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A ciéncia nunca resolve um problema sem criar pelo menos outros dez’.

(George Bernard Shaw)
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[.1. RESUMO

O cancer de prostata é a segunda causa de morte entre homens no Brasil. E tipo
um cancer de crescimento lento, podendo levar anos para o tumor atingir 1 cm?,
porém, em alguns casos ele pode se espalhar pelo corpo, sendo 0 0sso o
principal sitio de metéstase. No estagio de desenvolvimento do cancer conhecido
como metastase, o principal tratamento consiste em terapia de restricdo
andrégena, levando as células prostéticas a pararem de proliferar, uma vez que
elas crescem em resposta a presenca de horménios andréogenos, como a
diidrotestosterona e testosterona. Porém, em alguns casos, as células proliferam
mesmo na auséncia de andrégenos e isto se deve a diversos fatores que, em
geral, estdo associados a mutacdes no receptor andrégeno e/ou altera¢cdes no
metabolismo andrégeno. Quando isto acontece, os tratamentos disponiveis sao
menos efetivos e costumam falhar. Porém, estudos sugerem que o y-orizanol, um
fitoesterol extraido do 6leo do farelo do arroz; e extratos amplamente utilizados na
medicina popular, como o extrato hidroalcélico de Thuya occidentalis, poderiam
atuar inibindo o desenvolvimento e progressao do cancer de prostata. Neste
estudo, com o uso de abordagens bioquimicas e de biologia molecular, foi
demonstrado que o tratamento com y-orizanol diminui a viabilidade e biomassa
celular em cultura, associado ao aumento da morte celular por apoptose e/ou
necrose, em linhagens celulares responsivas (LNCaP) e n&o-responsivas a
andrégenos (PC3 e DU145), além de aumentar a pERK1/2 em células LNCaP e
DU145. O y-orizanol também foi capaz de bloquear o ciclo celular em G2/M nas
células PC3 e LNCaP e em GO/G1 nas células DU145. Estes efeitos foram ainda
acompanhados por uma reducao da expressdo do gene e proteina caveolina-1-
uma importante molécula envolvida no aumento da agressividade do céncer de
prostata, e também, na progressdo da doenca para o fendtipo andrégeno
resistente - nas células nao-responsivas a andrégenos, e do gene PCGEM1 -
gene especifico da préstata regulado por andrégeno - nas células LNCaP e
DU145. Ainda, y-orizanol também mostrou capacidade de regular varios miRNAs -
pequenas moléculas de RNA ndo codificantes de proteinas - envolvidos no
controle de fun¢des associadas ao desenvolvimento, progressdo e invasao no
cancer de prostata, como o0 miR16-1, miR19b-2, miR24b-1, miR24b-2, MmiR99a,
miR133a-5p, miR182-5p, miR198 e miR222. O extrato hidroalcdlico de Thuya
occidentalis reduziu a viabilidade e biomassa celular nas linhagens responsiva
(LNCaP) e ndo-responsivas (DU145 e PC3) a andrégenos, além de induzir parada
do ciclo celular na fase GO/G1 nas células DU145 e aumentar a morte celular por
apoptose e/ou necrose em todas as linhagens. Da mesma forma que o y-orizanol,
este extrato reduziu a expressao da caveolina-1 nas linhagens ndo-responsivas a
andrégenos. Trabalhos anteriores mostram que o monoterpeno a-tujona € o
principal composto ativo do extrato de Thuya occidentalis. Por cromatografia
gasosa acoplada a detector de massas foi mostrada a existéncia de 0,0016 ug de
a-tujona na dose de extrato usada neste estudo. No entanto, o tratamento com
0,0016ug de a-tujona foi efetivo somente sobre linhagem LNCaP, nao tendo efeito
sobre as outras linhagens estudadas, reforcando a hipotese da diferenca de
sensibilidade entre as linhagens responsivas e nao responsivas a andrégeno e
mostrando a contribuicdo de outros componentes do extrato nos efeitos
observados neste estudo. Concluindo, estes resultados demonstram que tanto y-



orizanol como o0 extrato de Thuya occidentalis podem vir a ser agentes
terapéuticos promissores no tratamento de cancer de prostata, ndo sé por
inibirem o crescimento celular, mas também e principalmente pela possibilidade
de induzirem a recuperacdo da sensibilidade a andrégenos, aumentando as
possibilidades de tratamento da doenca.

Palavras-chaves: y-orizanol, Thuya occidentalis, cancer de prostata, PCGEML1,
caveolina-1, miRNA.
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[.2. ABSTRACT

Prostate cancer is the second cause of death among men in Brazil. It is a slow-
growing cancer and it may take years for tumor to reach 1 cm?, but in some cases
it can spread throughout the body and the bone is the main site of metastasis. At
this cancer stage known as metastasis, the principal treatment involves anti-
androgen therapy, leading to prostate cells stop proliferating, because they grow in
response to presence of androgens such as testosterone and dihydrotestosterone.
However, in some cases, the cells can proliferate even in the absence of
androgens and this fact occurs due to many factors and they are generally
associated with mutations in the androgen receptor and/or alterations in androgen
metabolism. In this stage, the treatments available are less effective and usually
fail. However, studies suggest that y-oryzanol, a phytosterol extracted of rice bran
oil; and extracts widely used in folk medicine, as Thuya occidentalis hidroalcolic
extract, could act inhibiting the development and progression of prostate cancer. In
this study, using molecular biology and biochemical approaches we showed that y-
oryzanol treatment was able to decrease cell viability and biomass in culture, and
this fact was linked to increased cell death by apoptosis and/or necrosis in
androgen responsive (LNCaP) and unresponsive (DU145 and PC3) prostate
cancer cell lines, besides increasing pERK1/2 in LNCaP and DU145 cells. y-
oryzanol was also able to cause cell cycle arrest at G2/M phase in LNCaP and
PC3 cells and at GO/G1 phase in DU145 cells. These effects were also
accompanied by a reduction in caveolin-1 gene and protein expression - an
important molecule related to high aggressiveness in prostate cancer and also in
the progression of the disease to androgen resistant phenotype - in androgen
unresponsive cells, and also PCGEM1 gene - a prostate specific gene regulated
by androgens - in LNCaP and DU145 cells. y-oryzanol also showed ability to
regulate several miRNAs - small non-coding RNA molecules - involved in the
control of many functions associated with the development, progression and
invasion of prostate cancer, such as miR16-1, miR19b-2, miR24b-1, miR24b-2,
miR99a, miR133a-5p, mMiR182-5p, mMiR198 and miR222. Thuya occidentalis
hidroalcolic extract also reduce cell viability and biomass in androgen responsive
(LNCaP) and unresponsive (DU145 and PC3) cells, in addition to inducing cell
cycle arrest at GO/G1 phase in DU145 cells and to increase apoptosis and/or
necrosis cell death in all cell lines. The same way that y-oryzanol, this extract
reduced the caveolin-1 expression in androgen unresponsive prostate cancer
cells. Prior studies showed that the monoterpene a-thujone is the main active
compound in the T. occidentalis extract. By gas chromatography coupled to mass
detector it was showed the existence of 0.0016 ug of a-thujone in extract dose
used in this study. However, the treatment with 0.0016 pg of a-thujone was
effective only on LNCaP cell line, having no effect on the other studied lines,
supporting the hypothesis of difference in sensitivity between responsive and
unresponsive cell lines and showing the contribution of other components in the
effects caused by the extract, observed it this study. In conclusion, these results
demonstrate that both y-oryzanol as T. occidentalis extract may become promising
therapeutic agents in treatment of prostate cancer, not only inhibit cell growth but
also and manly by the possibility of inducing the recovery of androgen sensitivity,
increasing the treatment chances of treatment this disease.
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Keywords: y-orizanol, Thuya occidentalis, prostate cancer, PCGEM1, caveolin-1,
MiRNA.
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[.3. LISTA DE ABREVIATURAS

DHT — dihidrotestosterona

PSA - Antigeno Prostatico Especifico

CPRC - Cancer de Prostata Resistente a Castracao

MCPRC - Cancer de Préstata Resistente a Castracdo Metastatico
SHBG - Globulina de Ligacao de Hormonios Sexuais

Cav-1 - Caveolina-1

MRNA - RNA mensageiro

NcRNA - RNA néo-codificante

SncRNA - pequenos RNAs nao-codificantes

INcRNA - longos RNAs néo-codificantes

MIiRNA - microRNAs

PCGEML - Gene especifico da prostata regulado por andrégeno 1
INCA - Instituto Nacional do Céncer

GS - Escore de Gleason

ERK1/2 - Cinase regulada por sinal extracelular

pPERK1/2 - ERK1/2 fosforilada

IAP - Proteinas Inibidoras de Apoptose

CaP — Céancer de Prostata

SRB — Sulforodamina B

u.m.a. — Unidades de Massa Atdmica
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l.4. INTRODUCAO
[.4.1. Cancer de prostata

O numero de casos de cancer de prostata tem crescido dramaticamente
nas ultimas duas décadas (Deng, He et al. 2014), sendo a segunda causa de
morte entre 0s homens no Brasil, atras apenas do cancer de pele ndo-melanoma
((INCA) 2014). E o sexto tipo de cancer mais comum no mundo e o mais
prevalente entre os homens. Segundo o Instituto Nacional do Céancer (INCA),
13.129 pessoas morreram em decorréncia do cancer de préstata no Brasil em
2011, e no Rio Grande do Sul foram 1.032 6bitos por neoplasia de prostata. A
regido Sul do Brasil € a mais afetada no pais, com cerca de 91 casos a cada 100
mil habitantes. Além disso, estima-se que em 2015 serdo diagnosticados 68.800

novos casos da doenca no pais ((INCA) 2014).

O cancer de proéstata estda intimamente relacionado ao envelhecimento,
acometendo principalmente homens acima de 50 anos de idade. Além da idade,
0s principais fatores de risco para o desenvolvimento do cancer de prostata séo a
raca, etnia (mais prevalente em negros) e histérico familiar (Stacewicz-

Sapuntzakis and Bowen 2005).

Em geral, o cancer de préstata € um cancer de crescimento lento, levando
até quinze anos para atingir 1 cm3, e em seus estagios iniciais costuma ser
assintomatico. Porém, pode se desenvolver rapidamente, espalhando-se por
outros orgaos e levando a morte ((INCA) 2014). A medida que o tumor cresce,

sintomas como sangue na urina, dor ou sensacao de queimacdo ao urinar, fluxo
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urinario fraco ou incapacidade de urinar, e miccao frequente (especialmente a

noite), podem comecar a aparecer (Thompson, Thrasher et al. 2007).

O diagnéstico do cancer de prostata € feito pelo exame clinico (toque retal)
e pela dosagem da PSA sérica, que em 80% dos casos se eleva de maneira
significativa e pode sugerir a existéncia da doenca (Gleason 1988; Gleason 1992;
Heidenreich, Bastian et al. 2014). O diagnostico é reforcado pelos exames
histopatoldgicos, ja que na maioria dos casos 0s tumores de prostata apresentam
uma forte correlacdo entre a aparéncia histologica e sua expressao clinica

(Gleason 1992).

Para o progndstico de evolucdo da doenca, tem sido largamente utilizado o
método histolégico denominado Gleason Grading System, que € baseada na
estrutura anatomo-patoldgica, ou seja, na disposicdo organizada ou anarquica
das células glandulares da préstata. O patologista observa, ao microscopio, o
pedaco biopsiado da prostata e classifica-o segundo a morfologia e disposicao
das células glandulares e varios aspectos da arquitetura do tecido, que indicam o
nivel de diferenciacdo celular. Verificando os tipos morfolégicos
predominantemente encontrados, classifica-se o tecido numa escala de 1, bem
diferenciado, a 5 conforme a diferenciacdo é perdida. Esta analise é realizada em
duas regifes do tecido, o primeiro e o segundo padrdo mais abundantes na
amostra. A soma dos dois valores € que irdo compor o Gleason Score (GS) do
tumor do paciente. A soma obtida das duas referéncias mais vistas, quando igual

ou superior a sete, merece atencéo especial (Gleason 1988).

Amostras de pacientes que apresentam GS de 2 a 4 indicam pouca
agressividade e um risco minimo de morte por cancer de préstata, amostras com
valores de GS de 5 a 6 apresentam baixa agressividade com um bom
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progndéstico, amostras com GS de 8 a 10 sdo muito agressivas e o progndstico é
ruim, e finalmente tumores com valor de GS 7 indicam tumores de agressividade
intermediéria e progndstico bastante heterogéneo, de dificil predicdo (Albertsen

1998; Stacewicz-Sapuntzakis and Bowen 2005).

O tratamento do cancer de préstata depende deste estagiamento clinico. A
doenca localizada, confinada no oOrgdo € curavel e normalmente cirurgia,
radioterapia ou até mesmo uma observacao vigilante (em algumas situacfes
especiais - pacientes de baixo risco) sdo recomendados (Freeman, Yang et al.
2012). Quando a doenca passa a ndo ser mais localizada, ou seja, atinge 6rgaos
préximos como vesiculas seminais, uretra e bexiga (localmente avancada) ou
orgaos distantes (metastatica) (Lynch and Lynch 1996; Gomes 2008), o
tratamento de privacdo androgena passa a ser o tratamento padrdo e pode ou
nao ser associado a outras estratégias (Freeman, Yang et al. 2012). Para doenca
localmente avancada, radioterapia ou cirurgia em combinacdo com tratamento
hormonal tem sido utilizada como tratamento de escolha. Para doenca
metastatica, o tratamento de eleicdo é somente a privacdo andrégena (Stacewicz-

Sapuntzakis and Bowen 2005; Madan and Arlen 2013).

As células prostaticas proliferam em resposta a horménios andrégenos
(Toledo-Pereyra 2001), e isso se deve a presenca de receptores androgenos no
nacleo das células prostaticas, como pode ser observado na Figura 1 (Agoulnik,
Vaid et al. 2006). A testosterona circula no sangue ligada a albumina ou globulina
de ligacdo de hormdnios sexuais (SHBG) e é convertida em dihidrotestosterona
(DHT) pela enzima 5-a-redutase tipo 2, localizada principalmente nas células
estromais, atuando de modo autécrino e paracrino, por difusdo, nas células

epiteliais subjacentes. A DHT é um metabdlito 10 vezes mais potente que a
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testosterona, e € um mediador critico do crescimento prostatico. A DHT liga-se
aos receptores andrégenos nucleares e ativa a transcricdo de fatores de
crescimento mitbgenos nas células estromais e epiteliais, ativando a sua
proliferacédo (Lindzey, Kumar et al. 1994; Kaplan, McConnell et al. 2006). Assim, a
terapia de restricdo andrégena € baseada na administracdo de medicamentos que
reduzem os niveis de andrégenos enddgenos ou inibem a ligagdo da DHT na
parte C-terminal do receptor andrégeno inativando temporariamente a proliferacao
das células prostéticas (de Bono, Logothetis et al. 2011; Scher, Fizazi et al. 2012,
Culig and Santer 2013; Rajan, Sudbery et al. 2014) com o objetivo de inibir a
progressao da doenca localmente avancada ou metastéatica (Heinlein and Chang

2004).

< O Testosterone

5a-reductase

O—»ODHT

Androgen-responsive cell
Ligand
binding »

Dimerization and !
phosphoryiilion/

Figura 1. Mecanismo de acgdo da testosterona sobre o receptor andrégeno. (Adaptada de

Feldman, B.J. e Feldman, D., 2001 (Feldman and Feldman 2001)).
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Como a maioria dos tumores de prostata precisam de andrégenos para seu
crescimento e sobrevivéncia, com a terapia de restricdo androgena o tumor
metastatico inicial pode entrar em remissao e ser até eliminado. Porém, algumas
subpopulacdes destas células podem resistir ou tornarem-se resistentes a terapia
antiandrégena e o tumor volta a crescer (Ganguly, Li et al. 2014). Em geral, essas
células ndo sdo dependentes de andrégeno circulante, porém, precisam de
androgenos para sobreviver ou da ativacdo do receptor androgeno, e em geral,
isso ocorre devido a alteracbes na sinalizacdo do receptor androgeno e/ou do
metabolismo andrégeno, como por exemplo: hipersensibilidade do receptor
androgeno devido a superexpressdo ou amplificacdo do receptor resultando em
resposta alterada aos antiandrogenos; mutacdo no receptor andrégeno tornando-
o sensivel a outros hormdnios como progesterona, estrogeno, andrégeno da
adrenal, além de antiandrogénicos; ativacdo independente do ligante do receptor
androgeno devido ao aumento das vias de transducdo de sinal ativados por
fatores de crescimento oncogénicos e citocinas via receptores de tirosina cinase;
conversdo de andrdgenos da adrenal em diidrotestosterona e testosterona; além
de sintese intraprostatica de andrégenos causado pelo aumento da expresséo de
enzimas esteroidogénicas como a CYP17 (Feldman and Feldman 2001; Pienta
and Bradley 2006; Bonkhoff and Berges 2010). Assim, as células prostéaticas
passam a proliferar na presenca de concentracfes muito baixas de testosterona
na circulacao ou outros hormdonios, e o tratamento ndo é mais eficaz (Grossmann,

Cheung et al. 2013).

O tratamento do cancer de pristata avancado ou metastatico evoluiu muito
nas Ultimas décadas, melhorando consideravelmente a expectativa de vida dos

pacientes nesta fase da doenca. No inicio deste século, a sobrevida esperada dos
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homens diagnosticados com cancer de préstata metastatico resistente a
castracdo (MCPRC) nao ultrapassava 12 meses (Caffo 2015). Apd6s a introducao
de novas drogas para o tratamento de cancer como o docetaxel (introduzido na
pratica clinica no ano de 2004), e de drogas mais recentes como o cabazitaxel,
além das drogas inibidoras da biossintese androgénica como 0 acetato de
abiraterona (Zytiga®) e enzalutamida (Xtandi®), o cenario do tratamento do
MCPRC mudou drasticamente com aumento da sobrevida para de cerca de 3
anos. Contudo, estes medicamentos costumam funcionar somente por um curto
periodo de tempo nos tumores resistentes a terapia antiandrogena (Ganguly, Li et
al. 2014; Zobniw, Causebrook et al. 2014) e, ainda, a0 mesmo tempo em que
surgem novas drogas para o tratamento do cancer, também ocorrem mudancas
na biologia da doenca, e novos mecanismos de resisténcia surgem e sdo comuns

a guase todas as drogas (Caffo 2015).

Os beneficios da terapia de restricdo androgena sdo bem estabelecidos
para o tratamento do cancer de prostata localmente avancado e metastatico.
Entretanto, esta € uma terapia adjuvante no tratamento da doenca e que néo leva
a cura, e com a progressao, em geral, a doenca acaba tornando-se resistente a
castracado (Pagliarulo, Bracarda et al. 2012). Ainda, o tratamento de restricdo
androgena tem o objetivo de inibir a producdo enddgena de testosterona, o que
causa uma série de efeitos indesejaveis como: perda de libido, osteoporose,
fadiga, perda de massa magra, anemia, ginecomastia, além de efeitos
metabolicos associados a mudancas no perfil lipidico e aumento do risco de
desenvolvimento de resisténcia a insulina, diabetes, sindrome metabdlica (Jeong
2001; Flaig and Glode 2008; Leahy 2008; Nobes, Langley et al. 2009; Saylor and

Smith 2013) e alteracdes cardiovasculares (Saigal, Gore et al. 2007; Efstathiou,
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Bae et al. 2009; Van Poppel and Tombal 2011; Roayaei and Ghasemi 2013),

fatores que tornam o tratamento dificil.

A maioria dos pacientes, inicialmente, respondem a terapia de privacéo
andrégena, porém a progressao para o cancer de prostata resistente a castracao
(CPRC) ocorre em 10 a 20% dos casos, cerca de 2 a 3 anos ap0s o inicio do
tratamento (de Bono, Logothetis et al. 2011; Kirby, Hirst et al. 2011; Scher, Fizazi
et al. 2012; West, Kiely et al. 2014) e pode levar a morte (de Bono, Logothetis et
al. 2011). Depois do fracasso da terapia hormonal, atualmente ainda ndo existem
muitas estratégias de tratamento bem sucedidas disponiveis, tornando a doenca,
em muitos casos, incuravel, sendo este um grande problema oncoldgico (Scott,
Menon et al. 1980; Eisenberger, Blumenstein et al. 1998, Pagliarulo, Bracarda et
al. 2012). Em geral, pacientes neste estagio da doenca (andrégeno-independente)
morrem em um periodo médio de 40 semanas apos a recidiva (Mahler and Denis

1992).
1.4.2 Linhagens de cancer de prostata

A maior parte das mortes causadas por cancer de préstata ocorrem devido
a progressao para o disturbio metastatico (Coleman 2006) e cerca de 85-90%
(Hess, Varadhachary et al. 2006) (de Bono, Logothetis et al. 2011) dos homens
com MCPRC tém metastases 0sseas, sendo este o Unico sitio em 86% dos
pacientes (Hess, Varadhachary et al. 2006). O o0sso é sitio mais comum de
metastase neste tipo de cancer (Coleman 2006; Hess, Varadhachary et al. 2006;
Briganti, Suardi et al. 2014; Deng, He et al. 2014), e isso se deve a fatores ainda
nao bem estabelecidos, porém, acredita-se que esta relacionado ao ambiente
bioquimicamente e fisiologicamente favoravel que o osso oferece (Fidler and
Kripke 1977), como TGF-B, quimiocinas e citocinas, que funcionariam como
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guimioatrativos para as células de cancer de préstata colonizarem o osso (Figura
2) (Festuccia, Bologna et al. 1999; Teicher and Fricker 2010; Salazar, Castellan et
al. 2013). Metastases em tecidos moles sdo menos comuns, atingindo somente

cerca da metade dos pacientes (de Bono, Logothetis et al. 2011).

Exiravasaticn
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Figura 2. Mecanismo de desenvolvimento de metastase 0ssea de cancer de prdstata.

(Adaptada de Ganguly, S.S., Li, X. e Miranti, C.K., 2014 (Ganguly, Li et al. 2014)).

A linhagem celular PC3 é derivada de uma metastase em 0sso a partir de
um adenocarcinoma de prostata (Kaighn, Narayan et al. 1979). E uma linhagem
celular muito util para avaliagdo de mudancas bioquimicas no cancer de préstata
avancado e também para medir a resposta a agentes quimioterapicos,
principalmente durante a metastase, pois apresenta alto potencial metastatico e
agressividade (Kaighn, Narayan et al. 1979; Jarrard, Blitz et al. 1994). Além disso,
€ uma linhagem de céancer de prostata andrégeno-independente, ou seja, mesmo
na auséncia de diidrotestosterona a linhagem celular € capaz de proliferar
(Jarrard, Blitz et al. 1994), sendo importante na mimetizacao de situacdes onde o
paciente ndo responde mais ao tratamento de privacdo andrégena.
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A linhagem celular DU145 também é derivada de uma lesdo metastética,
porém, localizada no cérebro (Stone, Mickey et al. 1978). Assim como a linhagem
de céancer de préstata PC3, esta linhagem celular também €& andrégeno-
independente (Stone, Mickey et al. 1978), porém apresenta potencial metastatico

(moderado), menor do que a anterior (Keer, Gaylis et al. 1991).

Apesar de ambas serem androgeno-independentes e originadas de lesdes
metastaticas, elas apresentam caracteristicas fenotipicas e comportamentos em
cultura diferentes e 0 uso das mesmas € importante para representar as

diferencas entre os tumores encontrados na clinica oncoldégica.

Ja a linhagem celular de céncer de prostata LNCaP, que também foi
estabelecida a partir de uma lesdo metastatica de adenocarcinoma prostatico
humano, caracteriza-se por apresentar receptores andrégenos no citosol e nicleo
das células, além de ser responsiva a andrégenos, ou seja, 0 crescimento celular
€ modulado pela presenca de diidrotestosterona in vitro, 0 que estimula a
producdo de PSA (Horoszewicz, Leong et al. 1983), representando a fase do
cancer de prostata onde a proliferacdo e sobrevivéncia celulares ainda sao
depende de andrégenos circulantes. E uma linhagem importante para a avaliag&o

da fase sensivel a andrégenos da doenca.
1.4.3. y-orizanol

O arroz é o segundo cereal mais cultivado no mundo e o Brasil € o nono
maior produtor mundial deste cereal (Brasil 2014). Além disso, 0 arroz € um
alimento essencial para mais da metade da populacdo mundial, sendo que cerca
de 3 bilhdes de pessoas consomem cerca de 100 kg por ano (Nguyen and Ferrero

2006; Hu, Pan et al. 2012). No entanto, o processo de polimento do arroz produz
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residuos de baixo valor comercial, como farelo de arroz (Parrado 2006), e este
produto € uma importante fonte de fitoquimicos com propriedades benéficas para

a saude, tais tocoferadis, tocotrienois e y-orizanol (Xu and Godber 1999).

O y-orizanol foi inicialmente caracterizado como um composto isolado
obtido a partir do 6leo de arroz, e devido ao nome cientifico do arroz ser Oryza
sativa e de conter um grupo hidroxila em sua estrutura, a substancia foi
convenientemente chamada de orizanol (Graf 1992). Porém, estudos posteriores
revelaram que o0 y-orizanol ndo é um composto simples e sim uma mistura de
ésteres do acido ferulico (Graf 1992) que sdo formados por esterificacdo de um
grupo hidroxila de esterdis (campesterol, estigmasterol ou 3-sitosterol) ou alcoois
triterpénicos (cicloartanol, cicloartenol, 24-metilenocicloartanol, ciclobranol) com a
carboxila do acido ferulico (Diack and Saska 1994; Bucci, Magri et al. 2003; Yu,
Nehus et al. 2007; Imsanguan, Roaysubtawee et al. 2008; Lu, Chen et al. 2011;

Jeng, Shih et al. 2012).

