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RESUMO

O desenvolvimento e diferenciagdo da prostata sdo induzidos por andrégenos, via
interacdes epitélio-mesenquimais, ¢ na vida adulta, a glandula ¢ mantida funcionalmente
ativa por interagdes semelhantes entre o epitélio e o estroma. DescompensacOes hormonais,
geralmente observadas durante a senescéncia, causam um desequilibrio destas interagOes
hqmeostéticas e podem promover o aparecimento de patologias prostaticas. A hiperplasia e
o céncer estdo entre as doencas que mais freqlientemente atingem a prostata e os hormoénios
androgénicos, juntamente com outros fatores, exercem papel importante na etiologia destas
lesbes. O entendimento da fisiologia androgénica e sua funcdo no desenvolvimento e
manutencio da prostata normal e no envolvimento com as doengas que a afetam €
fundamental para a compreensdo das interagdes epitélio-estroma. Na prostata a acio
androgénica € acentuada devido a conversio da testosterona em dtidrotestosterona pela Sa-
redutase, enzima presente, principalmente, em células basais e estromais. Por essas razdes,
o objetivo deste estudo foi avaliar as alteragdes na morfologia tissular da préstata ventral do
gerbilo adulto (Meriones unguiculatus), incluindo modificagbes na arquitetura tecidual, na
ultra-estrutura celular, além do arranjo das fibras da matriz extracelular, decorrentes do
tratamento com finasterida, um inibidor competitivo da enzima Sa-redutase. Os resultados
obtidos apos 10 dias de tratamento oral, com 100mg/kg/dia de f{inasterida, revelaram uma
intensa reorganizacio do compartimento estromal e modificacSes epiteliais frente a nova
situagdo hormonal. O compartimento glandular epitelial reduziu-se de tamanho € teve a

atividade sintética diminuida, enquanto no compartimento estromal as fibras de colageno e
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as reticulares acumularam-se de maneira marcante na base do epitélio, assumindo fenétipos
bem diferentes dos observados na prostata dos animais controle. A camada de miisculo liso
tornou-se menos compactada, com abundante material granular amorfo e fibras coldgenas e
reticulares entremeando as células musculares lisas. Além disso, este material granular
amorfo também acumulou-se notavelmente na base do epitélio. Algumas das células da
camada muscular lisa por sua vez, passaram a apresentar aspecto desdiferenciado, com
contorno irregular e espinhoso, enquanto outras mostraram-se bem reduzidas, com
citoplasma condensado e vérias vesiculas de pinocitose na membrana celular. Deste modo,
estes resultados permitem indicar que a inibi¢io da atividade enzimatica da So-redutase
afetou as interagdes homeostaticas entre epitélio e estroma, o que pode estar potencialmente

envolvido com alteragfes hormonais.
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ABSTRACT

Prostatic development and differentiation are induced by androgens acting via
mesenchymal-epithelial interactions, and during adult life the gland is maintained
functionally active by reciprocal homeostatic stromal-epithelial interactions. Hormonal

alterations, usually associated with the physical aspects of aging, leads to disruptions of this

prostatic hyperplasia and cancer are among the most frequently prostatic pathologies and
androgens, together with others factors, play important roles in the etiology of these lesions
in the prostate. Understanding the physiology of androgen production and its role in
development and maintenance of the normal prostate and in prostate cancer, it is vital in
order to comprehend the complex interactions between epithelium and stroma. Within the
prostate, the androgen action is enhanced due to the conversion of testosterone in
dihydrotestosterone, by Sa-reductase, an enzyme mostly present in basal and stromal cells.
Thus, the objective of this study was to analyze the alterations in tissular morphology of the
adult gerbil (Meriones unguiculatus) ventral prostate, including modifications in the tissue
architecture, cell ultrastructure and extracellular matrix fibers arrangement, following
finasteride therapy, a competitive So-reductase inhibitor. The data obtained after oral
finasteride administration, at a dose of 100mg/kg/day through 10 days revealed a striking
reorganization of the stromal compartment and epithelial modifications, probably due to the
new hormonal situation. The glandular epithelial compartment shrinked and its secretory

activity decreased. In the stromal compartment, there was a notable collagen and reticular
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fibers accumulation around the epithelium, which assumed very different phenotypes when
compared to the control animals” prostate. The smooth muscle layer underwent a loosening,
interspersed with abundant amorphous granular material, collagen and reticular fiber. This
amorphous granular material also accumulated in the base of the epithelium. Some smooth
muscle cells exhibited a dedifferentiated aspect with a highly irregular external contour and
numerous spine-like cytoplasmic projections, whereas others were reduced, showing a

condensed cytoplasm and many caveolae in the cell surface. In these regards, the results

lend support to conclude that the Soa-reductase inhibition affected the homeostatic
epithelial-stromal interactions, what can be critically invoived with the alterations of

hormonal levels.
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INTRODUCAO

1. Estrutura da préstata

A prostata humana tem estrutura firme e compacta, com peso ao redor de 25g,
formato semelhante a uma noz e localiza-se envolvendo a uretra, guando esta emerge da
bexiga. No aparelho reprodutor masculino, a prostata e as vesiculas seminais sio
consideradas gléndulag acessorias sexuais, envolvidas na manutencdo da v.iabiliéade .e
motilidade do espermatozdide, além de garantirem a sua bem sucedida transferéncia para o
aparetho reprodutor feminino. Estas glandulas exdcrinas sdo as responsaveis pela formagio
do produto ejaculado e liberam suas secre¢des diretamente na uretra, no momento da
ejaculacdo (Kirby et al., 1996, Coffey, 1998).

Histologicamente, a prostata humana € uma glandula tibulo-alveolar, composta
de ductos e 4cinos, com atividade secretora principalmente ligada & porcio alveolar, porém
os ductos também podem secretar alguns componentes para ¢ conteudo final da secregdo
prostatica (Reese et al., 1986). A camada celular epitelial consiste de, pelo menos, quatro
tipos de células: basal, secretora, intermedidria e neuroendécrina que dependem dos
horménios esterdides mas reagem diferentemente a eles (De Marzo et al., 1998, Rumpold et
al., 2002). Pesquisas t€m demonstrado que as células intermedidrias do epitélio prostatico
reagem a anticorpos anti-queratinas de baixo peso molecular especificos de células basais €
de alto peso molecular, marcadores de células secretoras (De Marzo et al., 1998).

O compartimento estromal prostatico, que entremeia as por¢des glandulares,

exibe uma complexa organizacfio de células e matriz extracelular (MEC). As células
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encontradas neste compartimento incluem fibroblastos, macréfagos teciduais, mastécitos,
células endoteliais vasculares e células musculares lisas (CML). Qs fibroblastos,
juntamente com as CML sintetizam os componentes teciduais e regulatorios da MEC, que é
composta de fibras de coldgeno, fibras elasticas e proteoglicanos, entre outras moléculas
que se associam a fatores de crescimento, moléculas reguladoras e enzimas remodeladoras
(Tuxhorn et al., 2001). O colageno e as fibras elasticas fornecem resisténcia mecénica e
flexibilidade ao tecido, além de servirem de substrato para adesio e migragio celular,
processos mediados por glicoproteinas adesivas, como a fibronectina ¢ laminina. Os
proteoglicanos regulam a estrutura da MEC e sua permeabilidade, ligam-se a fatores de
crescimento, proteases e inibidores de proteases (Kreis & Vale, 1999). Os fatores de
crescimento, enzimas remodeladoras e seus inibidores, junto com os componentes fibrilares
da MEC participam ativamente de vérios processos fisiologicos e patoldgicos da prostata,
permitindo proliferagdo e migracfio dos tipos celulares envolvidos na manutencio e reparo
tecidual desse orgéo (Tuxhorn et al., 2001, Thomson et al., 2002).

