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RESUMO

O céncer de prostata é uma doenga que causa 30.720 mortes por ano na populacdo mundial.
Isto significa que 1 em cada 6 homens € diagnosticado com cancer de préstata. Os métodos
de diagndstico, atualmente adotados, sdo altamente invasivos, necessitando de uma melhor
forma de diagnostico. O uso de biossensor é postulada como sendo uma alternativa atrativa
para o diagnostico de varias doencas. Este € um dispositivo de analise que compreende um
elemento de reconhecimento bioldgico, tal como &acidos nucleicos, utilizado diretamente na
interface de um transdutor, que converte a informagao bioldgica em um sinal mensuravel.
Dessa forma, o objetivo deste estudo foi desenvolver genossensores eletroquimicos para o
diagndstico do cancer de prostata, através do encontro de uma seqliéncia especifica para o
cancer de prostata utilizando ferramentas de bioinformatica, testar a concentracéo ideal para
imobilizacdo de DNA, analisar a menor concentragdo que o sistema foi capaz de detectar
(Deteccédo Limite) e confirmar os resultados obtidos frente as amostras bioldgicas (sangue)
proveniente do Hospital das Clinicas de Pernambuco (HC/UFPE). Em primeiro lugar, a
sequéncia do marcador de cancer de prostata foi coletada a partir do banco de dados do
Centro Nacional de Informacdes sobre Biotecnologia e analisados pelo software CLC
Workbench principal. O primeiro biossensor foi composto por trés eletrodos impressos:
eletrodo de trabalho constituido de ouro; eletrodo de referéncia constituido de Ag/AgCl e
eletrodo auxiliar constituido de carbono. O outro modelo de biossensor foi formado por dois
eletrodos impressos, um eletrodo de trabalho constituido por Carbono e um eletrodo de
referéncia constituido de Ag/AgCl. Nos dois biossensores propostos, um sonda de DNA
especifica para o Cancer de prostata (PCA3 gene) foi imobilizada sob o eletrodo de trabalho
e, em seguida, uma sequéncia alvo foi hibridizada com a sonda imobilizada. Tanto no
primeiro quanto no segundo biossensor, os alvos foram os oligonucleotidicos sintéticos e o
DNA extraido de amostras de pacientes. Os sinais redox da hibridizacdo, nos dois
biossensores, foram analisados pela técnica de voltametria de pulso diferencial. Os
resultados mostraram que os biossensores puderam diferenciar a hibridizacdo da néo-
hibridizacdo. Os dois biossensores propostos apresentaram elevada sensibilidade cujos
limites de deteccdo foram para o primeiro biossensor de 2,28 pg/uL (1 nM) e o segundo
biossensor de 0.22 pg/puL (0.1 nM). Os dados obtidos com os biossensores mostraram
viabilidade para o diagndstico do cancer de prostata, permitindo com isso o desenvolvimento
de um sistema pioneiro para deteccdo portatil do cancer. Apds a analise do biossensor, foi
proposto um estudo visando entender o papel das sirtuinas no processo da tumorigénese da
prostata, pois varias vias de sinalizacdo celular e fatores de transcricdo estdo envolvidos no
controle do metabolismo do cancer. Nés utilizamos PCA3 como controle da expressdo do
cancer de prostata, bem como, e as sirtuinas 1 e 3 para entender 0s seus respectivos papéis
no cancer. Amostras de sangue foram coletadas e analizadas para verificagdo da expressao
do PCAZ3, SIRT-1 and SIRT-3. A SIRT-3 apresentou baixa expressdo em pacientes com
cancer de prostata (P = 0.027) mostrando correlagcdo negativa com este cancer. Nao foi
observado diferenca estatistica significativa da expressdo da SIRT-1 entre oS grupos
analisados (P = 0.082). Mais estudos sdo necessario para compreender o seu papel e
envolvimento na tumorigénese da prostata. A SIRT3 pode ser usado como um biomarcador
prognéstico no cancer de prostata, porém, um exame cuidadoso do papel de SIRT3 no
metabolismo do céancer ainda € necessario, a fim de desenvolver melhores abordagens
terapéuticas.

Palavras-chave: Genossensor. Cancer de prostata. Biossensor Eletroquimico. Sirtuinas



ABSTRACT

Prostate cancer is a disease that causes 30,720 deaths per year worldwide. This means
that 1 in 6 men is diagnosed with prostate cancer. The diagnostic methods are highly
invasive, requiring a best diagnosis. The use of biosensor is postulated to be an attractive
alternative for the diagnosis of various diseases. This is a test device comprising a
biological recognition element such as nucleic acids, used directly in the interface of a
transducer which converts the biological information in a measurable signal. The aim of
this study was to find a specific sequence for prostate cancer using bioinformatics tools,
test the optimal concentration for immobilization of DNA, analyze the lowest
concentration that the system was able to detect (detection limit) and confirm the results
of the front biological samples (blood) from the Hospital das Clinicas de Pernambuco
(HC / UFPE). Firstly, the sequence marker of prostate cancer were collected from the
database of the National Center for Biotechnology Information and analyzed by the
software CLC Main Workbench. These results show the possibility of developing a new
portable device, non-invasive, more sensitive and specific than current methods. The first
biosensor was composed of three screen-printing electrodes: a working electrode
constituted of gold; a reference electrode constituited of Ag/AgCl; and auxiliary electrode
constituted of carbon. The other model biosensor was composed of two screen-printing
electrodes: a working electrode constituted of carbon and a reference electrode
constituited of Ag/AgCl. In both biosensors proposed, a DNA probe specific for prostate
cancer (PCA3 gene) was immobilized on the working electrode by electrodeposition and
then a target sequence was hybridized with the probe immobilized. Both the first and the
second biosensor, the targets were the synthetic oligonucleotide and extracted sample
DNA from patients. The results showed that biosensors could differentiate hybridization
of non-hybridization. The two biosensors showed high sensitivity which detection limits
were in the first biosensor 2,28 pg/uL (1 nM) and the second biosensor 0.22 pg/pL (0.1
nM). The data obtained with the biosensors showed viability for the diagnosis of prostate
cancer, thereby allowing the pioneering development of a new portable detection system
for cancer. After examination of the biosensor, a study aimed at understanding the role of
sirtuins in prostate tumorigenesis process was proposed, but several pathways cell
signaling and transcription factors are involved in the control of cancer metabolism.We
used the prostate cancer gene 3 (PCA3) as control of expression of prostate cancer, as
well, the role of sirtuins 1 and 3 in prostate cancer. Blood samples were collected and
analyzed for the expression of the PCA3, SIRT-1 and SIRT-3. SIRT-3 presented low
expression in patients with prostate cancer (P = 0.027) showing negative correlation with
this cancer. No clear differences were observed in SIRT-1 expression between the
analyzed groups (P = 0.082). Further studies about the role of SIRT1 in PCa are necessary
in order to understand its involvement in tumorigenesis while SIRT3 can be used as a
prognostic biomarker in PCa. A careful examination of the role of SIRT3 in prostate
cancer metabolism is still necessary in order to develop better therapeutic approaches.

Keywords: Genosensor. Prostate Cancer. Electrochemical Biosensor. Sirtuins
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1.0 Introducao

O céncer de prostata (CaP) é um dos canceres mais freglientes em homens sendo
a segunda causa de morte por cancer no mundo. A incidéncia de CaP tem aumentado nos
ultimos anos, e muitos estudos epidemiolégicos tém apontado para varias possiveis
causas. Além da influéncia hormonal, a idade é o fator de risco mais importante: 95% dos
CaPs diagnosticados ocorrem na faixa etaria 57-88 anos. Outro fator importante é a
identidade étnica: homens africanos, por exemplo, s&o mais propensos a desenvolver CaP.
Fatores ambientais, como dieta, também tém evidenciado aumentar a sua incidéncia
(HOANG et al., 2013). A variacdo geografica é um fator interessante, pois, em
comparagdo com os EUA e a Europa Ocidental, a incidéncia e mortalidade por cancer de
prostata s30 muito menores no Sudeste e Leste da Asia apoiando um efeito ambiental
(SUTCLIFFE; COLDITZ, 2013).

A incidéncia deste cancer pode ser influenciada por eventos localizados dentro
micro-ambiente do tecido ao longo do tempo podendo influenciar a carcinogénese
prostatica. Como o sistema imune influencia na modulacdo da inflamacéo sistémica, a

disfuncdo imune pode promover a carcinogénese da préstata (DE ANGULO et al., 2013).

Os métodos diagnosticos frequentemente utilizados na detec¢do de CaP sdo a
dosagem do Antigeno Prostético Especifico (PSA) e o exame de toque retal. Apesar de
sua ampla utilizacdo, a PSA é um mau indicador da doenca ,pois, entre 65% a 70% dos
homens que apresentam um aumento no PSA entre 4 e 10 ng / ml terd um resultado
negativo na bidpsia. O PSA elevado requer repetidas bidpsias, que podem ser associados
com significativa morbidade, incluindo sepse, sangramento e hospitalizacdo (TRUONG;
YANG; JARRARD, 2013a).

Outro grande desafio com a triagem atual é a baixa sensibilidade para a detecgéo
do cancer clinicamente relevante, especialmente a doenca de alto grau, que expressa
paradoxalmente baixos niveis de PSA. Portanto, o desenvolvimento de uma ferramenta
de rastreamento mais preciso para CaP, especialmente para o cancer biologicamente

agressivo, é urgente. Fluidos bioldgicos com potencial para triagem de CaP, incluem soro
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, Sémen, plasma e urina. As células epiteliais do CaP sdo derramadas em fluidos
bioldgicos, em particular a urina, quando a prostata é sujeita a manipulacdo fisica
(TRUONG; YANG; JARRARD, 2013a).

Portanto, os biossensores podem constituir alternativas viaveis para o diagnostico
do CaP, pois sdo dispositivos bioanaliticos incorporados a uma entidade associada com o
reconhecimento molecular e integrado com um transdutor fisico. Biossensores podem ser
classificados como dispositivos point-of-care (POC), que pode trazer a capacidade de
anélise de amostras clinicas em casa ou no consultorio médico. A fim de desenvolver
tecnologias adequadas para biossensores, marcadores especificos devem ser identificados
para assegurar a especificidade dos dispositivos. Biossensores fornecem plataformas
avancadas para analise de biomarcadores com as vantagens de ser facil de usar, com a
capacidade de teste para multiplos analitos de baixo custo, de forma rapida e robusta
(TOTHILL, 2009).

De tal modo, o gene PCAS3 localizado no cromossomo 9g21-22 esté envolvido no
controle da sobrevivéncia de células do cancer da préstata, em parte, modulando a
atividade de transcricdo dos receptores de androgenos dos genes alvo. Deste modo, tal
gene pode ser utilizado como bioanalito a ser incorporado ao biossensor. O PCA3 ¢
altamente expresso em tecidos de cancer da préstata, porém, também é detectado na urina
ou nos sedimentos de urina, obtidas apds a massagem prostatica ou exame digital retal e
sangue. O PCA3 mostrou uma especificidade mais elevada, reduzidindo as bidpsias de
prostata desnecessarias. (PERDONA et al., 2013).

Assim, o trabalho proposto visa o desenvolvimento de um novo método de
diagndstico para o céncer de prostata baseado na detecgdo eletroquimica através dos
biossensores, visando um diagnostico mais preciso e especifico, de forma ndo invasiva,
proporcionando uma melhor qualidade de vida para os homens acometidos pela doenca,

assim como diminuicao dos custos para o sistema de salde.
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2.0 Revisdo Bibliogréafica

2.1 A Glandula prostatica

A prostata é uma glandula exocrina do sistema reprodutor masculino, localizada
anteriormente ao reto e inferiormente a bexiga, circundando parte da uretra (Figura 1A).
Ela produz e secreta o liquido prostatico, um liquido de pH alcalino que facilita a
locomocdo dos espermatozdides e que, ao se juntar com a secre¢do das vesiculas seminais
e com 0s espermatozoides na uretra, forma o sémen (Jung & Westphalen, 2012; Powers
& Marker, 2013).

Ureter B
,golma vertebral
‘Vesicula seminal

Lamen
Células epiteliais
° ° ° ° secretoras

PROSTATA "
. Membrana basal

Soro

Figura 1. A prostata e sua composigdo celular. (A) Localizagdo anatdmica da prostata
na pelve. (B) Representacdo esquematica das camadas celulares que compdem o epitélio
prostatico normal (Fonte: Adaptado NCI (National Cancer Institute)).

A glandula prostatica nos humanos consiste de &cinos e ductos compostos por uma
Unica camada de células epiteliais secretoras cercadas por uma camada continua de
células basais e uma membrana basal (Figura 1B). Ao redor da glandula ha um estroma
formado por fibroblastos, musculo liso, nervos e vasos linfaticos. O estroma produz
fatores de crescimento importantes para o desenvolvimento da prostata normal como
também do cancer de prostata (JUNG; WESTPHALEN, 2012).

Durante o periodo gestacional, a prostata imatura cresce e se desenvolve. Apds o

nascimento, a prostata entra num estado de repouso nas criangas que é caracterizada pela
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formacéo dos condutos da prostata, mas com poucas alteracbes em seu tamanho. Com o
inicio da puberdade, no entanto, a prostata comecar a crescer e se desenvolver mais
rapidamente quando entéo, atinge aproximadamente a morfologia e o tamanho adulto
(SUTCLIFFE; COLDITZ, 2013).