O vy-orizanol € uma substancia caracterizada como um pdé branco ou
levemente amarelo, cristalino, insipido, com pouco ou nenhum odor e os
principais compostos que o compdem sao cicloartenil ferulato, 24-metileno-
cicloartanil ferulato, campesteril ferulato, B-sistoteril ferulato e cicloartanil ferulato
(Evershed 1998), mas inclui também outros componentes menores como
estigmastenil ferulato, campestenil ferulato e sitostanil ferulato (Xu and Godber
1999), pois dependendo da técnica cromatografica utilizada, diferentes

componentes tém sido identificados (Figura 3).
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Figura 3. Estrutura dos principais componentes do y-orizanol. (Adaptada de Chotimarkorn,

C. e Ushio, H., 2008 (Chotimakorn 2008)).

Este composto é encontrado principalmente no farelo do arroz bruto e seu
conteldo varia entre 1 % a 2 % (Yu, Nehus et al. 2007; Tuncel and Yilmaz 2011,
Huang and Ng 2012; Jeng, Shih et al. 2012). Os componentes do y-orizanol
também foram isolados de graos de milho, trigo e cevada (Seitz 1989), porém o
Oleo de farelo de arroz é a fonte natural mais acessivel para recuperacdo deste
composto (Das, Chaudhuri et al. 1998).

A atividade antioxidante do y-orizanol pode ser atribuida principalmente ao
acido ferulico. Este, esterificado com esterdis de plantas, como é o caso do y-
orizanol, tem aumento do seu potencial antioxidante promovendo acesso
molecular a componentes hidrofébicos que sdo mais suscetiveis a destruicao

celular oxidativa (Graf 1992).

Segundo o IRGA (Arroz 2015), o y-orizanol possui diversos efeitos

benéficos a salde podendo ser utilizado pelas industrias de farmacos para
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formulaces de medicamentos capazes de prevenir e combater diversas doencas.
Dentre os efeitos do y-orizanol, encontramos: neuromodulacéo, atividade de
remocao de radicais livres, atividade antitlcera (Lerma-Garcia, Herrero-Martinez
et al. 2009; Ghatak 2011), controle da glicemia e do metabolismo lipidico
(Chotimakorn 2008; Son, Rico et al. 2010; Son, Rico et al. 2011). Ainda,
recentemente alguns trabalhos tem demonstrado que o y-orizanol de arroz
pigmentado exerce atividade anticarcinogénica e inibe o crescimento de células
de cancer (Banjerdpongchai, Wudtiwai et al. 2013; Zeng, Yang et al. 2013;

Summart and Chewonarin 2014).
I.4.4. Thuya occidentalis

A Thuya occidentalis (T. occidentalis) € uma arvore nativa da Europa
(British Herbal Pharmacopoeia 1983) comumente conhecida como Arbor vitae ou
cedro branco (Chang, Song et al. 2000) e € utilizada na medicina popular para
tratamento de catarro dos brdonquios, enurese, cistite, psoriase, carcinoma do
Gtero e prOstata, amenorréia e reumatismo (Shimada 1956; British Herbal
Pharmacopoeia 1983; Baran 1991; Offergeld, Reinecker et al. 1992). Hoje, é
usada principalmente na homeopatia como tintura-mde ou diluicdo
(Homoopathisches Arzneibuch 1985; Homoopathisches Arzneibuch 2003). Como
tintura, € popularmente utilizada como um agente para cauterizacdo no
tratamento de papilomas e condilomas (verrugas causadas por virus HPV) (Valsa,
Felzenszwalb et al. 1990). J& o extrato € usado popularmente no tratamento da
cistite e hipertrofia prostatica nos homens senis e na incontinéncia urinaria em
mulheres (Pozetti 1980; Pizsolitto 1982; Leal 1986). Estudos realizados para

avaliacao dos efeitos adversos associados ao uso deste composto revelaram que
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eles raramente ocorrem e em geral sdo de gravidade leve a moderada (Naser

2005).

De acordo com Haénsel et al. (Hansel 1994), a erva seca contém 1,4 - 4%
de oléo essencial, sendo que 60% do Oleo é composto de uma cetona
monoterpénica conhecido como tujona (Chang, Song et al. 2000; Naser 2005). A
quantidade de tujona varia conforme o método de extracdo, sendo que o maior
rendimento é obtido por destilacdo (Tegtmeier 1994; Naser 2005). Este 6leo é
encontrado em duas formas isoméricas, a a-tujona e a B-tujona. Em geral, na
natureza, encontramos uma mistura dos dois isbmeros, com predominancia maior
da forma alfa (Sondermann 1962; Traud 1983; Lachenmeier 2006), sendo este
também o isémero com maior atividade (Hold, Sirisoma et al. 2000; Czyzewska

and Mozrzymas 2013).

A tujona é o principal agente toxico encontrado numa bebida popularmento
conhecida, o Absinto, e possui atividade convulsiva no sistema nervoso central,
agindo principalmente como bloqueador ndo competitivo do receptor inibitorio
GABAA-R (Hold, Sirisoma et al. 2000; Czyzewska and Mozrzymas 2013). Porém,
devido aos métodos de extracao usados para a producdo das tinturas e extratos
obtidos a partir de T. occidentalis, a quantidade de tujona nos extratos que seriam
injeridas pelo paciente estdo bastante abaixo do considerado seguro para saude
(36 mg), segundo estudos de seguranca e eficacia, e até mesmo abaixo do que é

encontrado nas bebidas alcdlicas (Naser 2005).

Além do 6leo essencial, recentemente, outros compostos bioativos foram
encontardos, como as cumarinas (acido p-cumarico) e flavonddes ((+/-)-

catequina, (-)-galocatequina, campferol, campferol-3-O-a-ramnosideo,
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mearnsitrina, miricetina, miricitrina, procianidina B-3, prodelfinidina, quercetina e
quercitrina (Chang, Song et al. 2000).

1.4.5 Caveolina-1

A caveolina-1 (Cav-1) é uma proteina de membrana de 22 kDa, sendo o
principal componente estrutural da caveola, que séo invaginacdes da membrana
plasmatica relacionadas com o transporte molecular, adesao celular e com as vias
de transducao de sinal (Harder and Simons 1997; Simons and lkonen 1997; Shaul
and Anderson 1998; Smart, Graf et al. 1999). Sdo abundantes nas células
musculares lisas, adipdcitos, epitélios e endotélios (Harder and Simons 1997). Por
outro lado, a Cav-1 tem mostrado ser um supressor do crescimento celular em
linhagens especificas (Koleske, Baltimore et al. 1995; Engelman, Wykoff et al.
1997; Lee, Reimer et al. 1998; Suzuki, Suzuki et al. 1998; Bender, Reymond et al.
2000) e funcionaria como um gene de supresséao tumoral (Engelman, Wykoff et al.
1997). Porém, analises genéticas especificas demonstram que a Cav-1 poderia
atuar como um gene pro- ou anti-apoptético, dependendo do seu grau de

expressao (Shinoura, Yoshida et al. 1999).

Diversos autores tém relatado uma relacdo entre os niveis elevados de
Cav-1 e o cancer de prostata (Yang, Galbiati et al. 1998), estando positivamente
correlacionados com Escore de Gleason (GS) (Yang, Truong et al. 1999; Tahir,
Frolov et al. 2006). Estudos demonstraram que a expressdo de Cav-1 esta
aumentada em células de cancer de prostata metastatico de camundongos e
humanas (Nasu, Timme et al. 1998; Yang, Truong et al. 1998; Yang, Truong et al.
1999). Além disso, a diminuicdo dos niveis de Cav-1 através da supressao da
expressdo do gene Cav-1 (transfeccdo com cDNA antisense) levaram ao

reestabelecimento da sensibilidade a andrégenos in vivo e in vitro, para células de
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cancer de proéstata, e a superexpressdo de Cav-1 poderia converter as células de
cancer de proéstata responsivas a andrégenos em células ndo-responsivas a
androgenos (Nasu, Timme et al. 1998), sugerindo que este gene estaria
relacionado com o desenvolvimento de metastase, assim como ao
desenvolvimento da resisténcia a terapia de supressdo andrégena que ocorre
com a progressdo da doenca (Yang, Truong et al. 1999). Além disso, alguns
estudos também mostram que a Cav-1 teria um papel importante na resisténcia
de vérios tipos de canceres a multiplos agentes antineoplasicos (Lavie, Fiucci et
al. 1998; Yang, Galbiati et al. 1998).

Os mecanismos pelo qual a expressdao aumentada da Cav-1 leva ao
desenvolvimento do cancer de préstata parecem estar relacionados a supressao
da apoptose induzida por c-MYC (Timme, Goltsov et al. 2000), um oncogene
importante no desenvolvimento de diversos tipos de cancer (Cole and McMahon
1999; Levens 2002), e também a hipersensibilizacdo do receptor andrégeno a
testosterona (Yang, Truong et al. 1998; Yang, Addai et al. 2000). Estudos
anteriores revelam que as células epiteliais normais de prostata possuem niveis
baixos ou indetectaveis de Cav-1, e que com a progressdo da doenca para fase
metastatica a expressao de Cav-1 aumenta significativamente (Yang, Truong et
al. 1998). Possivelmente, a terapia de restricdo androgena selecionaria as células
gue apresentam maior expressao de Cav-1 e que seriam resistentes a terapia de
restricdo androgena, fazendo com que a doenca passasse a ndo responder mais
a restricdo da testosterona. Essa selecdo causada pela testosterona envolve,
provavelmente, mecanismos dependentes da ativacdo do receptor andrégeno

(Hu, Lam et al. 2001; Li, Yang et al. 2001).
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Ainda, os niveis de Cav-1 séricos encontrados em homens com cancer de
prostata sdo significativamente maiores do que em homens com hiperplasia
prostatica benigna (Yang, Truong et al. 1999). Esses niveis elevados também
estdo relacionados ao aumento do risco de recorréncia da doenca apos a
prostatectomia radical (Nasu, Timme et al. 1998; Yang, Truong et al. 1999; Tabhir,
Frolov et al. 2006). O aumento dos niveis séricos da Cav-1 ocorre devido ao
aumento da expressdo da proteina Cav-1, que € secretada, e exerce efeitos
paracrinos ou autocrinos, permitindo que mais células de cancer de prostata se
tornem resistentes a estimulos pré-apoptoéticos, caracteristica esta que € muito
importante para o desenvolvimento de metastases (Figura 4) (Mouraviev, Li et al.

2002).
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Figura 4. Mecanismo de acdo da Cav-1 no desenvolvimento de metéstase e
resisténcia andrégena no cancer de préstata. (Adaptada de Mouraviev et al., 2002 (Mouraviev, Li

et al. 2002)).

Todos esses mecanismos sugerem a importancia da Cav-1 no
desenvolvimento de metastases no cancer de préstata, além de estar envolvida
na progressao da doenca para a fase hormdnio-refrataria, onde os tratamentos
disponiveis sdao menos eficazes (Scott, Menon et al. 1980; Eisenberger,

Blumenstein et al. 1998).
1.4.6 Genes de RNAs nao-codificantes
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Uma das maiores descobertas da biologia moderna foi que somente
aproximadamente 2% do genoma humano codifica proteinas, mas que cerca de
90% do genoma € transcrito, mostrando que o transcriptoma humano é mais
complexo do que se imaginava e grande parte dele deve ser formado por genes
de RNAs nao-codificantes (ncRNA) (Stein 2004; Birney, Stamatoyannopoulos et
al. 2007; Costa 2010; Ponting and Belgard 2010; Gibb, Brown et al. 2011).

Ao invés de expressar RNAs mensageiros (mRNA) que codificam
proteinas, esses RNAs produzem transcritos com funcéo regulatéria, catalitica ou
estrutural (Eddy 1999; Erdmann, Barciszewska et al. 2001; Erdmann,
Barciszewska et al. 2001). Os ncRNAs séo divididos em dois grandes grupos
baseados no tamanho do transcrito: pequenos RNAs nao-codificantes (SncRNA) -
possuem entre 18-200 nucleotideos; e longos RNAs néo-codificantes (IncCRNA) -
possuem de 200 nucleotideos a, aproximadamente, 100 quilobases (kb) (Eddy
2001).

A classe dos sncRNAs é formada por uma gama de bem documentadas
espécies de RNA como, por exemplo, os pequenos RNAs nucleolares (SnoRNAS)
e nucleares (snRNAs), pequenos RNAs de interferéncia (SiRNA), microRNAs
(miRNAS), entre outros (Lewin 1982; Walter and Blobel 1982; Tilghman 1999;
Franke and Baker 2000; Kelley and Kuroda 2000; Avner and Heard 2001; Eddy
2001). Dentre estes, podemos destacar a grande importancia dos miRNAs no
desenvolvimento de patologias como o cancer (Chang, Lin et al. 2002; Ambros
2004; Kidner and Martienssen 2005; lorio and Croce 2009; Fabbri 2010; Liao, Yu
et al. 2010; Farazi, Spitzer et al. 2011; Ting, Lipson et al. 2011).

O primeiro miRNA descrito foi o Lind (do inglés lineage-deficient-4),

descoberto em 1993, e associado a regulacdo do desenvolvimento larval em
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Caenorhabditis elegans (Kim 2005). Os miRNAs exercem seus efeitos
regulatorios ligando-se a regidao 3’ nao traduzida do mRNA alvo para reprimir a
sua traducédo ou levar a sua degradacao (Bartel 2004; Filipowicz, Jaskiewicz et al.
2005; Sontheimer and Carthew 2005). Este mecanismo permite a reducao dos
niveis proteicos de genes-alvo, raramente afetando o nivel de expressao
transcricional. Esta regulacdo pos-transcricional exercida pelos miRNAs depende
do grau de complementaridade com o mRNA alvo, podendo ocorrer por dois
mecanismos distintos, como ilustrado na Figura 5: (i) inibicdo do complexo de
traducéo proteica ou por (ii) degradacdo do mRNA através de RNAses tipo Ill. O
pareamento dos miRNAs de modo imperfeito com o mMRNA acarreta a inibicao da
traducdo do mRNA alvo, sendo este 0 mecanismo principal de atuacdo dos
mMiRNAs em mamiferos. Em funcdo dos miRNAS possuirem sequéncias pequenas
e poderem ser ativos sem a necessidade de pareamento completo, um uUnico
mMiRNA pode regular muitos mRNAs alvo, além de cooperarem no controle de um
unico mRNA. Dessa forma os miRNAs constituem uma enorme e complexa rede
regulatoria da sinalizacdo celular (Wiemer 2007).

Alteracbes na expressdao de miRNAs vém sendo relacionadas a diversos
tipos de cancer e a modulacdo da expressdao de genes envolvidos com a
proliferacéo e sobrevivéncia de células tumorais. Por exemplo, os miRNAs miR15
e miR16 regulam negativamente a expressdo de Bcl-2, um oncogene anti-
apoptético que se apresenta superexpresso em diversos tipos de cancer
humanos, incluindo leucemias e linfomas (Cimmino, Calin et al. 2005). Por outro
lado, alguns miRNAs exercem acdo oncogénica. MiR155 apresenta expressao
aumentada em linfomas e células de cancer de mama, sugerindo que possa agir

como oncogene (Kluvier 2005). A superexpressdo dos miR221 e miR222 esta
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envolvida no aumento do processo de crescimento independente de andrégenos
e formacé&o de colbnias, além de induzir mudanca no ciclo celular na fase G1-S,
em células de cancer de prostata responsivas a andrégenos LNCaP (Sun, Yang
et al. 2009). Ainda, o silenciamento desses dois mIRNAs em células PC3
(linhagem celular de cancer de prostata ndo-responsiva a andrégenos) causou
reducdo da tumorogénse e formacao de colbnias nesta linhagem, por suprimir
p27¥Pl (Mercatelli, Coppola et al. 2008; Sun, Yang et al. 2009). MiR125b também
esta envolvido no surgimento de cancer de préstata horménio refratario (Epis,
Giles et al. 2009). A superexpressado do miR125b causa reducéo da expressao de
Bakl (gene pré-apoptotico da familia do Bcl-2), estimulando o crescimento de
células LNCaP (Shi, Xue et al. 2007; DeVere White, Vinall et al. 2009). Além
desses, diversos outros miRNAs estdo envolvidos no desenvolvimento,
progressao e resisténcia androgena no cancer de prostata, demonstrando sua

importancia nesta patologia.

Em contraste aos miRNAs, os IncRNAs séo transcritos semelhantes ao
MRNA (Cheng, Kapranov et al. 2005; Wu, Kim et al. 2008), porém, geralmente
seu nivel de expressdo é menor do que a dos genes codificadores de proteinas
(Bono, Yagi et al. 2003; Babak, Blencowe et al. 2005; Ramskold, Wang et al.
2009; Guttman, Garber et al. 2010) e estes costumam ser tecido especificos
(Mercer, Dinger et al. 2008). O genoma humano gera mais de 10,000 moléculas
de IncRNA (Schmitt and Chang 2013) e trabalhos recentes sugerem que a
expressdo aberrante dos IncRNAs contribui consideravelmente para a

tumorogénese (Huarte and Rinn 2010).
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Figura 5. Mecanismo de regulacdo dos miRNAs (RNAmi) sobre mRNA alvo. (Adaptada de

CAMPBELL, N.A. et al., 2010 (Campbell 2010)).

Muitos desses INCRNAs s&o expressos numa variedade de tipos de cancer,
porém, alguns estdo associados a um Unico tipo de cancer, como, por exemplo, o
gene especifico da préstata regulado por andrégeno PCGEM1 (prostate cancer
gene expression marker 1) (Bussemakers, van Bokhoven et al. 1999; Fu,
Ravindranath et al. 2006; Szell, Bata-Csorgo et al. 2008; Gupta, Shah et al. 2010;

Chung, Nakagawa et al. 2011).

O gene PCGEM1 contém 1643 nucleotideos e estd intimamente
relacionado ao risco aumentado de desenvolvimento do cancer de proéstata
(Bussemakers, van Bokhoven et al. 1999; Fu, Ravindranath et al. 2006), além de

estar associado ao desenvolvimento da doenca resistente a terapia de castracao
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(Yang, Lin et al. 2013). A superexpressao dele em linhagens celulares de cancer
de proéstata resultou em aumento do crescimento celular e da formacdo de
colénias, suportando a ideia de que o0s IncRNA sdo importantes no
desenvolvimento do cancer (Petrovics, Zhang et al. 2004). Além disso, trabalhos
anteriores mostram que pacientes com cancer de préstata possuem expressao
aumentada deste gene (Prensner, Sahu et al. 2014) e que inibicdo do mesmo
bloqueou o crescimento de células de cancer de préstata responsivas e nao-
responsivas a andrégenos. Este ultimo fato ressalta a importancia do PCGEML1, o
qual pode ser um importante alvo de novas drogas para tratar esta patologia,
principalmente na fase resistente a castracao, onde ndo ha muitas alternativas de
terapias curativas eficazes disponiveis atualmente (Schmitt and Chang 2013;

Yang, Lin et al. 2013).
I.5. OBJETIVOS

Conforme descrito acima, o cancer de préstata € a segunda causa mais
comum de morte entre os homens no Brasil, 0 sexto tipo de cancer mais comum
no mundo e o mais prevalente entre os homens. Em geral, a morte desses
pacientes esta associada ao desenvolvimento de doenca metastatica ((INCA)
2014) e, nesse caso, o tratamento de eleicdo é a restricdo androgena (Stacewicz-
Sapuntzakis and Bowen 2005; Madan and Arlen 2013). Porém, 10-20% dos
pacientes que usam este tratamento tornam-se tolerantes a restricdo hormonal, e
neste estagio ndo existem muitas alternativas de terapias curativas disponiveis
(de Bono, Logothetis et al. 2011; Kirby, Hirst et al. 2011; Scher, Fizazi et al. 2012,
West, Kiely et al. 2014). Além disso, a terapia de restricdo androgena é longa e
causa uma série de efeitos colaterais bastante desagradaveis ao paciente,

podendo levar a outros problemas de saude relacionados ao seu uso, que
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também podem acabar levando o paciente a morte. Assim, a busca de novas
abordagens terapéuticas com menos efeitos indesejaveis e mais eficazes para o

tratamento desta patologia sdo de extrema importancia.

Portanto, os objetivos da presente tese foram avaliar os efeitos do y-orizanol e
do extrato hidroalcdlico de Thuya occidentalis em linhagens celulares de cancer
de préstata responsivas (LNCaP) e nao-responsivas a androgenos (DU145 e
PC3) sobre os seguintes parametros:

a) Proliferacdo, viabilidade, morte celular e progressao do ciclo celular em
células de cancer de prostata, apds o tratamento com o y-orizanol e com
extrato de Thuya occidentalis.

b) O padrdo de expressdao do gene e da proteina Caveolina-1 apds o
tratamento com o y-orizanol e com extrato de Thuya occidentalis.

c) O padrao de expressdo do gene conhecido como biomarcador do cancer
de prostata, PCGEML1 ap06s o tratamento com o y-orizanol.

d) O efeito do y-orizanol na modulagcdo da expressdo de microRNAS

relacionados ao cancer de prostata.
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[1.1 y-ORYZANOL REDUCES CAVEOLIN-1 AND PCGEM1 EXPRESSION,

MARKERS OF AGGRESSIVENESS IN PROSTATE CANCER CELL LINES

(Artigo publicado no periodico The Prostate)
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v-Oryzanol Reduces Caveolin-1 and PCGEMI Expression,
Markers of Aggressiveness in Prostate Cancer Cell Lines

Gabriela E. Hirsch,'* Mariana M. Parisi,' Leo A.M. Martins,! Claudia M.B. Andrade,?
Florencia M. Barbé-Tuana,' and Fatima T.C.R. Guma'

! Departamento de Bioquimica, Universidade Federal do Rio Grande do Sul, Porto Alegre, RS, Brasil
ZDepartamento de Quimica, Universidade Federal do Mato Grosso, Cuiaba, MT, Brasil

BACKGROUND. Prostate cancer is a leading cause of death among men due to the limited
number of treatment strategies available for advanced disease. y-oryzanol is a component of
rice bran, rich in phytosterols, known for its antioxidant, anti-carcinogenic and endocrino-
logical effects. It is known that y-oryzanol may affect prostate cancer cells through the down
regulation of the antioxidant genes and that phytosterols have anti-proliferative and
apoptotic effects. There are evidences showing that some of the components of y-oryzanol
can modulate genes involved in the development and progression of prostate cancer, as
caveolin-1 (Cav-1) and prostate specific androgen-regulated gene (PCGEM1).

METHODS. To determine the effects of y-oryzanol on prostate cancer cell survival we
evaluated the cell viability and biomass by MTT and sulforhodamine B assays, respectively.
Cell death, cell cycle and pERK1/2 activity were assessed by flow cytometry. The changes in
gene expression involved in the survival and progression of prostate cancer cav-1 and
PCGEM1 genes were evaluated by quantitative real time reverse transcriptase polymerase
chain reaction (RT-PCR) and cav-1 protein by immunofluorescence followed by confocal
microscopy analysis.

RESULTS. We found that +y-oryzanol decreases cell viability and culture biomass by
apoptosis and/or necrosis death in androgen unresponsive (PC3 and DU145) and responsive
(LNCaP) cell lines, and signals through pERK1/2 in LNCaP and DU145 cells. y-oryzanol also
appears to block cell cycle progression at the G2/M in PC3 and LNCaP cells and at G0/G1 in
DU145 cells. These effects were accompanied by a down regulation in the expression of the
cav-1 in both androgen unresponsive cell lines and PCGEM1 gene in DU145 and LNCaP
cells.

CONCLUSION. In summary, we used biochemical and genetics approaches to demonstrate
that y-oryzanol show a promising adjuvant role in the treatment of prostate cancer. Prostate
9999: 1-15, 2015.  © 2015 Wiley Periodicals, Inc.

KEY WORDS: v-oryzanol; prostate cancer cell lines; survival genes; metastasis;
androgen resistance

INTRODUCTION

Androgen deprivation is the first choice of treat-
ment for metastatic prostate cancer (PCa) in United
States. However, 10-20% of patients diagnosed with
prostate cancer develop resistance to anti-androgen
therapy 2-3 years after treatment inception [1-4].
Tumor cell phenotype switch is not completely under-
stood and much more effort has been focused on
alterations regarding signaling of androgen receptor
and/or alterations in the androgen metabolism [5-7].
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As metastatic prostate cancer circumvents androgen
ablation therapy through progression, prostate cancer
is classified as being hormone-refractory or in a
castrate-resistant prostate cancer stage. At this
advanced pathologic stage, therapeutic options are
limited and conventional chemotherapy fails to pro-
long survival [1] for longer than 40 weeks [8].

Rice is probably the most consumed cereal in the
world and Brazil is the ninth largest producer [9]. Rice
processing generates several waste of low commercial
value, such as rice bran [10] rich in different phyto-
chemicals [11-13]. Among them, much attention has
been given to <y-oryzanol due to its nutraceutical
properties, composed of a mixture of various com-
pounds, majorly ferulic acid esters of phytosterols
(steryl ferulates) [14].

Phytosterols have anti-proliferative and apoptotic
effects [15-16] which make them attractive biomole-
cules for cancer treatment. Components of y-oryzanol
modulate genes involved in the development and
progression of prostate cancer, such as caveolin-1
(Cav-1) identified as a marker of aggressiveness in
prostate carcinomas [17] and the prostate specific
androgen-regulated gene PCGEM1 [18]. Cav-1 has an
important role in prostate cancer cells as its product,
the caveolin-1 protein, co-localizes with androgen
receptors within the caveolae domains and mediate
androgen-dependent signals [19-20].

In this regard, recent data has shown that cav-1 can
modulate downstream signals that affect the expression
of genes implicated in unregulated cell growth [21].
Overexpression of Cav-1 is a relevant feature of
castrate-resistant prostate cancer and the elevated
expression of the Cav-1 protein is a marker of poor
prognosis in localized human prostate cancers.
Ongoing studies looking for biomarkers had positively
correlated Cav-1 expression with indicators of the
aggressiveness of the disease, as the Gleason grade [22].
Besides Cav-1 gene, another important gene involved in
progression and development of prostate cancer is
PCGEM1 [18]. PCGEM1 is transcribed into a non
coding poly(A)" RNA of 1,643 nucleotides, found
specifically in prostate and non-coding protein [23].
Recent studies have linked overexpression of PCGEM1
gene to prostate cancer development [18,24]. In an
androgen-responsive prostate cancer cell line, LNCaP,
PCGEM1 significantly augmented cell proliferation and
colony formation, suggesting an important biological
role in prostate tumorigenesis [23]. Furthermore, addi-
tional studies have suggested that the modulation of
gene expression could be involved in the alteration of
the regulation of cell death and cell cycle in prostate
cancer [23-24].