As CML e os fibroblastos sdo os principais tipos celulares do estroma
prostatico, sendo que as primeiras representam 22% da area total da prostata humana
(Shapiro et al., 1992), predominando ao redor dos ductos, em intimo contato com a
membrana basal das células epiteliais. Além disso, as CML tém um importante papel nos
mecanismos de estimulacfio pardcrina (interagdes a curta distincia), especialmente sobre o
epitélio (Farnsworth, 1999) e apresentam plasticidade funcional, sendo capazes de modular
seu fenétipo frente a situagSes fisiologicas e patologicas (Worth et al., 2001). Grande

importdncia tem sido atribuida as CML, tanto no controle homeostatico, quanto no
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desenvolvimento e estabelecimento de neoplasias da prostata (Cunha et al, 1996,
Farnsworth, 1999).

A prostata ¢ uma glandula acessoria do aparelho reprodutor masculino
encontrada em todos os mamiferos, inclusive nos monotremos, permitindo desde estudos
anatomo-patolégicos até os de natureza evolutiva. A anatomia comparada de alguns
mamiferos permitiu, ji na década de 60, a descrigiio macro e microscopica deste érgdo em
prostiticos assumem caracteristicas funcionais comuns nos diferentes animais,
independentemente do aspecto macroscépico da glindula, permitindo uma correlacdio na
homologia morfo-funcional (Price, 1963, Karr et al., 1995).

A prostata humana no apresenta lobos, mas é subdividida em trés zonas:
central, periférica e transicional. J4 na maioria dos roedores, a prostata apresenta-se
subdividida em lobos distintos morfologica e bioquimicamente, nomeados de acordo com
sua localizagdo anatbmica: amterior (ou glandula coaguladora), dorsal, dorso-lateral e
ventral (Price, 1963, McNeal, 1983). Assim, como nas zonas da prostata humana, estes
lobos diferem-se na composicdo celular, organizagio tecidual, contetido de suas secrecdes e
respectivos processos secretorios (Jesik et al., 1982, Aumiiller & Seitz, 1990, Colombel &

Buttyan, 1995).
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1.1 - A prostata do gerbilo

O gerbilo (Meriones unguiculatus) tem se revelado um bom modelo de estudo
prostitico (Zanetoni, 2002), pois sua prostata ¢ muito semelhante a humana, no que se
refere & compacidade e fusdo de seus lobos, caracteristicas ausentes no rato € no
camundongo (Price, 1963).

A glandula prostatica desses animais ¢ constituida de dois lobos ventrais a
bexiga urinaria, exatamente no ponto em que a uretra recebe dois ductos esperméticos.
Estes lobos estio ligados na juncfio da bexiga com as vesiculas seminais (Williams, 1974).
Os compartimentos epitelial e estromal sfio bem distintos, sendo identificadas no epitélio
prismético simples uma populagfo de células secretdrias apocrinas e merdcrinas, além de
células basais e intermediarias. O estroma é ricamente vascularizado e com abundante
musculatura lisa bem compartimentalizada ao redor dos acinos e ductos. Entremeando as
CML ha poucas fibras de colageno, que aparecem em maior concentragio na base do
epitélio prostatico, juntamente com fibras reticulares, proximas & membrana basal. Existem,
porém, poucas fibras do sistema eldstico entre as células da musculatura lisa. Estes dados,
quando comparados com os de outros roedores, mostram que na prostata do gerbilo, a
disposi¢do das CML na regidio periacinar acaba por limitar e confinar os elementos da MEC
em uma area restrita do estroma (Zanetoni, 2002). Em ratos, o estroma apresenta material
fibroso fino e pouco agregado, além de esparsas CML (Carvalho et al., 1996, 1997a, b). O

epitélio glandular prismatico simples, a heterogeneidade das células deste compartimento e
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a disposicio dos elementos epiteliais, estromais e musculares da prostata do gerbilo
assemelham-se muito ao encontrado no homem (Zanetoni et al., 2002).

Partindo-se destas semelhangas morfo-funcionais pré-estabelecidas e devido ao
papel fundamental da prostata no funcionamento do aparetho reprodutor masculino, pode-
se criar situagdes experimentais que permitam a extrapolacdo dos resultados para o homem.

O estudo das respostas do epitélio e dos componentes do estroma da prostata de ratos em

relacdo a agentes quimicos (Pollard e Luckert, 1987), ablagdo hormonal (Carvalho et al.,

1996 ¢ 1997a,b) ou até mesmo relacionadas com o climatério (Zanetoni, 2002) revela a
biclogia e fisiologia prostatica, além de indicar caminhos para a prevencio e prognodstico de
doencgas que afetam esta glindula. O estabelecimento de modelos experimentais para o
estudo das interagdes entre epitélio € estroma e o conhecimento dos componentes celulares
¢ moleculares da glindula prostitica, tornam-se instrumentos muito importantes para o

entendimento da fisiologia da préstata humana.

2. Controle hormonal na préstata

A prostata e a vesicula seminal s3o dependentes de androgenos, tanto para o
desenvolvimento e diferenciacio durante a embriogénese, quanto para sua manutencio na
vida adulta. A acdo destes hormdnios, que também regulam as agdes co-dependentes das
interacdes epitélio-estroma, ¢ mediada via receptores de androgenos (RA) (Cunha et al.,
1985, 1996, Hsing et al., 2002). Uma série de dados sustentam a hipotese que os RA

prostaticos desempenham papel-chave na agdo androgénica (Hsing et al., 2002), porém nem
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todos os tipos celulares prostaticos possuem RA, indicando que somente células especificas
sdo alvos diretos deste tipo de agfio hormonal (Prins et al., 1991). Estudos experimentais
mostram que na auséncia de androgenos, hormodnios nfo-androgénicos como o estradiol, a
vitamina D e fator de crescimento tipo-insulina, em combinagfio com os RA podem induzir
a agfo androgénica. Assim, a acdo hormonal na préstata € determinada nfio somente pela

concentracdo de androgenos, mas também por vartos outros fatores, como os niveis de RA

e seus co-ativadores, presenca de fatores de crescimento, e talvez outros fatores que ainda

venham a ser identificados (Hsing et al., 2002).

Durante o desenvolvimento da prostata, os processos morfogenéticos exigem
ruma mediagdo ativa das células estromats, enquanto a manutencio da diferenciacio do
tecido epitelial adulto pode ser regulada, em grande parte, pela MEC (Cunha et al., 1985).
Sugimura et al. (1986) e Nemeth & Lee (1996) sugerem que o estroma seja o primeiro alvo
da acfio dos andrégenos, sendo a reagdo do epitélio mediada por fatores estromais. As
interagdes envolvidas no desenvolvirnento prostitico acontecem de maneira reciproca: o
mesoderma derivado do sino urogenital induz a diferenciago epitelial e, este epitélio em
desenvolvimento, induz a diferenciacdo do mesoderma em musculo liso (Cunha et al,
2002). O resultado final desta relacfo epitého-mesenquimal é a formagio do tecido
prostatico maduro, no qual o epitélio mostra-se com células fenotipicamente diferenciadas e
0 estroma composto, predominantemente, por CML. Interagdes semelhantes durante a fase
adulta de um individuo mantém a prostata funcionalmente ativa através de uma
homeostase, dependente de acfio androgénica, entre morte e reposi¢do celular, uma vez que
a castracdio promove apoptose epitelial e deplecdio estromal, além de reduzir a quantidade

de DNA das células prostiticas a 10% em dez dias. Neste casos, com reposicio de
19



horménios androgénicos, tanto a arquitetura quanto a funco prostatica podem reestruturar-
se por meio de proliferacio celular (Kirby et al., 1996, Cunha et al., 2002).

As mterages entre epitélio e estroma, mais especificamente entre o epitélio e a
musculatura lisa ao seu redor, so de importancia fundamental durante a morfogénese da
prostata no embrido € a homeostase do 6rgdo adulto (Cunha, 1985, Hayward et al., 1997).

No mecanismo de estimula¢iio pardcrina, os androgenos ativam moléculas indutoras do

diferenciacdio do epitélio, promovendo o desenvolvimento da prostata. Sugere-se, também,
que os andrégenos sdo capazes de regular a espessura da camada muscular lisa,
compreendendo parte de um mecanismo de regulacdo da indugfio prostitica, durante a
embriogénese. Neste caso, o mesénquima € estimulado pelos horménios a diferenciar-se em
CML, as quais produzirdo fatores estimulantes para a diferenciacdo do epitélio (Thomson et
al., 2002).