Em um estudo com homens de 19-29 anos de idade, lesdes atroficas e/ou
proliferativas foram observadas em mais de 50% dos espécimes da prostata examinados.
Estas lesbes podem ser precursoras do cancer de prostata ou marcadores de um ambiente
que é propicio para o desenvolvimento de cancer de préstata (SUTCLIFFE; COLDITZ,
2013).

2.2 Alteragdes do Tecido Prostatico

Uma associagdo entre hiperplasia prostatica benigna (HPB) e cancer de prdstata
tem sido reconhecida desde os primeiros estudos de autopsia das glandulas da prostata
em 1950. Atualmente, é amplamente aceito que, apesar de as duas doencas geralmente
coexistirem, HPB ndo € uma lesdo pré-maligna. Esta hipdtese baseia-se principalmente
nas diferencas histologicas, de localizacdo e 0s niveis associados de morbidade e
mortalidade (JRSTED; BOJESEN, 2013).

Prostata Normal Hiperplasia Prostatica Benigna

Figura 2: Ateracdo do tecido prostético. (A) Prostata normal , (B) Hiperplasia Prostética
Benigna. (Fonte: Adaptado NCI (National Cancer Institute)).
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A HPB ¢ histologicamente definida como nodulos microscopicos ou
macroscopicos, com hiperplasia das células do estroma, e, em menor extensdo, das células
epiteliais (mais frequentemente localizadas na zona de transi¢cdo da prostata) (Fig.2).
Embora a HPB possa causar morbidade e reduzir a qualidade de vida, ndo se caracteriza
por ser uma doenca letal. Apesar de sua prevaléncia, a exata etiologia da HPB é
desconhecida. Da mesma forma, a etiologia do cancer da préstata ndo esta totalmente
elucidada. Esta doenca € um adenocarcinoma que surge principalmente a partir de células
epiteliais na zona periférica da prostata, s6 uma pequena parte se desenvolve a partir de
celulas epiteliais na zona de transicdo (JRSTED; BOJESEN, 2013).

Embora seja amplamente aceito que o cancer de prostata é precedido por
neoplasia intraepitelial prostatica (NIP), ndo esta claro se a NIP deriva diretamente do
tecido prostatico normal ou se origina das células epiteliais displasicas. A NIP é melhor
caracterizada como uma transformacao neoplésica da mucosa do epitélio secretor, ductos
prostaticos e &cinos. Este processo estd confinado dentro do epitélio e, portanto, é
denominado intra-epitelial. A NIP tem sido reconhecida como uma lesdo pré-maligna
bem definida antes do desenvolvimento do céancer de préstata por 5-10 anos de
antecedéncia, em média. O mecanismo de acdo da NIP apresenta semelhancas
histol6gicas com o cancer de prostata, e o volume e extensdo da NIP correlaciona-se
positivamente com o escore de Gleason, fornecendo evidéncias convincentes de que o
NIP é um precursor imediato do cancer de prostata (MONTIRONI et al., 2007),
(CHORNOKUR et al., 2013).

Apesar de suas diferencas, HPB e o cancer de préstata compartilham algumas
caracteristicas importantes, incluindo o crescimento hormdnio-dependente e resposta a
terapia anti-androgeno. Além disso, estudos tém indicado que a inflamag&o cronica, a
perturbacdo metabdlica, e a variagdo genética sao fatores de risco comuns para ambas as
doencas, e grandes estudos epidemioldgicos tém relatado uma associacdo positiva entre
as duas condicOes (JRSTED; BOJESEN, 2013).

2.3 Cancer de prostata

O cancer da proéstata (CaP) é a segunda causa de morte por neoplasias no Brasil.
A taxa de mortalidade bruta vem apresentando acentuado ritmo de crescimento, passando

19



Arruda, M.S. Utilizacdo de genossensores eletroquimicos para diagnostico de cancer de
prostata

de 3,73/100.000 homens em 1979 para 62,54/100.000 homens em 2012,0 que representa
uma variacao percentual relativa de 1.576,7% (INCA,2012).

Em 2012, foi estimado a ocorréncia de 60.180 casos novos, precedido apenas pelo
cancer de pele ndo-melanoma. Esses valores corresponderam a um risco de 62 casos
novos a cada 100 mil homens. Nas regides Sudeste (78/100 mil) e Nordeste (43/100 mil),
0 cancer da préstata é o mais incidente entre os homens. Sem considerar os tumores da
pele ndo melanoma, é o mais frequente nas regides Centro-Oeste (75/100 mil), Sul
(68/100 mil) e Norte (30/100 mil) (INCA, 2012).

Os primérdios da descricdo do cancer de prostata remontam aproximadamente
200 anos (Lytton, 2001). O primeiro caso de cancer de préstata confirmado por estudo
histolégico foi descrito em 1853 por Adams, em Londres, no Royal Medical and

Chirurgical Society of London e considerado uma doenga muito rara.

A patogénese do cancer de prostate reflete ambos os componentes hereditarios e
ambientais. Aproximadamente 20% de todos os canceres humanos em adultos resultam
de estados inflamatdrios crénicos e / ou inflamacdo cronica, que sdo acionados por
agentes infecciosos ou exposi¢do a outros fatores ambientais, ou uma combinacéo destes.
Ha também uma evidéncia emergente de que a inflamac&o é crucial para a etiologia do
cancer da préstata. Esta prova decorre de estudos epidemiologicos, histopatoldgicos e
moleculares (DAL MORO; ZATTONI, 2013; DE MARZO et al., 2007; HOYT et al.,
2013).

Tal como em outros tipos de cancer, o cancer de prostata se desenvolve através da
acumulacdo de alteracfes somaticas e epigeneéticas, o que resulta na inativacdo de genes
supressores de tumor e genes guarda, e a ativacdo de oncogenes. Existe também evidéncia
de uma instabilidade genética subjacente que pode facilitar a progressao do tumor, essas
mutacdes sdo introduzidas por uma combinacdo de fatores hereditarios e ambientais.
Embora estas alteracdes genéticas e epigenéticas sejam cruciais para 0 NOSSO
entendimento de "como™ o cancer de prostata surge, outra questdo-chave restante é “por

que” cancer de prostata tem alta incidéncia (XU et al., 2013).

Os fatores de risco mais consistentes para o desenvolvimento do cancer de prostata

sdo a idade avancada, historia familiar e raca — a dieta é considerada um fator de risco
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emergente. A variacdo geografica na incidéncia de cancer de prostata € um fator
interessante, pois, em comparacdo com os EUA e a Europa Ocidental, a incidéncia e
mortalidade por cincer de prostata sdo muito menores no Sudeste e Leste da Asia
apoiando um efeito ambiental (SUTCLIFFE; COLDITZ, 2013).

Aproximadamente 62% dos casos de cancer da préstata diagnosticados no mundo
acometem homens com 65 anos ou mais. Com o crescimento da expectativa de vida
mundial, € esperado que o nimero de casos novos aumente cerca de 60% até o ano de
2015. O cancer da prostata é aproximadamente 1,6 vezes mais comum em homens negros
do que em homens brancos. Os americanos, jamaicanos e caribenhos com descendéncia
africana apresentam as mais altas taxas de incidéncia desse cancer do mundo, o que pode
ser atribuido, em parte, a susceptibilidade genética (cerca de 5% a 10%). Todavia, €
possivel que essa diferenca seja explicada pela heterogeneidade do acesso, bem como
pelos diferentes estilos de vida (INCA, 2012).

Outro fator importante na etiologia desse tipo de cancer é a dieta. Dietas com base
em gordura animal, carne vermelha, embutidos e célcio tém sido associadas ao aumento
no risco de desenvolver cancer da prostata. Além disso, também contribui como fator de
risco a obesidade, em especial para aquelas neoplasias de comportamento mais agressivo.
Em contrapartida, dietas ricas em vegetais, vitaminas D e E, licopeno e Omega-3
aparecem como fatores protetores (INCA, 2012).

A associagdo entre a sindrome metabdlica, cancer de prdstata e HPB (Hiperplasia
Prostatica Benigna) iniciou quando observaram-se que homens diabéticos obesos
apresentavam glandulas prostaticas maiores do que os homens sem estas desordens.
Como a obesidade e diabetes tipo 2 sdo dois aspectos bem estabelecidos da sindrome
metabolica, foi levantado a hipdtese de que a HPB e cancer de prostata seriam os aspectos
clinicos desta sindrome. O aumento do nivel de insulina, leva a um aumento do
crescimento do tumor de prostata. Por consequéncia, a hipétese de insulina foi formulada,
indicando que um aumento do nivel de insulina é uma caracteristica comum subjacente
que promove a hiperplasia prostatica benigna e o cancer de prostata. O mecanismo de
promocdo de tumor de prostata e a sindrome metabdlica envolve estilo de vida, dieta
inadequada e baixo nivel de atividade fisica, 0 que gera resisténcia a insulina
(HAMMARSTEN; PEEKER, 2011).
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Um aumento anormal da lipogénese, acoplado diretamente com o metabolismo da
glicose e glutamina, é observado nas fases iniciais da doenca, significativamente
associada com a progressdo do tumor, pior progndéstico e menor sobrevida. Como referido
acima, as células cancerosas usam grandes quantidades de glicose para fins energéticos e
biossintéticos, resultando numa elevada taxa de producdo e secrecdo de lactato, que
conduz para a acidificacdo do microambiente do tumor (ZADRA; PHOTOPOULOQOS;
LODA, 2013).

O CaP geralmente exibe um aumento da captacdo e oxidacdo de acidos graxos,
como palmitato, e aumento da atividade das enzimas peroxissomais, p-oxidacdo dos
acidos graxos de cadeia ramificada, incluindo a proteina D-bifuncional (DBP) ¢ o o-
methylacyl-CoA-racemase (AMACR) (BH; MG; ROBINET, 2013).

Outro processo biossintético importante que é altamente regulada em CaP € a via
do mevalonato, o que facilita a acumulacéo de colesterol. Um grande nimero de estudos
epidemioldgicos tém sido realizados para abordar a associagdo entre 0s niveis de
colesterol e CaP, relatando que os homens com hipercolesterolemia estdo em maior risco
para CaP agressivo. Curiosamente, niveis aumentados de colesterol foram identificados
em CaP com metastase Ossea, juntamente com o aumento da expressdo de enzimas
envolvidas na esteroidogénese (ZADRA; PHOTOPOULOS; LODA, 2013).

Células de CaP respondem a androgénios, através da acdo de seus receptores 0s
quais sdo nucleares e envolvidos no controle da a proliferacdo de células de CaP em todas
as fases da doencga, incluindo a fase tardia, e doenca resistente a castracdo. Como
resultado, a terapia para CaP avangados envolve quase sempre a privacdo de androgenos,
resultando na reducdo de suas concentracBes plasmaticas e consequentemente, a
diminuicdo do CaP (HOANG et al., 2013).

2.4  Diagnostico

Para tratar pacientes com CaP com sucesso, € importante detectar a doenga, numa
fase inicial, bem como monitorar seu progresso com precisdo. Atualmente existem
disponiveis para diagndstico, técnicas que incluem biopsias de prostata, Exame Digital
Retal (EDR), Ultra-Sonografia Transretal, e ensaio de Antigeno Prostatico Especifico

(PSA). EDR e Ultra-Sonografia Transretal (TRUS). Apesar destas técnicas serem
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amplamente adotadas pela pratica médica, sdo muito limitados em sua capacidade de
diagnosticar CaP, além de ndo possuirem a capacidade de distincdo entre HBP e CaP
(YOU et al., 2010).

O PSA é uma glicoproteina de 34 KDa pertencente a familia das calicreinas. Ele
é secretado no fluido prostatico, e sua funcdo é degradar 8 proteinas de alto peso
molecular, que sdo sintetizadas na vesicula seminal, a fim de inibir a coagulacdo do
sémen. Seus niveis séricos estdo aumentados na tumorigénese da prdstata, uma vez que
com a perda normal da arquitetura da glandula, o PSA passa a ter acesso a circulacao
periférica. O teste do PSA falha tanto em sensibilidade quanto em especificidade para
detectar com precisdo a presenca de cancer da prostata. O PSA € um marcador especifico
da préstata, e ndo um marcador do cancer de préstata (NOGUEIRA; CORRADI;
EASTHAM, 2010).

Niveis elevados de PSA no sangue pode ser acionado por condi¢cdes nédo
cancerosas tais como a hiperplasia prostatica benigna e prostatite. Nenhum dos limiares
de PSA atualmente utilizados sdo consistentes em identificar pacientes com cancer de
préstata e excluir pacientes sem cancer. A incidéncia de cancer de prdstata em pacientes
com niveis de PSA abaixo do nivel aceitavel (4,0 ng / ml) é semelhante a incidéncia de
cancer de prostata em pacientes com niveis de PSA de 4,0-10,0 ng/ mL, o que leva alguns
especialistas a afirmar que ndo deve ser utilizado como um marcador do CaP. O PSA néo
é um sistema de diagndstico, ele ajuda a avaliar o risco de cancer de prostata e deve ser
usado em conjunto com outras varidveis para decidir quando uma bidpsia da prostata seria
apropriada. Por isso, o rastreio de PSA € uma ferramenta Util para a detec¢do do cancer
da prostata, mas ndo é perfeita (NOGUEIRA; CORRADI; EASTHAM, 2010);
(ROOBOL; CARLSSON, 2013).