Considering the fact that at the time of clinical
diagnosis, most prostate cancers are an heteroge-
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neous population of androgen-responsive and
androgen unresponsive cells [25] and the already
published properties of y-oryzanol, the aim of this
study was to examine the effect of y-oryzanol in
three different cell lines. LNCaP, which is an
androgen responsive prostate cancer cell line and
DU145 and PC3 as a cell culture model of androge-
n-unresponsive prostate cancer cell lines. Our
results demonstrates an important role for y-oryza-
nol in the regulation of an anti-proliferative
response on androgen-responsive and androgen-un-
responsive cell lines, namely LNCaP and DU145 or
PC3, respectively, using a wide range of technical
approaches, such as biochemistry, gene and protein
expression and flow cytometry assays.

MATERIALS AND METHODS
Chemicals and Reagents

v-oryzanol was obtained from Tokyo Chemical
Industry Co., Ltd. (TCI America, Tokyo, Japan). The
stock solution was prepared dissolving +y-oryzanol
powder in ethanol to a final concentration of 6.6 mM.
As the y-oryzanol is insoluble in water, many options
to solubilize it has been suggested and one option
involves conversion to a cyclodextrin inclusion com-
pound [18,25]. Then, y-oryzanol was mixed in the
culture medium (RPMI-1640) with the sterol carrier
(2-hydroxypropyl)-B-cyclodextrin (-CD) in a non-
toxic form at molar ratio of 1:300 for all concentra-
tions, as previously reported [18,26-27]. B-sitosterol
and ferulic acid were purchased as powder from MP
Biomedicals, LLC (Brazil) and diluted in RPMI-1640
medium supplemented with 10% FBS to a final
concentration of 16 pM.

3-(4, 5-dimethyl)-2, 5-diphenyltetrazolium bromide
(MTT), trypan blue, (2-hydroxypropyl)-B-cyclodextrin
(B-CD), dimethylsulfoxide (DMSO), sulforhodamine
B, sodium dodecyl sulfate (SDS), bovine serum
albumin (BSA), paraformaldehyde, triton X-100
and HEPES buffer were obtained from Sigma Aldrich
(St. Louis, MO).

RPMI-1640 medium, fetal bovine serum (FBS),
propidium iodide (PI), Annexin-V FITC Conjugate
Kit, TRIzol Reagent, RNAse A, SuperScript‘R’—III RT
First-Strand Synthesis SuperMix, Alexa Fluor 555,
were purchased from Invitrogen (Grand Island,
NY). Mouse anti-human cav-1 monoclonal antibody
(clone 7C8) was purchased from Santa Cruz
Biotechnology (CA). CaspACE, FITC-VAD-fmk In
Situ Marker kit was purchased from Promega,
Madison, and PE mouse anti-ERK1/2 (pT202/
pY204) was purchased from BD Bioscience (San
Jose, CA).
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Cell Culture and Treatments

LNCaP (clone CRL-1740, ATCC, Manassas, VA,
USA), DU145 (clone HTB-81, ATCC,) and PC3 (clone
CRL-1435, ATCC,) prostate cancer cell lines were
kindly provided by Dr. Mari C. Sogayar from Sao
Paulo University (SP, Brazil), cultured in RPMI-1640
medium supplemented with 10% FBS and 2g/L
HEPES buffer, 1% penicillin, pH 7.4, under 37°C and
5% CO, conditions. The cells were plated (5 x 10*/
cm?®) in 12 or 24-well plates and cultured for 24 hr to
reach 60-70% of confluence before treatment.

Experimental media was supplemented with
B-sitosterol, ferulic acid + B-sitosterol or y-oryzanol at
final concentration of 16 pM. Optimum +vy-oryzanol
concentration of 16 uM was chosen after dose-res-
ponse experiments produced results that were consis-
tent with physiological levels for phytosterols [21].
DU145 and PC3 cells were treated with y-oryzanol for
48hr and LNCaP cells were treated for 24 hr. Each
concentration treatment was done in triplicate. Rou-
tinely cultured cells were used as controls.

Colorimetric MTT Assay

MTT assay is based on the capacity of mitochon-
drial enzymes of viable cells to reduce the MTT yellow
tetrazolium salt to purple formazan crystals [28]. This
assay is used for the assessment of cytotoxicity, cell
viability, and proliferation studies in cellular biol-
ogy [29]. Pre-confluent prostate cancer cells were
incubated with y-oryzanol for 48 hr (DU145 and PC3
lines) and 24 hr (LNCaP line). Cells were then incu-
bated with 1mg/ml MTT for 2hr at 37°C. Purple
crystals were dissolved in DMSO. The absorbance
was measured using a spectrophotometric microtiter
plate reader (Spectra Max M5, Molecular Devices) at
570 and 630 nm.

Sulforhodamine B Assay

The assay was performed as previously described
for Skehan et al. [30] with some modifications.
After the treatment with +y-oryzanol, culture
medium was removed, cells were washed three
times with PBS and 500 pl PBS/4% paraformalde-
hyde was added. After 15min, fixed cells were
stained with SRB. Subsequently, the cells were
washed with Milli-Q" water to remove unbound
stain. The culture plates were air dried and pro-
tein-bound sulforhodamine was solubilized in 1%
SDS. Absorbance was measured using a spectropho-
tometric microtiter plate reader (Spectra Max M5,
Molecular Devices) at 560 nm. This absorbance was
linearly proportional to the number of cells.

Trypan Blue Dye Exclusion Assay

As indicated, cells proliferation was also deter-
mined by trypan blue dye exclusion method. In this
regard, treatment media was removed and cells were
trypsinized. Aliquots of cell suspensions (100 wl) were
incubated with the same volume of trypan blue (0.4%
in PBS) for 5min [31]. Finally, cells were transferred to
a Neubauer chamber and counted by light micro-
scope. Dead cells were defined as those stained with
the dye.

Flow Cytometry Assays

Cell death in prostate cancer cell lines treated with
y-oryzanol was analyzed with Annexin-V/PL Trypsi-
nized cells were washed with PBS, suspended at a
final concentration of 1 x10° cells/ml in Annexin-V
Binding Buffer (10mM HEPES/NaOH, pH 74,
140 mM NaCl, 2.5mM CaCl,) and incubated (1 x 10°
cells) with 5 pl of Annexin-V FITC for 15 min at room
temperature in the dark. Before acquisition, PI was
added (1 pg/ml).

For cell cycle analysis, cells were washed in PBS,
suspended in 400 pl (1 x10° cells/ml) of cell cycle
solution (3.5mM trisodium citrate, 0.5 mM tris, 0.1%
Nonidet, 100 ng/ml RNAse A, 50 ng/ml PI) and
incubated in the dark at room temperature for 15 min.

For pERK1/2 analysis, cells were fixed with 2%
paraformaldehyde for 10min at 37°C and subse-
geuntly permeabilized in 90% methanol for 30 min on
ice. Cells were washed twice in PBS and stained with
PE mouse anti-ERK1/2 (pT202/pY204, BD bioscien-
ces) for 30 min.

Caspase activation in PC3 cells was analyzed using
a FITC-VAD-fmk in Situ Marker kit (Promega). 1 x 10°
cells were washed with PBS, suspended in 100 ul of
staining solution containing 10nM of fluorescein
isothiocyanate conjugated of z-VAD-fmk (FITC--
VAD-fmk) for 15min at room temperature in the
dark, before acquisition by flow cytometry.

Acquisition was performed using a FACSCalibur
flow cytometer (BD Biosciences, USA). Data was
analyzed using FCS Express 4 Flow Cytometry soft-
ware (De Novo Softwares, USA) or CellQuest Pro
software (Becton, Dickinson and Company, USA).

RNA Extraction, cDNA Synthesis and Real-Time
PCR

Total RNA was isolated using the TRIzol Reagent
following manufacturer’s instructions. RNA was
quantified using the BioPhotometer Plus (Eppendorf).
1.2pg of total RNA was added to each cDNA
synthesis reaction, using the SuperScript™-IIl RT
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First-Strand Synthesis SuperMix (Invitrogen). Gene
sequence information was collected from gene data-
bases (www.ncbi.nlm.nih.gov and www.ensembl.org)
and primers were designed using idt online software
(www.idtdna.com). To analyze the effects of y-oryza-
nol in expression genes involved in cell growth
signaling, the following primers were designed: (a)
Cav-1: sense 5- ACCCTAAACACCTCAACGATG- 3’
and anti-sense 3- CAGACAGCAAGCGGTAAAAC
-5” (amplicon product 108 bp); and (b) PCGEMz1: sense
5- TCTGCAACTTCCTCTAATTGGG - 3" and anti-
sense 3- TGCTCACTTGATAAGGTCACG -5 (ampli-
con product 150 bp). The 36B4 (acidic ribosomal
phosphoprotein PO, RPLP0) primer (sense 5-CAG
CAAGTGGGAAGGTGTAATCC- 3° and anti-sense
3-  CCCATTCTATCATCAACGGGTACAA -5
(amplicon product 75bp) was used as housekeeping
gene for all relative expression calculations. qRT-PCR
reactions were performed in triplicates and carried
out in a StepOnePlus real-time PCR system (Applied
Biosystems", New York, NY, USA). The thermal
cycling profile for Cav-1 and 36B4 genes was an initial
denaturation step at 94°C for 10 min followed by 40
cycles of 10sec at 94°C, 15sec at 60°C, 15sec at 72°C
and 35sec at 60°C for data acquisition followed by a
melting dissociation curve.

For PCGEM1 detection, initial amplification was
achieved in an end-point semi-quantitative (sqPCR)
reaction carried out in a Veriti thermal cycler (Veriti™
Thermal Cycler, Applied Biosystems™). An aliquot of
this amplification was then used as the starting
material for qPCR carried out in a StepOnePlus
real-time PCR system. Samples were normalized by
the constitutive gene (36B4) and calibrated by the
average of the ACT of the group itself. The specificity
of amplification and absence of primer-dimers were
confirmed using melting curve analysis at the end of
each run. Results were analyzed by the AACT
method [32].

Immunocytochemistry

Immunocytochemistry was performed as previ-
ously described [33]. Briefly, cells (DU145 and PC3
cell lines) were treated with 16 uM of y-oryzanol
for 48 hr, fixed with 4% paraformaldehyde for 30 min
and permeabilized with 0.1% Triton X-100 in phos-
phate-buffered saline (PBS) for 5min at room temper-
ature. After blocking for 2hr with BSA 5% in PBS,
cells were washed and incubated overnight with
mouse anti-human cav-1 monoclonal antibody (1:250,
clone 7C8 Santa Cruz Biotechnology, CA) at room
temperature, followed by PBS washes and incubated
with specific anti-mouse secondary antibody conju-
gated with Alexa Fluor 555 (1:1.000) (Invitrogen,
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Grand Island, NY) for 2hr. In negative controls,
reactions were performed by omitting the primary
antibody.

Confocal images were collected using Olympus
FV1000 laser-scanning confocal microscopy. Ten sin-
gle confocal sections of 0.7 uM were taken parallel to
the coverslip (xy sections) with an x 60 (numeric
aperture 1.35) oil-immersion objective (Olympus, U
plan-super-apochromat, UPLSAPO60XO). For each
sample, images of twenty fields were acquired and
processed with Olympus FluoView FV1000 software
and the measurement of fluorescence intensity was
performed using the image] software. Cav-1 fluores-
cence was measured after being excited by a 555nm
laser beam and emission scan collected at 565nm.
Image] software, a public domain Java Image process-
ing program (http:/ /rsb.info.nih.gov/ij/) was used to
analyze the fluorescence intensity of the samples.

Statistical Analysis

Data were reported as mean =+ standard deviations
(SD). Results were analyzed by ¢ test (P <0.05). All
analyses and graphical were performed using the
statistical software GraphPad Prism 5 for Windows
(GraphPad Software Inc., version 5.01). The same
program was used to calculate the ECsy doses used in
this work.

RESULTS
v-Oryzanol Concentration and Dose Response

In order to define the correct concentration of
v-oryzanol used in this work, we performed dose-res-
ponse proliferation curves and calculated the effective
concentration (ECsg) values for each of the androgen
responsive (LNCaP) and unresponsive (DU145 and
PC3) prostate cancer cell lines used in this study.
y-oryzanol dependent cell proliferation was measured
by the sulforhodamine B assay. As expected, the
different prostate cancer cell lines showed different
sensitivities to <y-oryzanol. Androgen responsive
LNCaP (Fig. 1A) and unresponsive PC3 (Fig. 1C)
prostate cancer cell lines depicted similar values of
ECsp, 17.31 and 1720 uM, respectively (P <0.05),
whereas DU145 cells were more sensitive to y-oryza-
nol treatment with an ECsy value of 10.77 uM
(Fig. 1B). In agreement with previous studies that
showed that the physiological concentrations of phy-
tosterols are in the uM range [14,26], we chose the
dose of 16 pM of +y-oryzanol as treatment for the
following experiments performed in this study.

Reasoning in the same way, chosen treatment times
of 48 hr for DU145 and PC3 cells and 24 hr for LNCaP
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cells were based on experiments that showed similar
anti-proliferative effects in the three lines used,
supplemented with +y-oryzanol (16 uM) at different
time points (data not shown).

Because y-oryzanol is a mixture of various com-
pounds, particularly of ferulic acid esters of phytos-
terols (steryl ferulates) and it is known that
B-sitosteryl ferulate is one of the main components,
we decided to test the anti-proliferative effects of
ferulic acid and B-sitosterol in an independent way.
Similar to incubation with y-oryzanol, reduction of
cell proliferation with 16 pM ferulic acid, 16 pM
B-sitosterol or a combination of both, showed compa-
rable results after 48 hr of treatment of DU145 or PC3
cells (P > 0,05) (Fig. 2A,B).

v- Oryzanol Induces Cell Death Through
Necrosis and/or Apoptosis

The effects of y-oryzanol on cell viability in the
prostate cancer cell lines were measured by the MTT
assay and are presented in Figure 3. At 24hr of
treatment, +y-oryzanol was able to reduce the cell
viability in the LNCaP androgen unresponsive cell
line (Fig. 3A). When both, DU145 and PC3 androgen

A DU145 cells
- @R Control
1500 ERE B-sitosterol 16 WV
A Ferulic acid 16 u
&8 B-sitosterol+Ferulic acid 16l
C3 Oryzanol 16 pM
& 1000
g
| {
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Fig. 2.

(A) DU145 and (B) PC3 cells.

Dose-response curve measured by sulforhodamine B proliferation assay in (A) LNCaP cells; (B) DU145 cells and (C) PC3 cells.

responsive cell lines, were treated with y-oryzanol for
48 hr, there was also a decrease in cell viability
(Fig. 3C,E).

Sulforhodamine B assays were used to estimate the
consequences of vy-oryzanol treatment on culture
biomass (Fig. 3B,D,F). Comparable with cell viability
analysis, results obtained with the MTT assay were in
agreement and showed a significant decrease in cell
biomass in LNCaP or DU145 and PC3 culture treated
cells (Figs. 3B,D,F).

With the intention of exploring the mechanism by
which y-oryzanol was acting, we decided to inves-
tigate cell death by flow cytometry using double
staining with FITC-conjugated Annexin V and propi-
dium iodide (PI). Even though LNCaP and DU145
cells are unresponsive and responsive androgen cell
lines, they had similar behavior. In this regard, flow
cytometry analysis revealed only PI staining in both
cell lines, showing a y-oryzanol dependent increase of
positive necrotic cells (Fig. 4A-C). In DU145 and
LNCaP cells, apoptotic cells were negligible.

Different from the other cell lines, after 48hr of
treatment of PC3 cells, y-oryzanol was able to induce
an increase in the percentage of apoptotic and late
apoptotic cells, when compared to control cells

B
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Effects of 16 uM of B-sitosterol, ferulic acid, 3-sitosterol + ferulic acid or y-oryzanol in cells number after 48 hr of treatment in
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cells.

(Fig. 4A,D), probably associated with caspase activa-
tion, as shown in Figure 4E.

v- Oryzanol Induces Cell Cycle Arrest

We next determined the role of y-oryzanol in the
cell cycle arrest. In this regard, we quantified
cellular DNA by univariate analysis following cell

The Prostate

staining with PI. DNA content analysis revealed
changes in the cell cycle of the three cell lines
studied. LNCaP and PC3 cells resulted in arrest
and accumulation of cells in G2/M phase and
concomitant decrease in the S phase (Fig. 5A,C).
The 48hr treatment with +y-oryzanol also induced
an increase in the percentage of DU145 cells in the
G0/G1 phase (Fig. 5B).
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v- Oryzanol Signals Through the ERK 1/2 treatment was dependent on ERK1/2 activity in
Pathway LNCaP and DU145 cells, where pERK1/2 activity was

In order to dissect the signaling mechanism of 0.31 and 0.57 times greater than control, respectively
action of y-oryzanol, we evaluated ERK1/2 activity (Fig. 6A and B). No statistical difference was found in

through phosphorilation. In this regard, y-oryzanol ERK1/2 activity in PC3 cells (Fig. 6A and B).
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v- Oryzanol Downregulates the Expression of
Genes Associated With Prostate Cancer
Progression

Aberrantly overexpression of cav-1 is a predomi-
nant feature of prostate cancer and correlates with
disease progression resulting in an increased severity
and mortality of patients with prostate cancer. To
determine if cav-1 expression was modulated after
y-oryzanol treatment, we analyzed cav-1 expression
by confocal microscopy. As depicted in Figure 7, cav-1
protein expression was modulated and decreased in
y-oryzanol treated DU145 and PC3 cells. These results
were confirmed at the mRNA level (Fig. 7F).

>

As already published, we didn’t detect expression
of cav-1 in LNCaP cells [22,34]. Besides cav-1, recent
studies have also linked the overexpression of the
non-coding protein PCGEM1 gene to prostate can-
cer [24]. In our settings, LNCaP and DU145 treated
cells had reduced PCGEM1 gene expression (Fig. 8A,
B). We couldn’t detect PCGEM1 expression in PC3
cells.

DISCUSSION

PCa is the leading cause of newly estimated cases
among cancer in men and is responsible, in second
place, for the increasing mortality associated with the
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Fig. 6.

Effects of 16 uM of y-oryzanol in ERK /2 activity measured by flow cytometry in androgen unresponsive and responsive prostate

cancer cell lines. Histograms plots of pERK1/2 are shown in (A) LNCaP, DU145 and PC3 cells and (B) Fold increase of ERK /2 activity in
treated and control prostate cancer cell lines. Values are show as mean £ SD of three independent experiments “P < 0.05 versus untreated

control cells.
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disease [35]. In Brazil is the second most common
cancer among men only behind skin cancer non-
melanoma. Brazilian National Institute of Cancer
(INCA) estimates approximately 68,800 new cases by
the end of 2014 [36]. Radical treatment, as curative
resection of PCa is often not possible and androgen
deprivation remains the cornerstone therapy for
patients with advanced pathologic stages of the
disease [36]. Androgen-ablative therapies are initially
very effective because induce cell growth arrest and
death in androgen-dependent tumor cells by apopto-
sis [37].

Unfortunately, PCa recurrence is highly prevalent
occurring within 1-3 years of treatment. At these
advanced pathological stages; PCa tends to be highly
resistant to conventional cytotoxic agents [38]. While
androgens are required for normal growth and devel-
opment of prostate; they may also play part in
prostate carcinogenesis acting either as initiators or
promoters of cancer [39] by switching into a non-
responsive androgen phase and worsening the prog-
nosis of PCa. In this regard, although well established,
the underlying mechanisms of phenotype modulation
are not well characterized and still poorly under-
stood.

In the present study we determined whether
v-oryzanol could be useful as a bioactive phytochem-
ical agent or had any effect in androgen responsive
and unresponsive cells. Our study demonstrated that
y-oryzanol treatment had anti-proliferative action,
majorly by induction of necrosis and reduction of
cav-1 and PCGEM1, markers of aggressiveness in PCa.

y-oryzanol is not a single compound but a mixture
of steryl ferulates. Currently evidence shows that
v-oryzanol has anticarcinogenic activity [40] against
breast, lung, liver and colorectal cancer through its
ability to induce apoptosis, inhibit cell proliferation

The Prostate

and alter cell cycle progression [45]. Moreover, its
components, such as phytosterols, also act on prostate
cancer cell lines downregulating the expression of
cav-1 and PCGEM1, a prostate specific gene [18,41].

Actually, it is known that the evolution of cancer is
associated with deregulated cellular proliferation and
suppressed cell death [42]. The concentration of
y-oryzanol used in this work was able to reduce cell
viability and cell population in the three cell lines
studied. We also demonstrated that the same concen-
tration of ferulic acid and B-sitosterol were able to
reduce the cell population in the same proportion as
y-oryzanol.

Much research has been conducted in order to
develop anticancer agents that selectively kill cancer
cells where the apoptotic process is the major route of
death [43-44]. However, further studies had emerged
showing that cell death by necrosis can also be a
beneficial process. In this case, the inflammatory
scenario could have a potential advantage as it
stimulates an immune response that could increase
the recruitment of immune system cells and aug-
ments, in some way, the efficacy of many drugs [45-
46].

In DU145 and LNCaP prostate cancer cell lines,
the treatment with +y-oryzanol significantly
increased the percentage of cells by necrosis. How-
ever in the androgen unresponsive cell line PC3
there was an increase in the percentage of cells
under apoptosis and late apoptosis. This result
emphasizes the use of PC3 as a representative cell
line of the most prevalent site of metastasis in
prostate cancer, the bone [47-50], where few treat-
ment alternatives are offered at this stage of
disease [51-52].

The regulation of cell cycle is critical for growth
and development of cancer cells. Our findings show
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that the inhibitory effects of y-oryzanol in cell growth
occurs via induction of GO/G1 arrest in DU145 cells
or G2/M arrest in LNCaP and PC3 cells, as similarly
reported by others with the incubation with different
phytosterols [18,26].

One of the pathways that is activated through cell
cycle progression is ERK1/2 activation. Former stud-
ies showed that nontumorigenic prostate epithelial
cells have high basal levels of ERK1/2 activity, that
gradually decreases during progression of prostate
cancer as cell proliferation increases [55-58]. Transient
ERK1/2 activation can augment cell proliferation.
Conversely the strong and sustained ERK1/2 activa-
tion can lead to a reduction of proliferation with
concomitantly cell cycle arrest [58-60]. In our experi-
ments we observed an increase of pERK1/2 activity in
LNCaP and DU145 cells, suggesting that the inhib-
ition of proliferation observed could be associated
with a sustained increase in ERK1/2 activity and
lately associated with cell cycle arrest, as previously
reported [59,61]. pERK1/2 sustained activity induced
by y-oryzanol treatment could represent an important
strategy for prostate cancer chemoprevention. We did
not observe differences in pERK1/2 activation in PC3
androgen unresponsive y-oryzanol treated cells, but
we observed an increase in the percentage of cells
under apoptosis.

Trying to dissect the mechanism of action of
y-oryzanol related to pERK1/2 activation and associ-
ated to apoptosis, we measured activation of caspases
as central to cell death. In y-oryzanol treated PC3 cells
it was possible to detect an increase in the percentage
of caspases activation, suggesting that the reduced
viability and cell population observed in this cell line
probably is, in part, associated with the increase of
apoptosis death.

Heterogeneity, found in the different cells lines
used in this study, has already been shown by others.
Jayakumar et al. [68] studied the effects of ionizing
radiation in DU145 and PC3 prostate cancer cells and
found different responses. This fact has also been
demonstrated by others showing that, although the
cell lines are androgen unresponsive and originated
from the same pathology, they show differential
chemotherapeutic responses [68-70]. Indeed, small
changes in treatment composition may also trigger
different responses to similar lines. In this regard,
steroids from Commiphora mukul although possessing
similar structures, display different results on cell
cycle arrest of PC3 cells [71]. PC3 cells treated with
stigmata-5,22E-diene-33,11a-triol (compound 1) sig-
nificantly accumulates in the G0/G1 phase in a dose
dependent manner. When treated with stigma-
ta-5,22E-diene-33,7a,11a triol (compound 2) PC3 cells
were arrested at G2/M phase. It was also found that

compound 2 induced an accumulation of cells in G2/
M phase of cell cycle in DU145 and MCF-7, prostate
and breast cancer cell lines, and had no impact on cell
cycle progression of leukemia K562 cells. Interestingly,
the compound 1 induction of PC3 cells GO/G1 phase
arrest, was not accompanied by apoptosis. On the
other hand, compound 2 promoted G2/M arrest and
induced cell apoptosis in PC3 and DU145 cells. In
light of our results and of the studies discussed here,
we can conclude that the cancer chemopreventive
mechanism of natural products depends of the com-
pound and the cell type.

In general, prostate cancer shows locally restricted
slow development. However, cancer can spread
throughout the body and in some cases, after meta-
stasis, tumor cells can adapt to an environmental
deprived of androgens and proliferate [1-4]. For the
reasons mentioned above, the inhibition caused by
treatment with y-oryzanol in androgen unresponsive
prostate cancer lines is very important as there are no
successful treatments available at this cancer stage
actually [51-52]. Thus, the reduction in cell viability
and biomass associated with increased cell death by
apoptosis and/or necrosis and cell cycle arrest
observed in DU145 and PC3 cell lines suggest that
y-oryzanol may be promising for the development of
cancer treatment in castration-resistant stage.

Many factors are associated with the transforma-
tion of prostate cells in androgen-resistant cells and
the majority of studies show that there are, in fact,
changes in androgen metabolism and/or in the
androgen receptor signaling [5-7]. Among them,
many studies show that Cav-1, a vital component of
the caveolae [21,72] is important for cancer progres-
sion as it has been identified as a marker of aggres-
siveness in prostate carcinomas [17]. It is suggested
that Cav-1 hypersensitizes the androgen receptor,
suggesting that it is involved in the androgen resist-
ance process exhibited by prostate cells during disease
progression [20]. A study conducted by Lu et al. [20]
reinforces the important role of Cav-1 in androgen
resistance. They demonstrated that Cav-1 and andro-
gen receptor forms a complex in the presence of
androgens acting in androgen-dependent signaling.
Furthermore, they also suggest that Cav-1 could
hypersensitize the androgen receptor, even in the
presence of very low concentrations of androgens [20].
This fact is confirmed by Nasu et al. [73], which
demonstrated that suppression of Cav-1 expression in
mouse prostate cancer cell lines converted androge-
n-insensitive cells in androgen-sensitive cells again.
Subsequently, the overexpression of Cav-1 appears to
be associated with castration resistant disease and
metastatic prostate cancer lines have high expression
of the gene and protein Cav-1 compared to normal
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epithelial cells. Moreover, studies have demonstrated
that overexpression of Cav-1 is associated with
reduced capacity of apoptosis, corroborating the pro-
gression of metastatic prostate cancer [22,74].

On the other hand, in prostate cancer cells, Cav-1
overexpression has been proposed to be stage specific.
In this way at early stages of the disease absence of
Cav-1 promotes proliferation and survival, whereas at
later stages, upregulated expression correlates with
invasiveness, metastasis and multidrug resistance [75].
Currently, several works have reported that Cav-1 gene
can act as a proto-oncogene in prostate cancer and that
the increased expression is associated with increased
aggressiveness and metastatic potential of prostate
tumor [73,76], besides being a marker of poor prog-
nosis of prostate cancer [22]. Furthermore, there is
evidence showing that reduction in Cav-1 expression
can transform androgen unresponsive cells in andro-
gen responsive cells [34,74,76], as previously men-
tioned. Some studies associated with phytosterols
demonstrated that the anti-proliferative effects of those
substances are associated with alterations in expression
of growth signaling genes, including Cav-1.

Treatment with y-oryzanol induced a decrease of
Cav-1 gene and protein expression in both androgen
unresponsive prostate cancer cell lines (DU145 and
PC3). Yang et al. [17] evaluated the expression of
Cav-1 in patients with prostate cancer and found that
25% expressd Cav-1 protein. Even more, these
patients had a tendency to develop lymph node
metastases, showing a clear relationship between
these two factors. Yet, at least 70% of these patients
died of cancer. This fact highlights the importance of
Cav-1 in the progression of prostate cancer, besides
being correlated with recurrence of this cancer after
radical prostatectomy [17,74]. Furthermore, previous
studies showed that modest expression of Cav-1 leads
to increased cell viability, a fact that contributes to the
progression to metastasis [77-78]. Thus, our data
highlights the increase in Cav-1 gene and protein
expression in androgen unresponsive cell lines, which
is probably related to the increase of cell survival and
that reduced expression of this gene and protein may
contribute to the increase in cell death.

Unlike androgen unresponsive cell lines, we
did not found expression of Cav-1 gene in LNCaP
cells, fact which corroborates the observation
made for others authors that studied this gene
expression in LNCaP cells [22,34]. This result can
be explained by the fact that at early stages of the
disease loss of Cav-1 promotes proliferation and
survival [75].

Furthermore, other genes such as PCGEMi1 are
also involved in prostate cancer. PCGEMz1 is prosta-
te-specific non-coding functional RNA gene [23].
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The high expression of PCGEM1 gene also has been
correlated with cell growth in human prostate
cancer, suggesting its potential as biomarker for
high-risk prostate cancer [23,79]. Increased expres-
sion of PCGEM1 gene is related to increased cell
proliferation and colony formation, an indication
that the altered expression of this gene contribute
to the development and/or progression of prostate
cancer in androgen independent cells [23]. Further-
more, the use of an siRNA PCGEMi1 by He
et al. [80] inhibited cell growth and reduced cell
migration and colony formation in LNCaP cells,
confirming that the key role of this gene in prostate
cancer associated to hyperproliferation and (or)
metastasis [23]. Yet, PCGEM1 gene is also overex-
pressed in castration resistance prostate cancer.
Yang et al. [81] demonstrated that PCGEM1 gene
can be involved in activation of the androgen
receptor in the absence of its specific ligand. In this
regard, a proposed mechanism for PCGEM1 action
would be through interaction with the androgen
receptor and enhancing of its expression. Ligand-
dependent and ligand-independent androgen recep-
tor activation could lead to prostate cancer cell
through proliferation [81-82]. In this study, we
observed decreased expression of the gene PCGEM1
in DU145 and LNCaP cells, but no expression was
detect in PC3 cells. Ifere et al. [18] also found that
phytosterols treatment decrease the PCGEMz1
expression in DU145.

Fu et al. [24] studied the PCGEM1 expression in
LNCaP cell culture model and observed that
the increased of expression of this gene inhibit the
experimental induced apoptosis, contributing to the
development of the carcinoma. Thus, the reduction of
PCGEM1 gene expression could be seen as an impor-
tant feature observed in the development of anti-
cancer drugs.

In addition to the differences found in this study
between androgen unresponsive and responsive pros-
tate cancer cell lines, we also observed differences
between DU145 and PC3 cells. Both lines are not
responsive to androgens and are metastatic [83-86].
However, they originate from different organs: PC3
cells are prostatic adenocarcinoma and they originate
from a metastasis of bone [85]. On the other hand,
DU145 cells are derived from a human prostatic
carcinoma and originated from a brain metastasis [83].
Moreover, they have different metastatic potentials:
PC3 cells have higher metastatic potential than DU145
cells (moderate potential) [87]. Furthermore, these cell
lines exhibit phenotypic characteristics and behavior
different in culture [83,85], explained by the different
responses exhibited after y-oryzanol treatment, as
exemplified in other reports [18].
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CONCLUSION

In summary, in this study we demonstrate that
treatment with +y-oryzanol caused a decrease in
PCGEM1 (DU145 and LNCaP cells) and Cav-1 gene
expression (DU145 and PC3 cells), as well as a
reduction in Cav-1 protein content in androgen
unresponsive prostate cancer cell lines. We also
showed that y-oryzanol effectively reduced cell via-
bility and culture biomass in all prostate cancer cell
lines. In PC3 cells, this fact was probably caused by
the increase of necrosis or apoptosis death by caspase
activation, and in LNCaP and DU145 cells probably
associated to ERK1/2 activation and necrosis death,
by cycle arrest in GO/G1 or G2-phase for DU145 cells
or PC3 and LNCaP cells, respectively. We also
observed that the cell lines exhibited different behav-
iors towards vy-oryzanol treatment and this finding
can probably be explined by distinct intrinsic charac-
teristics present in the different prostate cancer cell
lines studied. Thus, we conclude that y-oryzanol
could be seen as a promising phytosterol for the
treatment of prostate cancer, even when the disease is
already resistant to anti-androgen treatment.

ACKNOWLEDGMENTS

The authors acknowledge to Conselho Nacional de
Desenvolvimento Cientifico e Tecnologico (CNPq) for
research fellowships and to Fundagdo de Amparo a
Pesquisa do Estado do Rio Grande do Sul (FAPERGS-
Edital Pesquisador Gaucho—n° 1952-2551/13) for
financial support.

REFERENCES

1. de Bono JS, Logothetis CJ, Molina A, Fizazi K, North S, Chu L,
Chi KN, Jones R], Goodman OB, Jr, Saad F, Staffurth JN,
Mainwaring P, Harland S, Flaig TW, Hutson TE, Cheng T,
Patterson H, Hainsworth JD, Ryan CJ, Sternberg CN, Ellard SL,
Flechon A, Saleh M, Scholz M, Efstathiou E, Zivi A, Bianchini
D, Loriot Y, Chieffo N, Kheoh T, Haqq CM, Scher HI.
Abiraterone and increased survival in metastatic prostate
cancer. N Engl ] Med 2011;364(21):1995-2005.

2. Scher HI, Fizazi K, Saad F, Taplin ME, Sternberg CN, Miller K,
de Wit R, Mulders P, Chi KN, Shore ND, Armstrong AJ, Flaig
TW, Flechon A, Mainwaring P, Fleming M, Hainsworth JD,
Hirmand M, Selby B, Seely L, de Bono JS. Increased survival
with enzalutamide in prostate cancer after chemotherapy. N
Engl ] Med 2012;367(13):1187-1197.

3. West TA, Kiely BE, Stockler MR. Estimating scenarios for
survival time in men starting systemic therapies for castration-
resistant prostate cancer: A systematic review of randomised
trials. Eur ] Cancer 2014;50:(11)-1924.

4. Kirby M, Hirst C, Crawford ED. Characterising the castration-
resistant prostate cancer population: A systematic review. Int J
Clin Pract 2011;65(11):1180-1192.

5. Pienta K], Bradley D. Mechanisms underlying the development
of androgen-independent prostate cancer. Clin Cancer Res
2006;12(6):1665-1671.

6. Feldman BJ, Feldman D. The development of androgen-inde-
pendent prostate cancer. Nat Rev Cancer 2001;1(1):34—45.

7. Bonkhoff H, Berges R. From pathogenesis to prevention of
castration resistant prostate cancer. Prostate 2010;70(1):100-112.

8. Mahler C, Denis L. Management of relapsing disease in
prostate-cancer. Cancer 1992;70(1):329-334.

9. Brasil MdAd. Ministério da Agricultura do Brasil. 2014.

10. Parrado J, Miramontes E, Jover M, Gutierrez JF, Teran LC,
Bautista ]. Preparation of a rice bran enzymatic extract with
potential use as functional food. Food Chem 2006;98:
742-748.

11. Chotimarkorn C, Benjakul S, Silalai N. Antioxidant components
and proprieties of five long-grained rice bran extracts from
commercial available cultivars in Thailand. Food Chem
2008;111(3):636—641.

12. Lopes MMA, Miranda MRA, Moura CFH, Filho JE. Bioactive
compounds and total antioxidant capacity of cashew apples
(Anacardium occidentale L.) during the ripening of early
dwarf cashew clones. Ciéncia e Agrotecnologia 2012;36(3):
325-332.

13. Revilla E, Santa-Maria C, Miramontes E, Candiracci M, Rodri-
guez-Morgado B, Carballo M, Bautista J, Castafio A, Parrado J.
Antiproliferative and immunoactivatory ability of an enzymatic
extract from rice bran. Food Chem 2013;136(2):526-531.

14. Awad AB, Fink CS. Phytosterols as anticancer dietary compo-
nents: Evidence and mechanism of action. J Nutr 2000;130-
(9):2127-2130.

15. Awad AB, Fink CS, Williams H, Kim U. In vitro and in vivo
(SCID mice) effects of phytosterols on the growth and dissem-
ination of human prostate cancer PC-3 cells. Eur ] Cancer Prev
2001;10(6):507-513.

16. von Holtz RL, Fink CS, Awad AB. B-sitosterol activates the
sphingomyelin cycle and induces apoptosis in LNCaP human
prostate cancer cells. Nutr Cancer 1998;32(1):8-12.

17. Yang G, Truong LD, Wheeler TM, Thompson TC. Caveolin-1
expression in clinically confined human prostate cancer: A
novel prognostic marker. Cancer Res 1999;59(22):5719-5723.

18. Ifere GO, Barr E, Equan A, Gordon K, Singh UP, Chaudhary J,
Igietseme JU, Ananaba GA. Differential effects of cholesterol
and phytosterols on cell proliferation, apoptosis and expression
of a prostate specific gene in prostate cancer cell lines. Cancer
Detect Prev 2009;32(4):319-328.

19. Razandi M, Alton G, Pedram A, Ghonshani S, Webb P, Levin ER.
Identification of a structural determinant necessary for the local-
ization and function of estrogen receptor alpha at the plasma
membrane. Mol Cell Biol 2003;23(5):1633-1646.

20. Lu ML, Schneider MC, Zheng Y, Zhang X, Richie JP. Caveolin-1
interacts with androgen receptor. A positive modulator of
androgen receptor mediated transactivation. ] Biol Chem
2001;276(16):13442-13451.

21. Daniel EE, El-Yazbi A, Cho W]. Caveolae and calcium handling,
a review and a hypothesis. ] Cell Mol Med 2006;10(2):529-544.

22. Freeman M, Yang W, Vizio D. Caveolin-1 and prostate cancer
progression. In: Jasmin J-F, Frank P, Lisanti M, editors. Cav-
eolins and caveolae. Volume 729, Advances in Experimental
Medicine and Biology. USA: Springer. 2012. pp 95-110.

50



14 Hirsch et al.

23. Petrovics G, Zhang W, Makarem M, Street JP, Connelly R, Sun 41. Henderson A]J, Ollila CA, Kumar A, Borresen EC, Raina K,
L, Sesterhenn IA, Srikantan V, Moul JW, Srivastava S. Elevated Agarwal R, Ryan EP. Chemopreventive properties of dietary
expression of PCGEMI, a prostate-specific gene with cell rice bran: Current status and future prospects. Adv Nutr
growth-promoting function, is associated with high-risk pros- 2012;3(5):643-653.
tate cancer patients. Oncogene 2004;23(2):605-611. 42. Evan GI, Vousden KH. Proliferation, cell cycle and apoptosis in

24. Fu X, Ravindranath L, Tran N, Petrovics G, Srivastava S. cancer. Nature 2001;411(6835):342-348.

Regulation of apoptosis by a prostate-specific and prostate 43. Lowe SW, Lin AW. Apoptosis in cancer. Carcinogenesis 2000;21-
cancer-associated noncoding gene PCGEMI1. DNA Cell Biol (3):485-495.
2006;25(3):135-141. . .

. ] . ) 44. Brown JM, Attardi LD. The role of apoptosis in cancer develop-

25. Kenji M. Production of oryzanol solubilized in water. Japan ment and treatment response. Nat Rev Cancer 2005;5(3):
1985. 231-237.

26. Awad AB, Williarn:? H, Fink CS. Effect of. phytosterols on 45. Edinger AL, Thompson CB. Death by design: apoptosis,
cholesterol metabolism and MAP kinase in MDA-MB-231 necrosis and autophagy. Curr Opin Cell Biol 2004;16(6):663—669.
human breast cancer cells. ] Nutr Biochem 2003;14(2):111-119. . . .

46. Okada M, Adachi S, Imai T, Watanabe K, Toyokuni SY, Ueno M,

27. Greenberg-Ofrath N, Terespolosky Y, Kahane I, Bar R. Cyclo- Zervos AS, Kroemer G, Nakahata T. A novel mechanism for
dextrins as carriers of cholesterol and fatty acids in cultivation imatinib mesylate-induced cell death of BCR-ABL-positive
of mycoplasmas. Appl Environ Microbiol 1993; 59(2):547-551. human leukemic cells: Caspase-independent, necrosis-like pro-

28. Mosmann T. Rapid colorimetric assay for cellular growth and grammed cell death mediated by serine protease activity. Blood
survival: Application to proliferation and cytotoxicity assays. J 2004;103(6):2299-2307.

Immunol Methods 1983;65(1-2):55-63. 47. Deng X, He G, Liu J, Luo F, Peng X, Tang S, Gao Z, Lin Q, Keller

29. Stockert JC, Blazquez-Castro A, Canete M, Horobin RW, JM, Yang T, Keller ET. Recent advances in bone-targeted
Villanueva A. MTT assay for cell viability: Intracellular local- therapies of metastatic prostate cancer. Cancer Treat Rev
ization of the formazan product is in lipid droplets. Acta 2014;40(6):730-738.

Histochem 2012;114(8):785-796. 48. Briganti A, Suardi N, Gallina A, Abdollah F, Novara G, Ficarra

30. Skehan P, Storeng R, Scudiero D, Monks A, McMahon J, Vistica V, Montorsi F. Predicting the risk of bone metastasis in prostate
D, Warren JT, Bokesch H, Kenney S, Boyd MR. New colorimet- cancer. Cancer Treat Rev 2014;40(1):3-11.
ric cytotoxicity assay for anticancer-drug screening. J Natl 49. Coleman RE. Clinical features of metastatic bone disease and
Cancer Inst 1990;82(13):1107-1112. risk of skeletal morbidity. Clin Cancer Res 2006;12(20 Pt

31. Strober W. Trypan blue exclusion test of cell viability. Curr 2):62435-6249s.

Protoc Immunol 2001. Appendix 3:Appendix 3B. 50. Hess KR, Varadhachary GR, Taylor SH, Wei W, Raber MN,

32. Livak K], Schmittgen TD. Analysis of relative gene expression Lenzi R, Abbruzzese JL. Metastatic patterns in adenocarcinoma.
data using real-time quantitative PCR and the 2(-Delta Delta Cancer 2006;106(7):1624-1633.

C(T)) Method. Methods 2001;25(4):402-408. 51. Eisenberger MA, Blumenstein BA, Crawford ED, Miller G,

33. Gomes FC, Paulin D, Moura Neto V. Glial fibrillary acidic McLeod DG, Loehrer PJ, Wilding G, Sears K, Culkin DJ,
protein (GFAP): Modulation by growth factors and its implica- Thompson IM, Bueschen AJ, Lowe BA. Bilateral orchiectomy
tion in astrocyte differentiation. Braz ] Med Biol Res 1999; with or without flutamide for metastatic prostate cancer. N
32(5):619-631. Engl ] Med 1998;339(15):1036-1042.

34. Thompson TC, Timme TL, Li L, Goltsov A. Caveolin-1, a 52. Scott WW, Menon M, Walsh PC. Hormonal-therapy of prosta-
metastasis-related gene that promotes cell survival in prostate tic-cancer. Cancer 1980;45:(7):-1936.
cancer. Apoptosis 1999;4(4):233-237. 53. Damiens E, Baratte B, Marie D, Eisenbrand G, Meijer L.

35. INCA. 2013. Anti-mitotic properties of indirubin-3-monoxime, a CDK/

36. INCA. 2014. GSK-3 inhibitor: Induction of endoreplication following pro-

. . phase arrest. Oncogene 2001;20(29):3786-3797.

37. Berges RR, Furuya Y, Remington L, English HF, Jacks T, Isaacs ) .y .
JT. Cell proliferation, DNA repair, and p53 function are not 54. Soni R, O'Reilly T, Furet P, Muller L, SFephan C,.Zur'nste'm—
required for programmed death of prostatic glandular cells Meclfer Sj Fretz H, Fabbro D, Chaudhul'rl B Selectlve m vivo
induced by androgen ablation. Proc Natl Acad Sci USA 1993; and in Vlt.ro effects of a small molecule inhibitor of cyclin-de-
90(19):8910-8914. pendent kinase 4. ] Natl Cancer Inst 2001;93(6):436—446.

38. Mukhopadhyay A, Bueso-Ramos C, Chatterjee D, Pantazis P, 55. Malik SN, Brattain M, Ghosh PM, Troyer DA, Prihoda. T
Aggarwal BB. Curcumin downregulates cell survival mecha- Bedolla R, Krelsl?erg .]I. Immunohistochemical demonstratlgn
nisms in human prostate cancer cell lines. Oncogene 2001;20- of phospho-Akt in high Gleason grade prostate cancer. Clin
(52)7597—7609 Cancer Res 2002,8(4)1168—1171

39. Craft N, Chhor C, Tran C, Belldegrun A, DeKernion ], Witte 56. Pe.1wele.tz CP, Charboneau L, Bichsel VE, SimOITe NL' Che.n T,
ON, Said ], Reiter RE, Sawyers CL. Evidence for clonal out- Gillespie JW, Emmert—Bu'ck MR' Roth M]J, 'Petncom IE, Plotta
growth of androgen-independent prostate cancer cells from LA. Revgrse phase prf)telp microarrays Wthh capture disease
androgen-dependent tumors through a two-step process. Can- progression .show activation of pro-survival pathways at the
cer Res 1999,59(19)5030—5036 cancer invasion front. Oncogene 2001,20(16)—(1989

40. Ng SS, Figg WD. Antitumor activity of herbal supplements in 57. Ghosh PM, Malik S, Bedolla R, Kreisberg JI. Akt in prostate

The

human prostate cancer xenografts implanted in immunodefi-
cient mice. Anticancer Res 2003;23(5A):3585-3590.

Prostate

cancer: Possible role in androgen-independence. Curr Drug
Metab 2003;4(6):487-496.

51



v-Oryzanol and cav-1 and PCGEMI Expression

15

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

Albrecht DS, Clubbs EA, Ferruzzi M, Bomser JA. Epigallocate-
chin-3-gallate (EGCG) inhibits PC-3 prostate cancer cell prolif-
eration via MEK-independent ERK1/2 activation. Chem Biol
Interact 2008;171(1):89-95.

Agarwal R. Cell signaling and regulators of cell cycle as
molecular targets for prostate cancer prevention by dietary
agents. Biochem Pharmacol 2000;60(8):1051-1059.

Xiao D, Singh SV. Phenethyl isothiocyanate-induced apoptosis
in p53-deficient PC-3 human prostate cancer cell line is
mediated by extracellular signal-regulated kinases. Cancer Res
2002;62(13):3615-3619.

Sarfaraz S, Afaq F, Adhami VM, Malik A, Mukhtar H.
Cannabinoid receptor agonist-induced apoptosis of human
prostate cancer cells LNCaP proceeds through sustained activa-
tion of ERK1/2 leading to G1 cell cycle arrest. ] Biol Chem
2006;281(51):39480-39491.

Kitanaka C, Kuchino Y. Caspase-independent programmed cell
death with necrotic morphology. Cell Death Differ 1999;
6(6):508-515.

Riedl SJ, Shi Y. Molecular mechanisms of caspase regulation
during apoptosis. Nat Rev Mol Cell Biol 2004;5(11):897-907.

Tait SW, Green DR. Mitochondria and cell death: Outer
membrane permeabilization and beyond. Nat Rev Mol Cell Biol
2010;11(9):621-632.

Parrish AB, Freel CD, Kornbluth S. Cellular mechanisms

controlling caspase activation and function. Cold Spring Harb
Perspect Biol 2013;5(6):a008672.

Taylor RC, Cullen SP, Martin SJ. Apoptosis: Controlled demolition
at the cellular level. Nat Rev Mol Cell Biol 2008;9(3):231-241.

McCracken JM, Allen LA. Regulation of human neutrophil
apoptosis and lifespan in health and disease. J Cell Death
2014;7:15-23.

Jayakumar S, Kunwar A, Sandur SK, Pandey BN, Chaubey RC.
Differential response of DU145 and PC3 prostate cancer cells to
ionizing radiation: Role of reactive oxygen species, GSH and
Nrf2 in radiosensitivity. Biochim Biophys Acta 2014;1840-
(1):485-494.

Lee JT Jr, Steelman LS, McCubrey JA. Phosphatidylinositol
3’-kinase activation leads to multidrug resistance protein-1
expression and subsequent chemoresistance in advanced pros-
tate cancer cells. Cancer Res 2004;64(22):8397-8404.

Singh S, Chitkara D, Mehrazin R, Behrman SW, Wake RW,
Mahato RI. Chemoresistance in prostate cancer cells is regu-
lated by miRNAs and Hedgehog pathway. PLoS ONE
2012;7(6):40021.

Shen T, Zhang L, Wang YY, Fan PH, Wang XN, Lin ZM, Lou
HX. Steroids from Commiphora mukul display antiprolifera-
tive effect against human prostate cancer PC3 cells via induc-
tion of apoptosis. Bioorg Med Chem Lett 2012;22(14):4801-4806.

Zhuang L, Kim ], Adam RM, Solomon KR, Freeman MR.
Cholesterol targeting alters lipid raft composition and cell
survival in prostate cancer cells and xenografts. ] Clin Invest
2005;115(4):959-968.

Nasu Y, Timme TL, Yang G, Bangma CH, Li L, Ren C, Park SH,
DeLeon M, Wang ], Thompson TC. Suppression of
caveolin expression induces androgen sensitivity in metastatic

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

androgen-insensitive mouse prostate cancer cells. Nat Med
1998;4(9):1062-1064.

Yang G, Truong LD, Timme TL, Ren C, Wheeler TM, Park SH,
Nasu Y, Bangma CH, Kattan MW, Scardino PT, Thompson TC.
Elevated expression of caveolin is associated with prostate and
breast cancer. Clin Cancer Res 1998;4(8):1873-1880.

Nassar ZD, Hill MM, Parton RG, Parat MO. Caveola-forming
proteins caveolin-1 and PTRF in prostate cancer. Nat Rev Urol
2013;10(9):529-536.

Williams TM, Hassan GS, Li ], Cohen AW, Medina F, Frank PG,
Pestell RG, Di Vizio D, Loda M, Lisanti MP. Caveolin-1
promotes tumor progression in an autochthonous mouse model
of prostate cancer: Genetic ablation of Cav-1 delays advanced
prostate tumor development in tramp mice. ] Biol Chem
2005;280(26):25134-25145.

Li L, Yang G, Ebara S, Satoh T, Nasu Y, Timme TL, Ren C, Wang
J, Tahir SA, Thompson TC. Caveolin-1 mediates testosterone-sti-
mulated survival/clonal growth and promotes metastatic activ-
ities in prostate cancer cells. Cancer Res 2001;61(11):4386-4392.

Timme TL, Goltsov A, Tahir S, Li L, Wang J, Ren C, Johnston
RN, Thompson TC. Caveolin-1 is regulated by c-myc and
suppresses c-myc-induced apoptosis. Oncogene  2000;
19(29):3256-3265.

Segawa T, Nau ME, Xu LL, Chilukuri RN, Makarem M, Zhang
W, Petrovics G, Sesterhenn IA, McLeod DG, Moul JW, Vahey M,
Srivastava S. Androgen-induced expression of endoplasmic
reticulum (ER) stress response genes in prostate cancer cells.
Oncogene 2002;21(57):8749-8758.

He JH, Zhang JZ, Han ZP, Wang L, Lv Y, Li YG. Reciprocal
regulation of PCGEM1 and miR-145 promote proliferation of
LNCaP prostate cancer cells. ] Exp Clin Cancer Res 2014;
33(1):72.

Yang L, Lin C, Jin C, Yang JC, Tanasa B, Li W, Merkurjev D,
Ohgi KA, Meng D, Zhang ], Evans CP, Rosenfeld MG.
LncRNA-dependent mechanisms of androgen-receptor-regu-
lated gene activation programs. Nature 2013;500(7464):598-602.
Pestell RG, Yu Z. Long and noncoding RNAs (Inc-RNAs) deter-
mine androgen receptor dependent gene expression in prostate
cancer growth in vivo. Asian ] Androl 2014;16(2):268-269.

Stone KR, Mickey DD, Wunderli H, Mickey GH, Paulson DF.

Isolation of a human prostate carcinoma cell line (DU 145). Int |
Cancer 1978;21(3):274-281.

Mitchell S, Abel P, Ware M, Stamp G, Lalani E. Phenotypic and
genotypic characterization of commonly used human prostatic
cell lines. BJU Int 2000;85(7):932-944.

Kaighn ME, Narayan KS, Ohnuki Y, Lechner JF, Jones LW.
Establishment and characterization of a human prostatic carci-
noma cell line (PC-3). Invest Urol 1979;17(1):16-23.

Chlenski A, Nakashiro K, Ketels KV, Korovaitseva GI, Oyasu R.
Androgen receptor expression in androgen-independent pros-
tate cancer cell lines. Prostate 2001;47(1):66-75.

Keer HN, Gaylis FD, Kozlowski JM, Kwaan HC, Bauer KD,
Sinha AA, Wilson MJ]. Heterogeneity in plasminogen activator
(PA) levels in human prostate cancer cell lines: Increased PA
activity correlates with biologically aggressive behavior. Pros-
tate 1991;18(3):201-214.

52



[1.2 y-ORYZANOL ALTERS MicroRNA EXPRESSION PROFILES IN
ANDROGEN RESPONSIVE AND UNRESPONSIVE PROSTATE CANCER

CELLS

(Manuscrito a ser submetido para o periddico Molecular Cancer)

53



Y-ORYZANOL ALTERS MicroRNAs EXPRESSION PROFILE IN ANDROGEN
RESPONSIVE AND UNRESPONSIVE PROSTATE CANCER CELLS
Gabriela Elisa Hirsch'"; Franceli Rodrigues Kulcheski?3; Claudia Marlise Balbinotti

Andrade*; Rogério Margis??3; and Fatima Costa Rodrigues Guma?

*Corresponding author: MSc. Gabriela Elisa Hirsch
Department of Biochemistry
Rua Ramiro Barcelos, 2600-anexo
CEP 90035-003, Porto Alegre, RS, BRAZIL
Fone: +55 51 3308 5546
FAX: +55 51 3308 5535

e-mail: ehgabis@yahoo.com.br

'Department of Biochemistry, Federal University of Rio Grande do Sul (UFRGS),
Ramiro Barcelos Street, 2600-Anexo |, CEP 90035-003, Porto Alegre, RS, Brazil.
’Departament of Biophysics, Federal University of Rio Grande do Sul (UFRGS),
Porto Alegre, RS, Brazil.

3Biotechnology Center, Federal University of Rio Grande do Sul (UFRGS), Porto
Alegre, RS, Brazil.

4Department of Chemistry, Federal University of Mato Grosso (UFMT), Cuiab4,

MT, Brazil.

54



ABSTRACT

MicroRNAs (miRNAs) are a large family of non-coding RNAs with ~22 nt in length
and they exert regulatory effects by binding to the 3' UTR of mRNA target in
humans, inhibiting the protein synthesis through translationally repressed target
MRNAs. Many studies suggest that aberrant expression of miRNAs is involved in
the development of many types of cancer, including prostate cancer. Some natural
products have been shown to be effective in controlling the growth and metastasis
in various cancers and y-oryzanol seems to be promising in this regard. Here, we
tested this phytosterol as a potential antitumor agent in androgen unresponsive
(PC3 and DU145) and responsive (LNCaP) prostate cancer cell lines, and
evaluate its ability to alter miRNAs involved cellular functions related with
development and progression of prostate cancer using for this RT-qgPCR analysis.
Our results showed that many miRNAs were changed after treatment with 16 uM
y-oryzanol in three prostate cancer lines, suggesting its potential use in the
treatment of this pathology.

Keywords: y-oryzanol, microRNA, prostate cancer, metastasis, cancer therapy.
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1. INTRODUCTION

MicroRNAs (miRNAs) are a large family of non-coding RNAs with ~22 nt in
length (ranging 19-25 nt) (Ambros, Bartel et al. 2003), which regulate the
translation and/or degradation of messenger RNAs target (Ambros 2004; Bartel
and Chen 2004; Stefani and Slack 2008). They exert regulatory effects by binding
to the 3'UTR of mMRNA target, where they can repress mRNA translation or cause
the degradation of mRNA (Bartel 2004; Filipowicz, Jaskiewicz et al. 2005;
Sontheimer and Carthew 2005). Thus, there is a reduction in protein levels of
target genes, but rarely transcriptional expression levels are affected (Wiemer
2007).

The regulatory mechanism of miRNA is very complex because they are
very small sequence and may be active without the need for complete pairing
(Wiemer 2007), so a single miRNA can bind and regulate multiple mRNA targets
and one mRNA targets can be bind and regulated by several different miRNAs
(Lewis, Shih et al. 2003). They act by two modes to regulate the gene expression,
varying depending on the miR complementarity with the mRNA target: pairing with
MRNA targets by precise or nearly precise complementary, causing direct
cleavage and destruction of the target mRNA through a mechanism involving the
RNA interference (RNAIi) machinery - most common mechanism in plants
(Rhoades, Reinhart et al. 2002; Tang, Reinhart et al. 2003); or pairing with mRNA
targets by imprecisely complementary causing inhibition of protein synthesis
through translationally repressed target mRNAs that remains associated with
ribosomes - most common in animals (Olsen and Ambros 1999; Seggerson, Tang

et al. 2002).
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MIiRNA are a huge and complex regulatory network of cell signaling and
they are implicated in the regulation of many biological processes, including
muscle, cardiac, neural, and lymphocyte development, or the regulation of both
the innate and adaptative immune responses (Tili, Michaille et al. 2007; Tili,
Michaille et al. 2008). They are also involved in pathological processes such as
inflammation, auto-immune diseases and cancer (Tili, Michaille et al. 2007; Tili,
Michaille et al. 2008; Sonkoly and Pivarcsi 2009; Tili, Croce et al. 2009; Iborra,
Bernuzzi et al. 2012). Recent studies have demonstrated that miRNAs participate
in the regulation of target genes involved in growth, differentiation and apoptosis in
carcinoma cells (Kloosterman and Plasterk 2006; lorio and Croce 2009; Baranwal
and Alahari 2010). The expression of several of these target genes are altered in
cancer and they are intimately involved in the development and progression of
many types of human cancers, including prostate cancer, acting as oncogenes or
tumor suppressors (Cimmino, Calin et al. 2005; Vrba, Jensen et al. 2010).

Prostate cancer (PCa) is the second leading cause of death among men in
Brazil and the sixth most prevalent in the world ((INCA) 2014). Despite being a
slow growing disease, tumor can spread rapidly through the body causing
metastasis ((INCA) 2014). The main treatment in this step of disease is anti-
androgen therapy (Stacewicz-Sapuntzakis and Bowen 2005; Madan and Arlen
2013), however, many patients become resistant to the therapy (Ganguly, Li et al.
2014) and has a relapse within 2 to 3 years after initiation of treatment (de Bono,
Logothetis et al. 2011; Kirby, Hirst et al. 2011; Scher, Fizazi et al. 2012; West,
Kiely et al. 2014). In this stage there are no successful treatment strategies
currently available and the disease become incurable (Scott, Menon et al. 1980;

Eisenberger, Blumenstein et al. 1998).
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Recent studies have shown that y-oryzanol, a phytosterol extracted from
rice bran (Yu, Nehus et al. 2007; Tuncel and Yilmaz 2011; Huang and Ng 2012,
Jeng, Shih et al. 2012), has anti-carcinogenic activity (Banjerdpongchai, Wudtiwai
et al. 2013; Zeng, Yang et al. 2013; Summart and Chewonarin 2014), including in
PCa (Hirsch, Parisi et al. 2015). Furthermore, it has been shown a great
relationship between the development, invasion and metastasis of prostate cancer
and the change in the expression of miRNAs (Shi, Xue et al. 2007; Lu, Liu et al.
2008; Musiyenko, Bitko et al. 2008). So, the aim of this study was to examine the
effect of y-oryzanol on the expression of different miRNAs involved in PCa using
three different cell lines - androgen responsive and unresponsive.

2. MATERIALS AND METHODS
2.1 Cell culture and y-oryzanol treatment

LNCaP androgen responsive prostate cancer cell line (clone CRL-1740,
ATCC, Manassas, VA, USA), DU145 (clone HTB-81, ATCC,) and PC3 (clone
CRL-1435, ATCC,) androgen unresponsive prostate cancer cell lines were kindly
provided by Dr Mari C. Sogayar from Sdo Paulo University (SP, Brazil). The cells
were maintained in RPMI-1640 medium supplemented with 10% FBS and 2g/L
HEPES buffer, 1% penicillin, pH 7.4, under 37°C and 5% CO:2 conditions and they
were plated (5x10%cm?) in 6-well plates and cultured for 24 h to reach 60-70% of
confluence before treatment.

Experimental media was supplemented with 16 uM of y-oryzanol and the
sterol carrier (2-hydroxypropyl)-B-cyclodextrin (B-CD) in a nontoxic form at molar
ratio of 1:300 for all concentrations for 24 h (LNCaP) or 48 h (DU145 and PC3).
Each concentration treatment was done in sextuplicate and routinely cultured cells

were used as controls.

58



2.2 RNA extraction, cDNA synthesis and Real-Time PCR

2.2.1 RNA extraction and Stem-loop RT primers

Total RNA was extracted using the TRIzol Reagent following manufacturer
instructions. The oligonucleotides corresponding to the N-loop primer, universal
primer and miRNAs specific primers (Table 1) were designed as described by
Chen et al. (2005) (Chen and Lodish 2005) and synthesized by Sigma Aldrich (St.
Louis, MO, USA).

2.2.2 cDNA synthesis

The universal cDNA of each sample was synthesized from total RNA using
the specific primer miRNA-loop. For each reaction, 10 pL of total RNA, 3 uL of 10
UM specific miRNA-loop primer and 2uL of water were mixed and heated at 70° C
for 5 minutes. The mixture was immediately placed and kept in an ice bath. Then,
3 pL 10X PCR buffer, 2 yL 5mM dNTPs, 1 pL 200U/uL MMLV-reverse
transcriptase and 9 uL of water was added and mixed. The final volume of 30 uL
was incubated for 30 minutes at 16° C, 30 minutes at 42° C and 5 minutes at 85°
C. cDNAs were diluted 10x and kept as a stock solution. For PCR reactions,
cDNAs were diluted 100x.
2.2.3 Real-time gPCR

The expression of miRNAs was quantified using RT-qgPCR reactions. The
reactions were performed in a final volume of 10 uL, 5 uL compound of 100x
diluted cDNA, 0.2 uL of each forward (5 uM) and universal (5 pM) primers, 1 puL 1x
PCR buffer, 0.6 pL 50mM MgClz, 0.2 pL 5mM dNTPs, 0.75 pL of water, 0.5 pL
SybrGreen 100X and 0.05 pL 5U/uL Taq Platinum DNA polymerase (Invitrogen).
The RT-gPCR conditions were 94°C for 5 minutes followed by 40 cycles at 95°C

for 15 seconds, 60°C for 10 seconds, 72°C for 15 seconds. Then, the samples

59



were heated from 55° to 99°C with an increase of 0.1°C/second to acquire the
denaturing curve of the amplified products. Relative quantifications of amplified
products were made by the 2-22Ct method (Livak and Schmittgen 2001) using the
Applied Biosystem 7500 Real-time PCR with the SDS software. SYBR-green
(Molecular Probes) was used to detect amplification and estimate C: values and to
determine specificity of amplicons by denaturing curves and melting temperatures
(Tm). miR133a-3p and miR21 were used as internal reference genes to normalize
the expression of the miRNAs, based on data obtained from geNorm softwere.
2.3 Statistical analysis

Data were reported as mean + standard deviations (SD). Results were
analyzed by t test (p<0.05). All analyses and graphical were performed using the
statistical software GraphPad Prism 5 for Windows (GraphPad Software Inc.,
version 5.01).
3. RESULTS AND DISCUSSION

PCa is the most common cancer among men and one of the leading causes
of cancer death, behind non-melanoma skin cancer (Jemal, Siegel et al. 2006;
INCA 2015). PCa in early stage is curable, however as the disease progresses
and generates more advanced tumors, treatment becomes difficult and generally
only tumors before metastasis can be successfully treated (Loberg, Logothetis et
al. 2005; Pienta and Bradley 2006).

MiRNAs, small non-coding RNA molecules (Ambros, Bartel et al. 2003),
appear to control basic cell functions how proliferation and apoptosis (Bartel 2004;
Care, Catalucci et al. 2007). Those functions generally are unregulated in
tumorigenesis process (Evan and Vousden 2001; Shi, Xue et al. 2007). In

addition, recent studies have shown that many miRNAs are deregulated in PCa

60



and they are closely related to the development, invasion and metastasis of this
disease (Shi, Xue et al. 2007; Lu, Liu et al. 2008; Musiyenko, Bitko et al. 2008).
Furthermore, it has increasingly arisen natural products that show efficacy in
controlling the growth and metastasis of various cancers, such as curcumin,
isoflavones, resveratrol, epigallactocatechin-3-gallate (EGCG) and y-oryzanol
(Khan, Afaq et al. 2008; Hirsch, Parisi et al. 2015). Hirsch et al. (Hirsch, Parisi et
al. 2015) showed that y-oryzanol was able to inhibit the proliferation, to reduce cell
biomass and to induce apoptosis in androgen responsive and unresponsive PCa
cell lines and this effects could be mediated by miRNAs regulation. So, we tested
this hypothesis in this study.

In fact, treatment with 16 uM of y-oryzanol was able to cause alteration in
the expression of several miRNAs. The miR16-1 this often decreased in cancer
and it is involved in several tumors characteristics, such as survival, proliferation
and invasion (Cimmino, Calin et al. 2005; Esquela-Kerscher and Slack 2006;
Bonci, Coppola et al. 2008). In advanced PCa, this miRNA expression is
significantly reduced and previous studies suggest that the reduction of miR16-1
expression increased proliferation in untransformed PCa cells, but the
reconstitution of miR16-1 expression induced grow arrest and apoptosis, probably
associated to reduction of BCL-2, an anti-apoptotic gene (Bonci, Coppola et al.
2008). The treatment with y-oryzanol was also able to increase expression of this
mMiRNA in PC3 cells, how can see in Figure 1C. This result corroborates an earlier
study that says y-oryzanol caused increased of apoptosis and growth reduction in
same cell line (Hirsch, Parisi et al. 2015).

A peculiar feature of miRNAs is the fact that many of its genes are aligned

in the genome, forming clusters (Hayashita, Osada et al. 2005). In this case, a
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group of genes form a single primary transcript which will yield many mature
miRNAs after processing (Lee, Jeon et al. 2002). MiR 17-92 cluster encodes six
different miRNAs (miR17, miR18a, miR19a, miR20a, miR19b and miR92),
including miR19b (Mendell 2005). y-oryzanol treatment significantly reduced the
MIRNA 19b-2 expression in androgen unresponsive PCa cell (DU145 and PC3),
but no effect was observed in LNCaP androgen responsive PCa cell line (Figure
1).

Several evidences suggesting the importance of the miR 17-92 cluster in
cell transformation and tumorigenesis and this cluster have been considered
potentially oncogenic (Hayashita, Osada et al. 2005; Mendell 2005). It
overexpression has been observed in a wide range of human solid tumors such as
breast, colon, lung, pancreatic, stomach cancers and even prostate (Volinia, Calin
et al. 2006). Studies suggesting that this cluster can regulate multiple cell
processes and it can participate to malignant transformation because it causes a
reduction in cell death and rapid cell proliferation, besides to increase
angiogenesis (He, Thomson et al. 2005; O'Donnell, Wentzel et al. 2005; Dews,
Homayouni et al. 2006; Ventura, Young et al. 2008). The cluster miR17-92 is also
involved in the modulation of transforming growth factor-p (TGF-B) and its
activation can results in the development of many human tumors, interfering with
cell cycle arrest and apoptosis when overexpressed in malignant cells (Petrocca,
Visone et al. 2008).

Quin et al. (Qin, Shi et al. 2010) showed that reduced miR24 expression
decreases cell proliferation and increases apoptosis in PCa cells caused by
caspase-8 activation, an important feature to be considered in cancer treatment. In

this study, we observed that y-oryzanol treatment was able to reduce the
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expression of both miR24b-1 in PC3 cells and in miR-24b-2 expression in LNCaP
cells (Figure 1C and A, respectively). A previous study by our group also showed
an increased in caspases activation and in apoptosis in PC3 cells, but no change
was observed in LNCaP cells, confirming the role of this miRNA in apoptosis and
highlighting once again the potential of phytosterol in advanced PCa treatment
(Hirsch, Parisi et al. 2015). However, more studies are necessary to elucidate the
relationship of this miRNA with the results observed previously.

Some miRNAs have been linked to progression of PCa, among them we
can highlight the miR99a and miR222. MIR99 family (including miR99a) was
decreased in human PCa tissue, more aggressive and metastatic prostate tumors
when compared with normal prostate, emphasizing their importance in the
development and progression of PCa (Porkka, Pfeiffer et al. 2007; Sun, Lee et al.
2011). Moreover, a study by Sun et al. (Sun, Lee et al. 2011) showed that miR99a
had reduced expression as the PCa progresses and that the increased expression
of this miRNA in PCa cells caused a growth arrest associated with the regulation
of the androgen receptor, showed by prostate-specific antigen (PSA) decrease
(Sun, Lee et al. 2011). However, a recent study conducted by Sun et al. (2014)
showed that introduction of the miR 99a/let7c/125b-2 cluster was not able to
significantly inhibit the growth of LNCaP cells in the absence of androgen,
suggesting that this control in cell proliferation is specifically associated with the
presence of androgens. The phytosterol y-oryzanol reduced miR99a expression in
androgen responsive (LNCaP) and unresponsive (DU145) PCa cells (Figure 1A
and B, respectively), however, a previous study conducted by our group using the
same dose of y-oryzanol was able to reduce cell proliferation in both DU145 and

LNCaP cell lines (Hirsch, Parisi et al. 2015), suggesting the control of proliferation
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by miR99a is complex and dependent of other factors, such as presence of
androgens quoted earlier by Sun et al. (2014).

In addition miR99a, increased expression of miR222 is also related to the
progression of hormone-refractory PCa phase. Comparison of an aggressive PC3
PCa cell line to LNCaP PCa cell line showed that miR222 is more expressed in
PC3 cells and that it upregulation promoted cell proliferation through targeting a
cell-cycle regulator p27 (Galardi, Mercatelli et al. 2007). Galardi et al. showed that
the overexpression of this miR causing increased of cell cycle progress from G1 to
S phase, probably related to block the translation of p27XP1 mRNA by miR222,
causing a decrease in it protein level (Galardi, Mercatelli et al. 2007). Here, we did
not observe any significant differences in the level of expression in PC3 and
LNCaP cell lines (p=0.2613), however the y-oryzanol treatment reduced miR222
expression in both cell lines. This fact may be related to cell cycle arrest observed
in these same lines in a previous study conducted by our group (Hirsch, Parisi et
al. 2015), but the arrest occurred in G2/M phase and more studies are needed to
verify the relationship of this result with the change in miR222 expression after
treatment with 16 uM of y-oryzanol.

Downregulation of miR133a leads to the development of various cancers
and it overexpression is associated to reduction of cell proliferation, migration and
invasion in bladder and esophageal carcionomas, suggesting that it could act as a
tumor suppressor (Chiyomaru, Enokida et al. 2010; Kano, Seki et al. 2010).
Caveolin-1 (Cav-1) is also associated with the development of various types of
cancer, besides has been identified as a marker of aggressiveness in prostate
carcinoma (Yang, Truong et al. 1999). Cav-1 has predicted binding sites for

miR133a (Nohata, Hanazawa et al. 2011) and y-oryzanol treatment caused a
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reduction of miR133a expression in LNCaP androgen responsive PCa cells
(Figure 1A). However, a previous study conducted by our group examined Cav-1
expression in LNCaP cells and any expression was detected (Hirsch, Parisi et al.
2015), a fact that corroborates previous studies (Thompson, Timme et al. 1999;
Freeman, Yang et al. 2012). This fact reinforces the previous suggestion that
miR133a could be targeting Cav-1 mRNA (Nohata, Hanazawa et al. 2011), which
could be involved in the lack of Cav-1 expression in LNCaP cells. In addition to
prior results conducting by our group, this found suggests that the reduction of
miR133a expression by y-oryzanol treatment probably was not able to significantly
increase the expression of Cav-1 in LNCaP cells, to the point of its being detected.
However, more research needs to be conducted to confirm this hypothesis.
Another miRNA involved in prostate cancer is the miR182. Some authors
have shown that this miRNA is upregulated in PCa compared to normal tissues
(Ambs, Prueitt et al. 2008; Schaefer, Jung et al. 2010). In addition, a relationship
between the expression profile of miR182-5p and Gleason score (GP), a
histological method widely used to provide prognostic PCa (Gleason 1988), has
been demonstrated (Tsuchiyama, Ito et al. 2013). MiR182-5p has been shown as
useful marker for high grade PCa (Tsuchiyama, Ito et al. 2013). In addition, the
overexpression of miR182 is also involved in the control of zinc homeostasis in
PCa, and it acts decreasing labile zinc pools and reduced zinc uptake,
demonstrating this miR could act a regulator of zinc homeostasis (Mihelich,
Khramtsova et al. 2011). Zinc is an important nutrient that acts as a protector in
the development of PCa and it concentration is lower in PCa compared to normal
tissue (Mihelich, Khramtsova et al. 2011). Thus, the overexpression of miR182 in

this pathology suggests a linkage to malignancy (Schaefer, Jung et al. 2010;
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Mihelich, Khramtsova et al. 2011). However, others studies show that miR182
suppresses cell proliferation in other types of human cancers, as gastric and lung
adenocarcinoma cells (Sun, Fang et al. 2010; Zhang, Liu et al. 2011; Kong, Bai et
al. 2012) and reduce in vitro invasion of PCa cells (Rasheed, Teo et al. 2013),
suggesting that this miR also could act as a tumor suppressor (Peng, Li et al.
2013). Peng et al. (Peng, Li et al. 2013) also showed anti-proliferative effects in
PC3 PCa cells and they suggested the miR182 as a possible mediator of this
effect. In this work we observed a decrease in this miRNA expression, but in other
PCa lines (LNCaP and DU145) (Figure 1 A and B).

Overexpression of miR198 was also correlated with high grade tumors
(GP=8) in PCa (Walter, Valera et al. 2013). Ye et al. (Ye, Li et al. 2013) studied
miR198 and they showed that it probably targets Livin mRNA, a protein that bind
to certain caspases to suppress apoptosis and it is upregulated in a variety of
cancers (Kim, Alvarado et al. 2005; Ye, Li et al. 2013). Furthermore, it was shown
an inverse correlation between miR198 and Livin. But y-oryzanol treatment
reduced the expression of this miRNA in PC3 androgen unresponsive PCa cells,
how can see in Figure 1C. However, a previous study conducted by our group
found increase in apoptosis in PC3 cells when they were treated with y-oryzanol
(Hirsch, Parisi et al. 2015). Furthermore, other studies show that this miRNA is
able to inhibit migration and invasion of hepatocellular carcinoma cells and the
overexpression of this miR was found only in hormone-refractory PCa (Porkka,
Pfeiffer et al. 2007; Tan, Li et al. 2011), suggesting that the reduction in this
MiRNA expression in androgen independent PCa cells may be beneficial. Yet,
some researchers have reported that Livin can act as both anti-apoptotic and pro-

apoptotic factor (Nachmias, Lazar et al. 2007; Abd-Elrahman, Hershko et al.
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2009) and that high Livin expression may be a good prognostic to patient survival
(Choi, Hwang et al. 2007; Gordon, Mani et al. 2007). Ye et al. (Ye, Li et al. 2013)
also suggests that miR198 can influence other mRNA targets beyond Livin, but
more studies are needed to elucidate the role of miR198 in PCa.

In conclusion, in this work we showed that miRNA profiling may be useful in
characterizing molecular signatures of PCa. Furthermore, these findings have
therapeutic implications and may be exploited for future development of drugs
more effective to treatment of PCa, especially in hormone-refractory phase, where
there are few effective treatments currently and y-oryzanol seems to be promising
in this regard.
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FIGURES

Table 1 MIR primers sequences

Gene Primer sequences
MiR16-1 Forward - 5' CCA GTA TTA ACT GTG CTG CTG A 3'
Loop Primer - 5' GTC GTA TCC AGT GCA GGG TCC GAG GTA TTC GCA CTG GAT ACC ACT CAG CA 3'
MiR16-2 Forward - 5 CCA ATA TTA CTG GTC CTC TTTA 3
Loop Primer - 5' GTC GTA TCC AGT GCA GGG TCC GAG GTA TTC GCA CTG GAT ACC ACT AAA GC 3'
MiR19a Forward - 5' TGT GCA AAT CTA TGC AAA ACT GA 3'
Loop Primer - 5' GTC GTA TCC AGT GCA GGG TCC GAG GTA TTC GCA CTG GAT ACG ACT CAG TT 3'
MiR19b-1 Forward - 5' AGT TTT GCA GGT TTG CAT CCA GC 3'
Loop Primer - 5' GTC GTA TCC AGT GCA GGG TCC GAG GTA TTC GCA CTG GAT ACG ACG CTG GA 3'
MiR19b-2
Forward - 5' AGT TTT GCA GGT TTG CAT TTCA 3'
Loop Primer - 5' GTC GTA TCC AGT GCA GGG TCC GAG GTA TTC GCA CTG GAT ACG ACT GAA AT 3'
MiR21
Forward - 5' TAG CTT ATC AGA CTG ATG TTGA 3'
Loop Primer - 5' GTC GTA TCC AGT GCA GGG TCC GAG GTA TTC GCA CTG GAT ACG ACT CAA CA 3'
MiR23a
Forward - 5' ATC ACA TTG CCA GGG ATT TCC 3'
Loop Primer - 5' GTC GTA TCC AGT GCA GGG TCC GAG GTA TTC GCA CTG GAT ACG ACG GAA AT 3'
MiR23b
Forward - 5' ATC ACA TTG CCA GGG ATT ACC 3'
Loop Primer - 5' GTC GTA TCC AGT GCA GGG TCC GAG GTA TTC GCA CTG GAT ACG ACG GTA AT 3'
MiR24-1
Forward - 5' TGC CTA CTG AGC TGA TAT CAG T 3'
Loop Primer - 5' GTC GTA TCC AGT GCA GGG TCC GAG GTA TTC GCA CTG GAT ACG ACA CTG AT 3'
MiR24-2
Forward - 5' TGC CTA CTG AGC TGA AAC ACA G 3'
Loop Primer - 5' GTC GTA TCC AGT GCA GGG TCC GAG GTA TTC GCA CTG GAT ACG ACC TGT GT 3'
MiR99a
Forward - 5' AAC CCG TAG ATC CGATCT TGT G 3'
Loop Primer - 5' GTC GTA TCC AGT GCA GGG TCC GAG GTA TTC GCA CTG GAT ACG ACC ACA AG 3'
MiR125b-1
Forward - 5' ACG GGT TAG GCT CTT GGG AGC T 3'
Loop Primer - 5' GTC GTA TCC AGT GCA GGG TCC GAG GTA TTC GCA CTG GAT ACG ACA GCT CC 3'
MiR125b-2
Forward - 5' TCA CAA GTC AGG CTC TTG GGAC 3'
Loop Primer - 5' GTC GTA TCC AGT GCA GGG TCC GAG GTA TTC GCA CTG GAT ACG ACG TCC CA 3'
MiR133a-5p
Forward - 5' AGC TGG TAA AAT GGA ACC AAA T 3'
Loop Primer - 5' GTC GTA TCC AGT GCA GGG TCC GAG GTA TTC GCA CTG GAT ACG ACA TTT GG 3'
MiR133a-3p
Forward - 5' TTT GGT CCC CTT CAA CCAGCT G 3'
Loop Primer - 5' GTC GTA TCC AGT GCA GGG TCC GAG GTA TTC GCA CTG GAT ACG ACC AGC TG &'
MiR182-5p
Forward - 5' TTT GGC AAT GGT AGA ACT CAC ACT 3'
Loop Primer - 5' GTC GTA TCC AGT GCA GGG TCC GAG GTA TTC GCA CTG GAT ACG ACA GTG TG 3'
MiR182-3p
Forward - 5' TGG TTC TAG ACT TGC CAA CTA 3'
Loop Primer - 5' GTC GTA TCC AGT GCA GGG TCC GAG GTA TTC GCA CTG GAT ACG ACT AGT TG 3'
MiR198
Forward - 5' GGT CCA GAG GGG AGA TAG GTTC 3'
Loop Primer - 5' GTC GTA TCC AGT GCA GGG TCC GAG GTA TTC GCA CTG GAT ACG ACG AAC CT &'
MiR205-5p
Forward - 5' TCC TTC ATT CCA CCG GAG TCT G 3'
Loop Primer - 5' GTC GTA TCC AGT GCA GGG TCC GAG GTA TTC GCA CTG GAT ACG ACC AGA CT 3'
MiR205-3p
Forward - 5' GAT TTC AGT GGA GTG AAG TTC 3'
Loop Primer - 5' GTC GTA TCC AGT GCA GGG TCC GAG GTA TTC GCA CTG GAT ACG ACG AAC TT 3'
MiR222

Forward - 5' AGC TAC ATC TGG CTA CTG GGT 3'
Loop Primer - 5' GTC GTA TCC AGT GCA GGG TCC GAG GTA TTC GCA CTG GAT ACG ACA CCC AG 3
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Figure 1 The effect of 16 uM y-oryzanol on miRNAs expression in (A) LNCaP androgen responsive
PCa cells and (B) DU145 and (C) PC3 androgen unresponsive PCa cells. Similar symbols indicate

which groups are statistically different (p < 0.05). Data is expressed as mean + SD (n = 6).
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II.3 Thuya occidentalis extract inhibits the expression of Caveolin-1, a

marker of prostate cancer aggressiveness

(Manuscrito a ser submetido ao periddico Food and Chemical Toxicology)
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ABSTRACT

Prostate cancer is the most common cancer among men and the second
leading cause of death. Multimodality treatment accomplished by surgical
resection and androgen deprivation are the treatments of choice. Still, prostate
cancer recurrence is highly prevalent, underlying unexplored molecular
mechanisms. Caveolin-1 is a protein component of the caveolae plasma
membranes, and it has been identified as a marker of aggressiveness in prostate
carcinomas promoting progression from androgen responsive to androgen
unresponsive in the metastatic phenotype. The reduction of the caveolin-1
expression has been suggested to be an important therapeutic target in prostate
cancer by being able to transform prostate cancer cells susceptible to anti-
androgen therapy again. Here we used a Thuya occidentalis (T. occidentalis)
extract as a potential antitumor agent in androgen responsive (LNCaP) and
unresponsive (PC3 and DU145) prostate cancer cell lines. Large variations in drug
responses were observed between the androgen responsive and unresponsive
cell lineages. T. occidentalis showed highest cytotoxicity on androgen responsive
LNCaP cells; in these cells 1h of treatment with T. occidentalis results in effects
similar to these found after 24 h in androgen unresponsive cells. T. occidentalis
treatment decreased cell viability and biomass by apoptosis and/or necrosis cell
death in DU145, PC3 and LNCaP cells. In DU145 was also observed cell cycle
arrest in GO/G1 phase. The expression of the caveolin-1 protein was down
regulated in both androgen unresponsive cells. Anti-proliferative and cytotoxic
effects indicate that T. occidentalis has potential as adjuvant therapy for prostate

cancer. We understand that the most interesting and important result of this study
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seem to be the inhibitory effects on the Caveolin-lexpression in androgen
unresponsive cells which can be related to reducing the metastatic potential.
Keywords

Androgen resistance; caveolin-1; cell cycle; prostate cancer; Thuya occidentalis

extract; viability.
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1. INTRODUCTION

Prostate cancer (PCa) ranks second among the leading causes of cancer
deaths in men, surpassed only by lung (Siegel, Naishadham et al. 2013).

In Brazil, prostate cancer is the most frequent cancer in men in all regions
of the country, excluding non-melanoma skin cancers (INCA). The National
Cancer Institute (INCA) has recorded 12,778 deaths from prostate cancer in 2010,
and estimated over 68,800 new cases of the disease for 2014 (INCA 2015).

PCa occurs mainly in men aged over 65 years old and, in general, is a
slow-growing tumor, taking about 15 years to reach one cubic centimeter .
However, some of these tumors can grow quickly, spreading through the body and
leading to death (Siegel, Naishadham et al. 2013).

Androgens are required for the normal growth and development of prostate,
but they may also play a role in prostate carcinogenesis by acting either as
initiators or promoters of cancer (Craft, Chhor et al. 1999). Radical surgery or
radiotherapy are indicated for patients with localized cancer (1984; Gittes 1991),
but this option often not possible, and androgen deprivation remains the
cornerstone therapy for patients with advanced pathologic stages of the disease
(INCA 2013). The main treatment for prostate cancer consists of androgen
deprivation therapy, however, it can cause various metabolic changes as changes
in lipid profile, increased risk of the development of insulin resistance, diabetes,
metabolic syndrome and cardiovascular changes (Choi and Kam 2015). In
addition to the inconvenience caused by androgen deprivation therapy, this
therapies are initially very effective because cause cell growth arrest and cell
death induction in androgen-dependent tumor cells by apoptosis (Berges, Furuya

et al. 1993), however, PCa recurrence is highly prevalent generally occurring
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within 1 to 3 years of treatment, in an independent androgen phase. Worsening
the prognosis, at advanced pathological stages PCa tends to be highly resistant to
conventional cytotoxic agents such as cisplatin (Mukhopadhyay, Bueso-Ramos et
al. 2001), emphasizing the search for new strategies for the treatment of PCa.

In the normal hormone-sensitive tissue, the androgen receptor is largely
localized in the nucleus, but in the absence of androgen, the androgen receptor is
more present in the cytoplasm. This receptor can form complexes with many
proteins, including caveolin-1 (cav-1) (Freeman, Yang et al. 2012). Cav-1 is a vital
component of the caveolae (El-Yazbi, Cho et al. 2006) and it has been identified
as a marker of aggressiveness in prostate carcinomas (Yang, Truong et al. 1999)
promoting progression into the metastatic phenotype. The association of cav-1
and the androgen receptor is largely androgen-dependent. The enforced
expression of cav-1 was found to potentiate androgen-dependent signaling, while
the down-regulation of cav-1 inhibited androgen signaling. Thus, it is believed that
cav-1 can hypersensitize androgen receptor and circumvents hormonal
suppression (Lu, Schneider et al. 2001).

Phytotherapy appears as an important alternative for the treatment of
various disorders in many cultures and there is evidence demonstrating that
bioactive compounds present in many plants have important contributions in this
aspect. Thuya occidentalis (T. occidentalis) is a plant commonly known as Arbor
vitae or white cedar (Chang, Song et al. 2000). It was first identified in Canada
(Millspaugh 1974) and it is used in folk medicine to treat bronchial catarrh,
enuresis, cystitis, psoriasis, uterine carcinomas, amenorrhea and rheumatism
(Shimada 1956; Baran 1991; Offergeld, Reinecker et al. 1992). Today, it is mainly

used in homeopathy as mother tincture or dilution ((HAB) 1985; (HAB) 2003). T.
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occidentalis is rich in bioactive compounds such as flavonoids and coumarins
(Chang, Song et al. 2000) , however, few studies showing the effect of this plant
are found in the literature.

In general, prostate cancer is made up of a heterogeneous population of
androgen responsive and androgen unresponsive cells (Kenji 1985). Furthermore,
10-20% of patients using anti-androgen therapy (main treatment used in
metastatic phase) become tolerant to hormone restriction and in this stage there
was no curative therapy available (de Bono, Logothetis et al. 2011; Kirby, Hirst et
al. 2011; Scher, Fizazi et al. 2012; West, Kiely et al. 2014). Therefore, in this work
we use cell lines that represent both cell populations found in different clinical
stages of diagnosis to evaluate the efficacy of T. occidentalis treatment. LNCaP is
an androgen sensitive metastatic cellular model (Horoszewicz, Leong et al. 1983)
while DU145 and PC3 are androgen insensitive metastatic cellular models (Stone,
Mickey et al. 1978; Kaighn, Narayan et al. 1979). Thus, in this study, we evaluate
the anti proliferative and cytotoxic effects of T. occidentalis extract on prostate
cancer cell lines, and also investigated the treatment effect on the expression of
cavelin-1 for its relationship with the metastatic potential of prostate cancer.

2. MATERIAL AND METHODS

2.1 Chemicals and Reagents

T. occidentalis extract was obtained as a tincture in local market, a volume
of 1.5 mL was aliquoted and dried in a vacuum centrifuge concentrator until
complete evaporation of the ethanol. The dried samples were stored at -20° C.
Immediately before use, T. occidentalis dried extract was diluted again in 1.5 mL
of culture medium and the final concentration of T. occidentalis hidroalcolic extract

was 0.05 mL of extract/mL of RPMI-1640 medium supplemented with 10% FBS.
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a-thujone,  3-(4,5-dimethyl)-2,5-diphenyltetrazolium  bromide  (MTT),
dimethylsulfoxide (DMSO), sulforhodamine B (SRB), sodium dodecyl sulfate
(SDS), bovine serum albumin (BSA), paraformaldehyde, triton X-100 and HEPES
buffer were obtained from Sigma Aldrich (St. Louis, MO, USA).

RPMI-1640 medium, fetal bovine serum (FBS), propidium iodide (PI),
Annexin-V FITC Conjugate Kit, TRIzol Reagent, RNAse A, SuperScript®-1l1l RT
First-Strand Synthesis SuperMix, anti-mouse secondary antibody conjugated with
Alexa Fluor 555, were purchased from Invitrogen (Grand Island, NY, USA).
Mouse anti-human cav-1 monoclonal antibody (clone 7C8) was purchased from
Santa Cruz Biotechnology (CA, USA).

2.2 Cell culture and treatments

Prostate cancer cell lines androgen-responsive LNCaP (clone CRL-1740,
ATCC, Manassas, VA) and androgen-unresponsive DU145 (clone HTB-81, ATCC)
and PC3 (clone CRL-1435, ATCC) were cultured in RPMI-1640 medium
(Invitrogen, Grand Island, NY, USA) supplemented with 10% fetal bovine serum
and 2g/L HEPES buffer, pH 7.4, under 37°C and 5% CO: conditions. Cells were
seeded at 5 x 10* cells/cm? in 12 or 24-well plates and cultured for 24h to reach
60-70% of confluence before treatment.

T. occidentalis extract (0.05 mL/mL) or a-thujone (0.0016 pg/mL) were
diluted in culture medium just before use for 24 hours (androgen unresponsive
cells) or 1 hour (androgen responsive cells). Treatments were done in triplicate.
For comparison, cells grown in the absence of extract were used as normal
controls.

2.3 Colorimetric MTT assay
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Cells were incubated with 1 mg/mL MTT for 2 hours at 37°C. Formazan
purple crystals were dissolved DMSO (Sigma) and absorbance was measured
using a spectrophotometric microtiter plate reader (Spectra Max M5, Molecular
Devices) at 570 nm and 630 nm.

2.4 Sulforhodamine B assay

The assay was performed as previously described for Skeahan et al. (1990)
(Skehan, Storeng et al. 1990) with minor modifications. After treatment with T.
occidentalis, the culture medium was removed; the cells were washed three times
with PBS and incubated with 4% paraformaldehyde in phosphate-buffered saline
(PBS) for 15 minutes. Fixed cells were stained with SRB (0.4%, 45 minutes) and
subsequently, washed with tipe | water (milli-Q®) to remove unbounded SRB. The
culture plates were air dried and protein-bound SRB was solubilized in 1% SDS.
Absorbance was measured with a 96 wells plate reader at 560 nm.

2.5 Flow cytometry assays

Cell death analysis was performed by FITC Annexin V and propidium iodide
(Pl) Kit (Invitrogen, Carlsbad, CA, USA). The androgen unresponsive and
responsive cell lines were washed with PBS and resuspended at 1x10° cells/mL in
Annexin-V Binding Buffer (10 mM HEPES/NaOH, pH 7.4, 140 mM NaCl, 2.5 mM
CacClz). 10° cells/mL were incubated with 5 yL of Annexin-V FITC and 1 pg/mL of
propidium iodide (PI), mixed and incubated for 15 minutes at room temperature in
the dark. Four hundred microliters of binding buffer were added to each tube and
cells were acquired in the FL1-H and FL3-H channels.

Cell cycle entry and progression characterized by changes in DNA content
were analyzed by flow cytometry. Androgen unresponsive cells DU145 and PC3

(1x108 cells/mL) were washed in PBS, resuspended in cell cycle solution (3.5 mM
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trisodium citrate, 0.5 mM tris, 0.1% Nonidet, 100 pg/mL RNAse A, 50 upg/mL
propidium iodide) and incubated in the dark at room temperature for 15 minutes.

Data acquisition and analysis was performed using a FACSCalibur™ flow
cytometer (BD Bioscience, San Jose, CA, USA). Data was analyzed using FCS
Express 4 Flow Cytometry software (De Novo Softwares, USA).

2.6 RNA extraction, cDNA synthesis and Real-time PCR

To determine the effects of T. occidentalis treatment on the expression of
cav-1 of prostate cancer lines, total RNA was isolated using TRIzol® (Invitrogen,
Carlsbad, CA, USA). RNA was quantified using the BioPhotometer Plus
(Eppendorf, Hamburg, Germany). cDNA synthesis was done using the
SuperScript®-Ill RT First-Strand Synthesis SuperMix Specific primers were
designed for Cav-1 (NM_001753.4) and 36B4 using the IDT Design Software
(Integrated DNA  technologies Inc., USA). Cav-1 sense 5-
ACCCTAAACACCTCAACGATG- 3 and anti-sense 3-
CAGACAGCAAGCGGTAAAAC- 5" (amplicon product 108 bp) or 36B4 (acidic
ribosomal phosphoprotein PO, RPLPO0), which encodes for an acidic
phosphoprotein, as the endogenous control previously described, sense 5'-
CAGCAAGTGGGAAGGTGTAATCC-3 and anti-sense 3-
CCCATTCTATCATCAACGGGTACAA -5° (amplicon product 75 bp) (Cawthon
2002) for normalization. All PCR reactions were performed in triplicate and carried
out in a StepOnePlus™ real-time PCR thermal cycler (Applied-Biosystem, New
York, NY, USA). The thermal cycling profile for cav-1 and 36B4 genes began with
an initial denaturation step at 94°C for 10 min to activate the enzyme (Invitrogen)

followed by 40 cycles of 10 seconds at 94°C, 15 seconds at 60°C, 15 seconds at
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72°C and 35 seconds at 60°C for data acquisition followed by a melting
dissociation curve.

All samples were normalized by the constitutive gene (36B4) and calibrated
by the average of the ACT of the group itself. The specificity of amplification and
absence of primer-dimers were confirmed using melting curve analysis at the end
of each run and then, all results were analyzed by the AACT method (Livak and
Schmittgen 2001).

2.7 Immunocytochemistry

Immunocytochemistry was performed as described previously (Gomes,
Paulin et al. 1999). Briefly, treated cells (DU145 and PC3) were fixed with 4%
paraformaldehyde for 30 minutes and permeabilized with 0.1% Triton X-100 in
PBS for 5 minutes at room temperature. After blocking for 2 hours with BSA
(Sigma) 5% in PBS, cells were washed and incubated overnight with mouse anti-
human cav-1 monoclonal antibody (1:250, clone 7C8 Santa Cruz Biotechnology,
CA, USA) at room temperature, followed by PBS washes and incubated with
specific secondary antibody anti-mouse conjugated with Alexa Fluor 555 (1:1.000)
(Invitrogen) for 2 hours. Negative controls reactions were performed by omitting
the primary antibody. No reactivity was observed when the primary antibody was
excluded. Confocal images were acquired using an Olympus FV1000 laser-
scanning confocal microscopy. Ten single confocal sections of 0.7 um were taken
parallel to the coverslip (xy sections) with an x 60 (numeric aperture 1.35) oil-
immersion objective (Olympus, U plan-super-apochromat, UPLSAPO60XO). For
each sample, images of ten fields were acquired and processed with Olympus
FluoView FV1000 software. Cav-1 fluorescence was measured after being excited

by a 559 nm laser beam and emission scan collected at 565 nm. Analysis of
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fluorescence intensity was performed using the Image J software, a public domain

Java Image processing program (http://rsb.info.nih.qov/ij/).

2.8 Analysis of a-thujone by Gas Chromatography Mass Spectrometry
(GC-MS)

For the determination of a-thujone in 0.05 mL of T. occidentalis extract /mL
of culture medium of a chromatographic analysis was carried out. The volatile
compounds of T. occidentalis extract were extracted by microextraction technique
in solid phase in the headspace of the sample (SPME-HS). 100 pL of the extract
was added to 900 pL of culture medium and 300 mg of NaCl in 4 mL vial which
was performed using the fiber Car/PDMS (Supelco, 10 mm) at a 50° C under
stirring with a 5 min for equilibration, and after 30 min of extraction. The SPME
fiber was desorbed in the injector (230° C for 1 min Splitless mode) of a gas
chromatograph coupled to a mass spectrometer (GC/MS, Shimadzu QP2010
Plus). The separation of the volatiles compounds was performed in a fused silica
capillary column ZBWax Plus (60 m/0.25 mm, 0.25 um) using helium as carrier
gas. The temperature ramp initiated at 35° C for 5 min, and after a ramp is
triggered with a gradient of 2° C/min until 80° C and 4° C/min until 210° C, keeping
in isotherm for 5 min. The interface between the gas chromatography, mass
spectrum detector and the ionization source was maintained at 230° C. The
quadrupole mass analyzer was operated in scan mode monitoring the masses
between 35 to 350 u.m.a. The identification of the compounds is carried out by
comparing the retention times of the analyte and the mass spectra with authentic
standards. Quantitation was performed using calibration curve with authentic
standard (a-thujone).

2.9 Statistical analysis
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Data were reported as mean * standard deviation (SD). Results were
analyzed by t-test (p<0.05). All analyses and graphical were performed using the
statistical software GraphPad Prism 5 for Windows (GraphPad Software Inc.,
version 5.01).

3. RESULTS

3.1 T. occidentalis concentration and dose response

In order to select the dose of T. occidentalis used in this study, a dose-
response proliferation curve was performed using different concentrations of T.
occidentalis extract which ranged 0.025 mL/mL to 0.1 mL/mL (mL of extract/mL of
culture medium) (Fig 1A) in DU145 cells. The effective concentration (ECso) values
were evaluated by sulforhodamine B assay. From the calculation of the ECso of
this curve (ECs0=0.04387), the dose 0.05 mL/mL of T. occidentalis extract was
chosen and used to perform all other tests for this lines. Yet, after the
establishment of treatment dose, the time treatment was assessed using the SRB
test. It was not possible to observe a significant reduction in cell biomass on
DU145 cells treated with 0.05 ml/ml of T. occidentalis extract after 24 hours of
treatment (Fig. 1B). So, both androgen unresponsive cell lines (DU145 and PC3)
were exposed to 24 hours of treatment.

However, the LNCaP androgen responsive cell line showed greater
sensibility to treatment then androgen unresponsive cell lines and then, to
evaluating the effects of T. occidentalis extract in this cell line, a time curve was
performed using the same dose of other lines (0.05 mL/mL). It was tested four
different times: 1, 2, 3 and 4 hours (Fig 1C). We observed a reduction relative to

control of approximately 50% (1.2293 to 0.6069) of the absorbance measured by
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SRB test with 1 hour of treatment. Therefore, the LNCaP cell line was treated for 1
hour with 0.05 mL/ml of T. occidentalis extract in all tests in this work.

3.2 Differential effect of T. occidentalis extract in prostate cancer cell
lines LNCaP, PC3 and DU145

3.2.1 Effects of T. occidentalis extract in androgen responsive prostate
cancer cell line LNCaP

The results show that the cell viability measured by MTT assay was
significantly decreased in the LNCaP cells treated with 0.05 mL/mL of T.
occidentalis extract (Fig. 2A). Furthermore, it was also observed a reduction in the
culture biomass measured by SRB assay (Fig. 2B).

The T. occidentalis extract was highly cytotoxic when incubated with LNCaP
and it was able to reduce the cell metabolism and protein content (Fig. 2A and B),
as mentioned earlier. To verify if this cytotoxic effect was related to an apoptotic
mechanism, LNCaP cells were also assessed by Annexin V and PI staining, using
FACS analysis (Fig. 2C and D). No differences in the number of cells undergoing
apoptosis and late apoptosis were observed in LNCaP after 1 hour of treatment
with T. occidentalis extract. However, we could observer and significantly increase
in the percentage of necrotic cells (Fig. 2C). This is consistent with the observation
of the cytotoxic effect of T. occidentalis observed in the MTT and SRB assays and
suggests a higher susceptibility nature of LNCaP, when compared to the androgen
unresponsive cell lines used in this work DU145 and PC3.

3.2.2 T. occidentalis extract alters cell growth and interferes with cell
viability in androgen unresponsive prostate cancer cell lines (DU145 and

PC3).

90



T. occidentalis extract effect on cell viability of androgen unresponsive cell
lines PC3 and DU145 was assessed by the MTT assay. The results show that cell
viability was significantly diminished on DU145 and PC3 cells treated with 0.05
mL/mL of T. occidentalis extract (Fig. 3A and B).

Similar results were obtained when cell biomass was assessed by
absorbance of Sulforhodamine B. The cytotoxic effect of T. occidentalis was
confirmed in both androgen unresponsive cell lines by the significant reduction in
cell biomass, observed in Fig. 3C and D.

To confirm that T. occidentalis extract mediated cell death in an apoptotic
dependent way, treated and control cells were examined by Annexin V and PI
staining, using FACS analysis. Cells single positive for Annexin V or PIl, were
considered apoptotic or necrotic, respectively. Cells double positive for Annexin V
and Pl were considered in late apoptosis. We observed a significant increase in
necrosis and apoptosis when cells were treated with T. occidentalis extract in
DU145 and PC3 cells. Yet, there was no significant difference in the number of
cells in late apoptosis in both cell lines (Fig. 3E and F). These results indicate that
death observed in androgen unresponsive cell lines treated with T. occidentalis
extract may have been caused by necrosis and apoptosis.

3.2.3 T. occidentalis extract modifies the cell cycle in androgen
unresponsive prostate cancer cells

Cell cycle progression in prostate cancer cells treated with T. occidentalis
extract was analyzed by flow cytometry, suggesting that the effects of T.
occidentalis extract on cell proliferation could be due to its actions on cell cycle
(Fig. 4). We observed an increase in the number of DU145 cells in GOG1-phase

and reduction in the G2-M phase (Fig. 4A) when they were treated with 0.05
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mL/mL of extract. However, we did not observe differences in the cell cycle of PC3
cells for the dose tested of T. occidentalis extract (Fig. 4B).

3.2.4 T. occidentalis extract diminishes expression of cav-1 protein in
androgen unresponsive prostate cancer cells

We wanted to evaluate whether T. occidentalis extract would interfere with
the expression of the cav-1 protein. However, as described by others (Thompson
et al., 1999), it was not possible to detect expression of cav-1 gene in androgen-
responsive cell line LNCaP. As it was not observed gene expression of cav-1 in
LNCaP cell line, only the androgen unresponsive prostate cancer cell lines were
analyzed for immunocytochemistry.

In this regard, both cell lines tested, DU145 and PC3, showed a decrease
in cav-1 expression (Fig. 5E), when cells were treated with the T. occidentalis
extract, indicating that indeed there was also a decrease in the amount of protein
cav-1 compared to control (Fig. 5). The decreased Cav-1 expression was
confirmed at the RNA level (Fig. 5F).

3.3 a-thujone reduces cell biomass in LNCaP cells

Some authors have suggested that the a-thujone could be the main active
compound present in T. occidentalis (Biswas, Mandal et al. 2011; Siveen and
Kuttan 2011). Thus, the amount of this monoterpene in T. occidentalis extract was
quantified using a GC-MS analysis. It was found 0.0016 ug of a-thujone in each 1
mL of treatment medium. So, we wonder if this compound could have the capacity
to reduce the cell biomass in prostate cancer cell lines using SRB assay. In this
regard, a-thujone concentraction was able to significantly reduce the cell biomass
in LNCaP androgen responsive cells, but no significant differences were found in

DU145 and PC3cell lines.
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4. DISCUSSION

Ethnobotanical approaches have become a successful strategy in order to
identify new bioactive compounds found in higher plants, and occurs when the
scientific community take advantage of the information collected from traditional
communities along with studies done in the laboratory (Oliveira FC 2010). Brazil is
the country with the highest plant diversity on the planet and around 65% of the
plant species have not been analyzed yet for their antitumor potential (de Melo,
Santos et al. 2011). In this regard, T. occidentalis, a native plant from Europe, is
widely used in folk medicine in Brazil for bronchial catarrh, enuresis, cystitis,
psoriasis, uterine carcinomas, amenorrhea and rheumatism (Shimada 1956;
Baran 1991; Offergeld, Reinecker et al. 1992), with few studies showing its effects
in the treatment of cancer diseases (Wustenberg, Henneicke-von Zepelin et al.
1999; Kohler, Bodinet et al. 2002; Teuscher 2004; MacLaughlin, Gutsmuths et al.
2006). Thus, in the present study we aimed to perform in vitro experiments with
the T. occidentalis extract and different prostate cancer cell lines in order to
analyze its potential antitumor activity.

Prostate cancer grows slowly, and can take 15 years for the tumor reach
one cubic centimeter (Siegel, Naishadham et al. 2013). In general, in the early
stages the tumor is confined to the prostate and surgical treatment is
recommended (Freeman, Yang et al. 2012). However, with the progression of the
disease can reach near prostate organs such as the bladder, urethra and seminal
vesicles; or spread to distant organs, causing metastasis (Lynch and Lynch 1996;
Gomes 2008; INCA 2015). At this stage, the main treatment is anti-androgen
therapy (Cooperberg, Grossfeld et al. 2003; Hoimes and Kelly 2010; Mottet,

Bellmunt et al. 2011) and the androgen signaling suppression inhibits, temporarily,
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the natural progression of prostate cancer (Heinlein and Chang 2004) and tumor
appear to enter remission (Ganguly, Li et al. 2014). However, one of the main
hurdles of prostate cancer is the ability of these cancer cells to switch into a
resistant androgen phenotype. Current literature shows that time and exposure to
anti-androgen therapy induces a mutation in the androgen receptor, leading to a
change in the regulation of prostate cancer cell growth (Waxman and Ngan 2008).
The underlying mechanism of the phenotype switch is still poorly understood.
Nevertheless, many factors are responsible for the androgen-independent
androgen receptor activation in prostate cancer cells, including androgen receptor
gene amplification (Linja, Savinainen et al. 2001; Haapala, Kuukasjarvi et al.
2007); intratumoral synthesis of androgen in the castration condition (Montgomery,
Mostaghel et al. 2008; Locke, Fazli et al. 2009); increased androgen sensitivity
due to somatic mutations and/or alterations in the sensitivity to other steroid
hormones (Li, Cavasotto et al. 2005; Bergerat and Ceraline 2009), among others.
Earlier studies have defined a critical role for caveolin-1 in androgen
signaling. Cav-1 gene expression is upregulated in metastatic cell lines (Nasu,
Timme et al. 1998). Moreover, cav-1 expression positively correlates with
indicators of aggressiveness, and its immunocontent is correlated with poor clinical
prognosis in human prostate cancer (Tahir, Yang et al. 2001; Freeman, Yang et al.
2012). Whether these effects are important in the transformation of androgen
responsive to androgen unresponsive cells is not well characterized. However,
cav-1 is able to hypersensitize the androgen receptor at very low hormone
concentrations. Importantly, recent studies have implicated cav-1 signaling in

ligand-independent receptor activation (Lu, Schneider et al. 2001).
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Interestingly, our study demonstrates that the T. occidentalis extract led to a
marked reduction in the expression of cav-1 (at gene and protein level) on two
different prostate cancer androgen unresponsive cell lines, DU145 and PC3.
Another study demonstrated a protective effect cav-1 dependent, showing that
cav-1 diminution was sufficient to convert androgen unresponsive cells to an
androgen responsive phenotype (Nasu, Timme et al. 1998). Moreover, additional
data suggest that high cav-1 levels can induce the progression of cancer cells into
an advanced stage (Williams, Hassan et al. 2005). These facts support the idea
that cav-1 could be used as a biomarker for prostate cancer prognosis and
androgen management. Nowadays, metastasis resistant to conventional therapies
represent the major cause of death from cancer (Senetta, Stella et al. 2013). In
this way, the decrease of cav-1 expression in the androgen unresponsive cell lines
DU145 and PC3 caused by treatment with T. occidentalis extract could represent
an important adjuvant therapy for the treatment of prostate cancer, reducing its
metastatic potential, besides being an important target for developing new drugs to
treat this pathology, mainly in castration-resistant phase, where there is few
effective curative therapies currently available.

In addition to observed genetic alterations, the development and
progression of cancer is also based on an imbalance between proliferation and
cell death. Deregulated cell growth is associated with the loss of the ability of cells
to undergo apoptosis, leading to the development of cancer (Bruggers, Fults et al.
1999). Thus, the induction of cell death and inhibition of cell proliferation are key
players in the treatment of prostate cancer.

Although the mechanisms of cav-1 downregulation remains to be

elucidated, our data demonstrate that T. occidentalis treatment was able to induce
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apoptosis and necrosis in DU145 and PC3 androgen unresponsive prostate
cancer cell lines. This is consistent with the observation done by Biswas and
coworkers (Biswas, Mandal et al. 2011) showing that T. occidentalis tincture
induced apoptosis in a melanoma cell line. Furthermore, in vivo studies done on
the anti-metastatic activity of the T. occidentalis, demonstrated the inhibition of
lung metastasis induced by B16F-10 melanoma cells in a T. occidentalis treated
mouse model and stimulation of the immune system (Sunila and Kuttan 2006) .

In agreement with previous results, T. occidentalis treatment also
decreased DU145 and PC3 cell viability (MTT assay) and biomass (SRB assay).
The combination of biomass and cell metabolism reduction indicates a decrease in
cell number when compared to control cells, showing an inhibitory effect on
prostate cancer cell growth.

We also observed that T. occidentalis extract caused the arrest of DU145
cells in GOG1 phase, but did not cause alterations in the cell cycle of PC3 cells.
Indeed, many cancer treatments such as gamma radiation and chemotherapeutic
drugs induce cell cycle arrest and consequently cell death by apoptosis. The effect
of cell cycle arrest shown by T. occidentalis extract in DU145 cells suggests that
our treatment may have inhibited the progression of cancer cells by artificially
imposing a cell cycle checkpoint. In response to DNA damage, checkpoints arrest
the cell cycle in order to provide time for DNA repair that happens before S phase
(G1-S checkpoint). However, if cell damage is severe, genes involved in apoptotic
signaling can be activated leading to cell death (Owen-Schaub, Zhang et al. 1995;
Gottlieb and Oren 1998; Vermeulen, Van Bockstaele et al. 2003). Further studies
are necessary to elucidate which genes are involved in cell cycle arrest in our

model.
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LNCaP, the androgen responsive cell line, had a complete different
behavior and exhibited a strong cytotoxic effect after treatment. T. occidentalis
extract was able to reduce cell viability and culture biomass after only 1 hour of
treatment. Cell death was mainly dependent on necrosis with no increase in
apoptosis when compared to control cells. LNCaP accumulated data showed a
higher sensibility after treatment when compared to the other androgen
unresponsive prostate cancer cell lines used in this study, DU145 and PC3.
Additionally, previous reports demonstrate that androgen responsive LNCaP cells
express androgen receptors but do not express detectable amounts of cav-1
(Nasu, Timme et al. 1998; Thompson, Timme et al. 1999) . In our current study,
we also did not detect the expression of cav-1 in LNCaP cells. This finding can be
associated with the different effects caused by the T. occidentalis extract observed
in LNCaP cells. In this regard, many studies suggest that the interaction between
the androgen receptor and cav-1 increased expression could be a determinant
player in the process of metastasis of prostate cancer by transforming androgen
sensitive cells into androgen insensitive cells (Nasu, Timme et al. 1998; Lu,
Schneider et al. 2001). In this case, one likely explanation for the difference in
behavior found in LNCaP cells could be that the absence of cav-1 expression in
LNCaP cells highlight the important role of cav-1 in resistance to anti-androgen
therapy in prostate cancer and could be related to higher sensibility to treatment
with T. occidentalis extract in LNCaP cell line, but more studies are needed to
elucidate this hypothesis.

According to Hansel et al. (1994) (Hansel 1994), T. occidentalis dried herb
contains 1.4 to 4% of essential oil, and 60% of the oil consists of a monoterpene

ketone known as thujone (Chang, Song et al. 2000; Naser 2005). This oil is found
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in two isomeric forms, the a-thujone and B-thujone. In general, in nature, there is a
mixture of two isomers, with a predominance of the alpha form (Sondermann
1962; Traud 1983), which is also the isomer with the highest activity (Hold,
Sirisoma et al. 2000; Czyzewska and Mozrzymas 2013). Because of this, we
hypothesize that a-thujone could be responsible for some of the effects observed
when prostate cancer cells were treated with the T. occidentalis extract. Then, we
quantified this monoterpene in the extract using a GC-MS analysis and we found
0.032 ug of a-thujone /ml of extract that match to 0.0016 ug of a-thujone/ml of
treatment medium. When we tested this amount of oil on the cell lines, we
observed a reduction in cell biomass (SRB assay) only in LNCaP cells. However,
experiment with larger doses of a-thujone have been effective in reducing the cell
biomass in cultures of DU145 and PC3 cells (data not shown). The effect in the
biomass reduction observed only in the LNCaP androgen responsive cell line
corroborates previous results that show the androgen responsive cell line is more
sensitive to treatment that androgen unresponsive cells (DU145 and PC3). In
addition, other components of the extract can also be influencing the reduction of
viability observed, however further studies on this extract composition and its
possible effects on the prostate cancer cell lines must be conducted to confirm this
theory.

In the current study we used three different cell lines which exhibited
different phenotypic characteristics and behavior in culture (Stone, Mickey et al.
1978; Kaighn, Narayan et al. 1979). These differences could explain the dissimilar
responses observed in our study towards T. occidentalis extract treatment. DU145
and PC3 cell lines are useful in investigating the biochemical changes in advanced

phase of prostate cancer and in assessing their response to chemotherapeutic
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agents. Both prostate cancer cell lines DU145 and PC3 are androgen insensitive
and metastatic (Stone, Mickey et al. 1978; Kaighn, Narayan et al. 1979), but they
originate from distinct organs. DU145 prostate cancer cell line was derived from a
human prostatic carcinoma metastasis to the brain (Stone, Mickey et al. 1978)
while PC3 was derived from a human prostatic adenocarcinoma metastatic to the
bone (Kaighn, Narayan et al. 1979). Although both lines are metastatic, DU145
cells have moderate metastatic potential compared to PC3 cells, which have high
metastatic potential (Keer, Gaylis et al. 1991). The LNCaP cell line was also
established from a metastatic lesion of human prostatic adenocarcinoma, however
this model is androgen responsive and high-affinity specific androgen receptors
are present in the cytosol and nuclear fractions of cells in culture and in tumors.
Moreover, 5-alpha-dihydrotestosterone modulates cell growth of LNCaP in vitro
(Horoszewicz, Leong et al. 1983) .

We also observed different responses when the three cell lines (androgen
responsive and unresponsive cells) were treated with T. occidentalis extract. This
differential behavior of prostate cancer cell lines to the treatment with the same
substance has already been observed in other studies (Stone, Mickey et al. 1978;
Kaighn, Narayan et al. 1979; Ifere, Barr et al. 2009), confirming our results.
Moreover, in a previous study conducted by our group, we evaluating the effects of
the phytosterol y-oryzanol on LNCaP androgen responsive and DU145 and PC3
androgen unresponsive prostate cancer cell lines, and different behavior profiles
were also found (Hirsch, Parisi et al. 2015). This found could be related to the fact
of the cell lines originating from different organs and they present different

metastatic potential, aggressiveness and androgen sensitivity.
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To our knowledge, this is the first study that demonstrates the effects of T.
occidentalis extract in responsive and unresponsive prostate cancer cell lines. In
conclusion, our studies have confirmed the anti-proliferative effect of T.
occidentalis extract and induction of citotoxicity that led to cell death by apoptosis
and necrosis or cell cycle arrest, as can be seen briefly in Figure 7. In addition, the
treatment also was able to reduce cav-1 protein content and gene expression in
androgen unresponsive DU145 and PC3 cells. This negative feedback mechanism
may be an important component for prostate cancer treatment, as caveolin-1
promotes androgen receptor-a ligand-independent signaling (Lu, Schneider et al.
2001), one of the main factors leading to resistance of prostate cancer to
androgen ablation therapy.

Our results, examining the in vitro effect of T. occidentalis antiproliferative
action, show a promising adjuvant role in the treatment of prostate cancer.
However, further studies are necessary in order to establish the real therapeutic
possibilities of T. occidentalis extract and the molecular mechanisms by which

these effects operate.
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Figure 1. (A) Dose curve of the anti-proliferative effects evaluated by sulforhodamine B assay

using different concentrations of T. occidentalis extract: 0.000 mL/mL, 0.025 mL/mL, 0.050 mL/mL,

0.075 mL/mL and 0.1 mL/mL (mL of tinture/mL of culture medium) and (B) time curve of the anti-

proliferative effects evaluated by sulfornodamine B assay in androgen unresponsive prostate

cancer cell line DU145; (C) Time curve of the anti-proliferative effects evaluated by sulforhodamine

B assay using different treatment times with 0.050 mL/mL of T. occidentalis extract in androgen

responsive prostate cancer cell line LNCaP: 1 hour, 2 hours, 3 hours and 4 hours.
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Figure 2. Effects of T. occidentalis hidroalcolic extract on viability, biomass and cell death in
androgen responsive prostate cancer cell line LNCaP (A) Cell viability measured by MTT assay,
(B) cell biomass measured by sulforhnodamine B assay, (C) Apoptotic and necrotic effects
measured by Anexinn V and PI and representative histogram of death cell by apoptosis and
necrosis of LNCaP cells. Values are show as mean = SD of three independent experiments.

"p<0.05 vs. untreated control cells.
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Figure 3. Effects of T. occidentalis hidroalcolic extract on cell viability, cell biomass and cell death
by apoptosis and necrosis in androgen unresponsive prostate cancer cell lines (DU145 and PC3).
Cell viability measured by MTT assay (A and B); cell biomass was measured by sulforhodamine B
assay (C and D); and cell death by apoptosis and necrosis by flow cytometry (E and F). Values are
show as mean + SD of three independent experiments. "p<0.05 vs. untreated control cells.
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Figure 4. Effect of T. occidentalis hidroalcolic extract on cell cycle progression in androgen
unresponsive prostate cancer cell lines (DU145 and PC3). (A) DU145 androgen unresponsive cell

line and (B) PC3 androgen unresponsive cell lines. Values are show as mean + SD of three

independent experiments. “p<0.05 vs. untreated control cells.
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Figure 5. Effects of T. occidentalis extract in content protein and mRNA of cav-1 in androgen
unresponsive prostate cancer cell lines (DU145 and PC3). Images of DU145 (A and B) and PC3
(C and D) androgen unresponsive cell lines. A and C are untreated cells and B and D are treated
cells. (E) Fluorescence intensity quantification of cav-1 protein. (F) Expression of cav-1 mRNA.
Values are show as mean + SD of three independent experiments. 'p<0.05 vs. untreated control

cells. Scale bar = 10 pm
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Figure 7. Schematic illustration showing an overall view of the androgen responsive and
unresponsive prostate cancer cell lines after 24 or 48 hours of cell culture, respectively. For a
detailed explanation of this figure, see text. T. occidentalis extract was able to reduce cell viability
and biomass by apoptosis and/or necrosis cell death in LNCaP (androgen responsive) and DU145
and PC3 (androgen unresponsive) cells. These effects were accompanied by a cell cycle arrest in
GOG1 phase in DU145 and down regulation in the expression of the caveolin-1 gene and protein in
both androgen unresponsive cells. However, we could not detect any expression of caveolin-1 in
LNCaP androgen unresponsive cells (*).
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1.1 DISCUSSAO

O cancer de prostata € uma doenca amplamente estudada em diversos
modelos bioldgicos, devido a sua alta prevaléncia e mortalidade em todo o0 mundo
((INCA) 2014; Deng, He et al. 2014). Além disso, é uma doenca progressiva e a
medida que evolui para formas mais agressivas, o0 tratamento se torna bastante
dificil e muitas vezes, ineficaz (Grossmann, Cheung et al. 2013). Cerca de 86%
dos homens com cancer de proéstata sao diagnosticados inicialmente com doenca
localizada e a taxa de sobrevivéncia relativa nesses casos € bastante alta, cerca
de 5 anos em aproximadamente 100% dos casos (Keating, O'Malley et al. 2006).
Porém, a mortalidade relacionada ao cancer de prostata também é elevada. So
no Rio Grande do Sul foram 1.032 ébitos por neoplasia de prostata em 2011, e
13.129 homens morreram em decorréncia desta neoplasia no Brasil neste mesmo
ano ((INCA) 2014). Este alto indice de mortalidade é atribuido a dois fatores: ao
tratamento e a progressdo da doenca para fase horménio refrataria (Keating,

O'Malley et al. 2006).

Como o progndstico para o cancer de prostata em geral é favoravel, as
decisBes sobre os tipos de tratamento sdo particularmente importantes, uma vez
que alguns deles podem causar uma série de efeitos adversos e complicacdes
gue acabam por afetar o estado de saude geral e a qualidade de vida do paciente,
muitas vezes mais do que o proprio cancer de prostata em si (Keating, O'Malley et
al. 2006). A terapia de restricdo androgena (castracdo) é o tratamento de eleicdo
para doenca avancada ou metastatica (Stacewicz-Sapuntzakis and Bowen 2005;
Freeman, Yang et al. 2012; Pagliarulo, Bracarda et al. 2012; Madan and Arlen

2013) e tem o objetivo de inibir a producdo enddgena de testosterona, e como as
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células prostaticas proliferam em resposta a presenca de andrégeno, essas
células param de crescer (de Bono, Logothetis et al. 2011; Scher, Fizazi et al.
2012; Culig and Santer 2013; Rajan, Sudbery et al. 2014). Porém, outras funcdes
do organismo também sado afetadas pela auséncia deste horménio e os principais
efeitos colaterais observados sdo perda de libido, osteoporose, fadiga, perda de
massa magra, anemia, ginecomastia, além de efeitos metabdlicos associados a
mudancas no perfil lipidico e aumento do risco de desenvolvimento de resisténcia
a insulina, diabetes, sindrome metabdlica (Jeong 2001; Flaig and Glode 2008;
Leahy 2008; Nobes, Langley et al. 2009; Saylor and Smith 2013), e alteracdes
cardiovasculares (Saigal, Gore et al. 2007; Efstathiou, Bae et al. 2009; Van
Poppel and Tombal 2011; Roayaei and Ghasemi 2013). Muitas das patologias
associadas ao uso dessa terapia acabam sendo responsaveis pelos Obitos

observados para esta doenca.

Além dos problemas relacionados a terapia de castracdo, outro problema
associado ao tratamento do cancer de préstata envolve a progressao para fase
horménio refrataria. Em geral, inicialmente as células prostaticas respondem a
gueda da testosterona causada pela terapia antiandrégena e o tumor regride e
pode até ser eliminado (Ganguly, Li et al. 2014). Entretanto, com o0 passar dos
anos algumas das células podem se tornar resistentes a privacdo androgénica e o
tumor volta a crescer e, em geral, pacientes nesta situacao vem a Obito em cerca
de 40 semanas apos a recidiva (Mahler and Denis 1992; de Bono, Logothetis et
al. 2011; Kirby, Hirst et al. 2011; Scher, Fizazi et al. 2012; West, Kiely et al. 2014).
Ainda, muitos tumores avancados desenvolvem novos mecanismos de resisténcia
as drogas disponiveis atualmente e sdo comuns a quase todas elas (Caffo 2015),

tornando o tratamento do cancer de préstata ainda mais complexo.
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Diante dos inumeros problemas atribuidos ao uso das terapias disponiveis
atualmente para tratar o cancer de préstata e da auséncia de tratamento eficaz
para cura da doenca na fase mais avancada, tém aumentado o numero de
estudos buscando alternativas eficazes para o tratamento desta patologia.
Associado a isso, cada vez mais produtos naturais tem mostrado efeitos
benéficos no controle do crescimento e metastase em diversos tipos de cancer.
Entre eles podemos destacar a curcumina, as isoflavonas, o resveratrol e as
catequinas (Khan, Afaq et al. 2008).

O y-orizanol é um fitoquimico extraido a partir do farelo do arroz, formado
por uma mistura de ésteres do acido ferulico (Graf 1992) com diferentes esterois
(campesterol, estigmasterol ou B-sitosterol) ou alcoois triterpénicos (cicloartanol,
cicloartenol, 24-metilenocicloartanol, ciclobranol) (Diack and Saska 1994; Bucci,
Magri et al. 2003; Yu, Nehus et al. 2007; Imsanguan, Roaysubtawee et al. 2008;
Lu, Chen et al. 2011; Jeng, Shih et al. 2012). Ja a Thuya occidentalis € uma
arvore nativa da Europa (1983) comumente utilizada na medicina popular para
tratamento de diversas patologias (Naser 2005), principalmente na forma de
homeopatia, seja como tintura-méae ou como diluicdo ((HAB) 1985; (HAB) 2003).

As acbes do y-oryzanol e do extrato hidroalcolico de Thuya occidentalis
sobre diversas patologias, inclusive em alguns tipos de canceres, foram a base
para a hipétese que justifica o objetivo principal desta tese. Tanto o y-oryzanol,
como o extrato hidroalcélico de Thuya occidentalis poderiam atuar favoravelmente
na prevencdo ou no tratamento do cancer de prOstata por interferirem em
mecanismos bioquimicos e moleculares que resultam em inibicdo do crescimento
celular, porém, poucos estudos sobre a acdo desses compostos no cancer de

préstata estdo disponiveis.
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No Capitulo | da segunda parte desta tese, foram descritos os efeitos do y-
orizanol sobre linhagens celulares de cancer de prostata responsivas e néo-
responsivas a androgenos. NOs observamos que o tratamento com 16 uM de y-
orizanol foi capaz de diminuir significativamente a viabilidade e biomassa celular
nas trés linhagens celulares (LNCaP, DU145 e PC3), provavelmente associado ao
aumento da apoptose na linhagem nao-responsiva a andrégeno PC3, confirmada
pelo aumento da ativacdo de caspases; ou da necrose nas linhagens LNCaP e
DU145 responsiva e ndo-responsiva a androgenos, respectivamente.

As caspases, uma familia de proteases, desempenham um papel central
na regulacdo da apoptose (Kitanaka and Kuchino 1999). Elas sdo divididas em
duas categorias conhecidas como caspases iniciadoras (caspase-2, -8, -9 e -10) e
caspases efetoras (caspase-3, -6 e -7) (Riedl and Shi 2004; Tait and Green 2010).
No citosol de células normais, as caspases aparecem como zimogénios inativos,
associadas com moléculas de Proteinas Inibidoras de Apoptose (IAP). Quando a
célula recebe um estimulo pré-apoptético, as caspases iniciadoras sao ativadas, e
estas por sua vez, medeiam a ativacdo de outras caspases, resultando em
alteracdes bioquimicas e biofisicas que geram apoptose (Taylor, Cullen et al.
2008; Parrish, Freel et al. 2013; McCracken and Allen 2014). Como esse processo
geralmente esta desregulado no desenvolvimento do cancer (Fisher 1994), o
aumento da ativacdo das caspases acompanhada pelo aumento da morte celular
por apoptose nas células PC3 apds o tratamento com y-orizanol representa uma
importante estratégia do desenvolvimento de terapias para essa patologia.

Além disso, o tratamento com y-orizanol também bloqueou a progresséo do
ciclo celular através da inducéo da parada do ciclo em G0O/G1 na linhagem DU145

ou em G2/M nas linhagens LNCaP e PC3. A regulacao do ciclo celular é critica
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para o crescimento e desenvolvimento dos tumores (Collins, Jacks et al. 1997,
Park and Lee 2003) e uma das vias que pode ser envolvida na progressao do
ciclo celular é a via da ERK1/2, um membro da familia das proteinas cinases
ativadas por mitégeno (MAPK) (Meloche and Pouyssegur 2007). Em geral, a
fosforilacdo da ERK1/2 (pERK1/2) ocorre em resposta a um estimulo mitogénico,
e a relacdo entre a ativacdo da ERK1/2 (pERK1/2) e proliferacdo celular &
complexa e dependente de muitos fatores, como a duracdo do estimulo, por
exemplo (Agarwal 2000). Estudos tem demonstrado que a ativacdo transiente da
ERK1/2 pode causar aumento da proliferacédo celular, e de fato, esse mecanismo
ocorre em diversos tumores e tem sido considerado benéfico (Sah, Eckert et al.
2002; Steinmetz, Wagoner et al. 2004). Porém, estudos anteriores também
mostraram que a ativacdo forte e sustentada da ERK1/2 reduz a proliferacao
celular por causar parada do ciclo celular (Agarwal 2000; Xiao and Singh 2002;
Albrecht, Clubbs et al. 2008). Além disso, células epiteliais de prostata
normalmente mostram altos niveis basais de atividade da ERK1/2 e durante a
progressdo do céancer esses niveis tendem a diminuir, causando aumento da
proliferacédo celular (Paweletz, Charboneau et al. 2001; Malik, Brattain et al. 2002;
Ghosh, Malik et al. 2003). Nossos estudos mostraram um aumento de 0.31 e 0.51
vezes na pERK1/2 nas linhagens celulares LNCaP e DU145, apés o tratamento
com y-orizanol por 24 e 48 horas, respectivamente. Este fato justificaria a parada
do ciclo celular e reducédo da proliferacdo observadas nas mesmas linhagens e
poderia representar uma importante estratégia no tratamento do cancer de
préstata.

Além das mudancas bioquimicas encontradas nas células de cancer e que

contribuem para o seu desenvolvimento e progressao, fatores genéticos também
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estdo envolvidos e sdo importantes no cancer de préstata. A caveolina-1 (Cav-1),
por exemplo, € um componente vital das caveolas (Zhuang, Kim et al. 2005;
Daniel, El-Yazbi et al. 2006) e estd intimamente relacionada ao aumento da
agressividade em carcinomas da prostata (Yang, Truong et al. 1999). Estudos tem
demonstrado que o aumento da expressdo da Cav-1 seria capaz de
hipersensibilizar o receptor andrégeno e contribuir significativamente para a
progressao da doenca para a fase hormonio refrataria (Lu, Schneider et al. 2001).
Como citado anteriormente, nesta fase, o tratamento do céancer se torna muito
dificil e em geral, € ineficaz (Grossmann, Cheung et al. 2013). A reducédo da
expressdo da Cav-1 surge entdo, como uma importante estratégia para o
tratamento da doenca e estudos anteriores confirmam que a reducdo da
expressao da Cav-1 foi capaz de tornar células ndo-responsivas a andrégenos em
responsivas novamente (Nasu, Timme et al. 1998), corroborando a nossa
hipétese. De fato, no Capitulo | desta tese n6s mostramos que o tratamento com
y-orizanol reduziu a expressdo do gene e da proteina Cav-1 nas linhagens nao-
responsivas a androgenos (DU145 e PC3), fator este que também poderia estar
contribuindo para a reducdo da sobrevivéncia observada nessas células apds o
tratamento.

Outro alvo molecular importante no cancer de préstata € o gene especifico
da prostata, PCGEM1 (Petrovics, Zhang et al. 2004). Este gene faz parte de um
grupo de genes recentemente postos em evidéncia, os genes de RNA néo-
codificantes de proteinas (Petrovics, Zhang et al. 2004). Esses genes, ao invés de
expressarem RNAs mensageiros (MRNA) que codificam proteinas, produzem
transcritos com funcédo regulatéria, catalitica ou estrutural (Eddy 1999; Erdmann,

Barciszewska et al. 2001; Erdmann, Barciszewska et al. 2001) e estdo
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amplamente envolvidos com o desenvolvimento de neoplasias (Huarte and Rinn
2010). Assim como a Cav-1, a alteracdo no padrdo de expressdo do gene
PCGEM1 também esta relacionada com a progresséo do cancer de prostata para
fase hormonio refrataria e metastatica (Yang, Lin et al. 2013), além de aumentar o
risco de desenvolvimento deste tipo de neoplasia em homens (Bussemakers, van
Bokhoven et al. 1999; Fu, Ravindranath et al. 2006). Ainda, o gene PCGEML1
também tem relacdo com as alteracbes encontradas no receptor andrégeno
responsaveis pela resisténcia ao tratamento antiandrogénico (Yang, Lin et al.
2013) e, assim como a Cav-1, ele poderia ser um importante alvo molecular para
o desenvolvimento de novas drogas para tratar essa patologia. Neste sentido, o y-
orizanol parece ser promissor, pois foi capaz de reduzir a expressdo do gene
PCGEML1 nas células LNCaP e DU145.

Outra classe de genes de RNA nao-codificantes de grande importancia no
cancer sao os miRNAs (Chang, Lin et al. 2002; Ambros 2004; Kidner and
Martienssen 2005; lorio and Croce 2009; Fabbri 2010; Liao, Yu et al. 2010; Farazi,
Spitzer et al. 2011; Ting, Lipson et al. 2011). Os miRNAs sédo pequenas moléculas
de RNA com aproximadamente 22 nucleotideos que exercem seus efeitos
regulatorios ligando-se a regidao 3’ nao traduzida do RNA mensageiro alvo para
reprimir a sua traducdo ou levar a sua degradacdo (Bartel 2004; Filipowicz,
Jaskiewicz et al. 2005; Sontheimer and Carthew 2005), reduzindo assim 0s niveis
proteicos de genes-alvo, raramente afetando o nivel de expressédo transcricional
deles (Wiemer 2007). Diversos estudos tem demonstrado que esses miRNAs
estdo envolvidos no controle de funcdes celulares como a proliferacéo e apoptose
(Bartel 2004; Care, Catalucci et al. 2007) e que sua expressao encontra-se

desregulada no cancer de prostata, estando intimamente relacionados ao seu
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desenvolvimento, invasdo e metastase (Shi, Xue et al. 2007; Lu, Liu et al. 2008;
Musiyenko, Bitko et al. 2008). Como no Capitulo | nds observamos que o y-
orizanol foi capaz de modular diversas funcbes celulares e moleculares em
células de cancer de prostata responsivas e ndo-responsivas a andrégeno, no
Capitulo Il nés estudamos o efeito deste fitoquimico sobre alguns miRNAs.

Diversos miRNAs tiveram suas expressfes alteradas ap0s o tratamento
com y-orizanol e diferentes padrdes de expressao foram encontrados para eles.

Exemplos de miRNAs com expressao reduzida no cancer de préstata sao
miR16-1, miR99a e miR133a. O mMiR16-1 normalmente tem sua expressao
reduzida na doenca avancada e esta relacionado com aumento da proliferacao
em células nao-responsivas a androgenos. Por outro lado, o aumento da
expressao deste miRNA causa aumento da apoptose e parada do ciclo celular
(Bonci, Coppola et al. 2008). A reducédo da expressao do miR99a também esta
correlacionado com o desenvolvimento do cancer de préstata e seu padrdo de
expressao é reduzido em tumores metastaticos e mais agressivos em relacéo a
células normais de prostata (Porkka, Pfeiffer et al. 2007; Sun, Lee et al. 2011).
Além disso, 0 aumento da expresséo deste miRNA também resulta em parada do
crescimento das células de cancer de prostata (Sun, Lee et al. 2011). O
miR99a/let7c/125b-2 cluster tem sua transcricdo reprimida pela ativacdo do
receptor andrégeno por androgenos. No entanto, a superexpressao do cluster ndo
causou inibicdo da proliferacdo em células LNCaP na auséncia de andrégenos
(Sun 2014).

A reducdo da expressdo do miR133a esta associada ao desenvolvimento
de muitos tipos de céncer, e o aumento da sua expressao leva a reducdo na

proliferacdo, migracdo e invasao celular no cancer de préstata (Chiyomaru,
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Enokida et al. 2010; Kano, Seki et al. 2010). Além disso, estudos anteriores
sugerem que o mMRNA da Cav-1, um importante marcador de agressividade do
cancer de prostata (Yang, Truong et al. 1999), é um dos alvos do miR133a
(Chiyomaru, Enokida et al. 2010; Kano, Seki et al. 2010). O tratamento com 16 puM
de y-oryzanol reduziu a expressdo do miR133a na linhagem de cancer LNCaP,
porém, nosso estudo anterior ndo foi capaz de identificar expressdo nem da
proteina e nem do gene da Cav-1 nesta linhagem celular. Mais estudos sao
necessarios para comprovar a relacdo entre a expressdo do miR133a e a
auséncia de Cav-1 nas células LNCaP, porém a reducdo deste miRNA apés o
tratamento com o y-orizanol ndo foi capaz de induzir a expressao da Cav-1, como
mostrado no Capitulo I.

y-orizanol também aumentou a expressao do miR161 em células PC3 nao-
responsivas a andrdgenos, 0 que poderia justificar o aumento da apoptose e
parada do ciclo celular observados nesta linhagem no Capitulo I. J& nas linhagens
LNCaP e DU145, o tratamento com este fitoquimico reduziu a expressdo do
miR99a, o que segundo trabalhos ja citados, poderia estar relacionado com
aumento de proliferacdo celular. No entanto, no Capitulo | nés mostramos que o
y-orizanol reduziu a proliferacdo em todas as linhagens, contrariando o0s
resultados de Sun (2011).

Alguns miRNAs mostram expressdo aumentada no cancer de prostata. A
reducdo da expressdo do miR24 esta relacionada ao aumento da apoptose e
reducao da proliferacdo celular no cancer de prostata (Qin, Shi et al. 2010). Qin e
colaboradores (Qin, Shi et al. 2010) mostraram que, provavelmente, estes efeitos
estdo associados ao aumento da ativacdo da caspase-8. Além dele, a

superexpressdao do miR222 também estad correlacionada com o aumento da
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agressividade no cancer de prostata, causando aumento da progressao do ciclo
celular da fase G1 para S (Galardi, Mercatelli et al. 2007). Um estudo anterior
mostrou que este miIRNA também se encontra mais expresso em células néo-
responsivas a androgenos (PC3) do que em células menos agressivas, como
LNCaP (Galardi, Mercatelli et al. 2007). Porém, neste trabalho nés néao
observamos diferenca no padrdo de expressdo deste mIRNA nestas duas
linhagens celulares (p=0.2613). O y-orizanol reduziu a expressao deste miRNA
nessas células, o que pode estar relacionado com a parada do ciclo celular em
G2 mostrada no Capitulo 1.

O tratamento com y-orizanol foi capaz de reduzir a expressao do miR24b-1
nas células nao-responsivas a andrégenos PC3. Além disso, no Capitulo | nés
mostramos que este fitoquimico aumentou a apoptose nessa linhagem celular,
confirmada pela ativacao de caspases, fato que corrobora estudos anteriores que
sugerem que os efeitos benéficos do miR24 sobre o cancer de prostata estédo
associados ao aumento da ativacdo de caspases, como a caspase-8 (Qin, Shi et
al. 2010).

Porém, alguns miR tem mostrado comportamento dualistico no cancer. O
miR182-5p tém se mostrado um util marcador de agressividade do cancer de
préstata, uma vez que se correlaciona com o Escore de Gleason (GS) e sua
superexpressao parece correlacionar-se com o aumento da malignidade nesta
doenca (maior GS) (Tsuchiyama, Ito et al. 2013). Porém, outros autores mostram
gue este miRNA causa supressao da proliferacdo celular em cancer de pulméo e
gastrico (Sun, Fang et al. 2010; Zhang, Liu et al. 2011; Kong, Bai et al. 2012) e
reduz o potencial de invasdo do cancer de prostata in vitro (Rasheed, Teo et al.

2013). Estes resultados sugerem que o miR182 também poderia agir como um
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supressor tumoral (Peng, Li et al. 2013). Ja a expressao do miR98 tem correlacéo
com cancer de prostata de alto risco (GS = 8) (Walter, Valera et al. 2013), porém,
ele se encontra superexpresso somente em células de cancer de proéstata
horménio refratarias e estudos em células de carcinoma hepatocelular mostram
gue ele atua inibindo a migracao e invasao (Porkka, Pfeiffer et al. 2007; Tan, Li et
al. 2011). O tratamento com y-orizanol diminuiu a expressdao do miR182-5p nas
linhagens de cancer de préstata LNCaP e DU145 e reduziu a expressao do
miR198 na linhagem PC3. No Capitulo I, mostramos a inibicdo da proliferacéo e
biomassa celular nas trés linhagens de cancer. Logo, a reducédo da expressao do
mMiR182-5p nas células LNCaP e DU145 e do miR198 nas PC3 pode ter relacao
com esses efeitos, sugerindo uma possivel acdo antitumoral do y-orizanol
mediada por miRNAs. Os efeitos sobre a expressdo do miR182 estao de acordo o
descrito por Peng, Li et al. (2013).

Outros miRNAs podem atuar na forma de clusters, onde um grupo de
genes gera um unico transcrito primario que ap0s 0 processamento pode dar
origem a varios miRNAs maduros (Lee, Jeon et al. 2002). Um dos clusters mais
estudados e envolvidos no cancer € o cluster miR-17-92, que codifica seis
diferentes miRNAs: miR17, miR18a, mirl9a, miR20a, miR19b e miR92; e é
considerado potencialmente oncogénico (Hayashita, Osada et al. 2005; Mendell
2005). O tratamento com 16 uM de y-orizanol reduziu a expressdo do miR19b-2
nas linhagens nédo-responsivas a andrégenos DU145 e PC3. Este seria um
resultado interessante uma vez que este cluster e seus miRNAs estao envolvidos
na reducdo da morte e ao estimulo da proliferacédo celular (He, Thomson et al.
2005; O'Donnell, Wentzel et al. 2005; Dews, Homayouni et al. 2006; Ventura,

Young et al. 2008).
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Assim, nés mostramos nos Capitulos | e Il, que o y-orizanol foi capaz de
efetivamente reduzir a proliferacdo e biomassa celular nas trés linhagens de
cancer de préstata (LNCaP, DU145 e PC3), provavelmente associado ao
aumento da atividade das caspases que gerou aumento de apoptose na linhagem
nao-responsiva a androgenos PC3; e parada do ciclo celular e ativacdo da
pERK1/2 nas linhagens LNCaP (responsiva a androgenos) e DU145 (né&o-
responsiva a androgenos). Ainda, este fitoesterol reduziu a expressao do gene e
proteina Cav-1, um marcador de agressividade no cancer de préstata, nas
linhagens n&o-responsivas a andrégenos. Além do mais, y-orizanol também
mostrou ser capaz de regular a expressdo de genes de RNA ndo-codificantes,
como o IncRNA especifico da prostata PCGEM1 e diversos outros miRNAS,
importantes no desenvolvimento, progressdo e invasdo da doenca. Esses
resultados sugerem que este fitoesterol poderia ser um importante candidato para
o desenvolvimento de novas drogas mais eficazes para o tratamento do cancer de
prostata avancado, e poderia também ser importante no tratamento inicial,
substituindo terapias bem estabelecidas para esta patologia, mas que causam
uma série de efeitos colaterais para 0os pacientes que a usam.

O extrato hidroalcolico de Thuya occidentalis (T. occidentalis) também
parece ser promissor para o tratamento desta patologia. Embora seja amplamente
utilizado na medicina popular ((HAB) 1985; (HAB) 2003; Naser 2005), sdo raros
0s estudos sobre o efeito deste extrato no cancer de prostata, e este foi 0 assunto
discutido no Capitulo Il desta tese.

Como no caso do y-orizanol, as células responsivas a androgenos LNCaP
parecem ter maior sensibilidade ao tratamento com T. occidentalis (0.05 mL

extrato/mL de meio) do que as nao-responsivas a andrégenos. Uma hora de
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tratamento de células LNCaP com 0,05 mL extrato/mL de meio provocou a
mesma diminuicdo na biomassa celular que 24 h de tratamento nas células
DU145 e PC3. Este resultado parece ser compativel com a progressdo da
doenca, pois na fase responsiva a andrégenos, representada pela linhagem
LNCaP, o tumor parece ser mais sensivel as drogas disponiveis do que na fase
avancada (Caffo 2015).

O tratamento com T. occidentalis foi capaz de reduzir a proliferacdo e
biomassa celular em todas as linhagens estudadas (LNCaP, DU145 e PC3). Nos
também observamos aumento da necrose e/ou apoptose em todas as linhagens
celulares, sugerindo que estes devem ser 0s principais mecanismos toéxicos ou
associados a morte celular causados pelo tratamento com T. occidentalis.

Muitos estudos tem sugerido que morte por apoptose deve ser
preferencialmente escolhida como mecanismo para matar seletivamente as
células de céancer, durante o desenvolvimento de novas drogas (Lowe and Lin
2000; Brown and Attardi 2005). Porém, atualmente a morte por necrose também
tem sido sugerida como um processo benéfico no tratamento desta doenca. O
quadro inflamatorio associado a este tipo de morte celular tem a vantagem de
estimular a resposta imune e alguns autores tem mostrado que o recrutamento
das células do sistema imune poderia aumentar a eficacia das drogas anticancer
(Edinger and Thompson 2004; Okada, Adachi et al. 2004). Dessa maneira, a
morte por necrose estimulada pelo extrato hidroalcélico de T. occidentalis seria
um importante mecanismo a ser considerado no desenvolvimento de novas
alternativas para o tratamento do cancer de préstata.

Na linhagem de cancer de prostata ndo-responsiva a andrégeno DU145

nos observamos parada do ciclo celular na fase GO/G1. Alteracdes no ciclo celular
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estdo claramente ligadas ao desenvolvimento de cancer (Collins, Jacks et al.
1997) e a frequente perda da correta regulacdo do ciclo celular tem sido alvo para
possiveis intervencdes terapéuticas (Chen, Sharma et al. 1999). Além disso,
anormalidades nos pontos de checagem G1-S sao importantes no
desenvolvimento de tumores (Hartwell and Kastan 1994). Ainda, estas vias
parecem ser determinantes para as respostas causadas por diversos tipos de
agentes citotoxicos usados para tratar tumores e sao sugeridas como alternativas
para tratar de forma mais eficaz o cancer (Kastan and Bartek 2004). Assim, a
parada do ciclo celular observada nessa linhagem celular é importante e sugere
que a T. occidentalis teria potencial no tratamento do cancer de prostata.

Como discutido anteriormente no Capitulo | desta tese, a Cav-1 € um
importante marcador de agressividade no cancer de prostata (Yang, Truong et al.
1999). Além disso, seu gene parece ser superexpresso na metastase (Nasu,
Timme et al. 1998) e contribui com a progresséo da doenca para a fase hormonio
refrataria, correlacionando-se com prognéstico desfavoravel nesta neoplasia
(Tahir, Frolov et al. 2006; Freeman, Yang et al. 2012). O tratamento com extrato
de T. occidentalis reduziu a expressdo do gene e da proteina Cav-1 nas linhagens
de cancer de prostata ndo-responsivas a andrégenos DU145 e PC3. A reducao
da expressdo da Cav-1 seria capaz de transformar células nao-responsivas a
androgenos no fendtipo responsivo novamente (Nasu, Timme et al. 1998). Além
disso, uma vez que a alta expressao da Cav-1 pode favorecer a progressao da
doenca para estagios mais avancados (Williams, Hassan et al. 2005) e que o
tratamento do cancer de prostata nessa fase costuma ser ineficaz (Scott, Menon
et al. 1980; Eisenberger, Blumenstein et al. 1998), a T. occidentalis pode vir a ser

uma alternativa interessante de terapia.
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Porém, a T. occidentalis € um extrato e sendo assim, diversos compostos
poderiam ser os responsaveis pelos efeitos observados apds o tratamento.
Alguns autores tem mostrado diversos efeitos associados a a-tujona - uma cetona
monoterpénica presente no 6leo essencial da Thuya (Chang, Song et al. 2000;
Naser 2005, Hold, Sirisoma et al. 2000; Czyzewska and Mozrzymas 2013), e nés
investigamos se este composto ndo estaria causando os efeitos antiproliferativos
nas linhagens de céncer usadas neste trabalho. A analise por Cromatografia
Gasosa acoplada a Detector de Massas detetectou a presenca de 0.0016 g de
a-tujona/ml de meio de cultura e o teste dessa quantidade de a-tujona nas
linhagens de céancer somente mostrou efeitos na LNCaP. Esses resultados
corroboram os resultados anteriores que sugerem que esta linhagem € mais
sensivel ao tratamento do que as nao-responsivas a andrégenos.

Em resumo, o extrato hidroalcdlico de T. occidentalis também pareceu ser
promissor no tratamento do cancer de prostata. Além disso, este estudo
esclareceu alguns dos mecanismos pelos quais este extrato amplamente usado
na medicina popular pode estar exercendo seus efeitos, podendo ser utilizado, no
futuro, como uma nova estratégia de tratamento para esta patologia.

Nos trés estudos conduzidos nesta tese, n0s mostramos os efeitos do y-
orizanol e do extrato de T. occidentalis sobre linhagens de cancer de préstata
metastaticas. O fato de ndo haver muitas alternativas de terapias curativas
disponiveis para esta fase da doenca justifica 0 uso destas linhagens, ainda mais
na fase hormdnio refrataria, amplamente discutida no decorrer deste trabalho. E
embora as trés linhagens usadas sejam metastaticas, nossos resultados mostram
comportamentos diferentes entre elas. Essa caracteristica ja foi relatada por

outros autores (Stone, Mickey et al. 1978; Kaighn, Narayan et al. 1979; Ifere, Barr
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et al. 2009) e pode ser explicada pelo fato dessas linhagens serem provenientes
de metastases em oOrgaos distintos e apresentarem potencial metastatico,
agressividade e sensibilidade a androgenos diferentes (Stone, Mickey et al. 1978;
Kaighn, Narayan et al. 1979; Horoszewicz, Leong et al. 1980; Horoszewicz, Leong
et al. 1983).

Portanto, apesar de mostrar efeitos promissores quanto ao tratamento do
cancer de prostata, a necessidade de se entender melhor outros alvos de a¢édo do
y-orizanol e do extrato de T. occidentalis nas linhagens de cancer de prostata
responsivas e nao-responsivas a androgenos ou em outros modelos que
representem outras fases da doenca e também, em células normais de prostata, €
evidente. Assim, outros estudos sdo necessarios para obtermos respostas mais
amplas que possibilitem a utilizacdo do y-orizanol e do extrato de T. occidentalis
no tratamento desta patologia, principalmente no que abrange seus possiveis
efeitos toxicos. Porém, atualmente estdo disponiveis muito poucos estudos sobre
o efeito desses compostos no cancer de préstata e em outros tipos de cancer, e
aqui nés pudemos mostrar que esses COmpostos se mostram promissores no

tratamento desta patologia.
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1.2 CONCLUSOES

No presente trabalho, n6s mostramos os efeitos do y-orizanol e do extrato
hidroalcolico de Thuya occidentalis, que indicam seu potencial como uma
alternativa mais eficaz e com menos efeitos colaterais de tratamento para o
cancer de préstata.

Em resumo, nesta tese nds demonstramos que o y-orizanol causou
reducdo da viabilidade e biomassa celular em cultura nas trés linhagens de
cancer de prostata. Na PC3, o tratamento com y-orizanol causou aumento da
morte celular por apoptose, acompanhado da ativacdo de caspases; enquanto na
LNCaP (responsiva a andrégeno) e na DU145 (n&o-responsiva a androgeno) so
observamos aumento de necrose, porém este fato foi acompanhado de aumento
da pERK1/2. Ainda, observamos parada do ciclo em G0/G1 (DU145) ou G2 (PC3
e LNCaP), além de reducdo da expressdo do gene de RNA néo-codificante
PCGEML1. Diversos miRNAs também tiveram suas expressfes alteradas apos o
tratamento com y-orizanol. miR16-1, MiR19b-2, miR24b-1, miR24b-2, miR99a,
miR133a-5p, MiR-182-5p, MiR198 e miR222 sdo exemplos de mMiRNAs que
tiveram a expressdo modulada pelo tratamento com 16 uM de y-orizanol e que
tem funcbes relacionadas ao cancer de prostata, mostrando serem
potencialmente benéficos para o cancer de prostata.

Ja o tratamento com extrato de Thuya occidentalis mostrou ter efeito
antiproliferativo nas trés linhagens avaliadas neste estudo. N6s observamos
aumento da morte celular por necrose e/ou apoptose em todas as linhagens
celulares, acompanhado de parada do ciclo celular em GO/G1 na DU145, e
detectamos a presenca de 0,0016 pg da cetona monoterpénica a-tujona na dose

de extrato usada neste estudo. O tratamento com essa quantidade de a-tujona foi
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efetivo, porém, somente sobre linhagem LNCaP, reforcando a hipotese da
diferenca de sensibilidade entre as linhagens responsivas e nao responsivas a
androégeno e mostrando a contribuicdo de outros componentes do extrato nos
efeitos observados.

Associado a esses achados, tanto o y-orizanol quanto o extrato de Thuya
occidentalis reduziram a expressao do gene e da proteina Cav-1 nas linhagens de
cancer de prostata ndo-responsivas a andrégenos (DU145 e PC3) e a reducao da
sua expressao poderia ser uma estratégia importante usada no desenvolvimento
de novas terapias para tratar esta patologia, pois Cav-1 est4d associada ao
desenvolvimento e progressdo do cancer de prostata para fase metastatica e
horménio refrataria (Williams, Hassan et al. 2005; Tahir, Frolov et al. 2006;
Freeman, Yang et al. 2012).

Em conjunto, considerando que a linhagens celulares utilizadas nesta tese
sdo um modelo patologico de estudo amplamente usado, estes resultados
sugerem que tanto o y-orizanol quanto o extrato de Thuya occidentalis s&o
candidatos promissores para o desenvolvimento de futuras terapias anticancer,
por atuarem na modulacdo de alvos moleculares, como os genes de ncRNA; ou
modulando vias importantes em neoplasias, como ciclo celular, necrose,
apoptose, entre outras. No entanto, testes em modelos que representem outras
fases da doenca e sobre a toxicidade desses compostos séo relevantes. Além
disso, mais estudos sdo necessarios para avaliar os efeitos e mecanismos

envolvidos na acdo do y-orizanol sobre os miRNAs avaliados neste estudo.
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[11.3 PERSPECTIVAS

Em relacdo ao apresentado nesta tese, ainda resta uma grande
perspectiva de aprofundar o estudo sobre os efeitos do y-orizanol e do extrato de
Thuya occidentalis sobre o cancer de préstata, especialmente quanto aos seus
efeitos toxicos. Neste sentido, seus efeitos sobre as linhagens celulares nao
metastaticas e de prostata normal devem ser avaliados para sugerir seus
potenciais usos como drogas no tratamento do cancer de prostata. Da mesma
forma, aprofundar os estudos sobre os mecanismos moleculares envolvidos nos
efeitos observados nesta tese e que determinam a acdo das mesmas sobre a
patologia tratada neste trabalho, surgem como outra perspectiva importante. Além
destas metas, um estudo mais aprofundado dos miRNAs discutidos aqui deve ser
realizado, com o objetivo de confirmar as hipoteses sugeridas anteriormente e
procurando elucidar quais os mRNAs alvo afetados por esses miRNAs. Ainda,
técnicas que envolvem o silenciamento e superexpressdo dos miRNAs aqui
citados devem ser utilizados para confirmar os efeitos dos mesmos sobre funcées
celulares relacionadas ao desenvolvimento, invasédo e progressdo do cancer de
prostata. Quanto ao estudo do potencial do y-orizanol e do extrato de Thuya
occidentalis sobre o cancer de prostata, avaliar os efeitos dose-dependentes em
células primarias e em um modelo animal faz-se necessario. Sob este aspecto,
tanto os efeitos citotoxicos podem ser explorados/estudados para o tratamento de
individuos com esta patologia, quanto os efeitos quimiopreventivos desses
fitoterapicos podem ser avaliados em modelos animais que possam ser induzidos

a desenvolver esta patologia.
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