Estudos baseados na privagdo androgénica t€m mostrado que a sintese e
organizacdo dos componentes da MEC, juntamente com as CML., apresentam respostas
adaptativas a diversas situagbes hormonais sendo, portanto, em grande parte moduladas por
androgenos. Horsfall et al. (1994) estudando o estroma prostatico de cobaia durante o
envelhecimento do animal, observaram altera¢Ges nos componentes fibrosos, além de um
aumento da atividade sintética das fibras musculares lisas modificadas fenotipicamente. Na
prostata ventral de ratos submetidos a castracfio houve um aumento e uma remodelacio dos
componentes estromais, principalmente colageno e elastina (Carvatho et al., 1997a, b).

Posteriormente, Vilamaior et al. (2000) no mesmo modelo experimental, descreveu as
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modificagbes fenotipicas das CML sugerindo um possivel papel para estas células na
remodelagdo e sintese dos componentes da MEC.

Cunha et al. (1996) sugeriram que as CML, sob agio de andrégenos, mantém a
estrutura e fungio do epitélio, que por sua vez, mantém a diferenciacio do musculo liso,
caracterizando a interagdo epitélio-estroma da prostata. Segundo estes mesmo autores,

depois da castragfo ha uma perda de feixes de musculo liso da préstata, acompanhado de

um ordenado e sequencial desaparecimento de muitos marcadores de diferenciacdo de

musculo liso. CML de ratos castrados tornam-se atréficas, com tamanho celular e alguns
componentes estruturais reduzidos, porém, mesmo com essa aparente atrofia, sugere-se que
a camada estromal aumenta (Zhao et al., 1992, Vilamaior et al., 2000). Wong & Tam
(2002) demostraram que as CML assumem um fenotipo sintético desdiferenciado apds a
mducdo de carcinogénese prostatica em ratos.

A modulago fenotipica das CML nfio envolve apenas mudancas quantitativas
nas proteinas contriteis e do citoesqueleto, mas também na reorganizacio destas. O
citoesqueleto atua como um regulador espacial da sinalizacio intracelular e sua
reorganizacdo causa, desta forma, um realinhamento das moléculas sinalizadoras que
poderdo mediar funcdes associadas com a modulagfio do fenétipo das CML (Worth et al.,
2001). Desta forma, as CML podem apresentar dois fendtipos: um sintético
(desdiferenciado e/ou proliferativo) e  outro contratil (diferenciado). Os eventos
envolvendo a diferenciagdo ou desdiferenciacio das CML sdo numerosos, incluindo vias
dependentes de citocinas, expressdo de proteinas especificas do citoesqueleto e fatores de

crescimento (Doevendans & Eys, 2002)
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Um desequilibric na interagio homeostdtica entre o epitélio e o estroma
prostaticos pode 1niciar e promover carcinogénese neste 6rgfo (Sung e Chung, 2002) e por
isso, o mecamsmo de estimulacfio pardcrina, principal responsavel pelo desenvolvimento e
manutencéio da prostata, pode alterar-se para um mecanismo autocrino também estimulado
por androgenos (Hayward et al., 1997, Cunha et al., 2002). Durante o envelhecimento do
homem, fase da vida em que as concentra¢des dos hormédnios sofrem um declinio gradual
resposta a estas descompensagdes hormonais (Rosai, 1996). A hiperplasia e o cincer estio
entre as doengas que mais frequentemente atingem a prostata e os horménios androgénicos,
juntamente com outros fatores, exercem papel importante na etiologia destas lesdes
(Hayward et al., 1997, Hsing, 2002).

Varias formas de se conseguir alivio dos sintomas da hiperplasia benigna
prostatica (HBP) e promover a regressdo do céncer prostético tém sido obtidas através do
estudo das respostas da prostata aos horménios, sob vérias condi¢des, demonstrando que as
lesdes prostaticas, malignas ou ndo, podem ser tratadas através de estratégias hormonais
(Colombel & Buttyan, 1995, Droller, 1997, Hsing, 2002). A redugio dos andrégenos
envolvidos com as patologias prostiticas pode ser obtida dos seguintes modos: ablacio
androgénica gonadal por castracdo cirfirgica, administragio de estrdgenos, inibicio da
sintese e liberacdo dos hormdnios foliculos estimulante e luteinizante e uso de horménios
agonistas. Além disso, drogas anti-androgénicas, competidoras dos andrégenos pela ligagio
aos RA e drogas que bloqueiam enzimas importantes para a potencializacdo da acdo de
horménios na prostata tém se revelado importantes imstrumentos para tratamento de

algurnas doencas da prostata (Galbraith & Duchesne, 1997). Porém, estas formas de
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manipulagéo hormonal podem causar desconfortdveis efeitos colaterais: a castraco pode
gerar um trauma psicologico para o individuo, altos indices de complicages
cardiovasculares podem ocorrer com o tratamento com estrogeno, o uso de antiandrogenos
e hormdnios agonistas podem resultar em ginecomastia e, mais recentemente, tém sido
relatados casos de anemia e osteoporose (Stege, 2000, Hedlund, 2000).

O entendimento da fisiclogia androgénica e sua funcdo, tanto mo
intmeras doengas que afetam este orgdo, ¢ fundamental para a compreensio das suas

respostas frente uma manipulacio hormonal.

2.1 - A Sa-redutase e a finasterida

A prostata normal humana, presente estruturalmente por volta da 12° semana de
vida intrauterina, permanece rudimentar durante toda a infincia e desenvolve-se somente
depois da puberdade, sob a influéncia de elevados niveis de andrégenos circulantes. A
testosterona (T), um dos hormoénios fundamentais nesta fase da vida, é sintetizada nos
testiculos pelas células de Leydig, em resposta a sinais hormonais enviados do hipotalamo e
da pituitaria (Kirby et al., 1996). Cerca de 95% da T circulante liga-se a proteinas presentes
no plasma sanguineo, como a albumina e as f-globulinas e 0s 5% restantes encontram-se
livres para difundirem-se entre as células. Outros androgenos também capazes de estimular

0 crescimento prostatico sdo os produzidos pelas glandulas adrenais, em pequenas
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quantidades como por exemplo, a androstenediona, que € entdo convertida a T nos tecidos
periféricos, como pele e tecido adiposo da tela subcutdnea e também na prostata (Kirby et
al., 1996, Taplin & Ho, 2001, Ekamn, 2002).

Na prostata, a T € convertida em diidrotestosterona (DHT) pela enzima So-
redutase (5a-r), acentuando a agfio hormonal em tecidos que sfo alvos dos androgenos
(Fig.1) (Rittmaster, 1994). Este horménio Sw-reduzido, quando comparado com a T, é de 3
a 10 vezes mais potente ¢ tem maior afinidade com os RA, um dos membros da

superfamilia de receptores nucleares.

So-r

>

T DHT
Fig. 1: Estruturas da testosterona (T) e diidrotestosterona (DHT)

A ligacSo da DHT ao RA resulta uma cascata de eventos necessarios para a
formagfo dos fatores de sinalizago, tanto para o crescimento quanto para a manutencio da
funcio prostitica (Carson & Rittmater, 2003). Estes complexos horménios-receptores
altamente estaveis podem modular a expressdo de vérios genes pela ativagiio de seqiiéncias
especificas de DNA, chamadas de elementos responsivos aos horménios, situadas em
regibes promotoras de genes especificos (Griffiths et al., 1997), com consequente producio
de proteinas, como o antigeno prostitico especifico (PSA) e proteinas reguladoras

importantes para crescimento ¢ fungdo celular (Steers, 2001, Carson & Rittmaster, 2003).
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Em individuos adultos normais, a DHT, juntamente com outros andrégenos,
contribui para a manutengdo da homeostase entre os processos de proliferacio e morte
celular. Indiretamente, este hormdnio controla a expressio e secrego de fatores de
crescimento, como EGF ("growth-stimulatory epidermal factor"), KGF ("keratinocyte
growth factor”) e IGF ("insuline-like growth factor") que modulam a proliferacdo celular.
Do mesmo modo, a DHT afeta a atividade do fator de crescimento 8, que modula 3
_ apoptose (Carson & Rittmaster, 2003).

Mesmo com um papel indispensavel para o desenvolvimento prostatico, a DHT
também tem importéncia no desenvolvimento da HBP, patologia que caracteriza-se por um
aumento estromal ¢ hiperplasia epitelial, principalmente em individuos idosos, os quais
apresentam diminui¢o da concentracédo de T total e livre, enquanto a concentracio de DHT
ndo diminui apreciaveimente (Rittmaster, 1994, Steers, 2001, Carson & Rittmaster, 2003).
Estudos em homem e animais sugerem gque o desenvolvimento da HBP vincula-se a um
desequilibrio da homeostase, mantida pela DHT, entre proliferagdo e morte celular, com os
processos proliferativos predominando em relag@o aos apoptoticos (Griffiths et al.,, 1997,
Carson & Rittmaster, 2003). Alteracdes dos niveis androgénicos ou de suas fungdes, em
geral devido a problemas de ligaciio da DHT ao RA, bem como dos niveis ou funcdes dos
fatores de crescimento que s#io mediados pela DHT podem ser consideradas causas da
ruptura desta homeostase importante para a manutencio morfo-funcional da préostata
(Carson & Rittmaster, 2003).

A So-r € uma enzima altamente lipofilica, presente em altas concentragdes nos

tecidos reprodutivos de individuos masculinos, na pele e também no figado. Na prostata,
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esta enzima ¢ encontrada nas membranas intracelulares, principalmente no envoltorio
nuclear das céluias basais € estromais (Steers, 2001). Existem duas isoformas desta enzima,
designadas tipo 1 e tipo 2. A Su-r tipo 2 ¢ encontrada, predominantemente, na prostata e em
outros tecidos genitais, enquanto que a 5o-r tipo 1, além de aparecer na pristata e
testiculos, expressa-s¢ em outros tecidos como a pele e glindulas sebaceas, sendo que

ambas isoformas sdo encontradas no figado. Estas isoenzimas tém 50% de semelhanca nas

__seqiiéncias de aminodcidos e diferem em alguns fatores como: pH 6timo para a sua

atividade (de neutro a basico para o tipo 1 e 4cido para o tipo 2), localizag@o cromossdmica
(o gene para o tipo 1 estd no cromossomo 5 e, para o tipo 2, no cromossomo 2) e resposta a
inibidores (Carson & Rittmaster, 2003).

Através de estudos com hibridizagio ir situ e imunohistoguimica em tecidos
prostaticos humanos (Bonkhoff et al., 1996, Iehlé et al., 1999) detectou-se que o RNAm
para a Sc-r tipo 1 €, preferencialmente, expressado no nicleo das células secretoras e pouco
expressado em celulas estromais, enquanto que 0 RNAm para Sa-r tipo 2 aparece tanto no
epitélio, principalmente no citoplasma das células basais, quanto no estroma. Na HBP, a
expressdo dos RNAm de ambas isoenzimas foi ligeiramente aumentada, indicando um
importante papel da 5o-r na patologia e manutencdo desta doenca (Iehlé et al., 1999).

O papel integral da 5o-r no desenvolvimento e manutengdo da prostata explica-
se pela observagho de individuos com deficiéncia congénita na enzima S5a-r tipo 2, os
pseudo-hermafroditas, que nascem com o pénis mal formado e persisténcia de uma bolsa
vaginal. Na puberdade, a musculatura destes individuos desenvolve-se normalmente, a voz

engrossa ¢ ha um relativo crescimento do pénis, porém, o crescimento de pélos no corpo é
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esparso € a glandula prostatica € pequena; estes individuos ndo desenvolvem HBP ou
cincer de prostata. Partindo-se destes motivos, sugere-se que a inibigdo farmacologica da
acdo enzimatica da Sa-t preveniria o desenvolvimento de doencas prostaticas, ndo afetando
a libido, o desempenho sexual e a musculatura masculina (Rittmaster, 1994).

A caracterizac@o precisa das agdes das isoformas Sa-r tipo 1 e tipo 2 € a chave

para o entendimento do desenvolvimento e crescimento da prostata (Rittmaster, 1994). Os

de um co-fator NADPH, que liga-se a Sa-r, e este & T, formando um complexo ternario
(Harris & Kozarich, 1997). A estrutura requerida para a producio de inibidores sintéticos
da So-r inclui uma configuracio estavel no anel A da molécula (Fig.2), que simule o estado
de transi¢@o na conversdio da T em DHT e permita que o inibidor se ligue fortemente ao
sitio ativo da enzima (Rittmaster, 1994). Estudos dos mecanismo da 5a-r na prostata tém
possibilitado o desenvolvimento de drogas que inibem as isoenzimas So-r tipos 1 e 2,
usadas contra doencas em que a DHT aparece relacionada, como no tratamento da HBP
(Steers, 2001).

A finasterida (Fig.2), um eficiente inibidor competitivo da 5o-t tipo 2, age
impedindo a conversdo da T em DHT, mas ndo afeta a ligagdo da T ao seu RA,
consequentemente nfo causando efeitos feminilizantes e, nem influindo na fertilidade
masculina (Griffiths et al., 1997). Para o tratamento de HBP, a dose recomendada (de 1mg
a Smg por dia) de finasterida nfio causa outros efeitos hormonais, nem inibe a formagio ou
a acfio de qualquer outro horménio esterdide, sendo bem absorvida apés administragio oral

(Rittmaster, 1994). Esta droga ¢ capaz de inibir de 80% a 90% a 5a-r tipo 2 na prostata e
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reduzir o tamanho prostitico em 20% a 30%, o que relaciona-se com a diminuicio dos

niveis de DHT intraprostaticos.

0
ENHC{CH.),

Fig. 2: Estrutura da Finasterida. Da esquerda para a direita, o primeiro anel aromatico €
o anel A da estrutura. —— . e

Os niveis séricos de T sdo higeiramente elevados em homens e animais apos a
administracdo de finasterida, enquanto que os niveis de DHT diminuem de 70% a 80%. A
inabilidade da finasterida em bloquear as duas formas da enzima Sa-r, justifica os 20% de
DHT sérica convertida pela Sa-r tipo 1, fracamente inibida pela finasterida (Steers, 2001).
Azzolina et al. (1997) propuseram que a acdo da finasterida acontece diferentemente entre a
Sa-r tipo 1 e tipo 2 de ratos, sendo reversivel a inibigdo da primeira, ¢ tempo-dependente e
irreversivel a inibigdo da Sa-r tipo 2. Segundo estes autores, o primeiro passo para o
mecanismo de inibi¢cfo é a enzima reconhecer a finasterida como um substrato alternativo e
catalisar a redugio da dupla ligacdio do anel A da droga. Se a enzima ¢ incapaz de promover
esta reacdo, ocorre a imbigdo reversivel pela finasterida.

Embora a inibicdo da Sa-r seja freqiientemente comparada com a castracdo, ha
diferencas importantes entre elas. Enquanto a concentracdo de T e DHT na prostata €

reduzida pela castracfo, com a imbicio enzimdtica a concentracfo de T intraprostatica
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aumenta. A castracio reduz somente a fonte testicular de andrégenos e o inibidor
enzimatico bloqueia a produgdo de DHT tanto a partir de hormdnios da adrenal, quanto de
precursores gonadais. A finasterida reduz mais a concentracio intraprostitica de DHT do
que a castracdo, mas o consequente aumento da T intraprostitica enfraquece os efeitos
fisiologicos da diminui¢do da DHT (Geller, 1990). A inibicdo da 5o-r em ratos causa morte
celular em menor extensfo e menos frequéncia, quando comparada com a castragio
 (Rittmaster, 1994). A diminuigdo na concentragéo do PSA, no tecido prostatico humano, €
maior com a com a castraglo cirurgica que com o uso da finasterida, sugerindo que os
elevados niveis intraprostéticos de T evitam a supressfo total da fungfio da célula epitelial
na prostata, fonte de PSA (Rittmaster, 1994), mesmo com o epitélio glandular sofrendo
atrofia apos o uso de finasterida (Carson & Rittmaster, 2003).

A HBP, doenga comum em homens a partir dos 50 anos de idade, caracteriza-se
por um aumento da glandula prostatica que resulta, principalmente, em obstrucfio do fluxo
de urina. Para seu tratamento, a finasterida tém se mostrado eficiente em reduzir ¢ volume
prostatico, aumentar o fluxo urinario, melhorar os sintomas e deter a progressdo da doenca
(Harris & Kozarich, 1997).

Segundo Shibata et al.(2000), com a administragio da finasterida em cdes com
HBP, os componentes epiteliais e estromais prostdticos tiveram significativa redugfio,
houve um aumento da proporgdo de estradiol em relago ao total de andrégeno e o mimero
de células apoptdticas aumentou somente no micio do tratamento. Para os autores, os altos
niveis de T intraprostéticos, induzidos pela inibicdo da enzima So-r, sofreram uma maior

aromatizagfo, resultando no aumento observado de estradiol. Este aumento poderia
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teoricamente, inibir a apoptose e, potencialmente induzir o crescimento proliferativo da

prostata. A administragfo cronica de 45mg/kg/dia de finasterida em cachorros durante 53

sernanas diminuiu o peso prostatico e causou uma atrofia epitelial, demonstrando o

encolhimento da glandula ser resultado de uma diminuicdio tanto do compartimento

glandular, quanto do fibromuscular (Laroque et al., 1994). Phrahalada et al. (1998), depois

de seis meses tratando ratos com 80mg/kg/dia de finasterida, observou também uma

diminui¢do _c_io__pe_so dos lo_bo_s_ prpst_é_ticqs e dq niimero de celulas epitel_ia_is e es_tro_mz_lis no.
lobos dorsolateral e ventral.

A eficiéncia da finasterida € consistente na melhora dos sintomas da HBP pois,
nitidamente reduz o tamanho da glidndula prostatica. Mesmo assim, ainda ha muito a
elucidar-se sobre sua acfo nas modificagdes morfologicas ¢ funcionais dos compartimentos
epitelial e estromal prostaticos. Para que se compreenda, de modo abrangente, as reacdes e
respostas que causam estas mudangas na prostata, torna-se necesséario o entendimento, cada
vez maior, das interagGes homeostéticas entre epitélio e estroma e sua relacio com os

hormdnios androgénicos responsaveis pela manutencfio funcional da glandula.
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Abstract

Prostate differentiation during embryogenesis and its further homeostatic state maintenance during
adult life depend on androgens. Dihvdrotestosterone, which is synthesized from testosterone by Sa-
reductase (Sa-r), is the active molecule triggering androgen action within the prostate. In the present
work we examined the effects of Sa-reductase inhibition by finasteride in the ventral prostate {VP)
of the adult gerbil, employing histochemical and electron microscopy techniques to demonstraie the
" morphological and organizational changes of the organ. After 10 days of finasteride treatment at a
dose of 100mg/kg/day, the prostatic complex (VP and dorsolateral prostate) absolute weight was
reduced to about 18%. The epithelial cells became short and cuboidal, with less secretory blebs and
reduced acid phosphatase activity. The luminal sectional area diminished, suggestive of decreased
secretory activity. The stromal/epithelial ratio increased, the stroma becoming thicker but less
cellular. There was a striking accumulation of collagen fibrils, which was accompanied by an
increase in deposits of amorphous granular matenial adjacent to the basal lamina and in the clefis
between smooth muscle cells (SMC). Additionally, the periacinar smooth muscle became loosely
packed. Some SMC were atrophic and showed a denser armay of the cytoskeleton, whereas other
SMC had a highly irregular outline with numerous spine-like projections. The present data indicate
that Sa-r causes epithelial and stroma changes by affecting the intraprostatic hormone levels. These
alterations are probably the result of an inbalance of the homecostatic interaction between the

epithelium and the underlying stroma.

Keywords: prostate, So-reductase, finasteride, stromal reorganization, smooth muscle

dedifferentiation.
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Introduction

Mesenchvmal-epithelial interactions play critical roles in the morphogenesis of several glandular
tissues, including the prostate. In adulthood reciprocal homeostatic interactions between stroma and
epithelium maintain functional differentiation and growth arrest in this organ (Cunha et al., 2002).
Both prostate differentiation during embryogenesis and its further maintenance during adult life

depend on androgens (Berthaut et al., 1997). Thus, the homeostatic state of the prostate 1s related to

~the presence of the systemic androgens; which elicits their morphogenetic effects by acting through

androgen receptors; similarly, during embryogenesis, androgens and their receptors are profoundly
growth stimulatory (Hayward et al., 1997; Cunha et al., 2002).

Within the prostate, circulating androgen, ftestosterone (T), 1s converted to
dihydrotestosterone (DHT), which is 5-10 times more potent than T (Bruchovsky and Wilson, 1999;
Fkman, 2000; Steers, 2001). The action of two Sa-reductase (5a-r) isozymes (type 1 and type 2) is
responsibie for the local conversion of T into DHT in both prostate and several other androgen
target tissues. Even though DHT acts mainly on the epithelium, this conversion up to 90% occurs in
the prostatic stromal and basal cells (Steers, 2001), after which DHT is transferred to the epithelium
as part of the stromal-epithelial interactions (Ekman, 2000). Therefore, So-r plays a key role in
DHT-mediated effects in the prostatic gland. Study of 5a-r in the prostate has resulted in the
development of drugs, as finasteride, an efficient Sa-r type 2 mhibitor, which has been used
clinically for controlling symptoms of benign prostatic hyperplasia (BPH) (Steers, 2001).
Consistent with its function in maintaining balance between celiular proliferation and death in the
normal prostate, DHT plays an important role in the development of BPH by an increase in cell
number arising from both cellular hyperplasia and reduced apoptosis (Carson and Rittmaster, 2003).

BPH is characterized by an enlargement of the gland, and the epithelial cell alterations are preceded
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by stromal changes (Rumpold et al, 2002). The DHT levels, unlike T levels, remain constant
throughout the pathogenesis of BPH suggesting an important role of DHT in BPH (Carson and
Rittmaster, 2003).

In the absence of androgen stimulation, the prostate undergoes a well-documented regression
characterized by extensive epithelial apoptosis and by a dedifferentiation of the prostatic smooth
muscle that assumes a more fibroblastic phenotype (Hayward et al., 1996a). Collagen fibers in the

stroma of the rat become reorganized following castration, showing that androgen has a regulatory

.role inthe. c{}mpgsiﬁ,gn of both-the-cells-and extraceliular- matrix of the prostate-stroma-{(Vilamaior

ot al., 2000). Extensive remodeling of the collagen fibers has also been described in human prostate
during establishment of benign and malignant lesions in this organ (Taboga and Vidal, 2003). The
dedifferentiation process induced by castration is accompanied by a progressive loosening in
smooth muscle bundles, leading to an eventual loss of prostatic SMC (Hayward et al., 1996b). In a
rat model of prostate carcionogenesis, this pattern of SMC dedifferentiation was also observed
around epithelial dysplastic lesions, and some SMC exhibited highly irregular external contours
with numerous spine-like cytoplasmic projections. These findings support the hypothesis that
abnormal stroma, resulting from dedifferentiation or reduction of SMC, may lead to loss of stromal
control over epithelial proliferation and differentiation (Wong and Tam, 2002).

The treatment of the abnormal prostate growth with antiandrogen therapy has also shown an
extensive reorganization of the stromal compartment, besides the expected epithelial regression,
probably caused by a disruption of the prostatic hormonal equilibrium. The antiandrogen, flutamide,
promoted morphological and ultrastructural alterations during postnatal development of Guinea pig
lateral prostate, with a striking irregular distribution and apparent decrease in the amount of
collagen fibers, both in the base of the epithelial structures and interspersing SMC (Cordeiro et al.,
2003). In the human prostate, inhibition of Sa-r elicits a response that is similar, but not identical to

that seen with blockade of the androgen receptor activity (Steers, 2001). Finasteride produces
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alterations in intraprostatic T and DHT levels within the human prostate and reduction in prostate
size, which are nearly identical to androgen ablation, but has no effects on cellular proliferation
{Geller, 1990; Prahalada et ai., 1998; Steers, 2001; Huynh, 2002).

Morphological effects of finasteride on the prostate, especially modifications of the epithelial
and stromal cells and the extracellular matrix components alterations are poorly understood. The
use of 5o-r inhibitors, used to treat BPH (Carson and Rittmaster, 2003), may be useful i
elucidating the role of androgens in the maintenance of functional integrity of the prostate gland. To
assess the relationship between prostatic androgen levels and the stromal (SMC and extracellular
matrix) reorganization, we have used histochemical and electron microscopy techniques to
demonstrate the effects of Sa-r inhibition by finasteride on the morphological and organizational
features of adult gerbil ventral prostate.

The Mongolian gerbil (Meriones unguiculatus) is a rodent known for its suitability for
laboratory use. By nature, it is a curious and friendly rodent, almost without odor, with
monogamous behavior and physiological mechanisms of corporal-water conservation, presenting

spontaneous attacks of epilepsy and relative absence of naturai illnesses.
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Methods

Animais and treatment

Twenty adult male gerbils (Meriones unguiculotus) three-months-old were housed under standard
conventional conditions (25°C, 40-70% relative humidity, 12 h light/12 h dark) and allowed access
to chow and water ad libitum. Randomly divided, 10 control gerbils received the pharmacological
vehicle (0.9% saline solution). The remaining animals were treated with finasteride (Sigma
Chemical Co., St. Louis, Missouri} administered at a dose of 100mg/kp/day as a suspension in a
0.9% saline solution, once daily, for 10 days. Oral administration of 160mg/kg/day of finasteride for
15 days was employed by Prahalada et al (1998) in the rat and was shown a magnitude of decrease
in the mean DHT level of 98%, determined by radioimmunoassay. Suspensions of drug and vehicle
were given orally, by gavage, at a dosing volume of 0.5mV/animal. All animals were sacrificed 24
hours after the last day of treatment by intramuscular dose of ketamine-chlorohydrate (S0mg/kg-
body weight) and killed by bleeding. The entire prostatic complex was excised, weighed and
processed for light and transmission electron microscopy. Some ventral prostate samples of both

groups were immediately frozen in liquid nitrogen to assess acid phosphatase (AP) activity.

Histochemistry

Ventral prostates of control and finasteride-treated groups were cut into fragments and immediately
fixed by immersion, for 24 hours in Karnovisky fixative (0,1M Sorensén phosphate buffer pH 7.2
containing 5% paraformaldehyde and 2.3%, glutaraldehyde). Fixed tissue samples were dehydrated
in a graded ethanol series and embedded in glycol methacrylate resin (Leica historesin embedding
kit). Histochemical sections (3-um) were subjected to hematoxylin<osin (H&E) staining for
general studies and to Gomon's reticulin (Taboga and Vidal, 2003) staining for collagen and

reticular fiber evaluation. Microscopic analyses were performed on Zeiss-Jenaval or Olympus
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photomicroscopes, and the microscopic fields were digitilized using the Image-Pro®Plus version 4.5

for Windows™ software.

Enzyme histochemistry - Acid phosphatase (AP} activity
The ventral prostatic samples of control and finasteride-treated groups frozen in liquid nitrogen
were sectioned in a Leica CM1850 cryostat microtome. Cryosections (10-um thickness) were fixed

for 5 min in 10% Formalin calcium fixative, incubated for 110 min at 37°C in medium with sodiom

B-glycerophosphate substrate. The histochemical reaction control was obtained ué.ing the incubation
medium without the substrate or the medium contamning 0.0IM sodium fluoride, an enzyme
inhibitor. After incubation, the cryosections were washed with 0.05M acetate buffer pH 5.0, and
treated with 1% ammonium sulfide for 3 min, rinsed in distilled water, and then counterstained with
0.1% Methvl-Green aqueous solution for 5 min (Custddio et al., 2003). Slides were observed and

analyzed at light microscopy as described above.

Transmission electron microscopy (TEM)

Ventral prostatic samples of control and finasteride-treated group were minced into small pieces
and fixed by immersion with 3% glutaraldehyde plus 0.25% tamnic acid solution in Millonig’s
buffer, pH 7.3, containing 0.54% glucose during 24 hours (Cotia-Pereira, 1976). Afier material
washing with the same buffer, samples were was post-fixed with 1% osmium tetroxide for 1 hour,
washed in buffer, dehydrated in graded acetone series, and embedded in Araldite resin. Ultrathin
silver sections were cut using a diamond knife and stained with 2% alcoholic uranil acetate for 30
min and followed by 2% lead citrate in sodium hydroxide for 10 min. Samples were evaluated by

electron microscopy using a LEQ — Zeiss 906 transmission electron microscope.
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Morphometric-stereological analysis

Fifty random prostatic areas from control and finasteride-treated H&E sections were analyzed by
the Image-Pro®Plus version 4.5 for Windows™ software. The morphometric-stereological analyses
were obtained by Weibel’s multipurpose graticulate with 120 points and 60 test lines (Weibel,
1979) to compare the relative proportion (%) of gland portions (glandular and stromal) in each
prostatic tissue compartment (epithelium, lumen, non-muscular stroma and SMC). For the
morphometrics analysis, 130 random measures of epithelium height, collagen thickness present
subadjacent to the epithelium base and smooth muscle (SM) layer thickness surrounding each

acinus were also obtained by Image Pro-Plus system program.

Statistical analysis

The finasteride effects on adult gerbil ventral prostate were evaluated by analyses of mean *
standard error (SE). The statistical analysis was performed in the Statistica 6.0 software
(Copyright©StatSoft, Inc. 1984-1996). The hypothesis test Anova, and Tukey HSD test were
employed and, p < 0.05 was considered statistically significant. Differences in prostatic complex

absolute weight were analyzed by r-test, and p<0.05 was considered statistically significant.
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Results

Histochemistry

Acini from the distal region of control ventral prostate showed the glandular epithelial compartment
immersed in vascularized connective stroma tissue, in which smooth muscle bundles surrounded
cach acinus (Fig.1A). Columpar cells constituted the epithelium, and the presence of apical
cytoplasm blebs indicated active apocrine secretion (Fig 1B). In the stromal compartment, SMC
were well organized in a densely packed layer surrounding the acinar epithelium (Fig.lA and B).
Collagen fibers of the connective tissue were interspread throughout the stroma, and were more
abundant along the basal aspect of epithelial structures than among SMC (Fig.1B). The Gomori's
method allowed the identification of reticulin fibers, which were straight and aligned with the
epithelium and interspersed in between SMC (Fig. 1F).

Treatment with finasteride caused notable changes both in the glandular and stromal
compartments of gerbil ventral prostate (Fig.1C). The epithelium cells became short and cuboidal
(Fig.1D and E), and the lumen area and the quantity of blebs, which are indicative of secretory
activity, decreased (Fig.1C). At the mterface between epithelium and stroma, the number and
density of fibrobiasts increased (Fig.1E). The stromal compartment underwent marked alterations,
including an increase of extracellular matrix (ECM} components adjacent to the acinar epithelium
(Fig.1H) in the interacinar region (Fig.11) and interspersed between SMC (Fig.1J), when coincided
with a marked loosening of the smooth muscle layer (Fig.1D and E). Collagen accumulated around
the epithelial structures, including infoldings, and the collagen fibers became undulated and/or
sinuous (Fig 1E), which was clearly seen in specimens stained by Gomori's method (Fig.1G-J). The
reticulin fibers became curled and/or wavy (Fig.1G), similar to the collagen fibers, and also became
denser sub-adjacent to the epithelium (Fig.1H and I) and interspersed between SMC (Fig.1J). The

periacinar smooth muscle layer became loosened and irregular in arrangement, and most of the
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SMC exhibited and altered fusiform shape (Fig.1D and E). Some SMC became wrinkled with
irregular spine-like cytoplasmic projections (Fig 1D), whereas other SMC showed a reduced

diameter and condensed cytoplasm (Fig.1E).

Acid phosphatase activity

Vehicle-treated gerbil ventral prostates showed a great number of distal acini exhibiting an intense
AP activity (Fig.1L). On the other hand, a notable decrease in AP enzymatic activity was observed
-in-distal prostatic-acini of the finasteride-treated group (Fig: 1M For the negative control of this
enzymatic reaction, the incubation medium without the substrate sodium B-glycerophosphate was

employed (Fig.1K).

Ultrastructure

Ultrastructural analysis of the vehicle-treated control ventral prostate confirmed the data obtained
with light microscopy. The acinar epithelium was composed mostly of secretory cells, in which
secretory vesicles were prominantly displayed in the cytoplasm indicative of a synthetic phenotype
(Fig.2A). Usually, a single discontinuous cell layer of slender fibroblasts was identified between
epithelium and SMC layer. The fibroblasts had thin processes of condensed cytoplasm (Fig.2A).
The collagen fibrils arranged in different directions were observed adjacent to the basal lamina
(Fig.2B and D). The SMC was densely packed and regularly organized into periacinar layers, with
only small intercellular spaces between bundies of SMC (Fig.2A and C).

After finasteride treatment, the cytoplasmic volume and the amount of secretory blebs of
epithelial cells decreased, and their lateral membranes showed many interdigitations (Fig.3A). In
some epithelial cells, osmiophylic myelin figures and bizarre membranous deposits were detected in
the apical, basal and lateral cytoplasm and also in the intercellular space (Fig.2E-H). In the stromal

compartment, the connective tissue underlying the epithelium exhibited a striking increase in the
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number and thickness of collagen fibrils, accompanied by an increase in deposits of amorphous
granular material adjacent to the basal lamina and in the clefts among SMC (Fig.3B and D).
Fibroblast cytoplasm became denser and more volumincus, and some fibroblasts became markedly
electondense (Fig.3C), with an enlargement of the perinuciear space and also a notable increase of
the Golgi stacks (Fig.4A). SMC of the periacinar muscle layer underwent morphological alterations
(Fig.3E and F). Some SMC exhibited a reduced diameter, a condensed cytoplasm and many the

presence of caveolae on their cell surface. In the perinuclear region of these cells, several Golgi

- gtacks were-observed (Fig:3E). Other SMC-had a highly irregular external-contour with numerous

spine-like cytoplasmic projections, which were in intimate association with collagen fibrils
(Fig.3F). The elastic fibers, microfibrillar elements, like fibrilin, together with collagen fibrils were

observed in pericellular to SMC (Fig.4B and 4C).

Quantitative analysis

Table I shows the Sa-reductase inhibitor finasteride effects upon wet weight and morphometric
parameters of the gerbil prostatic complex when dosed at 100mg/kg/day, orally for 10 days.
Administration of finasteride resuited in a significant (p<0,0223) reduction of the prostatic complex
wet weight from 0.715£0.23 mg in the control group to 0.133+0.011 mg in the finasteride-treated
group.

In the ventral prostate, it was observed that the glandular epithelial compartment percentage
of 51.12+2.02 in the control animals decreased to 43.90+1.89 after finasteride treatment.
Concurrently, the 48.87+2.82 percentage of stromal compartment in the control group increased to
56.09£1.89 in the finasteride-treated animals (Fig.5A). Shrinkage of the glandular epithelial
compartment was due to a decreased percentage of both the epithelial (17.35+0.89 to 15.03+0.65),

and the Jumen (33.77+2.20 to 28.87£2.20) components. The increased percentage of stromal
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compartment after finasteride therapy can be justified by both the increased percentage of the non-
muscular stroma from 28.81+1.84 to 32.04+1.67 and the SMC from 20.06+1.38 to 24.04+1.32
{Fig.5B). Nevertheless, the smooth muscle layer thickness underwent to a decrease from 17.15x0.34
to 15.13+0.45. The epithelium height decreased from 15.52+£0.30 to 11.11£0.23. The collagen layer
present in the base of the epithelium was strikingly thicker (9.33£0.29) than in control animals

(2.75£0.09) (Fig.5C). Thus, the morphometric and stereological data confirmed the light and

transmission electron microscopy observation described above.
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Discussion

Finasteride administration was capable of eliciting many alterations in tissue morphology of the
gerbil ventral prostate, including modifications in the tissue architecture, ultrastructure and
extracellular matrix. The epithelial alterations, including the reduced AP activity are indicatives of a
reduced androgen microenvironment. Since finasteride inhibits Sq-r (Rittmaster et al., 1994;

Prahalada et al, 1998), it is concluded that the systemic T levels during this treatment are

insufficient to-maintain- AP expression-{Tenniswood-et-al, -1976; Custédio et al,;- 2003).-Thus, as-- e

previously reported m other rodent species (Di salle et al,, 1995; Prahalada et al., 1998; Huynh,
2002) and dogs (Shibata et al., 2001; Sirinarumitr et al, 2001), it appears that the treatment with
finasteride caused a significant decrease in intraprostatic DHT levels in the gerbil prostate and this
resulted in profound consequences to the organ.

After 10 days of finasteride freatment, a notable shrinkage of the glandular epithelial
compartment of gerbil ventral prostate occurred, as indicated by a decrease in the relative volume of
the acini (epithelium plus lumen}. Epithelial cells, which were tall columnar in vehicle-treated
animals, became short and cuboidal. Such an inhibitory effect has been also observed previously
and is manifested in changes in SGP2 transcript and protein levels as judged by in situ hybridization
and immunohistochemistry (Astancolle et al. 2000). Thus, both orchiectomy and finasteride
administration resulted in transition of the prostatic epithelium from columnar to the cuboidal,
indicative of epithelial synthetic arrest. Associated with these epithelial changes, the stromal
compartment increased becoming relatively thicker but less cellular than in control animals. This
fact can be clearly explained by the increased relative volume of both non-muscular stroma
(collagen, elastic system fibers and amorphous granular material) and a reduction in the thickness of

the SMC layer. Moreover, there was a striking accumulation of collagen and associated amorphous
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material adjacent to the epithelial structures, concurrently with the decreased thickness of the
periacinar SMC.

This work shows that the finasteride effects on the morphological and histological
composition of gerbil ventral prostatic compartments resembled some aspects observed in castrated
adult rats (Hayward et al., 1996a; Carvalho and Line, 1996; Carvalho et al. 1997a, b; Vilamaior et
al., 2000). The inhibition of the Sa-r activity in gerbil ventral prostates caused a reorganization and
morphological modification of the collagen fibers, which became undulated and/or sinuous bellow
the basal lamina and interspersed ‘in bettveen the loosely packed SMC. Carvalho and colleagues
(1996, 1997a, b) demonstrated in the regressing prostate a comparable reorganization of collagen,
clastic fibers and microfibrils, while laminin and collagen type IV remained associated with a
thickened and multi-layered basal lamina and SMC with modified morphological features. The
basement membrane ultrastructural alterations in the finasteride treated gerbil prostate were milder
than those observed for in the ventral prostate of castrated rats (Carvalho and Line, 1996). However,
the increase in the amorphous granular substance around the collagen fibers just bellow the
epithelial structures and above the SMC layers following finasteride treatment is unique to the
gerbil prostate.

Furthermore, even though finasteride undoubtedly reduces prostatic size, the involution rate
of the gland is not comparable to that of castrated animals (Di Sale et al., 1995; Rittmaster et al.,
1996). One of the most probable reasons for the observed differences is that systemic T by itself
would not suffice to maintain prostatic homeostasis. Another possibility is that T would accumulate
in the prostate of both animals and human after finasteride-treatment (Geller, 1990; Di Sale et al,,
1995; Rittmaster et al,, 1996; Huynh, 2002). Accumulated substrate may theoretically counteract
the competitive inhibitors on the active site of the enzyme and reduce the inhibitory effects (Di
Salle et al., 1993, Hirosumi et al., 1995). On the other hand, the observed alterations could be

related to the production of estradiol by the enzyme aromatase, as a result of the increased
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intraprostatic T levels after finasteride-treated. If estradiol is formed and kept in low concentrations
it could exhibit a positive effect and retard prostatic regression, but one could anticipate later
appearance of dysplastic growth and inflammation. On the other hand, it has been reported that
estradiol treatment resulted in an increase of extracellular matrix proteins (collagen, non-
collagenous proteins and elastin) (Nakada et al,, 1994; Scarano et al., unpublished data), consistent
with the present results.

The accumulation of the osmiophylic membranous multilamellae (fingerprint structures) in
the pericelullar space and cell periphery resembles ceramide-like deposits. Ceramide and their
derivates can accumulate after chemotherapy and irradiation treatments (Radin, 2002). In addition,
Kimura et al. (2001) reported that drugs as tamoxifen, flutamide, cyproterone acetate and
hydroxyflutamide induced ceramide accumulation and associated this with the undergoing apoptotic
cell death (Bleicher and Cabot, 2002). While the current literature is involved with the biochemical
evaluation of the ceramide accumulation, this is the first report on the ultrastructural arrangement of
ceramide bodies formed during an anti-androgen therapy. These figures are highly similar to the
ceramide- and glucosyleeramide-rich lamellar bodies found in the stratum corpeum of the skin
{Reichelt et al.,, 1999). The association of these ceramide deposits with the cellular processes
occurring in the prostatic epithelium will be considered in further studies.

Prostatic SMC have functional androgen receptors and modulate prostatic function by
producing paracrine effectors for epithelial function under androgen stimulation (Hayward et al.,
1996b). SMC also express Sa-r (Steers, 2001) and the produced DHT is one of the factors of the
epithelial-stromal interactions. It was proposed that the epithelium, in its turn, also produces soluble
factors responsible for the maintenance of the SMC (Cunha et al. 1996). Inhibiting the So-r activity
we are interferring with the SMC-epithelial cross talk and then inducing the regressive changes in

the epithelium. If the above mentioned paracrine scheme is right, then the SMC modifications
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would result from the lack of signals from the epithelium that would be responsible for the
maintenance of SMC differentiated and contractile phenotype. An alternative possibility is that the
DHT formed by the action of S¢-r in the SMC would function as an autocrine regulator, interacting
with the androgen receptors in the same SMC. Then T by itself would have only partial, if any,
direct action on these cells. As a matter of fact, these two possibilities are not mutually exclusive,
since different factors could be necessary for the maintenance of the SMC differentiate and
contractile phenotype.

‘In response to physiological and pathological conditions, the SMC do usually present a shift
from the contractile phenotype to a more synthetic phenotype (Doevedans and van Eys, 2002). This
was previously described as a response of the ventral prostate SMC to estrogen (Zhao et al., 1992).
Wong and Tam (2002) characterized the patterns of stromal remodelling in rats undergoing
carcinogesis in response to T and estradiol treatment. They observed changes in a number of SMC
differentiation markers, and revealed a preferential loss of myosin, desmin and laminin besides
marked morphological alterations in the smooth muscle associated with the dysplastic and
malignant epithelium, and suggested that these cells are involved in the hormone-induced
CArcinogenesis process.

If this transition involves a dedifferentiation process is still a matter of debate, specially
because of the use of different molecular markers (Boesch et al,, 1999; Doevedans and van Eys,
2002).

Besides the alterations of the SMC, it secems that most of the extracellular matrix
modifications occur in an intermediate region between the base of the epithelium and the
SMC layers. This event distinguishes the present model from the usual castration model using rats,
in which a clear association between the SMC and collagen fibers was described (Vilamaior et al.,

2000). Additionally, the granular amorphous material which concentrates around collagen fibers in
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this region does not react with basic dyes at both light and electron microscopy levels and may
represent a novel component not yet describe in the prostatic stroma.

These results, in association with the easy handling of the animals plus the anatomical
characteristics of the prostatic complex (Pinheiro et al. 2003), and the presence of the female
counterpart of this organ (Santos et al., 2003, Custodio et al,, 2003) make the gerbil an excellent

model system for those interested in prostate biology.
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Figures captions

Figure 1. 1A - 1E: Hematoxylin-eosin stain. A and B: Control group. A: General aspect of ventral
prostate exhibiting acini (a) and periacinar smooth muscle (sm) layer, which is surrounded by in the
connective tissue - stromal (s) compartment. 180x. B: The epithelium (ep) wall tall colummar and
active in the secretory activity - blebs {arrow). Smooth muscle (sm) densely packed with thin scant
collagen fibers (co) interspersed in between SMC. 900x. C - E: Finasteride-treated group. C:
Aspect of ventral prostatic acini with a decreased Tumen (1). Collagen fibers (co) accumulation is
seen surroundng the epithelium. 180x. D: Increased demsity of collagen (co) adjacent to the
epithelial structures. Some SMC assumed an irregular wrinkled contour with numerous spine-like
cytoplasmic projections (arrow). Fibroblast (arrowhead). 900x. E: Collagen fiber (co) accumulation
adjacent to the short cuboidal epithelial cells (ep). Collagen fibers have became denser, more
undulated and sinuous. Fibroblasts (arrowheads). Loose periacinar smooth muscle layer exhibits
SMC on altered fusiform shape. 900x. 1F - 1J: Gémdri’s reticalin method. F- Control group. F:
Straight and aligned reticular fibers (arrows) in the basal aspect of the epithelium (ep) and
interspersed in between SMC. 900x. G - J: Finasteride-treated group. G: Reticular fibers become
denser, wavy and/or curly (arrow) in periacinar region and interspersed in between SMC, assuming
a smuous aspect (thick arrow) 900x. H: Collagen (co) accumulation around the epithelial structures
(ep) and reticular fiber (thick arrow) among SMC. 350x. I: In the interacinar region, thin reticular
fibers (arrows) having a loose and thin texture. 725x. J: Curly and/or wavy reticular fibers (thick
arrows) interspersed in between SMC. 725x. 1K - IM: Enzymatic histochemistry - Acid
phosphatase activity. K: Negative control of the enzymatic reaction. Epithelium (ep). 725x. L:
Intense AP activity in the epithelium (ep) of vehicle-treated animals ventral prostate. 725x. M: Very

low AP activity in the prostatic epithelium {ep) of finasteride-treated animals. 725x.
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Figure 2. TEM of the control ventral prostate. 24 — 2D: Control group. A: Epithelial cells (ep)
with a great number of secretory vesciles (v). Nucleus (N). Between the epithelium and the densely
packed layer SMC are fibroblasts (arrow) with slender cytoplasmic process associated with collagen
fibrils (co). 5000x. B: Collagen fibrils (co} intimately associated with the thin basal lamina
{arrowhead) and SMC. 22000x. C: SMC laver well organized and densely packed interspersed with
the amorphous granular ground substance (¥). 16300x. D: Collagen fibrils {co} arranged in different

directions at the interface between epithelial {ep) and SMC. 13500x. 2E — ZH Finasteride-treated

group. ‘E:-Epithehial -celis - {ep) showing -osmiophylic membranous -structures - along - the lateral -~

membrane and in the cytoplasm periphery (arrow). 15500x. F: Osmiophylic membranous structure
along lateral membrane and intercellular space. 28000x. G: Osmiophylic membranous structures at
the base of epithelium cell (arrows). Nucleus (N). 24500x. H: High magnpification of the

osmiophylic membranous structures with concentric ceramide-like deposits. 180000x.

Figures 3. TEM of the finasteride-treated ventral prostate. A: Epithelial cells (ep) exhibiting a
decreased cvtoplasmic volume and reduction in secretory vesicles (v), showing lateral membrane
interdigitations (arrow). Increased amounts of collagen fibrils {co) and dilated cytoplasmic process
of fibroblast (thick arrow). Prominent basal lamina (arrowhead). