazenamento e
liberag@o da ACh é similar em todas as sinapses colinérgicas e a ACh desempenha
um papel fundamental na sinalizagdo neuronal tanto no SNC quanto no SNP
(WESSLER et al., 1998).

O CHs
e 2 +N
HsC~ N0~ ¢~ \ ““CHs
H> CHx
Acetilcolina

Figura 12 - Estrutura quimica do neurotransmissor acetilcolina. Adaptado de
http://www.unizar.es/departamentos/bioquimica_biologia/docencia/Biofvirtual/Tema-ImN/ImpNerv.htm

A colina acetiltransferase catalisa o estagio final da sintese de ACh a partir da
colina, um importante produto do metabolismo dos lipidios da dieta, e acetil-CoA, um
produto do metabolismo celular (SOREQ e SEIDMAN, 2001). Apds sua sintese a
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ACh é captada por vesiculas de armazenamento, principalmente nas terminacdes
nervosas onde fica armazenada até a sua liberacdo (RAND, 2007).

Depois de ser liberada, a ACh se difunde na fenda sinaptica e ativa receptores
especificos, posicionados nas células pés sinapticas. Com base nos subtipos de
receptores colinérgicos capazes de se ligar a nicotina e a muscarina e que
respondem a ativacdo colinérgica com alta afinidade, as acdes da ACh foram
classificadas em muscarinicas e nicotinicas (DALE, 1914). A acado da acetilcolina
cessa quando é hidrolisada em acetato e colina pela enzima acetilcolinesterase
(AChE), presente na fenda sinaptica (Figura 13). A colina liberada é, em parte,
recaptada para o terminal pré-sinaptico, através de um mecanismo de recaptacéo de
alta afinidade (SOREQ e SEIDMAN, 2001) onde podera ser reutilizada para a
sintese de novas moléculas de ACh.
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Figura 13 - Producéo, liberacao, interagdo com os receptores e degradacao da Ach. Adaptado de
SHAH et al., 2009

3.13.2. Colinesterases

S&o descritos dois tipos de colinesterases que incluem: a) enzimas com alta
afinidade para a ACh ligadas & membrana neuronal e presentes em todas as
sinapses colinérgicas, a acetilcolinesterase (AChE); b) enzima com alta afinidade
para a butirilcolina, também chamada de butirilcolinesterase (BuChE) sintetizada

principalmente no figado e sendo também encontrada no plasma, musculo liso,
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pancreas, adipdécitos, pele, substancia branca do encéfalo e coracdo (WESCOE et
al., 1947).

A AChE e a BuChE séo tipicamente diferenciadas pelas suas taxas relativas
de hidrélise de ACh e de butirilcolina e pelo efeito distinto de inibidores seletivos
(GOODMAN e GILMAN, 2006). Genes diferentes e unicos codificam a AChE e a
BuChE em mamiferos, porém, a sequéncia de aminoacidos da BuChE e da AChE

tem 53% de identidade, sendo bem conservada no sitio ativo.

3.13.2.1. Acetilcolinesterase (AChE)

A funcéo da acetilcolinesterase (AChE) consiste na interrupgdo da acao da
ACh nas jungbes de varias terminacdes nervosas colinérgicas com seus 0rgaos
efetores ou locais pds-sinapticos (GOODMANN e GILMANN, 2006). Com relagdo a
sua estrutura, a AChE ocorre como duas classes gerais de formas moleculares:
oligbmeros homomeéricos simples de subunidades cataliticas (monémeros, dimeros,
tetrameros) e associagcbes heteroméricas de subunidades cataliticas, com
subunidades estruturais (Figura 14) (MASSOULIE et al., 1993). As formas
homoméricas s@o encontradas solUveis na célula ou associadas & membrana
externa da célula através de um glicofosfolipidio fixado. As formas homomeéricas
incluem a forma globular monomérica (G1), dimérica (G2) e tetrAmera (G4) que
diferem uma da outra quanto as suas caracteristicas e quanto ao grau de
hidrofobicidade, consequentes & adi¢cdo pos-transducional de um glicofosfolipideo no
aminoacido carboxi-terminal (TAYLOR e BROWN, 1999).

As formas heteroméricas, por sua vez, consistem em uma montagem
heteromérica das subunidades estrutural e catalitica, onde a ligacdo através de
pontes dissulfeto de uma molécula triplice helicoidal de coldgeno a um, dois ou trés
tetrameros cataliticos resulta nas formas estruturais assimétricas A4, A8 e Al2
(MASSOULIE et al., 1993).
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Figura 14 - Isoformas da enzima AChE. Adaptado de

http:/imww.chemistry.emory.edu/justice/test/ach_inactivation.htm

As estruturas tridimensionais da AChE mostram que o centro ativo da enzima
€ guase centrossimétrico a cada subunidade, residindo na base de uma garganta
estreita de cerca de 20 A de profundidade (SUSSMAN et al.,, 1991). Na base da
garganta situam-se os residuos da triade catalitica: serina 200, histidina 440 e
glutamato 327 (Figura 15). A AChE é classificada como uma serina hidrolase e o

mecanismo catalitico assemelha-se ao de outras hidrolases.
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Ser 200

His 440

Glu 327

Figura 15 - Visdo do sitio ativo da AChE e dos residuos de aminoacidos que constituem a triade
catalitica. Adaptado de VIEGAS JUNIOR et al., 2004.

Durante o ataque enzimético da ACh, forma-se um éster com geometria
trigonal, um intermediério tetraédrico entre a enzima e o substrato, que sofre colapso
em um conjugado acetilenzima, com liberagcdo concomitante da colina. A
acetilenzima é muito I4bil a hidrélise, resultando na formacdo de acetato e enzima
ativa (ROSENBERRY, 1975).

A AChE é uma das enzimas mais eficientes conhecidas, ja que uma molécula
de AChE tem a capacidade de hidrolisar 6x10°> moléculas de ACh por minuto. J& se
propés que a AChE possui multiplas funcbes biol6gicas nao-classicas, que em
muitos casos, ainda sdo controversas (SOREQ E SEIDMAN, 2001). Essas funcdes
nao-classicas incluem a adesao celular, a sinaptogénese, a montagem de fibras
amiloides, a ativacdo de receptores, hematopoiese e a trombopoiese (GOOMAN e
GILMAN, 2006).

3.13.2.2. Butirilcolinesterase (BuChE)

No plasma, a BUuChE ocorre predominantemente como um tetramero, formado
por dimero de dimeros (Figura 16). Na formag¢édo de cada dimero, os mon6meros
estdo ligados por pontes de dissulfeto e, ao formar o tetramero, os dimeros ligam-se
entre si por ligagbes ndo covalentes. Outras formas moleculares, como mondmeros

e dimeros, também estdo presentes no plasma em menores propor¢gdes. Os
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mondmeros sao constituidos de 574 aminoacidos e nove cadeias de carboidratos,
com peso molecular aproximado de 85 kDa (LOCKRIDGE et al., 1987 a, b).

Gorge entrance Gorge entrance

Catalytic triad $ Catalytic triad
E325 E325

Figura 16 — Detalhes da estrutura da BUuChE. Adaptado de NICOLET et al., 2003.

A BuChE possui seu sitio ativo em forma de garganta composto por
aproximadamente 55 aminoacidos. O sitio aniénico periférico (PAS), localizado na
boca da garganta, € formado pelos aminoacidos D70 (acido aspartico) e Y332
(tirosina) os quais estdo envolvidos na ligagdo inicial de substratos carregados
positivamente. O sitio esterdsico da BuChE é formado pela triade catalitica dos
aminoacidos S198 (serina), H438 (histidina) e E325 (acido glutamico) responsaveis
pela hidrélise. Sugere-se a participacdo da BUChE na regulacdo da proliferacéo
celular e também na expressdo da AChE, além da participagdo desta ultima no
processo de diferenciacéo celular (LAYER e WILLBOLD, 1995)

A BuChE é abundante no figado e plasma. Ela hidrolisa eficientemente a
butiriicolina e tem um papel importante no metabolismo de alguns agentes
anestésicos clinicamente importantes (por exemplo, succinilcolina, e procaina)
(BERNARDI et al., 2010).
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3.13.2.3. Colinesterases e o cancer

A AChE e a BuChE, em menor grau, limitam a acdo da ACh nas sinapses
colinérgicas e juncbes neuromusculares. Além disso, as colinesterases parecem
possuir fungdes nado-colinérgicas importantes (NIETO-CERON et al., 2010). Elas
intervém em processos celulares como a proliferagdo, diferenciagdo, apoptose e
reconhecimento celular (SOREQ e SEIDMAN, 2001), o que sugere uma possivel
influéncia das colinesterases na tumorogénese. Estudos mostram que ha alteracdes
nos genes da AChE em patologias como na leucemia (LAPIDOT-LIFSON et al.,
1989) e no carcinoma de ovério (ZAKUT et al.,1990). Segundo Ruiz-Espejo e
colaboradores (2002) as atividades da AChE e da BuChE se comportam de forma
oposta em pacientes com cancer de mama. Além disso, mudancgas na estrutura e/ou
expressdo bem como a presenca de enzimas com propriedades anormais foram

relatadas em vérios tipos de tumores (VIDAL, 2005).
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APRESENTACAO

Os resultados desta tese estdo apresentados sob a forma de artigos e
manuscritos, 0os quais se encontram no item “ARTIGOS E MANUSCRITOS". As
secOes Materiais e Métodos, Resultados, Discussdo e Referéncias Bibliogréaficas
encontram-se nos proprios artigos e manuscritos e representam a integra deste
estudo. Os itens DISCUSSAO e CONCLUSOES, encontrados no final desta tese,
apresentam interpretacdes e comentarios gerais a respeito dos resultados
demonstrados nos artigos e manuscritos contidos neste trabalho. As REFERENCIAS
BIBLIOGRAFICAS referem-se somente as citagdes que aparecem nos itens
INTRODUCAO, REVISAO BIBLIOGRAFICA e DISCUSSAO desta tese.
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Over the last decade, epidemiological, experimental and clinical studies have implicated oxidative stress
in the developmentand progression of prostate cancer. In the present study, we evaluated the oxidative
status and antioxidant defense in patients with prostate cancer (PCa) taking into consideration:
treatment, Gleason score and bone metastasis. For this, we measured concentrations of plasmatic
thiobarbituric acid reactive substances (TBARS), serum protein carbonylation, whole blood catalase
(CAT) and superoxide dismutase {SOD) activities, as well as the plasma and erythrocyte thiol levels and
serum vitamin Cand E concentration. This study was performed on 55 patients with PCa and 55 healthy
men. TBARS levels and serum protein carbonylation were higher in PCa patients than in controls and
altered levels of antioxidants were found in these patients. CAT activity was decreased and SOD activity
was higher in PCa patients when compared with controls. Non-protein thiol levels were increased,
however, serum vitamin C and vitamin E content were reduced in PCa patients when compared with
controls. In addition, different parameters analyzed in PCa patients based on metastasis, treatment and
Gleason score showed changes in oxidative stress biomarkers and antioxidant defenses. These findings
may indicate an imbalance in the oxidant/antioxidant status, supporting the idea that oxidative stress
plays a role in PCa, moreover, the oxidative profile appear to be modified by bone metastasis, treamment
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Oxidative stress
Antioxidants

and Gleason score.
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1. Introduction

Prostate cancer (PCa) is an important worldwide health
problem. It remains unknown why older men have a greater risk
of PCa and poorer outcomes compared with younger men. PCa is a
major age-related malignancy with most incidences occurring
between 54 and 75 years [1]. The histologic differentiation grade is
the strongest prognosticator of PCa. Different histologic grading
systems for PCa have been developed historically, and the Gleason
grading system [2,3] is now the most extensively used.

Since bone metastases will occur in 65-75% of patients with
prostate cancer, early diagnosis and treatment would help to
prevent skeletal-related events, in turn prolonging survival [4]
Although great advances have been made in the treatment of PCa in
recent years, questions still remain concerning the optimal
treatment strategy for both localized disease and metastatic disease.

* Corresponding authors, Fax: +55 32 20 95 57,
E-mail addresses: v.battisti@bol.com.br {V. Battisti), vermmorsch@ufsm.br
(V.M. Morsch).
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This lack of a standard treatment approach may be partly attributed
to variations in the risk of disease progression among patients [5].
Several different hormonal therapies, which act by different
mechanisms, are available, Luteinizing hormone-releasing hormone
(LHRH) agonists such as goserelin downregul ate the pituitary LHRH
receptors thereby suppressing the luteinizing hormone (LH) and
testosterone secretion, while antiandrogens (such as cyproterone
acetate) act at the androgen receptor to block the effects of
androgens, irrespective of their source [6].

The cause of this disease is not well understood; however,
certain factors are commonly linked to its development [7]. Many
of the factors that are associated with PCa such as aging, imbalance
of androgens, the antioxidant system, dietary fat, and pre-
malignant conditions such as high grade prostate intraepithelial
neoplasia, etc. may be linked to oxidative stress [8]. In addition, PCa
is commonly associated with a shift in the antioxidant-prooxidant
balance resulting in increased oxidative stress [7].

Oxidative stress is an inevitable consequence of aerobic life, and
there is growing understanding that the endogenous generation of
toxic products of oxidative stress plays a major role in aging and
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age-related diseases such as PCa [9]. Reactive oxygen species
(ROS), such as superoxide radicals, hydrogen peroxide, and
hydroxyl radicals, are capable of causing lipid peroxidation,
altering the activity of sulfhydryl (SH)-dependent enzymes, and
damaging DNA [10]. Under normal conditions, a dynamic
equilibrium exists between the production of ROS and the
antioxidant capacity of the cell [11]. Oxidative stress occurs when
ROS levels exceed the antioxidant capacity of a cell [12]. To control
the effect of ROS, aerobic cells have antioxidant enzymes such as
superoxide dismutase (S0D) and catalase (CAT), as well as non-
enzymatic antioxidants such as non-protein thiols, vitamin C and
vitamin E to defend against oxidative stress. SOD catalyses the
dismutation of the superoxide anion into hydrogen peroxide
(Hz0z). Hz0: can be transformed into H.0 and O, by CAT.
Additionally, non-protein thiols have a variety of functions in
bioreduction and detoxification processes [13]. The main antioxi-
dant function of vitamin E is to protect against lipid peroxidation
[14] while ascorbic acid, or vitamin C, is an essential water-soluble
vitamin [15].

Recently, the presence of oxidative stress was observed in
studies carried out in our laboratory with acute lymphoblastic
leukemia [13] and uterine cervix neoplasia patients [16], but
information about the activities of antioxidant enzymes have
been conflicting in patients with cancer. Moreover, the influence
of the standard treatment, Gleason grading system and bone
metastasis in the levels of oxidative damage and antioxidant
defenses have not been investigated in patients with PCa in
previous studies. Therefore, the novelty of the present study is
that oxidative profiles were investigated considering these
parameters. Toward this end, we determined the intensity of
biological damage caused by free radicals in lipids and proteins
through the measurement of lipid peroxidation and protein
carbonylation levels. Additionally, we verified the antioxidant
profile in PCa patients and controls by assessing the main
enzymatic (CAT and SOD) and non-enzymatic antioxidants
(thiols, vitamin C and vitamin E).

2. Patients and methods
2.1. Patients

The sample consisted of 55 PCa patients at the Oncology-
Hematology Laboratory of the Hospital of the Federal University of
Santa Maria. The controls consisted of 55 healthy volunteers with
ages and social conditions similar to those of the patients. They
presented no acute or chronic diseases such as diabetes, parasitosis
or immune dysfunction. Also, the controls used in this study were
not under any pharmacological therapy.

Patients included in this study were diagnosed with PCa based
on histological evaluation (positive biopsy results). For purposes of
analysis, patients with prostate cancer were further divided into
different groups for each of four distinct parameters: presence or
absence of metastasis, standard treatment (without previous
treatment, goserelin acetate or cyproterone acetate) and Gleason
score. Consent was given by family members of all the patients
included in this work. The Human Ethics Committee from the
Federal University of Santa Maria approved the protocol under
number 23081.09047/2008-47. The patient’s general characte-
ristics are show on Table 1.

2.2. Sample collection

The blood was collected in vaccutainer tubes without an
anticoagulant system, centrifuged at 5000 rpm for 10 min, the
precipitate was discarded and the serum was used to determine
protein carbonyl, vitamin C and vitamin E contents. CAT and SOD
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Table 1
General characteristics of the patients,

Characteristics Mo. of patients ( percent )
Age

= 70years 12(22)

70-80 years 31(56)

=B0years 12 (22)
Gleason

=6 20(36)

=7 21(38)

>8 14 (26)
Metastasis

Yes 23 (42)

No 32(58)
Treatment

No 10(18)

Goserelin acetate 35 (64)

Cyproterone acetate 10(18)
Family history

Yes 36 (65)

No 19(35)
Smoker

Yes 35 (64)

Mo 20(36)
Alcohol

Yes 23 (42)

No 32(58)

activities were determined using whole blood collected in citrated
vaccutainer tubes and diluted to 1:10 in saline solution. For
plasmatic thiobarbituric add reactive substances (TBARS) and
non-protein thiols, the blood was collected using EDTA as
anticoagulant. The sample was then centrifuged (5000 rpm for
10 min) and the plasma was used to determine MDA and thiols and
the erythrocytes were used only to verify thiol levels.

2.3. Determination of lipid peroxidation and carbonylation of serum
protein

Lipid peroxidation was estimated by measuring TBARS in
plasma samples according to a modified method of Jentzsch [17].
Briefly, 0.2 mL of serum was added to the reaction mixture
containing 1 mL of 1% ortho-phosphoric acid, 0.25mL alkaline
solution of thiobarbituric acid-TBA (final volume 2.0 mL) followed
by 45 min heating at 95°C. The results were expressed as
nanomole MDA per milliliter of plasma.

The carbonylation of serum proteins was determined by a
modified Levine's method [18]. Firstly, from 1 mL of serum, the
proteins were precipitated using 0.5 mL of 10% trichloracetic
acid (TCA) and centrifuged at 5000 rpm for 5 min discarding the
supernatant. One half milliliter of 10 mmol/L 2 4-dinitrophe-
nylhydrazine (DNPH) in 2 mol/L HCl was added to this protein
precipitate and incubated at room temperature for 30 min.
During incubation, the samples were mixed vigorously every
15 min. After incubation, 0.5 mL of 10% TCA was added to the
protein precipitate and centrifuged at 5000 rpm for 5 min. After
discarding the supernatant, the precipitate was washed twice
with 1mL of ethanol/ethylacetate (1:1), centrifuging out
the supernatant in order to remove the free DNPH. The
precipitate was dissolved in 1.5mL of protein dissolving
solution (2g SDS and 50mg EDTA in 100 mL 80 mmol/L
phosphate buffer, pH 8.0) and incubated at 37 °C water bath
for 10 min. The color intensity of the supernatant was measured
using a spectrophotometer at 370nm against 2 mol/L HCL.
Carbonyl content was calculated by using the molar extinction
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coefficient (21 x 10> mol cm) and results were expressed as
nanomoles per milligram protein.

24. Catalase (CAT) and superoxide dismutase (SOD) activities

The determination of CAT activity was carried out inaccordance
with a modified method of Nelson and Kiesow [19]. This assay
involves the change in absorbance at 240 nm due to CAT-
dependent decomposition of hydrogen peroxide. An aliquot
(0.02 mL) of blood was homogenized in potassium phosphate
buffer, pH 7.0. The spectrophotometric determination was
initiated by the addition of 0.07 mL in an agueous solution of
hydrogen peroxide 0.3 mol/L. The change in absorbance at 240 nm
was measured for 2 min. CAT activity was calculated using the
molar extinction coefficient (0.0436 cm?/pmole) and the results
were expressed as picomoles per milligram protein.

50D activity measurement was based on the inhibition of the
radical superoxide reaction with adrenalin as described by Mc Cord
and Fridovich [20]. In this method, SOD present in the sample
competes with the detection system for the superoxide radical. A
unit of SOD is defined as the amount of enzyme that inhibits by 50%
the oxidation speed of adrenalin. The oxidation of adrenalin leads
to the formation of the colored product, adrenochrome, which is
detected by spectrophotometer. SOD activity is determined by
measuring the speed of adrenochrome formation, observed at
480 nm, in a reaction medium containing glycine-NaOH (50 mM,
pH 10) and adrenalin (1 mM).

2.5, Determination of non-protein thiols

Non-protein thiols were assayed in plasma and erythrocytes by
the method of Ellman [21]. Aliquots (0.1 mL) of plasma were added
to a phosphate buffer 0.3 mol/L (0.85 mL), pH 7.4 and the reaction
was read at 412 nm after the addition of 10 mM 5-5'-dithio-bis( 2-
nitrobenzoic acid) (DTNB) (0.05 mL). Results were expressed as
pmol/mL of plasma.

Aliquots of erythrocytes (03 mL) were hemolyzed with 10%
Triton X-100(0.1 mL) and, after 10 min, precipitated with 0.2 mL of
20% TCA. After centrifugation at 5.000 rpm for 10 min, the
supernatant aliquots reacted with 50 pL of DTNB (10 mM) and
the reaction product was read at 412 nm. Results were expressed
as wmol/mL of erythrocyte.

2.6. Serum vitamin C and vitamin E quantification

Vitamin C analysis was performed by the method described by
Jacques-Silva et al. [22]. The samples were deproteinizated with
trichloroacetic acid (TCA) 15%, using 0.5 mL of sample and 0.5 mL
of TCA, vortex-mixed for 15 s and centrifuged at 1800 g for 15 min.
Then, 0.4 mL of supernatant was removed and incubated at 37 *Cin
amedium containing 4.5 mg/mL dinitrophelhydrazyne, 0.6 mg/mL
thiourea, 0.075 mg/mL CuS0,, and 0.675 mol/L H,50,. After 3 h,
1 mL of 65% Hy504 was added. Then, the samples were read in
spectrophotometer at 520 nm. Calibration curves with L(+)-
ascorbic acid were used to determine the concentration, following
the same procedure as used for the samples.

Serum vitamin E was estimated by a modified method of
Hansen and Warwick [23]. In a cover tube, 140 pL of Milli-Q water
(Millipore, Bedford, MA, USA) was added to 20 pL of butylated
hydroxytoluene 10mM (BHT), 140 pL of sample and 2.1 mL of
ethanol solution (66%). After this, it was vortex-mixed for 10 s and
3.5mL of n-hexane was added and mixed for 1 min. It was then
centrifuged at 1800g for 10 min and 3 mL of superior phase
transferred to fluorimeter cuvettes and the vitamin E was
measured in the fluorimeter: excitation: 295 nm; emission:
340nm. All samples were analyzed in duplicate. Calibration

curves with d-tocoferol (Sigma-Aldrich Inc, USA) were used to
determine the concentration, following the same procedure as
used for the samples.

2.7. Protein determination

Protein was measured by the method of Bradford [24] using
bovine serum albumin as standard.

2.8. Statistical analysis

Data are presented as mean + standard error. The distribution of
all dependent variables was examined by the Shapiro-Wilk test and
was found not to differ significantly from normal. Data were analyzed
statistically by one-way ANOVA followed by the Duncan's multiple
test. Differences were considered significant when the probability
was P < 0.05. The 5PSS version 13.0 was used for all analyses (SPSS
Inc, USA).

3. Results

PCa patients showed higher TBARS levels in plasma (Fig. 1A)
when compared with controls. In addition, protein oxidation,
determined by protein carbonyl content in serum, was increased in
patients in relation to the control group (Fig. 1B). CAT and SOD
activities are shown in Fig. 1C and D. CAT in PCa patients was
significantly decreased when compared to control group. On the
other hand, S0OD activity was higher in PCa patients versus
controls.

Fig. 2A and B showed non-protein thiol levels in plasma and
erythrocytes of PCa and the control group. Non-protein thiol levels
were increased in the plasma and erythrocytes of PCa patients
when compared with the control group. Serum vitamin C (Fig. 2C)
and serum vitamin E content (Fig. 2D )were reduced in PCa patients
when compared with controls.

3.1. Oxidative status considering metastasis

Figs. 3 and 4 show a comparison of patients with localized
prostate cancer and bone metastatic disease. TBARS and protein
carbonyl levels were increased for both (Fig. 3A and B). SOD
activity was increased only in patients with localized prostate
cancer, but CAT activity was reduced in both groups in relation to
the control (Fig. 3C and D). Non-protein thiol levels were increased
in the plasma and erythrocytes of patients with bone metastasis
(Fig. 4A and B). Vitamin C and E content were altered in both
groups in relation to the control group (Fig. 4C and D).

3.2, Oxidative status considering treatment

Patients were then separated considering the treatment used
and Fig. 5A shows that TBARS was increased in patients who had
not received any therapy and in patients treated with goserelin
acetate. CAT activity (Fig. 5C) was reduced in patients not treated
and treated with cyproterone acetate when compared to
controls, Plasma thiol levels were increased only in patients
not treated and erythrocyte thiols were increased for all groups
(Fig. 6A and B). Vitamin C was reduced in all groups and vitamin E
content was reduced only in patients not treated and in
treatment with cyproterone acetate compared to the control
group (Fig. 6C and D).

3.3. Oxidative status considering Gleason scale

Figs. 7 and 8 show patients divided in groups based on
Gleason score. Level of TBARS (Fig. 7A) was increased in all
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4. Discussion and conclusion

Progressive inherent or acquired changes in cellular metabo-
lism occurring over the years may play a very important role in the
development of PCa [8]. Thus, excessive production of ROS or
inadequacy in a normal cell's antioxidant defense system (or both)
can cause the cell to experience oxidative stress and increased ROS
may play a role in cellular processes associated with the initiation
and development of many cancers including PCa [25].

In the present study, TBARS contents and protein carbonylation
levels were shown to be increased in patients when compared with
the control group. These results are in accordance with earlier
studies of Goswami et al. [26] and Yilmaz et al. [27] who confirmed
significantly increased lipid peroxides and protein carbonyls in
carcinoma prostate cases when compared to benign prostate
growth and controls. Our results reveal an alteration in lipid
peroxidation and protein carbonylation, besides, changes in the
antioxidant defense system in PCa patients were observed. With
respect to SOD and CAT activities, our findings revealed that CAT
activity in PCa patients was significantly decreased when
compared to the control group. These results were in agreement
with others authors that have shown lower CAT immunoreactivity
[28,29] and erythrocyte CAT activity [30] in PCa when compared
with benign prostate tissue. These results are interesting since
Bostwick et al. [29] reported low levels of CAT in PCa, thereby
implicating oxidative DNA damage in prostate carcinogenesis.

On the other hand, we observed that SOD activity was higher in
PCa patients versus controls. Then, there was a different
modulation of SOD and CAT in PCa patients when compared to
the control group. SOD activity increased in PCa patients, probably
as a response to oxidative stress. Evidence supports an integrated
model of inherited and acquired deficiencies in cellular defense
mechanisms against oxidative stress in the genesis of PCa[31]. The
most striking finding was the remarkable increase of S0D activity
observed in PCa without a proportional increase of CAT activity.
Studies suggest that the overexpression of SOD without a
compensatory increase in CAT has deleterious effects upon the
cell [32]. This imbalance could be explained through the
association of inflammation with the development of human
cancers [33] and consequently increased SOD mRNA attributed to
pro-inflammatory molecules [34]. On the other hand, previous
investigators have documented that 0°~ produced during cancer
can inactivate CAT and peroxidase [35]. This is one of the probable
reasons for the decreased activity of CAT.

Among non-protein thiols, GSH plays an important role in the
antioxidant defense system by scavenging reactive species and
regenerating other antioxidants. Our study demonstrated a rise in
non-protein thiol levels in plasma and erythrocytes of PCa patients
when compared with the healthy group. These findings are in
agreement with another study that showed increased antioxidant
defenses in the beginning of tumor development and also showed
rapid GSH synthesis in tumor cells [36]. The possible explanation
for this is that the rise in non-protein thiols levels could be a
compensatory mechanism to prevent tissue damage caused by
oxidative stress.

In the present study, a significant decrease in serum vitamin C
and vitamin E levels in PCa patients was observed. Previous
observations correlated the risk of PCa with decreased serum
vitaminE [37]. Decrease in vitamin E in these patients could be due
to the possibility that vitamin E reacts very rapidly with molecular
oxygen and free radicals generated during prostate carcinogenesis.
This argument was supported by the fact that lipid peroxidation
products were significantly higher in the PCa patients compared to
the control group. It is therefore suggested that vitamin E acts as a
free radical scavenger protecting polyunsaturated fatty adids from
peroxidation reactions in the PCa patients. In relation to serum

vitamin C, it has been shown to be inversely correlated with
biomarkers of oxidative stress, suggesting that vitamin C may
decrease oxidative stress. Moreover, epidemiological data showing
ethnic and geographic variations in PCa incidence and mortality
have suggested that the consumption of dietary antioxidants, i.e.
vitamins C and E, may be protective [38]. Thus, the possible
application of agents capable of modulating the oxidant-antioxi-
dant balance in PCa treatment is of interest [39].

Additional studies that investigate other risk factors associated
with PCa and oxidative stress may clarify some important issues.
Our study analyzed some important factors (such as metastasis,
standard treatment and Gleason score) in relation to oxidative
stress in PCa patients. An important aspect to be analyzed is that
the skeleton is the most common site of tumor metastasis ROS may
have contrasting effects on metastasis [40 ,41]. In some cancers, the
formation of ROS contributes to the metastatic phenotype while in
other cancers, reduced ROS are linked with metastasis [4243]. In
general, however, increased ROS levels are considered to be closely
linked to the accelerated formation of metastasis, and the removal
of ROS is a rational strategy to inhibit metastasis [44]. Inour study,
TBARS and protein carbonyl levels were increased and CAT activity,
vitamin C and Vitamin E levels were reduced in both groups
regardless of the presence or absence of bone metastasis. However,
SOD activity was increased only in patients with localized disease
and non-protein thiol levels in plasma and erythrocytes were
elevated only in patients with bone metastasis. However, unlike
with we expected, the results found no indicate significant changes
in oxidative status of patients with localized disease or bone
metastasis.

PCa is a sex hormone-responsive tumor. Several different
hormonal therapies, which act by different mechanisms, are
available. In our study, we analyzed patients who had not received
any therapy, patients in treatment with goserelin and in treatment
with cyproterone acetate. In patients not treated and in patientsin
treatment with goserelin acetate can be observed the major
changes in oxidative biomarkers like TBARS. On the other hand, the
antioxidant defenses (CAT and vitamin E) showed alterations in
patients not treated and those treated with cyproterone acetate.
We can suggest that the imbalance in the oxidative status seems
not to be a result of the treatment with chemotherapeutic agents
but may be involved with the pathogenesis of prostate cancer,
since this imbalance can be observed mainly in patients not
treated. Levels of oxidative damage and antioxidant defenses have
not been investigated in PCa patients under different treatmentsin
comparison with patients who had not received any therapy. More
studies are necessary to verify the relation between the type of
treatment used and the oxidative status in PCa patients.

The remarkable heterogeneity of PCa can be represented by the
identification of five different growth patterns from 1 (most
differentiated) to 5 (least differentiated). By adding the most
dominant growth pattern (the primary Gleason pattern) to the
next most dominant growth pattern (the secondary Gleason
pattern) a tiered total score of ascending aggressiveness from 2 to
10 is obtained [45]. Interestingly, we have observed an increased
oxidative stress (as evidenced by elevated protein carbonylation)
and alterations in CAT activity and in plasmatic non-protein thiol
levels in the cancer group with a Gleason score greater than 8.
Furthermore, these findings confirm previous observations [46,47]
and indicate that advanced PCa is associated with a state of high
oxidative stress.

So, the present work provides evidence for the increased levels
of oxidative damage and changes in the antioxidant system in PCa
patients, suggesting a possible link between oxidative stress and
this type of cancer. In addition, we hope that our results contribute
to the study of the oxidative profile in PCa patients, since they
demonstrate that the presence of metastasis, standard treatment
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used and Gleason score modify the oxidative profile of PCa
patients. Furthermore, our study showed that aggressiveness PCa
is associated with a high oxidative stress status. However, more
studies are necessary to confirm the exact connection between the
type of treatment and bone metastasis in the oxidative stress
observed in PCa patients.
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Abstract

Background: To analyze the NTPDase and 5-nucleotidase activities in platelets from
prostate cancer (PCa) patients and to verify the platelet aggregation considering
clinicopathological parameters.

Methods: Patients were divided according to Gleason score, bone metastasis and
hormonal therapy. This study was performed with 66 patients with PCa and 40
controls.

Results: Platelet enzyme activities increased in PCa patients in relation to the control
group. Gleason score, metastasis and hormonal therapy influenced NTPDase and 5'-
nucleotidase activities. In addition, the hormonal therapy modified the platelet
aggregation in the PCa patients.

Conclusions: Our findings indicate an involvement of extracellular nucleotides in the
pathophysiology of PCa, since NTPDase and 5’-nucleotidase act together to control
nucleotide levels. We demonstrate for the first time that enzyme activities are
changed in platelets from PCa patients with distinct Gleason score, with bone

metastasis, as well as in patients under hormonal therapy.

Keywords: Prostate cancer; NTPDase, 5’-nucleotidase, platelet aggregation, Gleason

score; bone metastasis; hormonal therapy



72

1. Introduction

Members of the E-NTPDase/CD39 family, previously classified as E-type
ATPases, constitute a class of ecto-enzymes characterized by their capacity to
hydrolyze nucleoside tri and diphosphates [1, 2]. NTPDase (EC 3.6.1.5, CD39, ecto-
apyrase, ATP diphosphohydrolase) is a glycosylated membrane-bound enzyme that
hydrolyzes ATP and ADP to AMP, which is subsequently converted to adenosine by
5’-nucleotidase (EC 3.1.3.5, CD73). NTPDase and CD73 play an important role in
the regulation of blood flow and thrombogenesis by regulating ADP catabolism [3].
Both NTPDase and 5'-nucleotidase are located in the platelet membrane [3, 4].

Thromboregulation is a process or a group of processes by which circulating
blood cells and vessel wall cells interact to regulate or inhibit thrombus formation [5,
6]. Platelets are one of the most important blood components that participate in and
regulate thrombus formation by releasing active substances such as ADP [5].
Platelets are important for the haemostatic process as these cells adhere to sites of
vascular injury, releasing ADP, Ca?*, thromboxane A, and other active substances
[7]. ADP and Ca?" promote the recruitment of platelets and adhesion to the vessel
wall [8]. Moreover, the presence of ADP stimulates platelet aggregation and
contributes to thrombus formation [9].

The association between clinical venous thromboembolism (VTE) and cancer
has been recognized in the medical literature [10, 11]. The interactions between
components of the hemostatic system and cancer cells are multifaceted.
Tumorogenesis may be promoted by several changes in cellular components,
including proteins exposed on the cell surface, such as ecto-enzymes [12]. It is
known that adenosine accumulates in solid tumors at high concentrations and it has

been shown to stimulate tumor growth and angiogenesis as well as to inhibit cytokine
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synthesis, adhesion of immune cells to the endothelial wall, and the function of T-
cells, macrophages, and natural killer cells [13].

Prostate cancer (PCa) is a worldwide health problem. It remains unknown why
older men have a greater risk of PCa and poorer outcomes compared with younger
men. PCa is a major age-related malignancy with most incidences occurring between
54 and 75 years [14]. The histologic differentiation grade is the strongest
prognosticator of PCa. Different histologic grading systems for PCa have been
developed historically, and the Gleason grading system [15, 16] is now the most
extensively system used.

Although great advances have been made in the treatment of PCa in recent
years, questions still remain concerning the optimal treatment strategy for both
localized disease and metastatic disease (mainly bone metastasis). The lack of a
standard treatment approach may be partly attributed to variations in the risk of
disease progression among patients [17]. Several different hormonal therapies,
which act by different mechanisms, are available. Luteinizing hormone-releasing
hormone (LHRH) agonists, such as goserelin, downregulate the pituitary LHRH
receptors thereby suppressing the luteinizing hormone (LH) and testosterone
secretion [18].

In studies from our research group, it has been observed that ectonucleotidase’s
activities are modified in some diseases such as diabetes, hypertension [19], breast
cancer [20] and uterine cervical neoplasia [21]. One aspect that must be emphasized
here is the fact that adenine nucleotides and nucleosides play a complex role in
cancer growth [2]. Of particular importance, adenosine and ATP stimulates the
proliferation of certain tumor cells, whereas AMP inhibits the growth of tumor cells

[13, 22]. Thus, in an attempt to investigate the potential role of enzymes that
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participate in the hydrolysis of ATP, ADP, and AMP in the etiology of PCa, as well as
the possible interference of the Gleason score, bone metastasis and hormonal
therapy with adenine nucleotide hydrolysis, we assayed the NTPDase and CD73
activities in platelets of PCa patients considering these different parameters.

Furthermore, we also verified the platelet aggregation in this pathological condition.

2. Materials and Methods

2.1. Chemicals
Nucleotides, HEPES, and Trizma base were purchased from Sigma (St. Louis,
MO, USA). All the other reagents used in the experiments were of analytical grade

and of the highest purity.

2.2. Patients

The sample consisted of 66 PCa patients aged 72.96 + 5.64 years under
treatment at the Oncology-Hematology Laboratory of the Hospital of the Federal
University of Santa Maria. Patients included in this study were diagnosed with PCa
based on histological evaluation (positive biopsy results). The diagnosis and
estimation of cancer volume and Gleason Score relies in the biopsy procedures by
sampling the prostate at a number of locations via biopsy needles. The biopsy-
sampled prostate tissue then undergoes microscopic examinations, revealing cancer

presence/ absence and cancer aggressiveness [23].

For purposes of analysis, patients with prostate cancer were further divided into
different groups for each of 3 distinct parameters: metastasis, hormonal therapy with

goserelin acetate and Gleason score. Patients were divided based on the presence
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of metastasis, since the majority of patients with advanced prostate cancer develops
bone metastasis that causes considerable morbidity, including pain and pathologic
fractures. Bone scan is the used imaging method to detect PCa bone metastases.
The PCa patients were grouped according to hormonal therapy since for many
patients LHRH agonists such as goserelin acetate, provides a more acceptable
method of treatment. In addition, the patients were divided into groups based on the
Gleason score, since the Gleason system is the prevalent prostate cancer grading
system worldwide. Consent was given by family members of all the patients included

in this work.

The control group consisted of 40 individuals aged 71.40 + 3.64 years, who
presented normal blood pressure, were free from diabetes mellitus, alcoholism,
cigarette smoking, chronic diseases and who had not been submitted to any
pharmacological therapy during the month before the study. All subjects gave written
informed consent to participate in the study. The protocol was approved by the
Human Ethics Committee of the Health Science Center from the Federal University of
Santa Maria, protocol number 23081.09047/2008-47. Ten milliliters of blood was
obtained from each patient and used for platelet-rich plasma preparation and
biochemical determinations. The same procedure was carried out for the control
group. PCa patients were interviewed to obtain information such as the alcohol
consumption, cigarette smoke and family history. Patient general characteristics are

shown in Table 1.

2.3. Platelet aggregation
The platelet aggregation profile was evaluated by the method of Born [24] by

measuring turbidity with a Chrono-log optical aggregometer (AGGRO/IINK® Model
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810-CA software for Windows ver. 5.1) using ADP at a concentration of 2.5, 5 and

7.5 ymol/l as agonist. The results were expressed as percentage of aggregation.

2.4. Platelet rich plasma preparation (PRP)

The PRP was prepared according to Pilla et al. 1996 [25], with minor
modifications. Briefly, the blood was collected into 0.129 M citrated vaccutainer tubes
and centrifuged at 1000 rpm for 10 minutes. After this, the PRP was centrifuged at
3500 rpm for 30 minutes and washed twice with 3.5 mM HEPES buffer, pH 7.0,
which contained 142 mM NaCl, 2.5 mM KCIl and 5.5 mM glucose.

The platelet pellets were ressuspended in HEPES buffer and the protein was
adjusted to 0.4-0.6 mg/mL for the determination of ectonucleotidase activities. The
integrity of the platelet preparation was confirmed by determining the lactate
dehydrogenase (LDH) activity using the labtest kit (Labtest, Lagoa Santa, MG,

Brasil).

2.5. Ectonucleotidase activities

Ectonucleotidase activities were determined using a PRP preparation
according to Pilla et al., 1996 [25]. Briefly, to determine CD39 activity, 20 pL of PRP
preparation were added to the system mixture, which contained 5 mM CacCl,, 100
mM NaCl, 5 mM KCI, 6 mM glucose and 50 mM tris-HCI buffer, pH 7.4. The reaction
was started by the addition of 20 pL of ATP or ADP (1mM) as substrate. For AMP
hydrolysis, CD73 activity was determined as described above, except that 5 mM
CacCl, was replaced by 10 mM MgCl, and the nucleotide added was 2 mM AMP [25].

Both reactions were stopped by the addition of 200 pL of 10% trichloroacetic

acid (TCA) to provide a final concentration of 5%. After this, the inorganic phosphate
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released by ATP, ADP and AMP hydrolysis was determined in triplicate by the
method of Chan et al. [26] using KH2PO4 as standard. The same process was carried
out in control tubes to exclude non-enzymatic hydrolysis, by adding 20 pL of protein
to the reaction medium after TCA the results were expressed as nmol inorganic

phosphate released/minute/milligram of protein (nmol Pi/min/mg protein).

2.6. Protein determination
Protein was determined by the Coomassie blue method according to Bradford

[27] using bovine serum albumin as standard.

2.7. Statistical analysis

Data are presented as mean + standard error of mean (SEM). The distribution of
all dependent variables was examined by the Shapiro-Wilk test and was found not to
differ significantly from normal. Data were analyzed statistically by one-way ANOVA
followed by the Duncan’s multiple test. Differences were considered significant when
the probability was P < 0.05. The SPSS version 13.0 was used for all analyses

(SPSS Inc., USA).

3. Results

3.1. Characteristics of patients

The clinical characteristics of the patients group are shown in Table 1. Most of the
patients were classified in the Gleason score < 7, were between 70 and 80 years old,
had localized disease, and were under hormonal therapy with goserelin acetate. Risk
factor analysis showed prevalence of smoking and family history of cancer in the

patient groups studied.
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3.2. Platelet aggregation

Platelet aggregation using ADP at 2.5 and 7.5 pM was decreased in PCa patients
compared to control. Post-hoc comparisons made by Duncan's test revealed that the
platelet aggregation using ADP at all concentrations was significantly decreased in
patients in hormonal therapy with goserelin acetate. However, when patients were
grouped according to the Gleason score, and presence or absence of the metastasis,
there was no significant difference between the patient groups and controls. Results

are shown in Table 2.

3.3. ATP, ADP, and AMP hydrolysis

The results described here are from one-way ANOVA followed by Duncan's post-
hoc comparisons. Almost 4% of the platelets were disrupted indicating that the
preparation was predominantly intact, as observed by LDH determination (data not
shown).

The results obtained in the present study show that both CD39 and CD73
activities were altered in platelets from PCa patients. As can be observed in Figure 1,
ATP, ADP, and AMP hydrolysis were significantly increased in platelets from

patients when compared with the control group (P<0.05).

3.4. Influence of Gleason score on platelet ATP, ADP, and AMP hydrolysis
Considering Gleason score (Fig. 2), it can be observed that ADP hydrolysis was
modified by the Gleason score of PCa, and post-hoc comparisons by Duncan’s test

revealed that ADP hydrolysis was increased in PCa patients with Gleason score = 7.
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ATP and AMP hydrolysis were not significantly altered by Gleason score in the PCa

patients.

3.5. Influence of metastasis on platelet ATP, ADP, and AMP hydrolysis

Figure 3 shows a comparison of patients with localized PCa and bone metastatic
disease with the control group. Post-hoc comparisons made by Duncan's test
revealed that ATP and ADP hydrolysis were increased in the patients with localized
disease in relation to the control group, while it was not significantly different for AMP

hydrolysis.

3.6. Influence of hormonal therapy on platelet ATP, ADP, and AMP hydrolysis

Post-hoc comparisons made by Duncan's test revealed that ATP, ADP, and AMP
hydrolysis were not significantly altered in patients under treatment. On the other
hand, ATP, ADP, and AMP hydrolysis were significantly higher in patients who had

not received any therapy when compared to control subjects (Fig. 4).

4. Discussion

Prostate Cancer (PCa) is now recognized as one of the most important medical
problems facing the male population [28]. It has been proposed that there may be a
hereditary component to PCa risk, since family history of PCa is a well established
risk factor for PCa risk in men [29]. Our study demonstrated that most PCa patients
included in this study have a family history of any cancer or PCa. Furthermore, in our
study, we observed that most PCa patients were former or current smokers. The

important relationship between tobacco smoking and cancer is well established [30].
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Cancer has been reported to be associated with problems in platelet aggregation
and, most frequently, with blood coagulation. The association between cancer and
thromboembolism was first described by Trousseau in 1865 [31], who noted an
association between venous thrombosis and malignant disease [32]. Moreover,
cancer has also been associated with platelet activation and with disorders in blood

coagulation [33].

Our results show that platelet aggregation was decreased in PCa patients
compared to the control. However, when patients were grouped according to
receiving hormonal therapy or not, it could be observed that only the patients that
received therapy showed a decrease in platelet aggregation in relation to the control
group. The reduced platelet aggregation found in the group that received hormonal
therapy compared to the control may indicate that this treatment was effective in
controlling tumor cell proliferation, since tumor cells may cause an activation of
coagulation. PCa is frequently hormone dependent and therefore anti-androgen
therapy has been an important aspect of treatment for PCa patients [34]. Munson et
al. [35] suggested that platelets may secrete growth factors that could stimulate
cancer proliferation; however, patients involved in this study appeared not to present
any significant platelet activation, as confirmed by the decreased platelet aggregation
profile.

Tumorogenesis may be promoted by several changes in cellular components,
including proteins exposed on the cell surface, such as ecto-enzymes [12]. These
enzyme activities are extremely important for maintaining physiological levels of
extracellular adenine nucleotides (ATP, ADP and AMP) in almost all tissues and

cells.



81

Studies have indicated that adenine nucleotides and adenosine have an
important role in tumor growth [2, 13, 36, 37]. Due to rapid growth, solid tumors
routinely experience severe hypoxia and necrosis, which causes adenine nucleotide
degradation and adenosine release [13]. Of particular importance, there are lines of
evidence showing that adenosine can function as a stimulant of tumor growth,
whereas AMP has the opposite effect [2]. However, little is known about the effects of
these nucleotides on the prostate or prostatic cell lines.

The present results clearly demonstrate that the hydrolysis of nucleotides is
changed in PCa patients. We verified that both CD39 and CD73 activities were
altered in platelets from PCa patients. ATP, ADP, and AMP hydrolysis were
significantly increased in platelets from patients when compared with the control
group (p<0.05). Buffon and cols [1] demonstrated that the presence of CD39 and
CD73 enzymes in Walker 256 tumor cells may be important for the regulation of the
extracellular adenine nucleotide/adenine nucleoside ratio therefore leading to tumor
growth. Kittel and cols [38] showed that the presence of enzymes, such as
ectonucleotidases, in the plasma membrane of different tumors, has been correlated
with proliferative and metastatic activities.

Our results show an increase in the enzyme activities and consequently in the
nucleotide hydrolysis in PCa patients. Inhibitory effects of extracellular ATP on tumor
growth have been described in cells and tissues, including prostate carcinoma cells
[39]. On the other hand, Chen et al. [40] showed that extracellular ATP had a pro-
invasion effect in PCa cells. However, the results of ATP hydrolysis agree with
previously published data showing that expression of ecto-ATPases is increased

during cancer progression [41, 42]. We can suggest that CD39 can protect the



82

organism against an increase in the platelet aggregation, while CD73 is more
involved in the control of adenosine formation.

One interesting observation to be made in the present study is that ATP, ADP,
and AMP hydrolysis were modulated differently in relation to the Gleason score,
presence or absence of metastasis and use of hormonal therapy. This may indicate
that the CD39 and CD73 activities are being affected differently by these conditions.

Considering Gleason score, ADP hydrolysis was increased in PCa patients with
Gleason score 7. These finding suggest that there is a mechanism to prevent platelet
aggregation, since ADP acts upon platelets regulating their aggregation and
modifying their shapes. On the other hand, ATP has been postulated to be a
competitive inhibitor of ADP-induced platelets aggregation [43]. The released ADP
can interact with receptors on platelets and induce platelet aggregation. However,
further studies are needed to evaluate the role of nucleotides in the aggressiveness

of PCa.

When the patients were grouped according to the presence of localized disease
or bone metastasis, our results showed that ATP and ADP hydrolysis were increased
in the patients with localized disease in relation to the other group, while it was not
significantly different for AMP hydrolysis. There are no studies in literature relating
CD39 and CD73 activities with the development of metastasis in PCa patients.
Tumor invasion and metastasis are multistep processes in which loss of cell—cell
adhesion and increased proteolysis and cell motility have been shown to be critical
steps [44]. Factors that accelerate steps above may promote tumor invasion and
then affect metastasis [20]. Stagg et al (2010) [45], suggested a role for CD73-
derived adenosine in tumor metastasis in patients with breast cancer. Already, Zhang

et al. [22] indicated that ATP may increase the risk of metastasis in PCa cells. In fact,
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our work shows that CD39 activity is lower, thus suggesting higher ATP
concentrations in patients with metastasis.

In order to evaluate the possible influence of hormonal therapy use in enzyme
activities, we grouped PCa patients in two groups: patients who had not received any
therapy preceding the blood sampling and PCa patients undergoing hormonal
therapy. Our results revealed that ATP, ADP, and AMP hydrolysis were significantly
higher in patients who had not received any hormonal therapy when compared to
control subjects. Consequently, we may suggest that the increase observed in CD39
and CD73 activities is not due to the hormonal therapy used by the PCa patients.
Also, these findings support the argument that it is the pathological condition that
generates the increase in these enzyme activities. Furthermore, our results suggest
that adenosine production is increased in patients who had not received any
hormonal therapy. Thus, the increased production of adenosine could be acting as
tumor promoting in these PCa patients.

These results are supported by findings from the literature which affirm that CD73
activity is elevated in the presence of certain tumors. Spychala and Kitajewski [46]
suggested that the increase in the generation of adenosine by tumors could be
correlated with the development of drug resistance and the more aggressive course
of the disease. In this context, Baqui et al (2010) [47] investigated compounds that
have been found to be relatively potent CD73 inhibitors that may exhibit anticancer
effects in vivo by reducing the production of adenosine and inhibiting angiogenesis.
This is significant since these compounds may be important to obtain potentially
novel anticancer drugs.

As we previously described, adenosine, produced by CD73, has many functions

that favor tumor development. Furthermore, it may stimulate angiogenesis in hypoxic
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solid tumors. This effect results from the fact that it stimulates the proliferation of
human endothelial cells and the expression of the vascular endothelial growth factor
[13, 48]. In addition, hypoxia, resulting from the tumor presence, may increase the
expression of the enzyme which generates adenosine [49].

The results of this study are interesting and have not been reported in the
literature before therefore they need to be investigated with more details. It is
plausible to suggest that changes in the enzyme activities that metabolize adenine
nucleotides may be involved in platelet activation and in tumor development, since
NPTDase seems to be involved in controlling platelet aggregation and 5'-
nucleotidase appears to be related with the control of adenosine concentrations. The
increase in the both nucleotide hydrolysis (ATP and ADP) may be preventing
excessive platelet aggregation induced by ADP, while the increased production of
adenosine could be acting as tumor promoting in PCa patients. In addition, our
results suggest that the PCa stage (Gleason score), bone metastasis, and hormonal
therapy have a rather complex influence on nucleotide hydrolysis by platelets.
Furthermore, our study demonstrated for the first time that these clinicopathological

parameters analyzed may influence the enzyme activities.
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Fig. 1: ATP, ADP, and AMP hydrolysis in the platelets of PCa patients (n = 66) and
controls (n = 40). NTPDase is specified by ATP and ADP hydrolysis and
5'nucleotidase by AMP hydrolysis. Each column represents mean +* S.E.M.

Differences are considered significant when P < 0.05 (*).

Fig. 2: ATP, ADP, and AMP hydrolysis in the platelets of PCa patients divided by
Gleason scale. NTPDase is specified by ATP and ADP hydrolysis and 5’nucleotidase
by AMP hydrolysis. Patients, considering Gleason scale, were divided into: Gleason
<7 (n = 26), Gleason =7 (n= 25) and Gleason >7 (n=15). Controls consisted of 40
healthy subjects. Each column represents mean+S.E.M. Duncan's multiple range

tests: groups that show different letters are statistically different (P < 0.05).

Fig. 3: ATP, ADP, and AMP hydrolysis in the platelets of PCa patients divided by
presence or no of metastasis. NTPDase is specified by ATP and ADP hydrolysis and
5'nucleotidase by AMP hydrolysis. Patients, considering metastasis, were divided
into: localized disease (localized, n = 42) and bone metastasis (bone metastasis,
n=24). Controls consisted of 40 healthy subjects. Each column represents
meantS.E.M. Duncan's multiple range tests: groups that show different letters are

statistically different (P < 0.05).

Fig. 4: ATP, ADP, and AMP hydrolysis in the platelets of PCa patients divided by
treatment. NTPDase is specified by ATP and ADP hydrolysis and 5’nucleotidase by
AMP hydrolysis. Patients, considering treatment, were divided into: patients who had
not received any therapy preceding the blood sampling (n=14) and patients

undergoing hormonal therapy (n=52). Controls consisted of 40 healthy subjects.



94

Each column represents mean+S.E.M. Duncan's multiple range tests: groups that

show different letters are statistically different (P < 0.05).
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Table 1: Clinical characteristic of prostate cancer patients (PCa)

Variable

Patients

Gleason

Age (y)

Metastasis

Treatment

Family history

Smoker

Alcohol

<7 (40%; n= 26)

=7 (37%; n=25)

>7 (23%; n=15)

< 70 years (24%; n=16)

70-80 years (53%; n=35)

>80 years (23%; n=15)
Localized disease = 64% (n=42)
Bone metastasis = 36% (n= 24)
Not treated = 21% (n= 14)
Goserelin acetate = 79% (n=52)
Yes = 66% (n=44)

No = 34% (n= 22)

Yes = 64% (n=42)

No = 36% (n= 24)

Yes = 42% (n= 28)

No =58% (n= 38)

99



100

Table 2: Platelet aggregation profile.

Agonist
Groups ADP (2.5 uM) ADP (5 uM) ADP (7.5 pM)
Control 75.42+1.83 75.57+2.52 74.14+2.50
Prostate Cancer 67.71+1.98° 69.34+1.94 67.50+1.50°
Gleason
<7 69.54+£3.71 71.00+£2.64 67.81+2.15
=7 66.53+2.98 70.15+3.30 68.69+2.71
>7 67.12+4.08 65.75+4.49 65.12+3.09
Metastasis
Yes 67.66+3.42 67.58+3.68 66.33+2.68
No 67.75+2.48 70.40+2.22 68.20+1.83
Treatment
Yes 64.22+2.00° 67.13+2.51° 65.81+1.96°
No 75.40+3.63 74.20+2.32 71.20+1.78

Platelet aggregation was evaluated by using ADP at concentrations of 2.5, 5 and 7.5
MM as agonist. The results are expressed as percentage of aggregation. Data were
analyzed statistically by one-way ANOVA, followed by Duncan’s multiple range test.

& Significantly reduced related to control (P < 0.05, n = 20).
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Abstract

Objectives: The relation between adenine nucleotides and cancer has already been
described in literature. Considering that the enzymes ectonucleotide
pyrophosphatase/ phosphodiesterase (E-NPP) and adenosine deaminase (ADA) act
together to control nucleotide levels, we aimed to investigate the role of these
enzymes in prostate cancer (PCa) patients.

Design and methods: E-NPP and ADA activities were determined in serum and
platelets of PCa patients and controls. We also verified the influence of the Gleason
score, bone metastasis and treatment in the enzyme activities.

Results: Platelets and serum E-NPP activity increased, whereas ADA activity in
serum decreased in PCa patients. In addition, Gleason score, metastasis and
treatment influenced E-NPP and ADA activities.

Conclusions: We may propose that E-NPP and ADA are involved in the development
of PCa. Moreover, E-NPP and ADA activities are modified in PCa patients with

distinct Gleason score, with bone metastasis, as well as in patients under treatment.

Keywords: Prostate cancer, ectonucleotide pyrophosphatase/ phosphodiesterase,

adenosine deaminase
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1.Introduction

Prostate cancer (PCa) is the most common non-cutaneous cancer in men and
the second most common form of cancer death [1]. The factors that determine the
risk of developing clinical prostate cancer and particularly the risk of developing
aggressive disease are not well characterized [2]. The mechanism of prostate
carcinogenesis involves a combination of both acquired factors and inherited genetic
predisposition, a concept supported by extensive evidences [3, 4]. The greatest
known risk factor is age, with a very low risk of developing the disease in men under
50 and rising risk with increasing age thereafter; nearly 65% of cases occur in men
aged 65 and older [5]. The morphological appearance of cancer cells reflecting
distinct degrees of differentiation was elegantly analyzed and classified by Gleason
[6, 7] into the currently used standard grading system, which is based on the degree
of glandular differentiation and the interaction of the malignant glands with stroma [8].

Although great advances have been made in the treatment of PCa in recent
years, questions still remain concerning the optimal treatment strategy for both
localized disease and metastatic disease (mainly bone metastases). This lack of a
standard treatment may be partly attributed to variations in the risk of disease
progression among patients [9]. A vast majority (90%) of PCa deaths occurs in
patients with bone metastases [10]. Men with advanced PCa are at high risk of
developing bone metastases resulting in clinically significant skeletal morbidity and
severe bone pain.

Extracellular adenine nucleotides and nucleosides act as signaling molecules
involved in a wide spectrum of biological effects [11]. A variety of pathophysiological
responses to nucleotides have been described, including roles in cell proliferation

and growth [12] as well as induction of apoptosis [13]. The control of circulating
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nucleotide levels is important in the maintenance of the physiological nucleotide-
mediated signaling process. This control is exerted by a family of enzymes that
hydrolyzes such nucleotides and consequently generates their respective
metabolites [14]. These ecto-enzymes include the ecto-nucleoside triphosphate
diphosphohydrolase (Ecto-NTPDase) and ectonucleotide pyrophosphatase/
phosphodiesterase (E-NPP) families as well as 5'-nucleotidase and adenosine
deaminase (ADA) [15].

E-NPP (EC 3.1.4.1) is responsible for hydrolyzing 5'- phosphodiester bonds in
nucleotides and their derivatives, where both purines and pyrimidines serve as
substrates, resulting in the production of nucleotide monophosphate [16]. E-NPP
hydrolyzes a broad range of substrates and influences many physiological
processes. Dysfunctions of E-NPP have been shown to be involved in the
pathophysiology of several diseases, including cancer. Aberrant expressions of E-
NPP have been demonstrated in several conditions including cell motility and
migration, angiogenesis and tumor cell invasion [17].

Adenosine, which is a metabolite of adenine nucleotides, plays important roles
that depend on the type of receptor in each tissue and on the origin of the damage.
Adenosine presents tumor promoting functions [18] by stimulating angiogenesis and
cytoprotection as well as by reducing hypoxia through vasodilatation.

Adenosine deaminase (ADA, E.C 3.5.4.4) catalyses the deamination of
adenosine and deoxyadenosine into inosine and deoxyinosine [19]. Due to the
irreversibility of the reaction catalyzed by ADA, the reaction appears to be one of the
rate-limiting steps in adenosine degradation [20]. In several studies, ADA activities

have presented controversial results regarding cancerous tissues and cells [21-23].
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Considering the fact that adenosine and adenine nucleotides play an important
role in the physiology of cancer and both ADA and E-NPP are altered in many
physiological processes, the aim of this study was to investigate the ADA and E-NPP
activities in serum and platelets of patients with prostate cancer. We also aimed to
evaluate the possible relationship or influence of Gleason score, metastases and

treatment in these enzyme activities.

2 .Materials and methods

2.1. Selection of the patients

The sample consisted of 68 PCa patients under treatment at the Oncology-
Hematology Laboratory of the Hospital of the Federal University of Santa Maria. The
controls consisted of 40 healthy volunteers with ages and social conditions similar to
those of the patients. The average age of controls was 71.46 + 7.61 (meanzSD)
years and the average age of PCa patients was 72.57+ 8.76 (meanxSD). The
controls presented no acute or chronic diseases such as diabetes, parasitosis or
immune dysfunction. Also, the controls studied here were not under any
pharmacological therapy.

Patients included in this study were diagnosed with PCa based on histological
evaluation (positive biopsy results). For purposes of analysis, patients with PCa were
divided into different groups considering 3 distinct parameters: presence or absence
of metastasis, standard treatment or without any type of treatment and Gleason
score. Consent was given by family members of all patients included in this work.
The Human Ethics Committee from the Federal University of Santa Maria approved

the protocol under number 23081.09047/2008-47.
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2.2. Plateletisolation

The platelet rich plasma was prepared according to Pilla et al., [24] with the
following minor modifications. In short, the blood was collected into 0.129 M citrated
vacutainer tubes and centrifuged at 500 rpm for 10 min. After this, the platelet rich
plasma was centrifuged at 3700 rpm for 30 min and washed twice with 3.5 mM
HEPES buffer, pH 7.0, which contained 142 mM NaCl, 2.5 mM KCI and 5.5 mM
glucose. The platelet pellets were resuspended in HEPES buffer and used to
determine E-NPP and ADA activities.

Soon after the separation of the platelets, the cell viability was determined by
measuring the activity of the enzyme lactate dehydrogenase (LDH) present in the
sample, using the labtest kit (Labtest, Lagoa Santa MG, Brasil). The procedure was
repeated before and after the incubation period and samples with more than 5% of

disrupted cells were excluded.

2.3. Ecto-NPP activity determination—measurement of p-Nph-5-TMP
hydrolysis in platelets and serum
The ectonucleotide pyrophosphatase/phosphodiesterase (ENPP) activity, from
platelets, was assessed using p-nitrophenyl 5'-thymidine monophosphate (p-Nph-5'-
TMP) as substrate as described by Firstenau et al. [25]. The reaction medium
containing 50 mM Tris—HCI buffer, 120 mM NaCl, 5.0 mM KCI, 60 mM glucose, 5.0
mM CaCl, pH 8.9, was preincubated with approximately 20 pg per tube of platelet
protein for 10 min at 37 °C in a final volume of 200 pL.
The enzyme reaction was started by the addition of p-Nph-5-TMP to a final
concentration of 0.5 mM. After 80 min of incubation, 200 pL NaOH 0.2 N was added

to the medium to stop the reaction. The amount of p-nitrophenol released from the
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substrate was measured at 400 nm using a molar extinction coefficient of
18.8x1073/M/cm. The enzymatic reaction, for serum samples, was determined as
described by Sakura et al.1998 [26]. The reaction medium containing p-Nph-5'-TMP
as substrate (at a final concentration of 0.5 mM) in 100 mM Tris—HCI PH 8.9 was
incubated with 1 mg of serum protein at 37 °C for 5 min in a final volume of 200 pL
and the reaction was stopped by 200 mL of NaOH 0.2 N. Controls to correct
nonenzymatic substrate hydrolysis were performed by adding platelet preparations
and serum after the reaction had been stopped with NaOH as described for platelets.
All samples were performed in triplicate.

Enzyme activities were generally expressed as nanomol of p-nitrophenol
released per minute per milligram of protein (nmol p-nitrophenol released/min/mg

protein).

2.4. Adenosine deaminase determination

Adenosine deaminase (ADA), both in serum and platelets, was determined
according to Guisti and Galanti [27]. Briefly, 50 uL of serum or platelets reacted with
21 mmol/L of adenosine pH 6.5 and was incubated at 37 °C for 60 min. This method
is based on the direct production of ammonia when ADA acts in excess of
adenosine. The protein content used for the platelet experiment was adjusted to 0.7—
0.9 mg/mL. This concentration was chosen after a pilot experiment in which we used
several protein concentrations. This range gave the best results, compared with ADA
activity found in the erythrocytes.

Results were expressed in units per liter (U/L). One unit (1 U) of ADA is
defined as the amount of enzyme required to release 1 mmol of ammonia per minute

from adenosine at standard assay conditions.
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2.5. Protein determination
Protein content was determined according to Bradford (1976) [28], using

bovine serum albumin as standard.

2.6. Statistical analysis
Statistical analysis was performed with the commercial SPSS package for
Windows®©. All data are expressed as the mean * standard error. The distribution of
all dependent variables was examined by the Shapiro-Wilk test and was found not to
differ significantly from normal. Data were analyzed statistically by one-way ANOVA
followed by the Duncan’s multiple test. Differences were considered significant when

the probability was P < 0.05.

3.Results

The results described here were compared using the one-way ANOVA test
followed by Duncan's post-hoc comparisons. LDH revealed that nearly 5% of the
platelets were disrupted indicating that the sample was predominantly intact (data not
shown). E-NPP activity from serum (Fig. 1A) and platelets (Fig. 1B) was significantly
increased in PCa patients when compared with the control group. On the other hand,
ADA activity in serum (Fig. 1C) was significantly decreased in PCa patients
compared with the control group. For the ADA activity in platelets, no significant
changes were observed (Fig. 1D).

Considering Gleason score, E-NPP activity in serum (Fig. 2A) was significantly
increased only in the group with Gleason score lower than 7 in relation to the other

groups. However, E-NPP activity in the platelets (Fig. 2B) was not altered by different
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Gleason scores. ADA activity from platelets (Fig. 2C) and serum (Fig 2D) was
significantly decreased in patients with Gleason score higher than 7 in relation to the
control group (serum activity) and the other groups (platelet activity).

Figure 3 shows a comparison of patients with localized PCa and bone metastatic
disease with the control group. Post-hoc comparisons made by Duncan's test
revealed that the E-NPP activity in serum (Fig. 3A) was increased in the patients with
localized disease in relation to the control group. ADA activity in serum (Fig. 3C) of
patients with bone metastases was significantly decreased when compared with the
control group. Nevertheless, for the ADA and E-NPP activities in platelets (Fig. 3B
and D), there was no significant difference between the groups.

E-NPP activity in the serum (Fig. 4A) was increased in the group of patients who
had not received any therapy in relation to the control group. Post-hoc comparisons
made by Duncan's test revealed that the serum ADA activity (Fig. 4C) was decreased
in the group of patients who had not received any therapy preceding the blood
sampling when compared to the control group. However, no significant changes for

ADA and E-NPP activities in platelets (Fig 4B and D) were observed.

4.Discussion
In recent years, significant efforts have been made to understand the
biological and molecular mechanisms involved in the PCa development and
progression. Cancer cells are known to have alterations in multiple cellular signaling
pathways [29]. Extracellular nucleotides, particularly ATP and adenosine, produce
responses in diverse biological processes, such as apoptosis and control of cell
proliferation and differentiation [30]. Nucleotides have been shown to affect the

proliferation of different cell types, although the results are not always clear and the
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mechanisms may be complex and indirect, depending on the cell type and the
presence of ecto-nucleotidases [18]. These enzymes include members of the E-NPP
and ADA families which hydrolyze ATP into ADP, AMP and adenosine [31].

E-NPP has been detected in almost all tissues [32], although individual
isoforms are usually restricted to specific substructures and/or cell types. In this
study, E-NPP evaluated in PCa patients was visibly altered. E-NPP is frequently
altered by pathological situations and its activity may become a useful tool to
evaluate the disease progression [15]. Such activity has been found to be increased
in normal pregnancy and in some types of cancer and cholestatic liver disease [33,
34]. Our results demonstrate that E-NPP activity in serum and platelets was
significantly increased in PCa patients in relation to the control, possibly as a
consequence of the enhanced nucleotide degradation caused by the tumor
presence, generating more AMP. On the other hand, we may suggest a
compensatory mechanism in attempting to inhibit tumor growth, since studies have
showed that AMP has an inhibitory effect on the growth of breast cancer cells [35].

Aiming to elucidate the involvement of nucleotide degradation in PCa, we
analyzed the activity of E-NPP in patients divided in groups considering some
important factors. Taking into account parameters such Gleason score, metastasis
and treatment in PCa patients, we could observe interesting and unexpected results.
Regarding the Gleason score, the E-NPP activity in serum was increased only in
patients with Gleason score lower than 7. In the groups of patients with localized
disease and in the patients who had not received any treatment, an increase in E-
NPP activity in serum was also observed. In these groups, we observed enhanced
nucleotide degradation consequently a lower concentration of ATP is available. We

may suggest that the increase observed in E-NPP activity is not due to the hormonal
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therapy used by the PCa patients. Also, these findings support the argument that it is
the pathological condition that generates the increase in this enzyme activity.

In addition, we can suggest that extracellular ATP participates in the regulation
of cell migration and may have effects in PCa. Zhang et. al (2010) [36] showed that
ATP promoted cell migration of PCa cells. They suggest that extracellular ATP
promoted invasion of PCa cells by increasing the motility of cells and the expression
of Matrix metalloproteinases, which is from the family of enzymes closely related to
tumor invasion. However, in our study, E-NPP activity in platelets was not altered by
Gleason scores, metastasis and treatment. Therefore, further studies are suggested
to elucidate the relationship between E-NPP and the parameters studied.

Alterations in total ADA activity have been largely described in patients with
malignant diseases, although the results are still contradictory [15]. Few published
clinical studies about the value of ADA activity in PCa patients are available in the
literature.

Our results reveal that ADA activity was decreased in the serum of PCa
patients. However, ADA activity in platelets was not significantly changed, when PCa
patients were compared with controls. As it was demonstrated, the changes in the
ADA activity appear to be more sensitive in serum than in platelets. On the other
hand, decreases in the ADA activity in serum and platelets revealed a significant
involvement with prognostic factors, such as Gleason score, metastasis and
treatment.

ADA contributes to the regulation of intra- and extracellular adenosine
concentrations by the conversion into inosine, and the irreversibility of the reaction
makes it the limiting step in adenosine degradation [37]. Adenosine accumulates at

high concentrations in solid tumors, exerting a range of malignancy-promoting effects
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such as protection against ischemia, stimulation of growth and angiogenesis, as well
as inhibition of cytokine synthesis. Some authors therefore conclude that adenosine
is a major factor promoting tumor growth [18].

Our results are in agreement with other authors that showed low ADA activity
values in tumor tissues or lymphocytes from cancer patients [22, 23, 38]. On the
other hand, in some studies ADA activity was found to be increased in cancerous
tissue, suggesting that increased ADA activity may be a compensatory mechanism
against toxic accumulation of its substrates [39]. In order to explain the discrepancy,
further investigation is required.

Most of the studies found in the literature have evaluated ADA activity in
serum and cells such as lymphocytes, monocytes and erythrocytes, but none until
now had determined ADA activity in platelets. Our present study determined E-NPP
and ADA activities in platelets and serum of patients, as well as verified whether
clinicopathological parameters may influence these enzymatic activities in PCa.
Interestingly, we have observed a decrease in the ADA activities in platelets and
serum in the cancer group with a Gleason score greater than 7. Furthermore, these
findings indicate that advanced PCa is associated with a low ADA activity and
consequently high adenosine concentration.

When the patients were divided considering the presence or absence of the
metastasis, a reduction in the ADA activity only in patients with metastasis was
observed. These results are interesting and support the idea that adenosine may be
involved in the process of metastasis. Moreover, our results showed that patients
who did not receive any previous treatment presented the ADA activity in serum
diminished. This fact probably contributes to the increased availability of adenosine in

this group. This suggestion is based on the properties of adenosine as a tumor
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facilitating agent, since this nucleoside causes induction of vasodilatation,

neovasculogenesis and the reduction of hypoxia and inflammation [14, 18].

5.Conclusions:

The experimental data showed in this work strongly support the hypothesis
that extracellular nucleotide hydrolysis has an important role in PCa. In addition, we
may propose that ATP and adenosine may have tumor-promoting activities. An
interesting and important aspect is that clinicopathological parameters analyzed in
PCa patients based on Gleason score, metastasis and treatment may influence E-

NPP and ADA activities.
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Fig. 1: E-NPP activity in serum (A) and platelets (B) and ADA activity in serum (C)
and platelets (D) of PCa patients and controls. Each column represents mean + S.E.
Differences are considered significant when p<0.05 (*).

Fig. 2: E-NPP activity in serum (A) and platelets (B) and ADA activity in serum (C)
and platelets (D) of PCa patients divided by Gleason score. Patients, considering
Gleason score, were divided into: Gleason lower than 7 (<7, n = 25), Gleason equal
to 7 (=7, n= 25) and Gleason higher than 7 (>7, n=18). Controls consisted of 40
healthy subjects. Each column represents mean£S.E. Duncan's multiple range tests:
groups that show different letters are statistically different (p<0.05).

Fig. 3: E-NPP activity in serum (A) and platelets (B) and ADA activity in serum (C)
and platelets (D) of PCa patients divided by presence or no of metastasis. Patients,
considering metastasis, were divided into: localized disease (n = 44) and bone
metastasis (n=24). Controls consisted of 40 healthy subjects. Each column
represents meanzS.D. Duncan's multiple range tests: groups that show different
letters are statistically different (p<0.05).

Fig. 4: E-NPP activity in serum (A) and platelets (B) and ADA activity in serum (A)
and platelets (B) of PCa patients divided by treatment. Patients, considering
treatment, were divided into: patients who had not received any therapy preceding
the blood sampling (no treatment, n=13) and patients undergoing treatment
(treatment, n=55). Controls consisted of 40 healthy subjects. Each column represents
meantS.D. Duncan's multiple range tests: groups that show different letters are

statistically different (p<0.05).
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Prostate cancer(PCa) is the sixth most common type of cancer worldwide. Cholinesterase is well known as
having non-cholinergic functions such as cellular proliferation and differentiation, suggesting a possible
influence of cholinesterase in tumorogenesis, Thus, theaim of thisstudy was to investigate the whole blood
acetylcholinesterase (AChE) and plasma butyrylcholinesterase (BChE) activities and some biochemical
parameters in PCa patients. This study was performed in 66 PCa patients and 40 control subjects. AChE and
BChE activities were determined in PCa patients and the influence of the Gleason score; bone metastasis
and treatment in the enzyme activities were also verified. Furthermore, we also analyzed possible
biochemical alterations in these patients. AChE and BChE actvities decreased in PCa patients in relation to
the control group and various biochemical changes were observed in these patients. Moreover, Gleason
score, metastasis and treatment influenced cholinesterase activities and biochemical determinations. Our
results suggest that cholinesterases activities and biochemical parameters are altered in PCa. These facts
support the idea that the drop in the cholinesterase activity and the consequent increased amount of

acetylcholine could lead to a cholinergic overstimulation and increase the cell proliferation in PCa

@ 2011 Published by Elsevier Masson SAS.

1. Introduction

Prostate cancer (PCa) is an important cause of mortality and
morbidity worldwide and it is the most common noncutaneous
malignancy in men [1]. The standard prognostic approach to PCa
patients includes some clinical and pathological characteristics,
such as Gleason score, presence of metastasis and response to
hormonal therapy. PCa is a major age-related malignancy with
most incidences occurring between 54 and 75 years [2]. The
histologic differentiation grade is the strongest prognosticator of
PCa. The morphological appearance of cancer cells reflecting
distinct degrees of differentiation was elegantly analyzed and
classified by Gleason [3 4] into the currently used standard grading
system, which is based on the degree of glandular differentiation
and the interaction of the malignant glands with stroma.

Little is known about the risk factors for PCa progression [5].
Family history of PCa is a well-established risk factor for PCa risk
in men. Several prospective [6] and retrospective [ 7] studies have

* Corresponding author. Tel.: +55 55 32 20 95 57; fax: +55 55 3220 9557,
E-muail address: veramorschi@gmail.com { V.M. Morsch).

0753-3322(8 - see front matter @ 2011 Published by Elsevier Masson SAS.
doi:10.1016/j.biopha.2011.11.005

reported two to four fold increased risk of PCa in men with a
positive family history of PCa especially in a first-degree relative.
Many other factors have been studied for their potential role as
risk factors for PCa, but the evidence for or against each have
been contradictory. These factors have included alcohol use [8],
tobacco use [9] and occupation [ 10]. A large number of studies have
assessed the risk of PCa in various occupational groups. There are
some hints that occupational groups potentially exposed to
pesticides, which incdude farmers might experience excess risks
[10].

Although great advances have been made in the treatment of
PCa in recent years, questions still remain concerning the optimal
treatment strategy for both localized disease and metastatic disease
(mainly bone metastasis ). The lack of a standard treatmentapproach
may be partly attributed to varations in the risk of disease
progression among patients [11]. Several different hormonal
therapies, which act by different mechanisms, are available.
Luteinizing hormone-releasing hormone (LHRH) agonists such as
goserelin down regulate the pituitary LHRH receptors suppressing
the luteinizing hormone (LH) and testosterone secretion [12]. The
introduction of LHRH agonists revolutionized the treatment of
advanced PCa [13].

Please cite this article in press as: Battisti V, et al. Cholinesterase activities and biochemical determinations in patients with prostate
cancer: Influence of Gleason score, treatment and bone metastasis. Biomed Pharmacother (2011), doi:10.1016/j.biopha.2011.11.005
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Increasingly, evidence supports the involvement of cholines-
terases in nonclassic functions [14,15], such as cellular prolifera-
tion and differentiation [16], suggesting a possible influence of
cholinesterases in tumorigenesis. Indeed, either the cholinesterase
genes are structurally altered or their products are aberrantly
expressed in a variety of tumor types [17-19]. Butyrylcholineste-
rase (BChE) and acetylcholinesterase (AChE ) catalyze the hydroly-
sis of choline esters. BChE is abundant in liver and plasma [20]. It
efficiently hydrolyses butyrylcholine and has a major role in the
metabolism of some clinically important anesthetic agents. AChE is
found in many tissues, including erythrocytes, nerve endings,
lungs, spleen, and brain [21]. It has relative specificity to the
neurotransmitter acetylcholine, playing a crucial role in the
nervous system function. Although the function of “‘non-neuronal
cholinergic system” is not yet clarified, it appears to intervene in
important cell processes such as proliferation, differentiation,
apoptosis and cell-cell recognition [22].

In patients with PCa, various biological (family history),
biochemical (lactate dehydrogenase, hepatic function tests, renal
function tests, electrolyte balance, albumine), and other prognostic
factors have been proposed, including tobacco use, alcohol use, the
extent of disease (metastatic or localized), Gleason score and
response to hormonal therapy. However, the real prognostic value
of such factors has not been fully defined [23].

Acute renal failure can be one of the many complications
associated with malignancy [24] and the monitoring of urea, uric
add and creatinine levels are important in PCa patients. Similarly,
the hepatic function canbe altered in PCa and the dosage of hepatic
function tests as aspartate aminotransferase (AST), alanine
aminotransferase (ALT), alkaline phosphatase (ALP) and Gamma-
glutamyltransferase (GGT) is necessary. Elevated lactate dehydro-
genase (LDH) levels are consistently reported as a prognostic factor
for poor survival in PCa [25], and the total serum ALP partly reflects
osteoblastic activity, which is likely to be more pronounced in
patients with larger volume or aggressive bony metastatic disease
[26]. Furthermore, there is some evidence to use GGT as an
indicator of cancer risk [27]. On the other hand, the electrolyte
imbalance in cancer patients can be induced by various factors.
Thus, it is important to verify the ion levels in the serum of PCa
patients. Finally, associations between albumin concentrations
and mortality have been widely reported in patients with various
diseases, including cancer [28].

Recently, the role of cholinesterases was investigated in studies
carried out in our laboratory with acute lymphoblastic leukemia
[29] and in hypertensive and ischemic patients [30], but
information about the activities of these enzymes have been
conflicting in patients with PCa. Then, in attempt to investigate the
potential role of AChE and BChE in the etiology of PCa, as well as the
possible interference of different parameters in the enzyme
activities, we examined the influence of Gleason score, bone
metastasis and hormonal therapy on plasma BChE and total blood
AChE activities, two enzymes involved in biological functions, such
as proliferation, and cellular differentiation. Furthermore, we also
verified various biochemical (LDH, hepatic function tests, renal
function tests, electrolyte balance, albumine), and other prognostic
factors (tobacco use, alcohol use, the extent of disease, Gleason
score and response to hormonal therapy) in PCa patients.

2. Patients and methods
2.1. Patients

The sample consisted of 66 PCa patients aged 72.43 + 5.89 years
from the Oncology-Hematology Laboratory of the Hospital of the

Federal University of Santa Maria. Patients included in this study were
diagnosed with PCa based on histological evaluation (positive biopsy

results). For purposes of analysis, patients with PCa were further
divided into different groups for each of three distinct parameters:
metastasis, hormonal therapy with goserelin or cyproterone acetate
and Gleason score. Consent was given by family members of all the
patients included in this work.

The controlgroup consisted of 40 individuals aged 71.40 + 3.64
years, who presented normal blood pressure, were free from
diabetes mellitus, alcoholism, cigarette smoking, chronic diseases,
and had not been submitted to any pharmacological therapy. All
subjects gave written informed consent to participate in the study.
The protocol was approved by the Human Ethics Committee of the
Health Science Center from the Federal University of Santa Maria,
protocol number 23081.09047/2008-47. Ten milliliters of blood was
obtained from each patient and used for platelet-rich plasma
preparation and biochemical determinations. The same procedure
was carried out for the control group. Patient general characteristics
are shown in Table 1.

2.2, Chemicals

Acetylthiocholine iodide (ASCh), 5,5 -dithio-bis-2-nitrobenzoic
acid (DTNB, Ellman’'s reagent) and Triton X-100 were obtained
from Sigma (Deisenhofen, Germany ), ethopropazine hydrochloride
from Aldrich (Steinheim, Germany). All the other reagents used in
the experiments were of analytical grade and of the highest purity.

2.3. Sample preparation

The blood was collected in vaccuntainer tubes using EDTA as
anticoagulant. For AChE activity in whole blood, the samples were
hemolized with phosphate buffer 0.1 M, pH 7.4 containing Triton
X-100 (0.03%) and stored at —20°C for 1 week. For BChE activity
the plasma was separated and stored at -20°C to posterior
analyses. The blood was collected in vaccutainer tubes without an
anticoagulant system and centrifuged at 5000 rpm for 10 minutes.
The precipitate was discarded and the serum was used to
biochemical determinations.

2.4. Biochemical determinations

A blood sample was obtained and serum was used to the
determination of LDH, hepatic function tests, renal function
tests, electrolyte balance and albumin. AST, ALT, ALP and GGT
were measured for the hepatic function testing. Urea, uric
acid and creatinine were used to determine the renal function.

Table 1
Characteristics of patients.
Variable Patients
Gleason <7 (40%)
=7 (37%)
=7(23%)
Age (years) <70 (24%)
70-80 (53%)
= B0 (23%)
Metastasis Localized disease=64%
Bone metastasis=36%
Treatment Not treated=17%
Goserelin A.=68%
Cyproterone A.=15%
Family history Yes=66%
No=34%
Smoker Yes=64%
No=36%
Alcohol Yes=42%
No=58%
Occupation Farmer =47
Others=58%
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All measurements were performed using standard methods on
Cobas MIRA® (Roche Diagnostics, Basel, Switzerland) automated
analyzer.

2.5. Whole blood acetylcholinesterase and plasma
butyrylcholinesterase activities

Whole blood AChE activity was determined by the method of
Elmann et al. [31] modified by Worek et al. [32]. To achieve
temperature equilibration and complete reaction of sample matrix
sulfhydryl groups with DTNB, the mixture was incubated for
10 minutes prior to addition of substrate. Enzyme activity was
corrected for spontaneous hydrolysis of the substrate and DTNB
degradation. The butyrylcholinesterase (BChE EC 3.1.1.8) was
inhibited by ethopropazine. AChE activity was measured
at 436 nm and 37 °C using polystyrene cuvets. The activity of
whole blood AChE was calculated from the quotient between
AChE activity and protein content and the results are expressed as
pwmol/h/mg of protein. The same method was used for the
determination of BChE activity in the plasma, except that the
acetylcholine substrate was replaced by butyrylthiocholine and
the results were expressed in the pumoles BcSCh/h/mg of protein.

2.6. Protein determination

Protein was determined by the Coomassie blue method
according to Bradford [33] using bovine serum albumin as standard.

2.7. Statistical analysis

Data are presented as mean + standard error. The distribution of
all dependent variables was examined by the Shapiro-Wilk test and

0.80
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060 [
050 |
040 |
0.30
0.20 [
010 |
0.00

pmol Ac5Ch/h/mg protein

Patients

Control

24

pmol BuSCh/h/mg protein

Patients

Control

Fig. 1. Acetylcholinesterase (A) and butyrylcholinesterase (B) activities of prostate
cancer patients (n=66) and controls (n = 40). Each column represents mean + S.E
Differences are considered significant when P < 0,05 (*)

was found not todiffer significantly from normal. Data were analyzed
statistically by one-way Anova followed by the Duncan's multiple
tests. Differences were considered significant when the probability
was P < 0.05. The SPSS version 13.0 was used for all analyses (SPSS
Inc., USA).

3. Results
3.1. Characteristics of patients

The clinical characteristics of the patient group are shown in
Table 1. Most of the patients were classified in the Gleason score
less than 7, were between 70 and 80-years-old, had localized
disease and were under hormonal therapy with goserelin acetate.
Risk factor analysis showed prevalence of smoking and family
history of cancer in the patient groups studied. In addition, a great
part of PCa patients involved in this study were farmers and
reported alcohol use.

3.2, Acetylcholinesterase and butyrylcholinesterase activities

Post-hoc comparisons made by Duncan’s test revealed that the
AChE in total blood and BChE in the plasma activities were
decreased in the PCa patients compared to the control group
(Fig. 1A and B).

Fig. 2A and B shows patients divided in groups based on Gleason
score. Both AChE and BChE activities were significantly decreased
in patients with Gleason score equal and higher than 7 in relation
to the other groups.

0.80
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0.40
0.30
0.20
0.10
0.00

pmol Ac5Ch/h/mg protein

Control Gleason<7  Gleason=7  Gleasons> 7

24
21
18

gmol BuSCh/h/mg protein
]

9
6
3
0

Gleason+«7  Gleason=7  Gleason> 7

Control

Fig. 2. Acetylcholinesterase ( A) and butyrylcholinesterase (B) activities of prostate
cancer patients divided by Cleason score, Patients, considering Gleason score, were
divided into: Gleason lower than 7 (< 7, n=26), Gleason equal to 7 {= 7,n =25) and
Gleason higher than 7 (> 7, n= 15). Controls consisted of 40 healthy subjects. Each
column represents mean + SE Duncan's multiple range tests: groups that show
different letters are statistically different { P = 0.05).
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Fig. 3. Acetylcholinesterase (A) and butyrylcholinesterase (B) activities of prostate
cancer patients divided by presence or no of metastasis. Patients, considering
metastasis, were divided into: localized disease (n=42) and bone metastasis
{n=24), Controls consisted of 40 healthy subjects. Each column represents
mean + 50. Duncan’s multiple range tests: groups that show different letters are
statistically different (P < 0.05).

Fig. 3 shows a comparison of patients with localized PCa and
bone metastatic disease with the control group. Post-hoc
comparisons made by Duncan's test revealed that the AChE
activity (Fig. 3A) was decreased only in patients with bone
metastasis in relation to the other groups. Regarding the BChE
activity, Fig. 3B shows a reduced activity in all patients in relation
to the controls, however, the highest reduction was observed in
patients with bone metastasis.

AChE activity in patients divided by treatment is shown in
Fig. 4A. No significant difference was observed between groups of
patients and controls. On the other hand, post-hoc comparisons

¢mol BuSCh/h/mg protein
~

Control

Mo Treatment  Guserelin A, Cyproterone A

Fig. 4 Acetylcholinesterase (A) and butyrylcholinesterase (B) activities of prostate
cancer patientsdivided by treatment. Patients, considering treatment, were divided
into: patients who had not received any therapy preceding the blood sampling (no
treatment, n = 11), patients undergoing treatment with Goserelin Acetate (n=45)
and patients undergoing treatment with Cyproterone Acetate (n=10). Controls
consisted of 40 healthy subjects. Each column represents mean + 5.D. Duncan's
multiple range tests groups that show different letters are statistically different
(P <0.05)

made by Duncan's test revealed that the BChE activity was
decreased in patients who had not received any therapy or treated
with cyproterone acetate when compared to the controls.

3.3. Biochemical determinations

Tables 2 and 3 show the biochemical determinations in patients
divided in different groups considering the presence or absence of
metastasis, standard treatment (without previous treatment,
goserelin acetate or cyproterone acetate) and Gleason score.

Table 2
Biochemical determination (LHL, GGT, ALP, urea, creatinine and uric acid) in prostate cancer patients divided in groups based on type of trearment, Gleason score and bone
metastasis.
LDH GGT ALP Urea Creatining Uric Acid
(UjL) (u/L) (UjL) (mg/dL) (mg/dL) (mg/dL)
Control 14442 +£3.76 2915+ 1.40 BBA42 +331 26,00 + 1.04 088+ 0.04 473 +0.14
Tvpe of Treatment
No treatment 231.33 +£3645" 49+ 3437 25966 £ 120237 49.95 + 12677 1.03+0.16 5.55+105
Goserelin A 22369 +1226% 39+ 583 15041 £3128 47.16 £2.74° 1.43+021 527 +024
Cyproterone A. 261.11+£2747 2224124 BETT+1345 4273 £504° 1.02+0.19 46+154
Gleason Score
<7 248 +17 66" 19.8+ 1.56 12343 +2943 43.05+241° 1.32+032 53+040
=7 24543 +2245" 3663+73 157.13 +53.07 47.51 £5.73° 1.18+023 4.87 +032
>7 18337 +2198 66.5+ 25.58a 26925 +43 65% 50.33 + 859" 1.22+0.16 5371073
Bone Metastasis
Yes 219.88 + 1583 43.23+9.73 21126 +£51.18° 4922 + 456" 1.51+0.28° 4.88 +030
No 239.86 + 14.46% 3575+ 776 10103 +18.11 4463 +227 1.18+0.98 548 +032
4 LDH =lactate dehydrogenase; GCT=gamma-glutamyltr ; ALP=alkaline phosphatase.
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Table 3
Biochemical determination { Na, K, Ca, Mg, AST, ALT and albumin) in prostate cancer patients divided in groups based on type of treatment, Gleason score and bone metastasis.
MNa K Ca Mg AST ALT Albumin
(mEq/L) (mEqfL) (mg/dL) (mg(dL) (ufL) (u/L) (g/100 mL)
Control 14095 +0.51 4.59 +0.05 944+ 0,06 2.05+002 2355+ 078 2280+ 109 412+ 0.06
Type of Treatment
No treatment 139.66 +1.08 446 +0.16 911+023 1.90+0.1 5543+24° 375+15° 467+ 0004
Goserelin A. 138.74 + 061 4.39 +0.06 916+ 0.09 2.13+003 2448+ 44 2261+ 1.88 411+£0.11
Cyproterone A 139.12 +1.80 4.51 +023 921+011 1.97+0.12 234443 2384377 416+ 0.28
Gleason Score
<7 139.05+1.19 449 +012 914+ 052 2,08 +005 206+ 255 2044207 4224013
=7 138.60 +0.56 4424011 9.10+0.12 211007 2114+ 1.79 2471+231 404+ 0,17
=7 137.77 £323* 440 +015 925+ 026 2.11+009 2800+2.78 5032+472 402+ 041
Bone Metastasis
Yes 138.53 +0.58% 4.38 +0.08 914+ 012% 209 +004 3022+491 2155+236 395+ 0.15
No 139.24 + 088 445009 S.18+0.10 2.11+005 2210+ 1.81 2535+238 427+0.10

AST=aspartate aminotransferase; ALT=alanine aminotransferase.

Post-hoc comparisons made by Duncan'’s test revealed that DHL
activity and levels of urea in the serum were increased in all PCa
patients. Our results show that ALP activity was elevated only in
patients that had not received any therapy preceding the blood
sampling, with Gleason score higher than 7 and in patients with
bone metastasis compared with other groups. In relation to the GGT
activity, our results show elevated activity in patients that had not
received any therapy and in patients with Gleason score higher than
7.The activities of ALT and AST were increased in patients that had
not received any therapy. Creatinine level was increased only in
patients with bone metastasis. On the other hand, calcium level was
decreased in these patients. Levels of sodium were decreased in
patients with Gleason score higher than 7 and with bone metastasis.
Nevertheless, for the uric acid, potassium, magnesium and albumin,
there was no significant difference between the groups.

4. Discussion and conclusion

Prostate cancer is the sixth most common type of cancer
worldwide and it is a considerable health risk for men throughout
the world. It has been proposed that there may be a hereditary
component to PCa risk, since family history of PCa is a well-
established risk factor for PCa risk in men [34]. In accordance, our
study demonstrated an increased PCa risk for men with a family
history of any cancer or PCa. In our study, we observed that most
PCa patients were current smokers. One important relationship
between tobacco smoking and cancer is well established [35].
Cigarette smoke contains hundreds of carcinogenic substances
that have demonstrable effects on all phases of cancer develop-
ment. Tumor initiation, promotion and progression have been
associated with compounds found in tobacco smoke in a variety of
experimental tumor model systems [36]. Moreover, a significant
number of PCa patients were farmers and reported alcohol
consumption. According to Parent et al. [10], farmers exposed to
high levels of pesticides had a two-fold excess risk of PCa compared
to unexposed farmers. Moreover, alcohol consumption has been
shown to alter sex steroid metabolism and thus could theoretically
play a role in PCa development [37].

AChE is an essential enzyme in the nervous system that plays a
key role in terminating neurotransmission at cholinergic synapses.
AChE is a constituent of various cell types and tissues that include
nervous tissues, human fibroblasts, rat kidney cells, human
erythrocytes and human megakaryocytes [ 38,39]. In these tissues,
the biological role of AChE is not limited to its classical role in
hydrolyzing the neurotransmitter acetylcholine, but includes non-
classical roles, such as cellular proliferation and differentiation,
suggesting a possible influence of cholinestases in tumorogenesis.

Our results show that the AChE and BChE activities were
decreased in PCa patients in relation to the control group. These

results support the hypothesis that the alteration in cholinesterase
activity in tumors may arise from an increased degradation or
release of these enzymes. Another important aspect to be
discussed is that a decrease in the cholinesterase would affect
mainly the hydrolysis of acetylcholine. According to Song et al.
[40], this chemical compound stimulates cancerous cells growing
in lung tumors. The drop in cholinesterase activity and the
consequent increased amount of acetylcholine could lead to a
cholinergic overstimulation and increase the cell proliferation in
cancer. In the context of cancer, the opposite variation of AChE and
BChE activities in human breast carcinoma [41], the decrease of
AChE activity in metastatic lymphnodes [42], the aggressiveness of
human astrocytoma linked to changes in the composition of AChE
variants [43], the correlation between the high levels of
cytoplasmic AChE with decreased survival in ovarian cancer
patients [44] and the function of cholinesterases in the male
reproductive physiology [45] are worth mentioning.

When the patients were divided in groups based on dinico-
pathological characteristics interesting results were observed.
AChE and BChE activities were modulated differently in relation to
the Gleason score, presence or absence of metastasis and use of
hormonal therapy. This may indicate that the cholinesterase
activities are being affected differently by these conditions.
Interestingly, we have observed a decrease in cholinesterase
activities in the cancer group with a Gleason score greater than 7.
Furthermore, these findings indicate that advanced PCa is
associated with a decreased cholinesterase activity and conse-
quently high acetylcholine concentration.

When the patients were divided considering the presence or
absence of the metastasis, a reduction in the AChE activity only in
patients with metastasis was observed. In relation to the BChE
activity the major decrease was observed in patients with bone
metastasis as well. These resultsare interesting and support theidea
thatacetylcholine may be involvedin the process of metastasis. Both
cholinesterases have been implicated in the development processes
asacellular proliferationstimulator [46,47 |. AChE can be considered
amarker of early differentiation [48], while BChE may be involved in
cellular migration and fiber guidance [49].

On the other hand, there was no change in AChE activity when
considered the treatment type. Patients who did not receive any
previous treatment or in treatment with cyproterone presented
BChE activity decreased. Furthenmore, it is possible to suppose that
the change of BChE activities in tumor is a consequence of the
neoplastic transformations and that it contributes to the mainte-
nance of the tumorigenic process. However, in order to explain
these modifications in the BChE activity in different treatment,
further investigation is required, since is the first time that
cholinesterase activities were determined based on treatment type
in PCa patients.
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In relation to biochemical determinations in PCa patients,
several changes were verified. LDH activity and levels of urea in
the serum were increased in all PCa patients. The prognostic role
of LDH has been widely investigated in special cancer groups [50].
Elevated LDH is consistently reported as a prognostic factor for
poor survival in lung cancer, pancreatic cancer and PCa [25].
Regarding the renal damage represented by increased urea level,
it is difficult to quantify the extent of renal complications
associated with malignancy, as renal dysfunction can be present
before the identification of malignancy, coincide with the
diagnosis of malignancy, or be a secondary or tertiary effect of
treatment [24].

Our results show that ALP activity were elevated only in
patients that had not received any therapy preceding the blood
sampling, with Gleason score higher than 7 and in patients with
bone metastasis when compared with other groups. Total serum
ALP is a commonly and serially measured marker that is
inexpensive and readily available. ALP partly reflects osteoblastic
activity, which is likely to be more pronounced in patients with
larger volume or aggressive bony metastatic disease [26]. In
relation to the GGT activity, our results show an elevated activity in
patients that had not received any therapy and in patients with
Gleason score higher than 7. Our results are in accordance with
Hemelrijck et al. [51] that show a positive association between
GGT levels and tumor incidence that may be explained by the link
between GGT and the cell redox state. The activities of AST and ALT
were increased in patients that had not received any therapy. The
liver enzymes ALT and AST are biomarkers known to be specific for
liver damage as they mainly appear in the liver and their levels
increase when there is injury to the liver. Thus, an increase in these
enzyme activities indicates a liver damage in patients that had not
received any therapy.

In addition, creatinine level was increased only in patients with
bone metastasis. Therefore, a marked increase in serum creatinine
confirms an indication of functional damage to the kidney in this
group of patients. On the other hand, calcium level was decreased
in these patients. Tandon and Rizvi reported that hypocalcemia can
be a manifestation of PCa metastatic to bone [52]. Levels of sodium
were decreased in patients with Gleason score higher than 7 and
with bone metastasis. Hyponatremia is often observed in patients
with breast cancer, renal cancer, prostate cancer, and paraneo-
plastic syndrome. According to Shibata [53], one of the causes of
hyponatremia is antidiuretic hormone-producing tumor.

The medical literature shows several examples of an inverse
relationship between serum albumin levels and survival in
patients with advanced cancer [28]. However, in our study no
significant difference was observed in the albumin levels between
the PCa and controls. Although the breakdown of cells, observed in
some patients with cancer, may increases the blood levels of uric
acid, magnesium and potassium, in our study there were no
changes in these parameters in patients with PCa.

Finally, our study indicates that biochemical prognostic factors,
like lactate dehydrogenase, hepatic function tests, renal function
tests and electrolyte balance are altered in PCa patients. In
addition, our results could show a possible relationship between
the inhibition of cholinesterase activities and cellular proliferation
in PCa, indicating that these enzymes may be functionally
important in neoplastic cell transformation. All the clinical and
pathological characteristics are fundamental to the PCa prognosis,
and our findings show alterations in the cholinesterase activities
and in the biochemical determinations considering such char-
acteristics like the presence of metastasis, standard treatment used
and Gleason score. Therefore, the role of the non-neuronal
cholinergic system in different diseases (including PCa) needs to
be darified in more detail in order to optimize a future targeted-
therapy.
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5.DISCUSSAO

O Céncer de prostata (CaP) é reconhecido como um dos mais importantes
problemas médicos enfrentados pela populagdo masculina (HEIDENREICH et al.,
2010). Tem sido proposto um componente hereditario ao risco de CaP, j4 que a
histéria familiar € um fator de risco bem estabelecido (SRIDHAR et al., 2010). Nosso
estudo demonstrou haver um risco aumentado para o CaP em homens com histéria
familiar de cancer. Observamos também que a maioria dos pacientes envolvidos no
estudo eram fumantes ou ex-fumantes. A importante relagdo entre tabagismo e
cancer esta bem estabelecida (DITRE et al.,, 2011). Além disso, um ndamero
significativo de pacientes com CaP eram agricultores e relataram consumo de alcool.
De acordo com PARENT (2001), os agricultores expostos a altos niveis de
pesticidas tém um risco duas vezes maior de desenvolver o CaP e o consumo de
alcool pode alterar o metabolismo de esteréides sexuais e, portanto, poderia,
teoricamente, ter um papel na causa do CaP (LIU et al., 2000).

Nos ultimos anos, esforgos significativos tém sido feitos para compreender os
mecanismos biolégicos e moleculares envolvidos no desenvolvimento e progressao
do CaP. Alteragdes progressivas inerentes ou adquiridas no metabolismo celular que
ocorrem ao longo dos anos podem ter um papel muito importante no
desenvolvimento desta patologia (KHANDRIKA, 2009). Assim, a producéo excessiva
de EROs ou a diminuicdo no sistema de defesa antioxidante podem levar ao
estresse oxidativo. Esse estado de estresse oxidativo pode desempenhar papel
importante nos processos celulares associados com a iniciagdo e o0
desenvolvimento do CaP (FLESHNER e KLOTZ, 1999).

No presente estudo, o conteldo de TBARS e os niveis de carbonilacdo de
proteinas mostraram-se aumentados em pacientes quando comparado com o grupo
controle. Além disso, mudangcas no sistema de defesa antioxidante foram
observadas. Com relacdo as atividades da SOD e da CAT, nossos resultados
revelaram que a atividade CAT estava diminuida e a atividade da SOD aumentada
nos pacientes, quando comparados aos controles. Esses resultados foram
interessantes ja que estudos sugerem que a superexpressdo de SOD sem um
aumento compensatério na CAT tem efeitos deletérios sobre as células (PINHO et
al., 2006). Este desequilibrio pode ser explicado através da associagdo da

inflamacédo com o desenvolvimento do cancer (O_BYRNE et al, 2001) e,
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consequentemente, o aumento da SOD atribuido as moléculas pro-inflamatorias
(VISNER et al., 1990). Por outro lado, autores relataram que o O, produzido durante
0 cancer pode inativar a CAT (KENO , 1997), o que € uma das provaveis razdes
para a diminuicdo da atividade desta enzima.

Os tidis ndo-protéicos desempenham um papel importante no sistema de defesa
antioxidante, realizando a detoxificacdo das espécies reativas e a regeneracao de
outros antioxidantes. Verificamos um aumento nos niveis de tidis ndo-protéicos no
plasma e eritrocitos dos pacientes, o que estd de acordo com outros autores que
sugerem um aumento nos niveis de tidis ndo-protéicos em pacientes com CaP e a
sintese aumentada de tidis pelas células tumorais (CHIOU, 1999). Uma diminuicdo
significativa nos niveis séricos de vitamina C e de vitamina E também foi verificado
nos pacientes envolvidos neste estudo. Sugere-se que a vitamina E age protegendo
os é&cidos graxos poliinsaturados da peroxidacé@o lipidica causada pelos radicais
livres. Estudos anteriores relacionaram o aumento do risco de desenvolver CaP com
a reducdo dos niveis séricos de vitamina E (HUANG et al., 2003). Com relacdo aos
niveis séricos de vitamina C, tem-se observado uma correlacdo inversa dos niveis
desta vitamina com a presenca de biomarcadores de dano oxidativo, sugerindo que
a vitamina C pode diminuir o estresse oxidativo (PATHAK et al., 2003).

A heterogeneidade notavel de CaP pode ser representada pela identificagdo de
cinco diferentes padroes de crescimento de 1 (mais diferenciado) a 5 (menos
diferenciado). Ao adicionar o padrédo de crescimento predominante (o padréo de
Gleason primario) ao segundo padrdo de crescimento mais dominante (o padrdo de
Gleason secundario) uma escala de agressividade de 2 a 10 é obtida (VIS et al.,
2007). Curiosamente, temos observado um aumento do stress oxidativo (como
evidenciado pela carbonilacdo de proteinas elevada), alteragbes na atividade da
CAT plasmética e nos niveis de tidis ndo protéicos no grupo de pacientes
classificados na escala de Gleason superior a 8. Esses resultados confirmam
observacbes anteriores (CHAN et al., 1999; YOSSEPOWITCH et al.,, 2007) e
indicam que o CaP avancado esta associado a um estado de estresse oxidativo
elevado.

Um aumento dos niveis de EROs pode estar relacionado com a formacao
acelerada de metastases, e a remocgéo dessas EROs é uma estratégia racional para
inibir esse processo (NISHIKAWA, 2006). No entanto, em nosso estudo, os niveis de

TBARS e de proteina carbonil foram aumentados, j& a atividade da CAT e os niveis
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de vitamina C e E foram reduzidos em ambos o0s grupos, independentemente da
presenca ou auséncia de metastase O0ssea. Por outro lado, a atividade da SOD
aumentou apenas nos pacientes com doenca localizada e os niveis de tidis ndo
protéicos no plasma e eritrocitos foram elevados apenas nos pacientes com
metastase Ossea. Portanto, ao contrario do esperado, os resultados encontrados
ndo indicam mudancas significativas no estado oxidativo de pacientes com doencga
localizada ou metastase 0ssea.

O céncer de préstata € um tumor sensivel a hormdnios. Diversas terapias
hormonais, que atuam por diferentes mecanismos, estdo disponiveis. Neste
trabalho, foram analisados os pacientes que n&o tinham recebido nenhum tipo de
tratamento, os pacientes em tratamento com goserelina e em tratamento com
acetato de ciproterona. Nos pacientes nao tratados e nos pacientes em tratamento
com acetato de goserelina puderam ser observadas as maiores alteracdes nos
biomarcadores oxidativos como, por exemplo, o TBARS. Por outro lado, as defesas
antioxiodantes (CAT e Vitamina E) estavam alteradas nos pacientes néo tratados e
naqueles tratados com acetato de ciproterona. Sugerimos que o desequilibrio no
status oxidativo ndo parece ser resultado do tratamento, mas pode estar envolvido
com a patogénese do cancer de préstata, uma vez que esse desequilibrio pode ser
observado principalmente no grupo de pacientes nédo tratados. Mais estudos s&o
necessarios para verificar a relagdo entre o tipo de tratamento utilizado e o estado
oxidativo em pacientes com CaP.

Estudos mostram que o cancer pode estar associado com problemas na
agregacdo plaquetéria. A associacdo entre o céncer e tromboembolismo foi
primeiramente descrita por Trousseau em 1865, que observou uma associacgéo entre
trombose venosa e doenca maligna (LIP et al., 2002). Além disso, o cancer também
tem sido associado com a ativacdo plaquetéria e com disturbios na coagulacdo do
sangue (PRANDONI et al., 2005). Nossos resultados mostraram que a agregagao
plaquetaria foi diminuida em pacientes com CaP em relagdo aos controles. No
entanto, quando os pacientes foram agrupados em pacientes ndo tratados e em
tratamento com terapia hormonal, pode-se observar que apenas 0s pacientes em
tratamento mostraram uma diminuicdo na agregacgdo plaquetaria em relacdo ao
grupo controle. A agregacédo de plaquetas reduzida no grupo que recebeu terapia
hormonal pode indicar, em parte, que este tratamento foi eficaz, uma vez que as

células do tumor podem causar a ativacdo da coagulacdo. MUNSON et al. (1995)
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sugeriram que as plaguetas podem secretar fatores de crescimento que poderiam
estimular a proliferagéo do cancer, no entanto, os pacientes envolvidos neste estudo
ndo apresentaram qualquer ativagdo plaquetaria significativa.

As células cancerosas sdo conhecidas por apresentarem alteracfes nas varias
vias de sinalizagdo celular (SARKAR et al., 2010). Os nucleotideos extracelulares,
produzem resposta em diversos processos bioldgicos, tais como apoptose, controle
da proliferagéo e diferenciagéo celular (BURNSTOCK, 2002) e, portanto, podem ter
um papel importante no crescimento do tumor (BURNSTOCK, 2002; SPYCHALA
2000). Ha estudos mostrando que a adenosina pode funcionar como um estimulante
do crescimento do tumor, enquanto o AMP tem o efeito contrario (SPYCHALA et al.,
2004; MAZUREK et al., 1997). No entanto, pouco se sabe sobre os efeitos desses
nucleotideos nas células prostaticas.

Os eventos induzidos pelos nucleotideos extracelulares séo regulados pela agédo
das ectonucleotidases, que s&o importantes moduladores da neurotransmisséo
purinérgica. Dentre estas enzimas pode-se destacar as NTPDases (Ecto-
Nucleosideo Trifosfato Difosfoidrolase), a familia das E-NPPs (Ecto-Nucleotideo
Pirofosfatase/Fosfodiesterases), a 5'-nucleotidase e a adenosina deaminase (ADA)
(ROBSON et al., 2006; YEGUTKIN, 2008).

Nossos resultados demonstram claramente que a hidrélise dos nucleotideos
ATP, ADP e AMP esta aumentada nos pacientes quando comparado ao grupo
controle, o que pode ser comprovado pelo aumento nas atividades das enzimas
NTPDase, E-NPP e 5’ Nucleotidase. Nossos resultados estdo de acordo com outros
autores gque mostraram que a expressao das ecto-ATPases esta aumentada durante
o cancer (SAPHNER et al.,, 1991; RATHBONE et al., 1992). Efeitos inibitérios do
ATP extracelular no crescimento do tumor foram descritos em células e tecidos,
incluindo células de carcinoma da prostata (JANSSENS e BOEYNAEMS, 2001). Por
outro lado, CHEN et al. (2004) mostraram que o ATP extracelular teve um efeito proé-
invasivo nas células de CaP. Pode-se sugerir que a enzima NTPDase pode proteger
0 organismo de um possivel aumento da agregacdo plaquetaria, ja que degrada o
ADP que é um indutor deste processo, enquanto que a 5’nucleotidase estd mais
envolvida no controle da formacdo de adenosina. J4 a enzima E-NPP é
frequentemente alterada por situagdes patologicas e sua atividade pode tornar-se
uma ferramenta util para avaliar a progressdo da doenca. O aumento verificado na

atividade das 2 enzimas que sdo responséaveis pela degradacdo do ATP (NTPDase
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e E-NPP) confirma a teoria de que estas enzimas trabalham de forma conjunta e em
sintonia na hidrolise dos nucleotideos.

Alteracdes na atividade total da ADA também tém sido amplamente descritas em
pacientes com doencas malignas, embora os resultados ainda sejam contraditorias.
Poucos estudos clinicos publicados sobre o valor da atividade da ADA em pacientes
com CaP estdo disponiveis na literatura.

Nossos resultados revelaram que a atividade da ADA estava diminuida no soro
de pacientes com CaP. No entanto, a atividade da ADA nas plaquetas néo se alterou
significativamente, portanto, as mudangas na atividade da ADA parecem ser mais
sensiveis no soro do que em plaquetas. Nossos resultados estdo de acordo com
outros autores que verificaram uma diminuigdo na atividade da ADA em tecidos
tumorais ou linfocitos de pacientes com cancer (NAMIOT et al., 1996; BIRI et al.,
1999). A ADA contribui para a regulagdo das concentragdes de adenosina pela
conversdo da mesma em inosina e pela irreversibilidade desta reacdo, o que faz
com que seja o passo limitante da reagcdo (VANNONI et al., 2004). A adenosina se
acumula em altas concentragbes nos tumores solidos, promovendo efeitos como a
protecéo contra a isquemia, a estimulagdo do crescimento e da angiogénese, bem
como a inibicdo da sintese de citocinas. Alguns autores, portanto, concluem que a
adenosina € um fator importante na promocdo do crescimento do tumor
(SPYCHALA, 2000). A maioria dos estudos encontrados na literatura tém avaliado a
atividade da ADA em soro e em células como linfécitos, mondcitos e eritrécitos, mas
poucos determinaram a atividade desta enzima na superficie das plaquetas, que sédo
células circulantes, e, portanto, de grande importancia.

Com o objetivo de elucidar o envolvimento de degradacdo de nucleotideos em
plaguetas e soro de pacientes com CaP, analisamos a atividade das enzimas
envolvidas neste processo, considerando alguns parametros importantes. Levando
em conta o escore de Gleason, a presenca ou auséncia de metéstases e tratamento
pudemos observar resultados interessantes. A hidrélise dos nucleotideos ATP, ADP,
AMP e adenosina foram modulados de forma diferente quando consideramos o
escore Gleason, a presenga ou auséncia de metastase e o uso de terapia hormonal.
Isso pode indicar que as atividades enziméticas estdo sendo afetados de forma
distinta por essas condigdes.

Considerando-se o escore de Gleason, a hidrélise do ADP foi aumentada em

pacientes com escore de Gleason igual a 7. Estes resultados podem indicar um
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mecanismo para inibir a agregacdo plaquetaria, jA que o ADP pode interagir com
receptores nas plaquetas e induzir a agregacdo plaquetaria. No entanto, mais
estudos sdo necessarios para avaliar o papel da NTPDase na agressividade do
CaP. Por outro lado, a atividade da E-NPP em soro foi aumentada apenas nos
pacientes com escore de Gleason inferior a 7. Neste grupo uma menor concentragao
de ATP esti disponivel. ZHANG et. al (2010) mostraram que ATP promove a
invasdo das células de CaP através do aumento da motilidade. Além disso, ha uma
maior concentragcdo de AMP em pacientes com doen¢ca menos agressiva, indicando
qgue este nucleotideo pode ter um efeito inibitério sobre o crescimento das células
em pacientes com CaP. Com relagdo a atividade da ADA, observamos uma
diminuicdo em plaquetas e soro de pacientes com um escore de Gleason maior que
7. Esses resultados indicam que CaP avancado esti associada a uma atividade de
ADA baixa e, consequentemente, a uma alta concentracdo de adenosina.

Quando os pacientes foram agrupados de acordo com a presenca de doencga
localizada ou metastase 6ssea, nossos resultados mostraram que a hidrolise do ATP
e do ADP foram aumentadas nos pacientes com doenga localizada em relagédo ao
grupo com metastase 6ssea. Além disso, um aumento na atividade de E-NPP em
soro também foi observado. Nao existem estudos na literatura relacionando as
atividades destas enzimas com o desenvolvimento de metastases em pacientes com
CaP. A invasdo tumoral e a metédstase sdo processos constituidos por vérias etapas
em que a perda de adesdo célula-célula, a protedlise aumentada e a motilidade
celular tem se mostrado passos criticos (STEEG, 2006). Fatores que aceleram
esses passos podem promover a invasdo do tumor e afetar o processo de
metastase.

STAGG et al (2010), sugeriram um papel para a 5’ nucleotidase nas metastases
do tumor em pacientes com cancer de mama. J4, Zhang et al. indicam que o ATP
pode aumentar o risco de metastase em células de CaP. Nosso trabalho mostra que
a atividade da NTPDse e da E-NPP é menor em pacientes com metastases,
sugerindo maiores concentragbes de ATP nestes pacientes. No entanto, mais
estudos s&o necessérios, visto que as concentragbes de nucleotideos ndo so
dependem das atividades das enzimas, mas também de nucleotideos pré-
existentes, que pode ser variavel entre os pacientes. Finalmente, uma redugdo na

atividade de ADA foi verificada apenas em pacientes com metastase. Estes
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resultados s&o interessantes e apoiam a idéia de que a adenosina podem estar
envolvida no processo de metastase.

Para avaliar a possivel influéncia do uso da terapia hormonal nas atividades
enzimaticas, agrupamos os pacientes com CaP em dois grupos: pacientes que nao
tinham recebido qualquer tratamento anterior a coleta de sangue e pacientes
submetidos & terapia hormonal. Nossos resultados revelaram que a hidrélise dos
nucletideos ATP, ADP, AMP promovidas pela enzima NTPDase, E-NPP e %’
Nucleotidase foram significativamente maiores em pacientes que nao receberam
qualquer terapia hormonal quando comparado aos controles. Nossos resultados
sugerem ainda que a producgdo de adenosina é aumentada nos pacientes que néo
receberam qualquer terapia hormonal. Além disso, a atividade da ADA em soro se
mostrou diminuida nos pacientes que ndo receberam qualquer tratamento prévio.
Este fato provavelmente contribui para o aumento da disponibilidade de adenosina
neste grupo, que atua como um agente de progresséo tumoral, uma vez que induz a
neovasculogénese, a redugéo da hipdxia e a inflamagdo (BOROWIEC et al., 2006).

As colinesterases (AchE e BuchE) sdo enzimas essenciais no sistema nervoso,
qgue desempenham um papel fundamental nas sinapses colinérgicas. Porém, o papel
biologico destas enzimas néo se limita a sua fungéo classica e inclui fungdes néo-
classicas, como proliferagdo e diferenciagdo celular, 0 que sugere uma possivel
influéncia das colinestases na tumorigénese. Nossos resultados mostram que as
atividades da AchE e BuchE foram diminuidas em pacientes com CaP em relacdo
ao grupo controle. A diminuicdo nas atividades das colinesterases afeta
principalmente a hidrolise da acetilcolina. De acordo com SONG et al. (2003), este
composto estimula o crescimento das células do cancer em tumores de pulméo. A
queda nas atividades das colinesterases e o consequente aumento da acetilcolina
poderia levar a uma superestimulacdo colinérgica e aumentar a proliferagédo celular
no cancer.

No contexto do cancer, a variagdo oposta de atividades da AChE e BChE em
carcinoma de mama (RUIZ-ESPEJO et al., 2002), a queda na atividade da AChE
nos linfonodos metastatico (RUIZ-ESPEJO et al., 2003), a correlacdo entre os altos
niveis AChE com a diminuicdo da sobrevida em pacientes com céncer de ovario
(MOTAMED-KHORASANI et al., 2007) e a fungéo das colinesterases na fisiologia

reprodutiva masculina (NIETO-CERON et al., 2010) devem ser mencionados.
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Quando os pacientes foram divididos considerando a presenga ou auséncia de
metastase, uma reducdo na atividade da AChE apenas nos pacientes com
metastase foi observada. Em relacdo a atividade de BChE a maior diminuicdo foi
observada em pacientes com metastase 6ssea também. Estes resultados séo
interessantes e sugerem que a acetilcolina pode estar envolvida no processo de
metastase. Por outro lado, ndo houve alteracdo na atividade da AChE quando
considerado o tipo de tratamento. Pacientes que n&o receberam qualquer tratamento
prévio ou em tratamento com ciproterona apresentaram uma diminuigdo na atividade
da BChE. E possivel supor que as mudancas na atividades da BChE & uma
consequéncia das transformagfes neoplasicas e que contribui para a manutencéo
do processo de tumorigénese. No entanto, a fim de explicar essas modificagbes da
atividade da BchE em pacientes em tratamento com terapias diferenciadas, mais
estudos s@0 necessarios, uma vez que esta € a primeira vez que as atividades das
colinesterases foram determinadas em pacientes com CaP com base no tipo de
tratamento utilizado.

As atividades de AChE e BChE foram modulados de forma diferente em relagéo
ao escore Gleason, observamos uma diminuicdo nas atividades das colinesterase
no grupo de pacientes com um escore de Gleason maior que 7. Esses resultados
indicam que o CaP avancado esta associado a uma diminuigdo da atividade das
colinesterases e, consequentemente, a uma concentra¢ao de acetilcolina alta.

Finalmente, verificamos o perfil bioquimico dos pacientes, através das
determinagdes dos principais “marcadores” que devem ser monitorados e varias
mudancgas foram verificadas. A atividade da enzima lactato desidrogenase (LDH) e
0s niveis de uréia no soro foram aumentados em todos os pacientes. O papel
prognéstico da LDH tem sido amplamente investigada em grupos especiais de
cancer (SUH et al., 2007). A LDH elevada é relatada como um fator progndéstico para
a sobrevida no cancer de pulméo, cancer de pancreas e CaP (SMALETZ et al,
2002). Foi possivel verificar também a presenca de possivel dano renal, que pode
ser quantificado pelos niveis de uréia aumentada nos pacientes. Porém, é dificil
quantificar o grau de complicagBes renais associados com malignidade, j& que a
disfungdo renal pode estar presente antes da identificagdo de malignidade,
coincidirem com o diagndstico de malignidade, ou ser um efeito secundario ou
terciario do tratamento (GIVENS et al., 2010).
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Nossos resultados mostram ainda que a atividade da fosfatase alcalina (FAL) foi
elevada apenas nos pacientes que néo tinham recebido qualquer tratamento anterior
a coleta de sangue, com escore de Gleason superior a 7 e em pacientes com
metastase 6ssea, quando comparado com outros grupos. A FAL sérica total € um
marcador medido com frequéncia e, em parte, reflete a atividade osteoblastica, o
que tende a ser mais pronunciado em pacientes com volume maior ou doenca 0ssea
metastatica agressiva (SONPAVDE et al., 2010). Com relagéo a atividade da gama
glutamil transferase (GGT), nossos resultados mostram uma atividade elevada em
pacientes que ndo receberam tratamento e em pacientes com escore de Gleason
superior a 7. Nossos resultados estdo de acordo com HEMELRIJCK et al., (2011)
gue mostram uma associagdo positiva entre os niveis de GGT e a incidéncia de
tumores. Ja as atividades da aspartato aminotransferase (AST) e alanina
aminotransferase (ALT) foram aumentadas em pacientes que nao receberam
nenhuma terapia. As enzimas hepéticas ALT e AST sdo biomarcadores conhecido
por serem especificas para leséo hepética e seus niveis aumentam quando hd leséo
no figado. Assim, essa alteracdo pode indicar lesédo hepética em pacientes que nao
receberam nenhuma terapia.

Além disso, dosamos os niveis de creatinina, que foram maiores apenas em
pacientes com metastase 6ssea, 0 aumento na creatinina sérica sugere um prejuizo
funcional para o rim. Por outro lado, o nivel de célcio foi diminuido nestes pacientes.
TANDON e RIZVI (2005) relataram que a hipocalcemia pode indicar uma
manifestacdo de metastase O0ssea. Os niveis de sédio estavam diminuidos nos
pacientes com escore de Gleason superior a 7 e com metastase 0ssea. A
hiponatremia é frequentemente observada em pacientes com cancer de mama,
cancer renal, cancer de préstata, e sindrome paraneoplasica (SHIBATA, 2010).

Os resultados deste trabalho caracterizam a persisténcia do estresse oxidativo
no cancer de prostata, o que pdde ser evidenciado pelo aumento nos niveis de
danos oxidativos e pela diminuigcdo das defesas antioxidantes. Por outro lado, este
trabalho mostrou alteragcdes nas atividades das enzimas ectonucleotidases e
colinesterases nos pacientes com cancer, o que pode estar relacionado com a
participagdo destas enzimas no desenvolvimento do cancer. Além disso, fatores
prognésticos como a escala de Gleason, a presenca ou auséncia de metastase
0ssea e o tratamento mostraram ter influencia sobre os parametros enziméticos e

marcadores de estresse oxidativo avaliados. Cabe ressaltar ainda que o
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envolvimento da adenosina e da acetilcolina com o cancer de prostata pode
representar um importante ponto de investigagcdo e um potencial alvo terapéutico em
pacientes com cancer.

Nossos resultados representam uma importante contribuicdo no estudo do perfil
oxidativo, na investigacdo do papel das enzimas ectonucleotidases e colinesterases,
agregacao plaquetaria e determinacdes bioquimicas em pacientes com cancer de
prostata, ja que levou em consideracdo a escala de Gleason, a presenca de

metastases e o tratamento utilizado, fatores importantes envolvidos nesta doenca.
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6.CONCLUSOES

o O aumento de dano oxidativo, representado pelo TBARS e contetido
de proteina carbonil, nos pacientes com céncer de préstata sugere um
aumento na formagédo de EROs nos mesmos.

o O aumento na atividade da SOD e a diminuigdo na atividade da CAT
podem indicar dano celular e refletem o desequilibrio no sistema de defesa
antioxidante enzimético nos pacientes com cancer de prostata.

o Os niveis aumentados de ti6is ndo-protéicos sugerem que este
antioxidante pode atuar como um mecanismo compensatorio frente ao
aumento do estresse oxidativo. Por outro lado, os niveis diminuidos de
vitamina C e vitamina E, indicam uma deficiéncia destes antioxidantes nos
pacientes com cancer de prostata.

o Os maiores danos oxidativos observados em pacientes classificados
na escala de Gleason maior de que 7, indicam que o cancer de préstata mais
avancado esta associado com um estado de estresse oxidativo elevado.

o O aumento observado nas atividades das enzimas NTPDase e 5
Nucleotidase (plaquetas) e da enzima E-NPP (soro e plaquetas) e a
diminuicdo na atividade da enzima ADA em soro de pacientes com cancer de
prostata refletem o aumento na hidrolise de nucleotideos e o consequente
aumento nas concentragdes de adenosina que pode estar relacionada e/ou
participando do processo de tumorogénese.

o As alteracdes nas atividades das enzimas NTPDase, 5’ Nucleotidase
e E-NPP quando os pacientes foram divididos em grupos considerando a
escala de Gleason, a presenca ou auséncia de metdstase 6ssea e o fato de
estar ou ndo em tratamento, indicam que esses parametros devem ser
considerados e podem ter uma influéncia complexa na hidrélise de
nucleotideos.

o A acentuada diminuicdo na atividade da ADA observada nos
pacientes com escala de Gleason maior do que 7, nos pacientes com
metastase 6ssea e que ndo receberam nenhum tipo de tratamento, indica que
nestes grupos pode estar havendo uma maior influéncia da adenosina sobre
as células do céancer, promovendo efeitos que favorecem o crescimento
tumoral.
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A diminuicdo na agregacdo plaquetaria observada no grupo de
pacientes com cancer de préstata em tratamento sugere, em parte, a eficacia
terapéutica

A diminuigdo nas atividades das colinesterases (AChE e BUChE) e o
consequente aumento nos niveis de ACh corroboram a sugestdo da
participagédo da Ach no processo de desenvolvimento do cancer.

As atividades diminuidas da AChE e BuchE nos pacientes
classificados na escala de Gleason igual ou maior do que 7 e nos pacientes
com metastase 0ssea, indiretamente refletem niveis aumentados de Ach, que
pode estar envolvida no processo de metastase e no avango do cancer de
prostata.

As alteragbes nas dosagens bioquimicas (LDH, FAL, GGT, AST,
ALT, creatinina, uréia, calcio e sédio) observadas nos pacientes com cancer
de prostata indicam que estes parametros devem ser avaliados e monitorados
rotineiramente.
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Anexo 1 - Carta de aprovacgéo pelo Comité de Etica
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CARTA DE APROVAGAQ

O Comité de Etica em Pesquisa — UFSM, reconhecido pela Comissao Nacional de
Etica em Pesquisa — (CONEP/MS) analisou o protocolo de pesquisa:

Titulo: Estudo do perfil oxidativo e avaliacdo de parametros enzimaticos em pacientss
com cancer de prostata.

Numero do processo: 23081.009047/2008 -47 )

CAAE (Certificado de Apresentagéo para Apreciagao Etica): 0115.0.243.000-08
Pesquisador Responsavel: Vera Maria Morsch

Este projeto foi APROVADO em seus aspectos €ticos e metodologicos de acordo com
as Diretrizes estabelecidas na Resolugdo 196/96 e complementares do Conselho
Nacional de Saude. Toda e qualquer alteragdo do Projeto, assim como o0s eventos
adversos graves, deverdo ser comunicados imediatamente a este Comité. O
pesquisador deve apresentar ao CEP:

Janeiro/2009 Relatério parcial
Janeiro/2010 Relatério parcial
Janeiro/2011 Relatorio final

Os membros do CEP-UFSM nao participaram do processc de avaliagao dos projetos
onde constam como pesquisadores.

DATA DA REUNIAO DE APROVAGAO: 14/07/2008

Santa Maria, 14 de julho de 2008.

Vice-Coordenad@r do Comité de Etica em Pesquisa — UFSM
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Anexo 2 - Termo de consentimento Livre e Esclarecido

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

O Programa de POs Graduagdo em Bioquimica Toxicolégica da UFSM esta
desenvolvendo o projeto de pesquisa “ESTUDO DO PERFIL OXIDATIVO E
AVALIAGAO DE PARAMETROS ENZIMATICOS EM PACIENTES COM CANCER
DE PROSTATA", através da doutoranda Vanessa Battisti, orientada pela prof® Vera
Maria Morsch. Este projeto tem como objetivo avaliar a atividade de componentes
sanguineos em pacientes com cancer de prostata e em individuos controles
saudaveis, com a finalidade de colaborar para um melhor entendimento desta
doencga, além de proporcionar mais informagfes aos pacientes, ja que estes terdo
acesso aos resultados da pesquisa.

Sera realizada uma coleta de sangue (pungdo venosa) para obtencdo de soro e
plasma. O desconforto se resume a picada da agulha, sendo que apdés a coleta o
local podera ficar dolorido ou arroxeado, mas nao requer nenhum cuidado especial
voltando ao normal em poucos dias. Todo material utilizado para a coleta seré
descartavel e/ou desinfectado. Este estudo ndo envolve risco adicional de vida ou
contaminagdo aos pacientes. As amostras serdo tratadas de acordo com o0s
protocolos experimentais estabelecidos.

Fica garantido que os dados coletados ficardo sob responsabilidade do
pesquisador e que os mesmos serdo utilizados apenas para fins cientificos, sem que
0 paciente seja identificado, garantindo assim o anonimato.

A participacéo deste estudo é livre e voluntéaria, sendo que ndo havera nenhuma
forma de compensagdo financeira ou custos para o0 participante. A recusa na
participagdo ndo leva nenhum prejuizo ou comprometimento dos cuidados médicos
aos pacientes.

Pelo presente Termo de Consentimento Livre e Esclarecido, declaro que estou
de acordo em participar deste projeto de pesquisa, livre de qualquer
constrangimento, pois fui informado de forma clara e detalhada dos objetivos e dos
procedimentos que serdo realizados. Fui igualmente informado da garantia de

receber respostas a qualquer davida que ainda puder ter sobre assuntos
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relacionados com a pesquisa, e da liberdade de retirar meu consentimento a
qualquer momento, sem que haja prejuizo de qualquer ordem.
Ciente e de acordo com o que foi anteriormente exposto, eu

estou de acordo em participar desta pesquisa, assinando

este consentimento.
Santa Maria, de 200 .

Nome Paciente Identidade

Assinatura do pesquisador

Em caso de duvidas, entrar em contato com Prof2 Dr2 orientadora Vera Maria
Morsch, 3220 8978, ou com Vanessa Battisti (pesquisadora), 055 3333 5462.