A triagem com o (PSA) na populacdo através do exame de sangue, ndo foi
definitivamente comprovado por reduzir a mortalidade por cancer de prostata. Além
disso, a PSA é notoriamente conhecida por suas altas taxas de falsos positivos
aproximando-se de 75-80%, levando a efeitos colaterais relacionados biopsia
desnecessarias, como sangramento e infec¢des, em homens saudaveis (CHORNOKUR et
al., 2013).

Em um grande estudo prospectivo, multicéntrico, PSA, quando utilizado em
combinagdo com Exame Digital Retal (DRE) melhora a taxa de detec¢do do cancer, em
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comparacdo com qualquer um dos testes usados sozinhos. Além disso, homens com
cancer recém diagnosticado encontrados inicialmente por DRE também eram mais
propensos a abrigar doenca com caracteristicas agressivas (GLASS; CARY;
COOPERBERG, 2013).

O Diagnéstico por imagem convencional é obtido por meio da ultra-sonografia
transretal (TRUS). Cerca de 70% -75% dos canceres se originam na porcao posterior da
glandula e, em até dois tercos dos casos, aparecem como zonas hipoecoicos em TRUS.
TRUS permite a avaliacdo estrutural da glandula, portanto, a doenca localmente avancada
pode aparecer como um abaulamento da capsula prostatica. Devido a limitada
sensibilidade e especificidade do diagndstico por ultra-som (ambos cerca de 50%), outras
técnicas, como Doppler colorido e técnica com contraste pode melhorar a acuracia
diagnostica do exame (GLASS; CARY; COOPERBERG, 2013).

A anélise histopatoldgica do tecido da prostata pode identificar definitivamente o
cancer na maioria dos casos. Este método é o mais utilizado como prognéstico de CaP e
resulta em uma classificacdo chamada escore de Gleason, que é baseado na arquitetura
do tecido do cancer observado no microscépio (YOU et al., 2010).

Com este sistema, 0s patologistas designam para o cancer de préstata (obtido por
bidpsia ou por remocao da préstata inteira) um nimero entre 1 e 5 com base na aparéncia
microscopica do padrdo da estrutura das células cancerigenas, em que 1 é 0 menos
maligno e 5, 0 mais maligno. A maioria dos canceres terd mais de um padrao de células
e, portanto, os patologistas determinam um nimero entre 1 e 5 para o padrdo
predominante de células de cancer na biopsia (ou o espécime cirdrgico) e um segundo
numero entre 1 e 5 para o seu padréo secundario. Esses dois numeros (que podem ser 0s
mesmos) sdo entdo somados, resultando o que se conhece como a pontuacgao de Gleason.
Cénceres com pontuagdes 2, 3 ou 4 sdo considerados de baixo grau; com 5, 6 ou 7, de

grau intermediario; e com 8, 9 ou 10, de alto grau (Fig.3) . (Rous, 2010).
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Figura 3: Representacéo histologica dos graus de diferenciagdo das células tumorais prostaticas
(graus de Gleason). Fonte: http://www.prostatecancerradiotherapy.org.uk/glossary/glossary_pictures/GleasonGrades.gif).

A extensdo do cancer no momento do diagnostico é um fator chave utilizado
para definir o melhor tratamento. Sistemas de estadiamento codificam a extenséo do
cancer para proporcionar aos médicos e pacientes meios para verificar o progndéstico e
tratamento do individuo, comparar grupos de pacientes em ensaios clinicos e garantir o
recebimento do tratamento padrdo em todo o mundo. O sistema de estadiamento mais
utilizado entre os clinicos é o sistema TNM mantida pela American Joint Committee on
Cancer (AJCC) ( Tabela 1 e 2) e a Unido Internacional de Controle do Céncer (UICC)
(EDGE; COMPTON, 2010).

A classificagdo TNM (Fig. 4) descreve a extensdo do tumor primario (T), a
presenca ou auséncia de acometimento linfonodal locorregional (N) e a presenca ou
auséncia de metastases (M). A correta classificacdo do estagio do CaP antes da cirurgia
tem implicacOes terapéuticas e prognosticas. Especificamente, a deteccdo de extensdo
extracapsular e de invasdo de vesiculas seminais tem grande importancia, pois permite a
diferenciacdo entre os estadios T2 e T3 (BARONI et al., 2009).
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Tabela 1. Sistema de estadiamento TNM para o cancer de prostata. Fonte: Adaptado
http://www.cancerstaging.org/

T - Tumor primario

TX  Tumor ndo avaliado
TO Sem evidéncia de tumor primario
T1 Tumor ndo diagnosticado clinicamente, ndo palpavel ou visivel por exame de imagem
Tla Achado incidental ocupando < 5% do tecido ressecado
T1lb  Achado incidental ocupando > 5% do tecido ressecado
Tic Achado por bidpsia realizada devido a elevacdo do PSA
T2 Tumor confinado a prostata
T2a  Ocupa a metade ou menos de um dos lobos
T2b  Ocupa mais da metade de um dos lobos
T2c  Comprometimento de ambos os lobos
T3 Tumor que se estende através da capsula prostatica
T3a Extensdo extracapsular (uni ou bilateral)
T3b Invaséo da vesicula seminal
T4 Tumor fixo ou invadindo estruturas pélvicas (colo vesical, esfincter externo, reto
parede pélvica, ou masculos elevadores do anus).
N — Linfonodos Regionais
NXx Linfonodos regionais ndo avaliados
NO  Auséncia de metastase em linfonodos regionais
N1 Presenca de metastase em linfonodos regionais
M — Metéstase a distancia
Mx  Metéstase a distancia ndo avaliada
MO  Auséncia de metéstase a distancia
M1  Presenca de metastase a distancia
M1la Em linfonodo(s) regional (ais)
Mi1b Osso (S)
M1lc Outras localizagbes

Tabela 2: Sistema de estadiamento AJCC para o cancer de prostata. Fonte: Adaptado
http://www.cancerstaging.org/

AJCC — American Joint Committee on Cancer

Estadio | Tla NO MO Baixo Gleason (2-4)

Estadio Il Tla NO MO Intermediario ou alto Gleason (5-10)

T1b, Tlc NO Mo Qualquer Gleason ( 2-10)

T1,T2 NO MO

Qualquer Gleason (2-10)

Estadio 111 T3 NO MO Qualquer Gleason (2-10)

Estadio IV T4 NO MO Qualquer Gleason (2-10)

Qualquer T N1 MO Qualquer Gleason (2-10)

Qualquer T Qualquer N M1 Qualquer Gleason (2-10)
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Figura 4: Representacdo dos estadios | a IV do cancer de prdstata, segundo o sistema
AJCC Fonte: adaptado
http://visualsonline.cancer.gov/searchaction.cfm?q=tumor%?20staging%20%20TNM%20prostate%20can
cer&sort=datecreated&page=4

O rastreio do cancer de préstata é importante para identificar os homens com
canceres potencialmente fatais durante uma fase assintomatica da progressao da doenca.
A adocéo de um limiar baixo de PSA, por outro lado, iria aumentar a taxa de detec¢édo do
cancer (sensibilidade e otimizacdo), mas também levaria a um aumento do numero de
bidpsias negativas (desnecessarias) e o risco de diagndstico (e potencialmente o
tratamento) de tumores indolentes. Estudos tém demonstrado que o pés-bidpsia tem
levado a complicagdes infecciosas e as taxas de internagdo hospitalar ttém aumentado nos
ultimos anos, o que sugere que as bidpsias devem ser realizadas com cautela (ROOBOL;
CARLSSON, 2013).
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Diante do exposto, biomarcadores que possam identificar ou prever clinicamente
0 avanco do cancer em pacientes com CaP sdo importantes na gestdo da doenga. No
futuro, é provavel que as anélises de gendmica e protedmica ficardo integradas com a
avaliacdo de risco para a agressividade do tumor. Novos biomarcadores especificos para
0 cancer que apresentem especificidade e sensibilidade podem ser Uteis para determinar
o0 beneficio de tal rastreio nestes pacientes. No entanto, sdo necessarios estudos clinicos
prospectivos para validar a utilidade clinica dos marcadores individuais e painéis de genes
(GLASS; CARY; COOPERBERG, 2013).

25 Biossensor e cancer

A promocéo da saude, em um sistema publico, envolve o diagndstico, tratamento
e prevencdo de qualquer doenca em seres humanos. Este tipo de servico tem sido
constantemente aprimorado através da tecnologia point-of-care (POC), que contribuem
para um melhor diagnéstico. Esta tecnologia assume que todos os exames podem ser
feitos no local de atendimento ao paciente, oferecendo o potencial para diagndsticos mais
rapidos e baratos em todas as configuracdes, permitindo o aumento de exames em
populacgdes tradicionalmente carentes (JUSTINO; ROCHA-SANTOS; DUARTE, 2013).

O diagnostico é o processo de traducdo dos dados recolhidos através de exame
clinico por meio da observacdo de sinais e sintomas apresentados pelo paciente. O
diagnostico precoce e rapido do cancer é extremamente importante, ndo s6 para a
sobrevivéncia do paciente, mas também para um prognéstico bem sucedido e reducgéo de
tempo e custos no servico de satde. O encontro de biomarcadores clinicos é crucial para
a deteccéo precoce desta doenga, bem como para o design de terapias individuais, e para

identificacdo de processos subjacentes envolvidos na doenga (LI; LI; YANG, 2012).

Um biomarcador ¢é a substancia quimica ou bioldgica produzida pelo tumor ou
pelo organismo em resposta & presenca do tumor podendo ser encontrados no sangue,
urina ou tecidos. Estes, normalmente sdo produzidos diretamente pelo tecido embrionario
ou tecido tumoral. De acordo com o National Institutes of Health, um biomarcador é uma
caracteristica que € objetivamente medida e avaliada como um indicador de processos

bioldgicos normais, patogénicos, ou respostas farmacéuticas para uma intervengdo
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terapéutica. Biomarcadores indicam alteragdes na expressao de uma proteina que esta
correlacionada com 0 risco ou a progressdao de uma doenca ou ainda a resposta ao
tratamento, e que pode ser medido em tecidos ou no sangue. Como resultado, 0s
biomarcadores podem ser células especificas, moléculas ou genes, produtos de genes,
enzimas ou hormonios (LI; LI; YANG, 2012).

Os tumores séo caracterizados por: divisdo celular ilimitada, invaséo de tecidos
adjacentes e metastases para o0rgaos distantes; resisténcia a sinalizacdo anticrescimento;
crescimento auto-suficiente; evasdo de apoptose (morte celular programada); e
manutencdo da angiogénese. E importante compreender a complexidade e alguns dos
elementos basicos da biologia do cancer no desenvolvimento de biossensores para testes
diagndsticos de cancer.

O cancer ¢ uma doenca genética causada por mudancas ou a modificacdo de
sequéncias de DNA de genes-chave (RASOOLY’; JACOBSON, 2006). As fases iniciais
do desenvolvimento do cancer tém o potencial m&ximo para a intervencao terapéutica.
Portanto, a detec¢do pré-maligna ou tumores malignos pré-metastaticos quando ainda
estdo confinados no interior de 6rgédo (s) é critico para permitir o tratamento eficaz e
melhorar a taxa de sobrevivéncia (ARYA; BHANSALI, 2011).

A associacdo de diagndsticos médicos, terapéutica, tratamento e acompanhamento
com a nanotecnologia levou a implantagdo do conceito da nanomedicina na ciéncia. A
nanomedicina esta relacionada a uma area interdisciplinar e ampla da ciéncia, que inclui
a biologia molecular, quimica, medicina, matematica, engenharia e ciéncias da
computacdo, que enfrentam varios desafios analiticos (JUSTINO; ROCHA-SANTOS;
DUARTE, 2013). Uma vez que uma plataforma mais sensivel e rapida € necessaria para
alcangar o diagnostico mais veloz e detectar os marcadores cancerigenos durante 0s
estagios iniciais da doenca, os biossensores podem ser utilizados para fornecer meios que

permita alcancar estes objetivos.

Um biossensor no sentido tradicional do termo é definido como: um dispositivo
bioanalitico incorporando um material biolégico ou um biomimetizante (tecido,
microrganismo, organelas, receptores celulares, enzimas, anticorpos, acidos nucléicos,

etc.) intimamente associado ou integrado dentro de um transdutor fisico ou um
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microssistema de transducdo, que podem ser dpticos, eletroquimicos, termométricos,
piezoelétricos ou magnéticos. O objetivo usual de um biossensor € produzir sinais
eletronicos digitais discretos ou continuos, que sdo proporcionais a uma Unica substancia
ou a um grupo relacionado de substancias (SOPER et al., 2006); (DHANEKAR; JAIN,
2013).

Para o desenvolvimento de um biossensor existem questdes fundamentais a serem
priorizadas tais como: o design de uma interface na qual a substancia a ser analisada possa
interagir seletivamente com a superficie de biosensoriamento, a realizagdo da transducao
eficiente do evento de bioreconhecimento, aumento na seletividade, especificidade,
melhoria do tempo de resposta do biossensor, e por fim, a biocompatibilidade do
biossensor desenvolvido com as matrizes biolégicas, de modo que eles possam ser
utilizados em amostras biologicas complexas, ou at¢é mesmo “in vivo”’(YANG et al.,

2010).

Alcancar uma alta sensibilidade e seletividade requer um mecanismo de
transducdo sensivel e/ou um transdutor que possa fornecer uma alta relacao sinal-ruido
(MULCHANDANI; MYUNG, 2011). Almejando o aperfeicoamento de transdutores,
muitas vezes sdo utilizados nanomateriais e compdsitos que sejam capazes de facilitar
essas interacdes promovendo um melhoramento do sinal gerado. Dentre essas substancias
estdo os aldtropos de carbono (Nanotubos de carbono, grafeno entre outros) (SHAO et
al.,, 2010), os polimeros (GRACIA; MECERREYES, 2013; VARMA, 2012) as
nanoparticulas de metais, e também os dxidos de metais (LI1U; FAN; HUANG, 2011).

Um classico conjunto utilizado na modificacao de transdutores séo os polimeros.
Existem varios tipos de polimeros os quais sdo consagrados e estudados na literatura,
dentre eles podemos citar: Polianilina, Polipirrol, Poli-L-Lisina, Cloreto de Polivinila
(PVC), Acetato de Polivinila (PVA), poli-3,4-etilenodioxitiofeno (PEDOT),
Poliacetileno, entre outros (ATES, 2013).

As vantagens da utilizacdo destes polimeros na modificacdo dos transdutores
advém de caracteristicas como aumento da condutividade, aumento da estabilidade e
sensibilidade do biossensor e também melhoramento da imobilizacdo do elemento de

reconhecimento bioldgico a matriz transdutora, por serem capazes de formar complexos
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com biomoléculas de cargas opostas como nucleotideos e proteinas, através de interacdes
eletrostaticas fortes (LIU; FAN; HUANG, 2011).

A nanotecnologia tem ajudado no desenvolvimento de biossensores mais
sensiveis, variando os materiais acoplados ao dispositivo em dimensdes nanométricas. As
propriedades de um material nanoestruturado sdo bastante diferentes, em comparacao
com 0 que o originou, pois a reducdo do tamanho de particulas provoca uma enorme
mudanca em suas propriedades, tornando-o adequado para diversas aplicacdes. A ciéncia
dos materiais nanoestruturados nao sé abriu o caminho para tecnologias futuras, mas

também convidou inimeros desafios para a comunidade cientifica (D’ORAZIO, 2011).

A utilidade de biossensor esta intimamente dependente de viabilidade do
biomarcador (s) para a producdo de diagndsticos de alta confianga. Em particular, um
biomarcador deve nédo sé sinalizar a presenca de um tumor ou cancer, mas também deve
prever o estagio da tumorigénese (RAPP; GRUHL; LANGE, 2010).

Um dos principais desafios na deteccdo do céncer é a falta de sensibilidade. A
andlise eletroquimica é um dos métodos mais sensiveis para a detec¢do de substancias
inorganicas, organicas e mesmo bioldgicas. A aplicacdo da eletrogquimica é
provavelmente a maneira mais promissora de resolver alguns dos problemas relativos as
medicOes de sensibilidade, velocidade, seletividade e econ6mica. Portanto, esta
alternativa tornou-se atraente para ajudar no diagndstico rapido e seguro, proporcionando
uma melhor intervencdo e reduzindo o tempo dos exames, beneficiando a reducdo do
estresse do paciente (RUSLING et al., 2010).

2.6 PCA3 e cancer de prostata

A desregulacdo da expressdo génica é critica para a carcinogénese e metéstase.
Nas Gltimas décadas, a investigacdo cientifica foi principalmente focada em genes
codificadores de proteinas. Nos dltimos anos, contudo, tem sido bem documentado que a
porcdo ndo-codificante de proteina de genoma humano é também fundamental para a
biologia do cancer. Pelo menos 90% do genoma humano ndo é transcrito, e 0s genes que
codificam proteinas, representam menos de 2% das sequéncias do genoma. Assim, uma

grande quantidade de RNAs ndo-codificantes de proteinas (nCRNAS) sdo transcritos a
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partir do genoma, tais como pequenos RNAs de interferéncia (SIRNAS), os microRNAs
(miRNAs), RNAs PIWI-interativas (piRNAs) e RNAs longos néo-codificadores
(IncRNAs). Recentemente, pequenos RNAs reguladores, como siRNA e miRNA, tém
sido extensivamente investigados e 0s mecanismos moleculares subjacentes tém sido bem
documentados (QIU et al., 2013).

Alguns IncRNAs sédo altamente conservadas e tém padrbes de expressao de tipos
celulares especificos. Além disso, um certo nimero de IncRNAs estéo desreguladas em
canceres humanos, e a sua expressao aberrante esta associada a metastases ou ao
prognostico. Dada a grande escala de IncRNAs desregulados, é possivel que eles nao
sejam produtos secundarios do cancer, e sim, que estejam envolvidos no processo
carcinogénico e na metastase. Os INCRNAs estdo envolvidos na regulacdo epigenética,
regulacdo da transcricdo, processamento de pequenos RNAS, e outras funcdes reguladoras
(FERREIRA et al., 2012; QIU et al., 2013).

Bussemakers e colaboradores (1999) identificaram a superexpressdao de INCRNA
DD3 (differential display clone 3), mais tarde chamado de cancer de préstata antigeno 3
(PCA3) em tecidos de cancer de prdstata, por meio de analise de exibicdo diferencial
apresentando expressdo especificamente no cancer de prostata. (FILELLA et al., 2013).

O gene PCA3 localiza-se no cromossoma 9g21-22 e consiste de quatro exons. Os
transcritos mais comuns contém os exons 1, 3, 4a e 4b. Dados recentes sugerem que 0
PCAZ3 esta envolvido no controle da sobrevivéncia de células do cancer da préstata, em
parte, modulando a atividade de transcri¢do dos receptores de andrégenos dos genes alvo
(PERDONA et al., 2013).

PCAS ¢ altamente expresso em tecidos de cancer da prostata e em vez de existir
apenas em tecidos de cancer, o PCA3 pode ser detectado na urina ou os sedimentos de
urina, obtidas apds a massagem prostatica ou exame digital retal. O PCA3 mostrou uma
especificidade mais elevada, reduzindo a necessidade de bidpsias de prostata. Um estudo
com 751 voluntarios mostrou que o PCA3 como teste de triagem apresentou melhor
desempenho e identificacdo de doenca grave, em comparacdo com o PSA. Os autores
sugeriram que o PCA3 pode ser Util ndo so para a deteccdo de cancer de préstata, pois
apresentam sensibilidade e especificidade superiores aos do PSA, mas também pode ter
um papel potencial na escolha do tratamento mais adequado para cada paciente. (LISS et
al., 2011).
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Uma elevacdo no nivel do PCA3 pode estar associada a um cancer mais agressivo
com o aumento da desdiferenciacao celular podendo facilitar o derramamento em ductos
prostaticos durante o EDR. Volumes tumorais mais elevados, podem proporcionar uma
maior superficie de adesdo aos ductos prostaticos. Por outro lado, os tumores solidos
tornam-se mais agressivos e perdem a sua diferenciacdo e lumen glandular, o que pode
dificultar o derramamento de células para a urina (AUGUSTIN et al., 2013).

O foco do diagnostico molecular estd se movendo rapidamente de tecidos para
fluidos corporais, e particularmente para o sangue. A detec¢do de biomarcadores com
significado de diagndstico e prognéstico em fluidos corporais pode, em um futuro
préximo fornecer valiosas informacBes clinicas, evitando procedimentos invasivos
desnecessarios. Os atuais progressos permitem uma extracao fidvel, separacdo de células
tumorais circulantes (CTC) no sangue e de acidos nucleicos derivadas de tumor e
proteinas no plasma, urina, expectoracdo e fezes. A invasdo tumoral reforcada durante o
processo metastatico, secrecdo activa de proteinas de tumores altamente vascularizados,
ou a libertacdo passiva de materiais de degradacao celular em areas de necrose poderiam
resultar em &cido nucleico especifico de tumores ou do material de proteina na corrente
sanguinea ou noutros fluidos bioldgicos (FIORENTINO; CAPIZZI; LODA, 2010).

O CaP é relativamente mal vascularizada, com pouco ou nenhum areas de necrose.
Portanto, a presenca de células tumorais ou material derivado de tumor no sangue de
pacientes com CaP, provavelmente reflete uma maior capacidade de invasdo tumoral.
MutacBes especificas, instabilidade, alteracbes epigenéticas e gendmicas, deteccdo de
proteinas aberrantes, exploracdo de assinaturas do transcriptoma de tumor, e os perfis de
expressdo de microRNA podem representar todos os biomarcadores valiosos que podem
ser encontrados nos fluidos corporais de doentes com cancer (FIORENTINO; CAPIZZI;
LODA, 2010).

O céncer de préstata € uma doenca muito heterogénea, muitos pacientes sdo
diagnosticados numa fase inicial e ndo precisam de tratamento ou sdo curados com a
prostatectomia radical. Outros pacientes apresentam doenca avancada ou recorrente,
apesar do tratamento inicial curativo e, eventualmente, sucumbem devido ao cancer de
prostata metastatico resistente a castracdo. A heterogeneidade molecular da castracéo-
resistente do cancer de préstata, bem como a dificuldade em adquirir tecido tumoral de
pacientes que realizaram prostatectomia radiacal, torna a identificacdo e validacéo de

ensaios baseados na busca de biomarcadores no sangue ou urina, tornam-se cruciais para
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individualizacdo do tratamento do CaP. Tais testes sdo reprodutiveis, menos invasivo e
de facil implementacdo na pratica clinica. Apesar da dosagem do PSA ter sido
amplamente estudado no contexto do tratamento do cancer de prostata, ele ndo é um
parametro fiavel.

Diante do exposto, o desenvolvimento de dispositivos que permita o diagnostico
precoce do CaP, torna-se necessario, tanto pela melhoria na qualidade de vida do paciente,

como na reducdo dos custos pelos cofre publicos.
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4. Objetivos
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4.1 Objetivo Geral

Desenvolver genossensores eletroquimicos para o diagnostico do cancer de

préstata, favorecendo sua deteccdo precoce, bem como seu rastreamento.

4.2 Objetivos Especificos

= |dentificar uma sonda especifica para o cancer de préstata para o desenvolvimento
de biossensor, através de ferramentas de bioinformética;

= Desenvolver um sistema de imobilizacdo de acidos nucléicos diretamente na
superficie dos eletrodos modificada por polimeros;

= Realizar testes de hibridizacdo entre as sondas e 0 DNA alvo;

» Realizar andlises eletroquimicas para deteccdo da hibridizacdo dos acidos
nucléicos;

= Auvaliar a estabilidade do biossensor frente aos principais parametros fisico-
quimicos.

» Realizar estudo com amostras clinicas para certificagdo do sistema frente aos
métodos utilizados atualmente.

= Auvaliar a expressdo das SIRT-1, SIRT-3 e PCA3 nas amostras de sangue dos

pacientes do Hospital das Clinicas.
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CAPITULO I - PCA3 genosensor blood based assay, as a useful
tool to detect prostate cancer
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1. Introduction

Prostate cancer (CaP) is the second leading cause of cancer death in men. Age is one of
the greatest factors associated with increased risk of prostate cancer development.
Epidemiological studies suggest that men in their fifties experience a progressively
heightened risk of being diagnosed with prostate cancer with each subsequent year of life
until the age of 85[1]. Other factors for prostate cancer are ethnic factors and a positive
family history. In addition, a number of variable modifiable or behavioral factors have

been found to be associated with prostate cancer risk. The heterogeneity in prostate cancer
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mortality across countries indicates that behavioral conduct factors play an important role

[2,3].

Current predominant tools for CaP detection are serum PSA and digital rectal
examination. Despite its widespread use, PSA is a poor predictor of disease.
Approximately 65% to 70% men presenting increased PSA (4-10 ng/mL) will have a
negative biopsy result. In order for PSA to be an effective factor, repeat biopsies are often
necessary, which can be associated with significantly high morbidity, including sepsis,
bleeding and hospitalization [4]. Prostate serum, semen, plasma and urine are biological
fluids with potential for CaP screening especially when epithelial cells are shed into
biological fluids, particularly when the prostate is subjected to physical

manipulation[4,5].

These concerns have led to the search for new biomarkers for prostate cancer that have
greater specificity to better identify patients that may benefit from prostate biopsy. PCA3
is a gene discovered in 1999 that is expressed 70—-100 times more in prostate cancer cells
than in normal prostate tissue[6]. Others have shown an even greater differential in benign
prostatic hypertrophy tissue with PCA3 expression 140 times greater in cancer cells,
which is uncharacteristic of PSA. The levels of the expression of the PCA3 mRNA can
be measured with an assay of a urine sample obtained after an attentive digital rectal exam

(DRE) and peripheral blood [7].

An alternative method for detecting nucleic acids are biosensors as a bioanalytical device
incorporating a molecular recognition entity associated with or integrated with a
physicochemical transducer. Biosensors attend the demand for point-of-care devices
(POC) which can bring the capability of analyzing clinical samples in the home or during

surgery. In order to develop appropriate biosensor technologies, specific markers need to
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be identified to ensure specificity of devices. Biosensors provide advanced platforms for
biomarker analysis with the advantages of being easy to use, inexpensive, rapid and robust
as well as offering multi-analyte testing capability [8,9]. Among the various types of

biosensors, electrochemical presents the possibility of achieving all these aspects [10].

In the development of electrochemical biosensors, the use of conductive polymer films
has allowed obtaining increasingly sensitive devices[11]. These conductive polymers
retains the characteristics of conventional organic polymers, but acquire electronic
properties of metals[12]. Among these, poly pyrrole is a widely used conductive polymer

in the development of electrochemical DNA biosensors[13].

This work aims to develop a nucleic acid biossensor to detect prostate cancer in urine and
blood in the early stages of disease, as well as differentiate between cancer and benign

prostatic hyperplasia.

2. Material and Methods

2.1 Reagents and materials

Only high purity reagents were used. Methylene blue (MB), Pyrrole was purchased from
SAFC®. UltraPure™ DNase/RNase-Free distilled water was purchased from Invitrogen
(USA). All ssDNA oligonucleotides were synthesised by Integrated DNA Technologies
(USA). Screen-printed electrodes for electrochemical detection were purchased from The

Gwent Group (UK).

2.2 Analysis in silico of the molecular biomarker for prostate cancer
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The gene sequence of the chosen biomarker (PCA3) was obtained from the NCBI
database (National Center for Biotechnology Information) and UCSC Genome Browser.
CLC Combined Workbench and Oligocalc software were used to select DNA probe and

complementary sequences for the optimal PCA3 detection.

2.3 PCA3 oligonucleotides

All oligonucleotides were purchased as lyophilized powder, diluted with ultrapure water
and stored as a stock solution in a freezer (-20°C). The oligonucleotides were diluted from
the stock solution in 0.5 M acetate buffer pH 5 for testing. The following oligonucleotides

sequences used in this study were designed using bioinformatics tools.

PCA3 probe:
5-GGAATG TTT ATG GGG CAC GTT TGT AAG CCT GGG ATG TGA AGC AAA GGC

AGG-3

PCAS target:

5 —CCT GCC TTT GCT TCA CAT CCC AGG CTT ACA AAC GTG CCC CAT AAA CAT

TCC-3°

Non-Complementary sequence:

5-CCT CTTCCT CGT GCA AAT TTAATC TGC ACC ACG TCC TTG AGA AAAAGG ATT

TCCA-3

2.4 Population study
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Thirty-two males (over 50 years old) underwent DRE (Digital Rectal Exam), PSA and
biopsies from the Federal University Hospital (located in Recife, Pernambuco, Brazil).
Study participants were recruited under protocols approved by the institution, and all
subjects provided written informed consent. Fourteen CaP, ten BPH and eight control
patients composed the population study. Blood samples were collected in Paxgene blood
RNA tubes and refrigerated at 4°C until RNA extraction. Total RNA was extracted using
the Paxgene blood RNA kit (Qiagen) according to manufacturer’s instructions.
Complementary DNA (cDNA) was generated with Superscript 111 (Invitrogen). cDNA

concentration was measured in Nanodrop 2000.

Reverse transcription was performed with 1 ug of total RNA and Superscript 111 enzyme
(Invitrogen). Real-time PCR was performed on Roche LightCycler 480 sequence
detection system, using the following amplification conditions: 5 min, 95 °C; followed by
40 cycles of 15s at 95 °C, 1 min at 60 °C and 20 sec at 72 °C. CT values were determined

using the 1Q5 software(Bio-Rad).

2.5 Apparatus

A conventional three-electrode system was employed in this work. Gold was used as a
working electrode (surface area of approximately 3 mm?), silver/silver chloride
(Ag/AgCl) was used as a reference electrode and carbon was used as a counter electrode.
The electrochemical analysis was performed with a potentiostat (Autolab PGSTAT) that
was equipped with GPES (4.0.007) software. All hybridization experiments were carried

out in a Hybridization Oven/Shaker (Amersham Pharmacia Biotech).

2.6 Preparation of polymer-modified screen-printed electrodes

50



Arruda, M.S. Utilizacdo de genossensores eletroquimicos para diagnostico de cancer de

prostata

The polymer pyrrole was used to allow for immobilization of the DNA probe to the
working electrode. The pyrrole solution was tested at different concentrations (0.05 M e
0.1M), and different doping agents: SDS(sodium dodecyl sulfate), ammonium
perchlorate and magnesium perchlorate at concentrations: 0.01 M, 0.05 M and0.1 M with
each doping agent, the solution was prepared in acetonitrile (50%) and phosphate-
buffered (50%) 0.1M pH 7. For preparation of the polypyrrole film, the pyrrole solution
was electropolymerized on the working electrode by cyclic voltammetry scanning from -
0.3 to 0.8 V for 10 cycles with a scan rate of 100 mVs™. The electrode was rinsed with

ultra pure water in the absence of RNase and DNase, and then dried at 30°C.

2.7 Probe DNA immobilization

The PCA3 probe in an acetate buffer solution (0.5 M, pH 5) was immobilized by
adsorption on a gold electrode surface that was modified with a polymer layer. The probe
concentrations tested were (0.1uM; 0.25uM; 0.50uM; 1pM; 2uM and 4.5uM) and
immobilization time was 30 min. Then, the unbound oligonucleotides were removed from

the working electrode by washing with Tris-HCI buffer (20 mM, pH 7.0).

2.8 DNA hybridization

In the hybridization process, PCAS3 target were tested at concentrations: 1.0 nM; 5.0 nM;
20 nM; 50 nM; 0.1uM; 0.25uM; 0.50uM; 1uM were added onto the working electrode
with the immobilized PCA3 probe. The electrode was incubated at 70°C for 10 min with
a stir speed of 300 rpm to link the complementary sequences. This temperature was the
best for annealing sequences based on the company’s descriptions. A Tris-HCI buffer (20
mM, pH 7.0) was used to wash the electrode and remove the non-hybridized sequences.
The same procedure was applied for the interaction of the PCA3 probe with a non-

complementary sequence. For the hybridization of the patient cDNA with PCA3 probe

51



Arruda, M.S. Utilizacdo de genossensores eletroquimicos para diagnostico de cancer de
prostata

on the modified working electrode, the cDNA was denatured by heating in a water bath
(95 °C) for 5 min and was immediately chilled in ice to obtain denatured ss-DNA. Then,
it was added to the modified working electrode surface. The formation of hybridization
between the cDNA and PCAS3 probe was also performed at 70 °C for 10 min at a stirring
speed of 300 rpm. To remove residual unhybridized DNA further washing was performed

with Tris-HCI buffer (20mM, pH 7.0).

2.9 Electrochemical Analysis

For the electrochemical signal analysis, the differential pulse voltammetry (DPV) method
was used for the measurement system of the current signals. After the immobilization and
hybridization process, 500 uM Methylene Blue (MB) solution in Tris-HCI buffer (20
mM, pH 7.0) was accumulated on the modified working electrode for 5 min, then was
washed with Tris-HCI buffer. The DPV measurement was performed in the Tris-HCI
buffer for the MB electrochemical reduction under the following conditions: a potential

sweep between -0.9 and 0 V, modulation amplitude of 50 mV and scan rate of 50 mV s

1

2.10 Statistical Analysis
Experimental data were analyzed using Statistica 8.0 (StatSoft Inc.) and GraphPad Prism
5.0 software, by parametric tests. In order to evaluate statistical differences among the

samples, ANOVA was performed and a level of p <0.05 was considered significant.

3. Results and Discussion

3.1 PCA3 gene
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The probe chosen for immobilization on the electrode surface was built by bioinformatics
analysis, and is composed of 51 bp because the bioinformatics analysis showed that this
was the minimum number of specific bases for cancer detection avoiding cross-reactivity
with other genes. The probe is located in exon 4 of the PCA3 gene within chromosome
9921-22 which consists of four exons. The most common transcript contains exons 1, 3,
4a, and 4b and the exon 4 is the coding region. The product of a PCA3 mRNA contains a
high density of stop codons which is understood as a noncoding RNA, whose biological
function is not completely known. Recent data suggest that PCA3 is involved in the
control of prostate cancer cell survival, in part by modulating the transcriptional activity
of androgen receptor target genes[14]. Thus, the PCAS3 represents a biomarker potential

for prostate cancer detection.

3.2 Pyrrole electropolymerization

In this work, the polymer was used for the immobilization of the PCA3 probe on the
working electrode. The best pyrrole concentration tested was 0.05M with the dopant
anion as SDS at a concentration of 0.01M. This anion has the ability to dope and disperse
the polymer favoring a more uniformly thin film because the stability of the matrix is one
of the important parameters for the immobilization of the biocomponents. The stability
of the matrix depends upon the size of anion. The size of anion is of three types: smaller
(e.g. nitrate), medium (e.g. p-toluene sulfonic acid) and large (e.g. polyvinyl sulfonic
acid). Generally, large sized anions are not able to leave the polymer matrix which give
the matrix its compact form and are responsible in providing stability to the polymer
matrix. It has been reported that the polymer film synthesized with polyelectrolyte gives
good operational stability in the polymer matrix with increased growth rate and higher
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compactness [15,16]. Because of these factors, SDS (Sodium Dodecyl Sulfate) was
chosen as dopant anion and because the hydrophobic part of the surfactant molecules may

adsorb on the produced conducting polymer[17].

The electropolymerization of pyrrole was performed electrochemically by a cyclic
voltammetry method of demonstrating that the polymer film has the characteristics of a
reaction (ECE), or a sequence of steps where an electron transfer event(E) is followed by

a chemical reaction(C) and a subsequent transfer of electrons(E) (Fig 1).

Cyclic voltammetry is an essential method for the characterization of the electrochemical
properties of conducting polymers. Although the shape of cyclic voltammograms (CVs)
has long been a subject of discussion is accepted that the shape and position of CVs can
reflect properties of polymer structure. In the case of pyrrole, typical voltammograms of
PPy electro synthesized under mild conditions show an oxidation wave with a steep onset,
followed by a broad plateau and, on the reverse scan, a negatively shifted, weaker
reduction wave. The shapes may vary, depending on supporting electrolytes, solvents and

other conditions[18].

Treatment of the pyrrole solution under cyclic voltammetry shows the formation of the
polymer film in (Fig. 2). Morphology comparison of the gold electrode (Fig. 2A) with the
prepared PPy film (Fig. 2B) at 110x shows significant differences. In (Fig. 2D) greater
compaction presented by the pyrrole film can be seen when compared to the gold
electrode without modification (Fig. 2C), possibly due to the size of the dopant anion and
because the polymeric synthesis was performed in aprotic solvent that has low
nucleophilicity, supporting an electrophilic attack of pyrrole monomer [17]. At 5000x,
significant alteration in surface area for DNA binding (Fig. 2F) can be seen compared to

the electrode without polymer film (Fig. 2E). Therefore, the film can present a large
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surface area. As is well known, properties of a broad range of materials and performance
of different devices depend strongly on their surface characteristics. The binding of PCA3
probe with the polymeric film is possibly made by electron magnetic resonance of
polypyrrole polymer that when positively charged attacks the oxygen content of the

nucleic acid phosphate group (Fig. 3).

Studies of polymer films prepared by electrochemical polymerization show that their
surface morphology is also greatly affected by other factors like dopant anion, applied
current density, electrode configuration and solvent. Films obtained in acetonitrile have
smoother surface, while the films obtained in aqueous media are more rugged. Numerous
investigators have attempted to understand the mechanism of charge transport in these

conducting polymers[19].

The performance of the biosensor was investigated by differential pulse voltammetry with
the redox indicator methylene blue (MB). It is widely known that MB has an affinity to
DNA, and several authors have demonstrated two possible mechanisms of interaction.
These links can occur by an electrostatic interaction with the negatively charged
phosphate groups or by an interaction between the guanine bases, which are mainly in
ssDNA. In this work, the binding of MB occurred by an interaction between the guanine
bases in sSDNA (probe) because the phosphate groups were linked to the polymer layer

on the PPy- gold surface [20].

3.3Analysis of the probe immobilization
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The immobilization of a biological element on the electrode is the first step to be
considered in the development of a biosensor. Determination of the optimal probe
concentration is crucial to ensure a high performance of DNA biosensors, and reduce any
interference in the electrochemical response of the system[21]. The probe immobilization
efficiency was evaluated with different concentrations and was observed that the best
result (for the MB electrochemical reduction) was obtained with the probe concentration
of 0,5uM because it provided the highest current peaks and had better reproducibility,
with an immobilization time of 30 min. The other concentrations showed lower current
signals due to a low amount of immobilized probe on the working electrode (0.25p1M) or
due to steric hindrance caused by excess oligonucleotide (1 to 4.5uM). Thus, the probe

concentration of 0.5uM was chosen for the interaction with complementary sequences

(Fig. 4).

3.4 Optimization of the hybridization process

The biosensor recognition array was applied in experiments on the hybridization reaction
between the PCA3 probe and the PCA3 target cDNA fragment. In this study, the
hybridization was performed with differential potential voltammetry (DPV) on the MB
electrochemical reduction. The goal of this experiment was to determine the optimal
hybridization conditions for the probe and target on the modified PPy-gold electrode
while minimizing the non-specific interaction. In this regard, the hybridization was
performed with different concentrations of the complementary target sequence. In Fig 5a,
it can be observed that the current signal increased with the increasing target
concentration and then it stabilized at 50 nM. At these concentrations, it was observed
that the highest current signal was 0.65 pA, with a coefficient of determination of 99,8%

(Fig. 5A).
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The linear regression obtained from the electrochemical signal regarding the different
concentrations of the PCA3 target is shown in (Fig. 5A). The calibration curve (y =
0.0086x + 0.205) is linear between 1 nM and 50 nM with a correlation coefficient of
0.998. A detection limit of 2,2 pg/pL could be estimated by equation 3c/a, where o is the
standard deviation of the intercept and a is the slope of the linear regression [22]. The
relative standard deviation (RSD) was 0.056% over three independent probe-modified
electrodes that were measured at 50 nM of the PCA3 target, which indicated a remarkable

reproducibility of the detection method.

The DPV test for the MB electrochemical reduction of 0.5uM PCA3 probe immobilized
on modified PPy-gold electrode before hybridization and after hybridization show this
current signal in the hybridization decreased when compared to the current signal with
the PCA3 probe immobilized about 68% (Fig. 5B). MB had a strong affinity for the free
guanine in the ssSDNA. Thus, this difference occurred due to a weak interaction between
the dsDNA and MB compared with the sSDNA and MB, which resulted in the decreased

intercalation of MB within the dsDNA [20,23].

The bare modified PPy-gold electrode did not present an electrochemical signal (Fig. 5B),
which indicated the absence of guanine on the working electrode. According to the
analyzed data, the decrease of the current peak represented a positive diagnosis for a

prostate cancer.

3.5 Selectivity Study and prostate cancer detection
The highest MB reduction signal was observed with PCA3 probe immobilized on

modified-gold electrode surface (0.96pA). Experiments with non-complementary

57



Arruda, M.S. Utilizacdo de genossensores eletroquimicos para diagnostico de cancer de

prostata

oligonucleotides were performed to evaluate the selectivity of electrochemical nucleic
acid biosensor. The interaction between this non-complementary oligonucleotides and
probe did not lead to a significant decrease in the signal (0.06pA) due to the absence of
the entire hybridization. So, the current peak of hybridized with a non-complementary
sequence showed values similar to that observed following PCA3 probe. The selectivity
demonstrates that the sequenced PCA3 probe could form a double helix with the
complementary oligonucleotides, causing a significant decrease of 68% in the current
peak (Fig. 6).

These results confirm that the electrochemical detection present in this study successfully
distinguished complementary sequences from non-complementary sequences, using the
annealing temperature to perform the hybridization. The selectivity of the biosensor was
also examined in a sample containing both complementary and non-complementary
sequences in similar proportions. The mixture showed a current peak similar to
immobilized after hybridization with a complementary sequence. This demonstrates that
the presence of non-complementary samples did not interfere in the specificity of the
biosensor. These results are important for the construction of the device, because the
system can be better controlled by regulating temperature than by other means such as

the application of a potential [23].

3.6 Performance of electrochemical DNA biosensor using real samples
To validate a possible clinical application, the proposed biosensor was analyzed using

1nM of cDNA samples from patients from CaP, BPH, and control (CG) groups. In this
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assay, we used the cDNA directly on the modified electrode with the immobilized probe.
(Fig. 7) shows a DPV response of the biosensor to positive sample of CaP, BPH (non-
complementary sample) and CG (non-complementary sample). It is possible to observe
that in the presence of a CaP positive sample that current peaks were decreased, which
confirmed the occurrence of hybridization in the proposed detection system. The
difference between CG and CaP currents peaks was 0.584A with statistical difference

p<0.001, proving the hybridization process.

The ANOVA analysis showed significant differences between CaP, BHP and CG with a
p<0.001. The limit of detection of the proposed biosensor was 2.2 ng/ml, presenting a
better sensitivity than PSA (gold standard assay) that range is from 4 ng/ml to 10 ng/ml.
Thus, our biosensor is specific to prostate cancer avoinding false positives that happen in
PSA results when BPH should be the correct diagnosis. This data demonstrated that the
electrochemical DNA biosensor is able to detect the PCA3 presence and that the non-
complementary sample did not interfere with the specificity of the biosensor. Similar
results were found by [24,25], where through studies, we confirmed the efficiency of
PCAS as a better predictor of prostate cancer and that [26] proved its sensitivity and

specificity.

The PCA3 mRNA expression was analyzed on RNA extracted from blood of BPH, PCa
and Control Group to validate the results of the proposed biosensor (Fig. 8). There was
no difference in the expression of PCA3 RNA between Control Group and BPH,
considering this; we decided to include the results from both groups in the non-malignant
control. Blood samples containing, in average, 120 ng/ml total cells, presented, in
average, PCA3 up regulation of 40-fold in comparison with PCA3 RNA expression in

non-malignant controls. The proposed biosensor presents lower expression compared to
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RT-PCR (PCAS3 up regulation of 2-fold), because a smaller amount of total blood cells

(2.2 ng/ml) was added to the system due to its higher sensitivity.

4. Conclusions

In this work, a new electrochemical nucleic acids biosensor was demonstrated for the
detection of prostate cancer, demonstrating high specificity and sensitivity providing a
convenient, rapid and non-invasive electroanalytical method for detection of prostate
cancer compared to conventional methods which have low specificity. In the proposed
detection model, the nucleic acids biosensor is able to detect hybridization, therefore, it
is possible to identify samples positive for prostate cancer. The decrease of the
electrochemical signal between the immobilized probe on the modified PPy-gold
electrode after the hybridization process is shown by the reduction of MB and this signal

decrease is associated with prostate cancer.

Accordingly this work shows that in the near future, the electrochemical genosensor for
the detection of prostate cancer can be used as an alternative to current diagnostic methods
considering it has a lower detection limit than conventional methods and favors early

tracking and detection of the disease.
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Figure captions

Fig 1: Electropolymerization of pyrrole by cyclic voltammetry scanning from -0.3 to 0.8V
for10 cycles with a scan rate of 100mVs™.

Fig 2: SEM micrographs. (a) gold electrode, increased 110X; (b) modified PPy-gold
electrode, increased 110X; (c) gold electrode, increased 1000X; (d) modified PPy-gold
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electrode, increased 1000X; (e) gold electrode, increased 5000X; (f) modified PPy-gold
electrode, increased 5000X.

Fig 3: Schematic representation of the binding of DNA on polypyrrole film.

Fig 4: Histogram of the effect of PCA3 probe concentration on the MB electrochemical
reduction during the immobilization process. The differential pulse voltammetry method
was used to analyze the current signals in the following conditions: initial potential -0.9
V, end potential 0 V, modulation amplitude 50 mV and scan rate 20 mVvs. All plotted
results were the averages of triplicates that were performed at different PCA3 probe
concentrations.

Fig 5. Optimization of hybridization process (A) The effect of the PCA3 target
concentration on the MB electrochemical reduction during hybridization. The differential
pulse voltammetry method was used to analyze the current signals in the following
conditions: initial potential -0.9 V, end potential 0 V, modulation amplitude 50 mV and
scan rate 20 mV *1. The black line represents the linear regression at a concentration
range of 1 — 50 nM. (B) The differential pulse voltammograms for the MB
electrochemical reduction of (a) 0.5uM PCA3 probe immobilized on modified PPy-gold
electrode before hybridization; (b) 0.5uM PCAS3 probe immobilized on modified PLL-
gold electrode after hybridization; (c) bare modified PPy-gold electrode.

Fig 6: The differential pulse voltammograms for the MB electrochemical reduction of (a)
0.5uM PCAZ3 probe immobilized on modified PPy-gold electrode before hybridization
(b) 0.5 uM PCAZ3 probe immobilized on modified PPy-gold electrode after hybridization
with 50nM non-complementary sequences; (¢) 0.5uM PCAS3 probe immobilized on
modified PPy-gold electrode after hybridization with a mixed sample (complementary
and non-complementary sequences); (d) 0.5uM PCA3 probe immobilized on modified
PPy-gold electrode after hybridization with 50 nM PCA3 target sequence; (e) bare
modified PPy-gold electrode.

Fig 7: Histogram representing the differential pulse voltammograms for the MB
electrochemical reduction of patients with Prostate Cancer (CaP); Benign Prostatic
Hyperplasia (BPH) and Control Group (CG) with p<0.001by ANOVA.

Fig 8: PCA3 mRNA expression in Prostate Cancer, BPH and Control Group gene
expression in human blood samples indicated by quantitative PCR.
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Abstract

The prostate-specific antigen(PSA) is the most widely used biomarker for prostate
cancer(PCa) detection, however has been unreliable and does not allow for the
differentiation between PCa and benign prostate hyperplasia(BPH). In this study, the
utility of a prostate cancer gene 3(PCA3) biosensor platforms was evaluated using an
Interpenetrating Polymer Network(IPN). The IPN was synthesized with polyvinyl
alcohol—glutaraldehyde/polyaniline(PVA/PANI) and deposited on the working electrode
surface. The PCAS3 probe was immobilized on the modified working electrode surface.
Guanine electrochemical oxidation was used as a parameter to evaluate the occurrence of
hybridization between the probe and its target. Measurements were made using
differential pulse voltammetry(DPV). The specific PCa probe presented a current peak
93% higher than the hybrid. The limit of detection of the system was 0.1nM. The
performance of the biosensor was also tested with combined BHP and PCa positive
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patients as well as a control group. A decrease of the electrochemical current signal was
observed in PCa positive patients with a statistically significant result(p <0.001) showing
that the device is able to differentiate patients with PCa and BHP. Taken together, these
results suggest that the proposed biosensor can be used to detect alterations in prostate

through blood tests.

Keywords: Electrochemical biosensor; Prostate Cancer; PCA3 gene, Screen-printed

electrode.

1. Introduction

Prostate cancer has a high incidence and represents the second leading cause of
cancer deaths among men after lung cancer. Early diagnosis is therefore essential,
especially in view of the slow natural progression of the disease and its potential curability

in the initial hormone-dependent phase [1,2].

Conventional diagnostic techniques for prostate cancer are serum prostate-specific
antigen (PSA), digital rectal examination and transrectal ultrasound-guided (TRUS)
biopsy. The PSA test however can provide false positive or negative information, is not
reliable, and does not allow the differentiation of benign prostate hyperplasia (BPH) and
PCa[3,4].

In men with an elevated PSA level, definitive diagnosis of prostate cancer requires
invasive histological sampling obtained during biopsy or surgery. However, standard
sextant biopsy obtained using TRUS has a lower sensitivity and specificity for delineating
the malignant foci with considerable false negative rates up to 40% (even with whole
mount histopathology,) high false-positive rates due to prostatitis, and risk of hemorrhage,
hyperplasic nodules, and post-treatment sequel, meanwhile causing an increased number
of unnecessary random prostate biopsies which can miss significant disease and index
lesions [5-8].

The prostate cancer gene 3 (PCA3) is a new predictor for prostate cancer and is
predicted to improve cancer classification and diagnosis facilitating better decision-
making and patient counseling [9,10]. In 1999, Bussemakers et al. described PCAS3,
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formerly called DD3, for the first time. PCA3 fits a non-coding messenger RNA (MRNA)
which is highly over expressed in prostate cancer tissue and blood. Additionally, PCA3
appears attractive as an indicator to possibly evaluate or predict PCa
aggressiveness[10,11].

Molecular methods have attracted attention due to their diverse applications,
including the identification of molecular diseases and the detection of viruses, bacteria
and parasites. Specifically, methods based on DNA hybridization provide a fast and
inexpensive diagnosis via miniaturized analytical devices[12-14].

In this context, electrochemical DNA biosensors which rely on hybridization events
have become powerful tools for detecting cancer due to their inherent advantages such as
high sensitivity, selectivity, simplicity and low cost, converting hybridization into a

measurable signal[15,16].

Electrochemical DNA biosensors can undergo changes in their signal transduction
platforms to improve sensitivity. The synergistic effect of the two nanomaterials could
enhance dramatically the sensitivity for the DNA hybridization recognition[17]. Those
materials and membranes are significant factors for further improving the stability,
reproducibility, and sensitivity of the biosensor[18]. Because of their inherent charge
transport properties and biocompatibility, Interpenetrating Polymer Networks (IPNs)
have an advantage in biosensor applications[19].

The IPNs are unique types of polymer alloys consisting of two or more cross-linked
polymers with no covalent bonds or grafts between them. These intimate mixtures of
cross-linked polymers are held together by permanent entanglements, i.e., they are
polymeric catenates, are produced by homocross-linking of two or more polymer
systems. [19-21].

The present work aims to develop an electrochemical DNA biosensor using an IPN
to detect prostatic alteration in blood as well as differentiate between cancer and benign

prostatic hyperplasia.

2. Materials and Methods
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2.1 Reagents and materials

Only high purity reagents were used in this study. Polyvinyl Alcohol (PVA) (Vetec
Quimica Fina, Brazil); Glutaraldehyde solution (Sigma-Aldrich, Brazil); UltraPure™
DNase/RNase-Free distilled water was purchased from Invitrogen (USA). All

oligonucleotides were synthesized by Integrated DNA Technologies (USA).

2.2 Analysis in silico of the molecular biomarker for prostate cancer

The PCA3gene sequence was obtained from the NCBI database (National Center for
Biotechnology Information, USA) and the UCSC Genome Browser. CLC Combined
Workbench (USA) and Oligocalc software were used to select the DNA probe and

complementary sequences for optimal PCA3 detection.

2.3 PCA3 oligonucleotides

The oligonucleotides were diluted from the stock solution in 0.5 M acetate buffer
(pH 5) for all experiments. The following three oligonucleotide sequences were used in
this study:

PCAS3 probe: 5’- GGA ATG TTT ATG GGG CAC GTT TGT AAG CCT GGG ATG
TGA AGC AAA GGC AGG -3’

PCAS3 target: 5> — CCT GCC TTT GCT TCA CAT CCC AGG CTT ACA AAC GTG
CCC CAT AAACATTCC -3

Non-Complementary sequence: 5’- CCT CTTCCT CGT GCA AAT TTA ATC TGC
ACC ACGTCCTTG AGAAAAAGGATTTCCA-3

2.4 Population study

Thirty-two males (over 50 years old) that underwent Digital Rectal Exam (DRE), PSA
and biopsy from the Federal University Hospital (located in Recife, Pernambuco, Brazil)
were used in this study. Study participants were recruited under protocols approved by
the institution, and all subjects provided written informed consent. The study population
was composed of fourteen PCa, ten BPH and eight control patients. Blood samples were

collected in Paxgene blood RNA tube and refrigerated at 4°C until RNA extraction. Total
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RNA was extracted using the Paxgene blood RNA kit (Qiagen) according to the
manufacturer’s instructions. Complementary DNA (cDNA) was generated with

Superscript 111 (Invitrogen). cDNA concentration was measured in Nanodrop 2000.

2.5 Apparatus

Homemade screen-printed electrodes were employed in this work, based on a three-
electrode system. Carbon was used as a working electrode (surface area of approximately
5 mm?), silver/silver chloride (Ag/AgCl) was used as a reference electrode and carbon
was used as a counter electrode. The electrochemical analysis was carried out with a
potentiostat/galvanostat (Autolab PGSTAT) that was set with GPES software
(ver.4.0.007). All hybridization experiments were carried out in a Hybridization
Oven/Shaker (Amersham Pharmacia Biotech, USA).

2.6 Preparation of polymer films and electrode modifications

Polyvinyl alcohol (PVA) (200 mg) was dissolved in distilled water (10 mL) by heating
at 65 °C in 25% (v/v) of Glutaraldehyde (GLUT) (1.5 mL) stirred vigorously for 50 min.
In another tube 0.44 mol L™ aniline (Merck, Germany) was prepared in 2.0 mol L1 HCI
and treated with 0.61 mol L-*ammonium persulphate (Carlo Erba, Italy) for 30 min to
form PANI. Aliquots of PVA with glutaraldehyde (PVAG) were withdrawn (50 pL) and
introduced into tubes containing PANi and 3.0 mol LY HCI (120 pL) to form networks of
PVA cross-linked with glutaraldehyde (PVAG) and PANI. The screen-printed electrodes
were rinsed with ultra pure water, then PVAG-PANI was added to the working electrode
and dried at 30 °C.

2.7 DNA Probe immobilization

The probe concentrations that were used ranged from 0.1uM to 2uM. The PCA3
probe was immobilized on the modified working electrode surface for 30 minutes. Then,
the unbound oligonucleotides were removed from the working electrode by washing with
Tris-HCI buffer (20mM, pH 7.0).
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2.8 DNA hybridization

For the hybridization process, a solution containing the PCA3 target in acetate buffer
(0.5 M, pH 5) at concentrations: 0.1nM; 1nM; 5nM; 10nM; 25nM and 50nM and then
were added onto the working electrode with the immobilized PCAS3 probe. The electrode
was incubated at 70°C (specific annealing temperature, according to manufacturer’s
protocol) for 10 min with a stirring speed of 300 rpm to bind the complementary
sequences. The electrode was washed with Tris-HCL buffer (20mM, pH 7.0) to remove
the non-hybridized sequences. The same procedure was applied for the interaction of the
PCA3 probe with a non-complementary sequence.

For the hybridization, the cDNA was denatured by heating in a water bath (95 °C)
for 5 min and was immediately chilled in ice to obtain denatured ss-DNA, and following
this was added to the modified working electrode surface. The formation of the hybrid
between the cDNA and PCAS3 probe was also performed at 70 °C for 10 min at a stirring
speed of 300 rpm. The electrode was washed with Tris-HCL buffer (20mM, pH 7.0) to

remove the non-hybridized sequences.

2.9 Electrochemical Analysis

For electrochemical signal analysis, the differential pulse voltammetry (DPV) method
was used for measurement of the current signals after each immobilization and
hybridization process. The DPV measurement was performed in the Acetate buffer (pH
5) under the following conditions: a potential sweep between 0.2 and 1.2 V, modulation
amplitude of 50 mV and scan rate of 50 mVs™.

2.10 Statistical Analysis

Experimental data was analyzed using parametric tests on Statistica 8.0 (StatSoft Inc.)
and GraphPadPrism 5.0 software. ANOVA was carried out to evaluate statistical

differences among the samples. A level of p<0.05 was considered significant.
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3. Results and Discussion

3.1 PVAG-PANI polymer-modified screen-printed electrodes

The schematical representation of the fabrication procedure of nucleic acid biosensor is
show in Fig 1. The IPN was built onto a carbon working electrode surface and employed
as the platform for the probe immobilization.

The PVA, glutaraldehyde and PANI (PVAG-PAN:I) were chosen to form IPNs due to the
fact that this bond can improve the processability of conducting polymer, exhibiting
charge transport properties, biocompatibility and also increases the surface area for
binding with nucleic acid[19,22-24].

In Fig 1, PVA and GLUT are processed to form a basis for the polymer network, the PVA
will donate the hydroxyl groups because PVA is a polyvalent alcohol whose hydroxyl
groups are all secondary, which may facilitate binding to DNA. Glutaraldehyde has been
largely used to immobilize biomolecules to solid supports for use in enzyme reactors,
affinity chromatography, immunochemical research, as well as in a cross-linking agent
for DNA biosensors[25,26].

PVA and GLUT are easily esterified and undergo many other reactions that are known
for low-molecular weight alcohols. PVA is also a biocompatible polymer that allows
casting from water or organic solvents and can form films, sheets and fibers with excellent

mechanical properties[22,23].

PANI deserves special mention because of its versatility and potential. PANI is not only
unique in its molecular structure and doping mechanisms but also has unique optical,
electrical, and magnetic properties, which have been used in several applications. A
highly conductive emeraldine salt form of PANI is controlled by two completely different
processes: protonic acid doping and oxidative doping. PANI nanofibers have shown
applications in the field of chemical and biosensors, actuators, microelectronics,

biomedical sciences, tissue engineering, solar cells, and supercapacitors,etc [24].

The chemical bonds between the polymer matrix were made by a hemiacetal connections
between PVA and glutaraldehyde allowing two alternative connections to the DNA

probe: a phosphoamide bond formed between the carbonyl group of the phosphate with
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an amine grouping PANi or a phosphoacetal bond formed by the hydroxyl of the
hemiacetal with an alcoholic hydroxyl DNA phosphate, both covalently, allowing a

greater stability to the screen-printed electrodes [23,25].

The reaction of PVA, glutaraldehyde and PANI forms a interpenetrating polymer
network(Fig. 2), where the mechanic properties of this system is controlled by the degree
of cross-linking of the network[21,27]. The Figure 2 (A) and (B) represent the carbon
electrode (bare electrode) with a magnification of 1000X and 5000X, respectively, and
the image (C) and (D) represent IPN-modified carbon electrode a magnification 1000X

and 5000X respectively showing formation of the polymer network.

When comparing Figure 2B and 2C and increased surface area is seen, thus favoring
binding of DNA. The IPN is used for forming polymeric gels in several important areas
such as drug delivery systems, chromatography techniques, sensor construction and
molecular recognition[20]. IPN used as a support for binding to DNA has not been
thoroughly explored, but this work could promote their use as biosensor for DNA

immobilization.

3.2 Analysis of the probe immobilization

In this study, the probe used was covalently bound to the carbon surface, which
provided a better spatial orientation and higher stability [28].The best PCA3 probe
immobilization process on the modified-electrode was obtained with the probe
concentration of 1.5uM because it provided the highest current peaks and had better
reproducibility (Fig. 3).The 0.1 - 1uM concentrations showed lower current signal due
to a low amount of immobilized probe on the working electrode modified-surface and the
decrease in peak of 2uM may be due to steric hindrance caused by excess oligonucleotide
in the higher concentrations. Thus, the probe concentration of 1.5uM was chosen for the

interaction with complementary sequences[29-31].

3.3 Hybridization process
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Detection of target DNA was monitored by means of DPV responses to
electrochemical oxidation of guanine on the probe modified-electrode in the absence and
presence of a target. Fig.4 show the DPV voltammograms for the guanine oxidation of
(a)modified IPN-carbon electrode, (b)1.5uM PCA3 probe immobilized on modified IPN-
carbon electrode before hybridization and (c) probe-modified electrode after

hybridization with a synthetic complementary target.

In this work, the IPN showed a higher current signal compared to the immobilized probe
(12.44pA and 7.41 pA respectively) because IPN exhibits high conductivity, when DNA

is immobilized, electron capture within its structure.

In Fig. 4 the hybridization of DNA showed a reduction in the electrochemical signal
compared to sSDNA because in a guanine oxidation process when a potential of 0.8-1.0
V is applied in the 3' region of the DNA, the base oxidizes releasing 2 electrons during
oxidation. When the double-stranded DNA is formed, the oxidizable regions of guanine
are now involved in the formation of hydrogen bonds, which decreases the
electrochemical oxidation of guanine signals, allowing differentiation between the single
strands and double DNA on the electrode surface[32—-34].These results are evidence that
the PCA3 probe has good specificity with target, as similarly found by Guo et al.
2013[12,35].

The linear regression obtained from the electrochemical signal with respect to the
different concentrations of the PCA3 target is shown in Fig. 5. The calibration curve (y =
0.149x + 1.700) is linear between 0.1 nM and 50nM with a correlation coefficient of
0.993. A detection limit of 0.1nM could be estimated by equation 3c/a, where o is the
standard deviation of the intercept and a is the slope of the linear regression[36-38] . The
relative standard deviation (RSD) was 0.034% over three independent probe-modified
electrodes that were measured at 50nM on the PCA3 target, which indicated a remarkable

reproducibility of the detection method.

3.4 Performance of electrochemical DNA biosensor using real sample
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The proposed biosensor was evaluated with 1nM of cDNA samples from patients with
PCa, BPH, and the control group (CG), in order to verify it’s efficiency. The choice of
cDNA used was due to the PCA3 gene being mMRNA a fragile and easily degradable
molecule, for the biosensor study was required its transformation for added stability. In
this assay, we used the cDNA directly on the modified electrode with the immobilized

probe.

The Fig. 6(a) shows the differential pulse voltammograms for the guanine
electrochemical oxidation of (a) Polymer IPN-carbon electrode (b) PCA3 probe
immobilized on modified IPN-carbon electrode before hybridization; (¢) PCA3 probe
immobilized on modified IPN-carbon electrode after hybridization with Control Group
(CG); (d) PCA3 probe immobilized on modified IPN-carbon electrode after hybridization
with BPH patients and (¢) PCA3 probe immobilized on modified IPN-carbon electrode
after hybridization with PCa patients. The current peak of CG, BPH and PCa were 5.98,
5.75and 0.21pA respectively. It is possible to observe that in the presence of PCa positive
samples that the current peaks were decreased, which confirmed the occurrence of
hybridization in the proposed detection system, and its selectivity, showing that the
proposed biosensor is able to differentiate patients with BPH and PCa, making it a viable
alternative compared to the methods traditionally used where the patient undergoes
several steps to achieve a complete diagnosis[39-41].

The Fig. 6(b) a histogram representing the DPV voltammograms for the guanine
electrochemical oxidation of patients with Prostate Cancer (PCa); Benign Prostatic
Hyperplasia (BPH) and Control Group (CG). The difference between currents peaks the
CG and PCa was 5.774A and BPH and PCa 7.54pA. The electrochemical signals among
PCa, BHP and CG samples showed significant differences after hybridization with PCA3
probe, confirmed statistically by ANOVA analysis (p<0.01).This data demonstrated that
this electrochemical DNA biosensor is able to detect PCa in blood samples, the presence
of non-complementary sample did not interfere in the selectivity of the biosensor, which
confirms that this method will not provide false-positive results. Studies obtained by
Capoluongo et al., 2014 also stated that using PCA3 as a marker of PCa is a more efficient,

sensitive, and specific method to diagnose prostate cancer, which was also demonstrated

82



Arruda, M.S. Utilizacdo de genossensores eletroquimicos para diagnostico de cancer de
prostata

in the present research. The presented biosensor may become an alternative front to the

methods used today due to its speed, specificity and portability.

4. Conclusions

The prostate cancer biosensor utilizing IPN-modified electrodes is able to identify the
difference between PCa, BPH and acontrol group, providing a possible fast electro-
analytical method for cancer diagnosis. The system detection limit was 0.1nM, showing
higher sensitivity when compared to traditional methods.

DNA sensor technologies, while promising, still need to bridge the gap between
experimental status and the harder reality of clinical and or diagnostic applications.
Nevertheless, it is envisioned that these new technologies will lead to the development of
simple and inexpensive tools which can be used at point-of-care sites.With these results,
it is possible to develop a new portable detection system for prostate cancer, as well as to
contribute to an effective differential diagnosis in earlier stages of prostate cancer.
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FIGURE EXPLANATIONS

Fig. 1.Schematic drawing of the stepwise nucleic acid biosensor fabrication process

sequences.
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Fig. 2.SEM micrographs.Carbon electrode, increased (a) 1000X, (b)5000X; modified
IPN-carbon electrode, increased (c)1000X and (d)5000X .

Fig. 3.Histogram of the PCA3 probe concentration effect sites of guanine oxidation
during the immobilization process. The differential pulse voltammetry method was used
to analyze the current signals in the following conditions: initial potential 0.2 V, end
potential 1.2 V, modulation amplitude 50 mV and scan rate 50 mV*. All results plotted
were the averages of triplicates that were performed at different PCA3 probe

concentrations.

Fig. 4. The differencial pulse voltammograms (DPV) for the oxidation guanine of (a)
Polymer IPN on modified IPN-carbon electrode (b) 1.5uM PCAS3 probe immobilized on
modified IPN-carbon electrode before hybridization and (c) probe-modified electrode

after hybridization with synthetic complementary target.

Fig. 5.The effect of the PCA3 target concentration on the guanine oxidation during
hybridization. The differential pulse voltammetry method was used to analyze the current
signals in the following conditions: initial potential 0.2 V, end potential 1.2 \VV, modulation
amplitude 50 mV and scan rate 50 mVs=?. All results plotted were the averages of
experiments that were performed at different concentrations of the PCAS3 target. The
black line represents the linear regression at a concentration range of 0.1 — 50 nM.

Fig 6. (A)The differential pulse voltammograms for the guanine electrochemical
oxidation of (a) Polymer IPN-carbon electrode (b) PCA3 probe immobilized on modified
IPN-carbon electrode before hybridization; (c) PCA3 probe immobilized on modified
IPN-carbon electrode after hybridization with Control Group (CG); (d) PCA3 probe
immobilized on modified IPN-carbon electrode after hybridization with BPH patients and
(e) PCAS3 probe immobilized on modified IPN-carbon electrode after hybridization with
PCa patients. (B) Histogram representing the differential pulse voltammograms for the
guanine electrochemical oxidation of patients with Prostate Cancer (PCa); Benign
Prostatic Hyperplasia (BPH) and Control Group (CG).
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Abstract

Prostate cancer (PCa) is the major age-related malignancy that which affects man’s health.
The chance of developing this cancer increases significantly as men grow older. The
prostate-specific antigen (PSA) is the most widely used biomarker for prostate cancer
(PCa) detection, however, it has been noted as unreliable and does not allow the
differentiation between PCa and the benign prostate hyperplasia (BPH). In this study, we
used the prostate cancer gene 3 (PCA3) as control of expression of prostate cancer, as well,
the role of sirtuins 1 and 3 in prostate cancer. Thirty-two males (over 50 years old) were
observed in this study and all underwent Digital Rectal Exam (DRE), PSA and biopsy. The
study population was composed of fourteen PCa, ten BPH and eight control patients.
Blood samples were collected and analyzed for the expression of the PCA3, SIRT-1 and
SIRT-3. SIRT-3 presented low expression in patients with prostate cancer (P = 0.027)
showing negative correlation with this cancer. No clear differences were observed in
SIRT-1 expression between the analyzed groups (P = 0.082). Further studies about the role
of SIRT1 in PCa are necessary in order to understand its involvement in tumorigenesis
while SIRT3 can be used as a prognostic biomarker in PCa. A careful examination of the
role of SIRT3 in prostate cancer metabolism is still necessary in order to develop better

therapeutic approaches.

Keywords: Sirtuins; SIRT1; SIRT3; Prostate cancer and Biomarker
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1. Introduction

Prostate cancer (PCa) is among the most common cancers worldwide and a leading
cause of cancer death for men in the developed world. Benign Prostate Hyperplasia
(BPH) is also common, affecting approximately 70% of men over the age of 70. These
diseases already represent significant challenges for healthcare systems in most parts of
the world, and problems are likely to increase in the future with expected demographic
changes leading to greater elderly populations in many countries. Improvements to risk

prediction and prognostication models could help us to meet these challenges[1, 2].

Conventional diagnostic techniques for prostate cancer are serum prostate-specific
antigen (PSA), digital rectal examination and transrectal ultrasound-guided (TRUS)
biopsy. The PSA test however can provide false positive or negative information, is not
reliable, and does not allow the differentiation of benign prostate hyperplasia (BPH) and
PCal3]. Therefore, the development of new diagnostic tools with lower cost and greater

sensitivity than currently used methods is required.

The prostate cancer gene 3 (PCA3) is a predictor for prostate cancer and is
predicted to improve cancer classification and diagnosis facilitating better decision-
making and patient counseling[4]. In 1999, Bussemakers et al. described PCA3,
formerly called DD3, for the first time. PCA3 fits a non-coding messenger RNA
(mRNA) which is highly over-expressed in prostate cancer tissue and blood.
Additionally, PCA3 appears attractive as an indicator to possibly evaluate or predict

PCa aggressiveness[b, 6]

Several signaling pathways and transcription factors have been identified to
regulate the rewiring of central metabolic pathways during tumorigenesis, such as
activation of Phosphoinositide 3-kinase (PI13K), stabilization of HIF-1, increased
expression of MY C, suppression of the metabolic sensor AMPK and loss or mutation of
the p53 tumor suppressor[7]. Importantly, new insight into the regulation of metabolic
reprogramming in cancer cells has implicated the mammalian homologs of the yeast
protein, the silent information regulator 2 (SIRT), known as sirtuins as key molecular

determinants in controlling cancer metabolism[8].
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Importantly, metabolic reprogramming, a crucial feature of neoplasic
transformation, may also result from the aberrant function of sirtuins. While some
sirtuins may promote cancer metabolism by working in conjunction with HIF and
MY C, others inhibit distinct aspects of the metabolic alterations that are observed in

tumor cells[9].

All mammalian sirtuins contain a conserved catalytic domain including a large and
structurally homologous Rossmann-fold domain for NAD™ binding, and a more
structurally diverse, smaller, zinc-binding domain[9]. However, their N- and C-termini
differ in sequence and length, which might explain their different subcellular
localization, targets and functions[10]. SIRT1 and SIRTZ2 are found in the cytoplasm
and in the nucleus, SIRT3-5 are mitochondrial sirtuins while SIRT6 and SIRT7 are

mainly found in the nucleus[8, 11].

An increased expression of SIRT-1 protein in cancer tissues, cancer cell lines, as well as
murine tumors, leads to the assumption that SIRT-1 is a tumor promoter. It has been
shown that SIRT-1 is over expressed in mouse and human prostate cancers, human
primary colon cancer, and acute myeloid leukemia. Over expression of SIRT1 is also
reported in the cutaneous human squamous cell and basal cell carcinoma[12]. The first
evidence of Sirtl as a tumor promoter came from experiments showing that Sirtl
physically interacts with and attenuates p53 and mediates functions through
deacetylation of p53 at its C-terminal Lys382 residue[13].

Nowadays, many studies are focused on SIRT1 and much less is known about other
Sirtuin members. The SIRT3 protein is located in the mitochondria, which functions as
a vital deacetylase in mitochondria. Acetylation is widely acknowledged as an important

regulatory mechanism in mitochondria, which controls activation or inactivation[14].

The role of SIRT3 in tumorigenesis is controversial[8]. In the current study, we
investigated the expression of SIRT-1 and SIRT3 in PCa for the first time. We used RT-
PCR to investigate the expression of these genes in prostate cancer and its impact on

patients' survival.
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2. Material and Methods

Thirty-two males (over 50 years old) that underwent Digital Rectal Exam (DRE),
PSA and biopsy from the Federal University Hospital (located in Recife, Pernambuco,
Brazil) were used in this study. Study participants were recruited under protocols
approved by the institution, and all subjects provided informed written consent. The
study population was composed of fourteen PCa, ten BPH and eight control patients.
Blood samples were collected in Paxgene blood RNA tube and refrigerated at 4°C until
RNA extraction. Total RNA was extracted using the Paxgene blood RNA kit (Qiagen)
according to the manufacturer’s instructions and measured in Nanodrop 2000. The
expression level of PCA3 was adopted as control to PCa.

Reverse transcription was performed with 1 g of total RNA and Superscript 111
enzyme (Invitrogen). PCA3, SIRT1 and SIRT3 primers were designed by using Primer
Express 2.0 software (AppliedBiosystems).

Real-time PCR was performed on Roche LightCycler 480 sequence detection
system, using the following amplification conditions: 5 min, 95 °C; followed by 40
cycles of 15s at 95 °C, 1 min at 60 °C and 20 sec at 72 °C. CT values were determined
using the 1Q5 software (Bio-Rad).

Statistical analysis was performed using Graphpad Prism 6.0e Software for Mac OS
X (GraphPad Software, La Jolla California USA, www.graphpad.com). ANOVA test
was used for comparison between groups. For these tests, a P value of < 0.05 was

considered statistically significant.

3. Results and Discussion

Sirt-1 and Sirt-3 mRNA expression were analyzed in RNA extracted from blood of
BPH, PCa and healthy individuals to study the molecules relationship in the prostate

tumorigenesis.

The PCAS is highly expressed in patients with prostate cancer[15, 16], and this study
aimed to observe whether the PCA3 is expressed only in cancer patients and the
possibility of its use as control of expression of PCa. According to our results, the PCA3
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can be used for clinical diagnosis of patients with prostate cancer, with the additional
possibility of being able to differentiate between BPH and cancer (P = 0.001) (Fig.1a).
Similar results were found by Augustin and Alonso[6, 17], where the authors
determined if specific gene signatures were able to discriminate patients with PCa and

BPH, a cDNA array was set with 14 genes.

In parallel, sirtuins roles in prostate cancer metabolism were studied since these are key
molecular determinants in the control of cancer metabolism. Sirtuins family members
(SIRT1-7) are highly conserved NAD-dependent deacetylases, which are involved in a
variety of cellular functions, including the regulation of oxidative stress, maintaining

genomic stability, apoptosis, and protein and fatty acid metabolism [8, 11, 14].

As discussed above, there is strong evidence to support SIRT-1 as a tumor promoter.
However, other investigators have presented some data to suggest SIRT-1 can also
function as a tumor suppressor [12, 18]. Our experiments aimed to examine this

relationship and attempt to understand what the role of SIRT- 1 is in prostate cancer.

The SIRT-1 results demonstrated increased yet discreet expression in patients with
prostate cancer and BPH with low expression in control patients and no significant
statistical correlation (P = 0.082) (Fig.1b).

The seemingly controversial roles of SIRT1 in tumorigenesis suggest that SIRT1 might
play a dual role which depends on the temporal and special distribution of different

SIRT1 up- and downstream factors in different tissue contexts[12].

Another sirtuin analyzed in our experiments was the SIRT-3 to further explore the role
of SIRT3 in both metabolism and tumorigenesis had been the subject of an extensive

discussion in the literature [9, 11].

By deacetylating and controlling the activity of its targets, SIRT3 regulates multiple
metabolic pathways, some of which could have profound consequences for tumor
growth. Indeed, SIRT3 has been found to be a tumor suppressor, mainly by inhibiting
mitochondrial ROS production through deacetylation and activation of superoxide
dismutase 2 (SOD2), IDH2 and forkhead box O3 (FOX0O3a) [8].
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In our experiments the SIRT-3 MRNA expression seems to be decreased in cancer
patients compared to healthy individuals (P = 0.027) (Fig. 1c). Loss of SIRT3 leads to
an increase in ROS levels, which via stabilization of hypoxia-inducible factor 1a
(HIF1a), drives a metabolic reprogramming towards aerobic glycolysis promoting

tumor growth[8].

In this context, it could be possible that SIRT3 could act as an oncogene to promote
acetate utilization in cancer cells through activation of acetyl-CoA synthetase2
(ACSS2). Indeed, it has been described that SIRT3 has some tumor promoting roles in
specific types of cancer [19, 20]. Overall, despite being described as a tumor suppressor,
it is likely that SIRT3 may act as a tumor suppressor or an oncogene, in a tissue and
context-specific manner[8]. A careful examination of the role of SIRT3 in each tumor
type is necessary in order to understand its involvement in tumorigenesis and to develop

better therapeutic approaches [9].

In conclusion, our findings demonstrate that Prostate cancer patients presented low
SIRT3 expression, showing a negative correlation with the promotion of cancer and can
be used as a prognostic biomarker. Low SIRT3 expression triggers oxidative damage,
ROS-mediated signaling and metabolic reprogramming that can work together to lead to
PCa carcinogenesis. Further studies are required to disclose the underlying mechanism

of SIRT1 in prostate cancer.
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FIGURE CAPTIONS

Fig. 1. PCA3, SIRT-1 and SIRT-3gene expression in human blood samples indicated by
quantitative PCR. (a) PCA3 mRNA expression in Prostate Cancer, BPH and Control
Group (b) SIRT-1 mRNA expression in Prostate Cancer, BPH and Control Group and
(c) SIRT-3 mRNA expression in Prostate Cancer, BPH and Control Group
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CONSIDERACOES FINAIS
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1. Consideracdes Finais

Este trabalho reporta o desenvolvimento de biossensores de DNA eletroquimico
para deteccdo de cancer de préstata. A performance dos biossensores foi analisada usando
oligonucletideos sintéticos e DNA extraidos de amostras humanas. Os resultados
mostraram que esses dispositivos diferenciaram com Sucesso as amostras
complementares das ndo-complementares a sonda imobilizada no transdutor,
demostrando a sua especificidade. Além disso, apresentaram elevada sensibilidade, cujos
limites de deteccdo foram 2.28 pg/uL (1 nM) e 0.22 pg/uL (0.1 nM) para a deteccdo do
cancer de prostata. Os dados obtidos indicam que esses sistemas possuem uma grande
viabilidade para ser usado no diagnostico do cancer, com grandes chances de ser utilizado
de forma portatil, permitindo com isso o desenvolvimento de um sistema pioneiro, de
facil execucdo e interpretacdo para deteccéo precoce do cancer de préstata. Além do mais,

a mesma metodologia pode ser aplicada para detec¢do de outros caceres.

ANEXO
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A dengue ¢ uma doenga que afeta mais de 100 milhoes de
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0 mosquito transmissor (dedes aegypti). A dengue pode ser causada
jor quatro sorotipos do virus, chamados dengue (DENV) -1, -2,
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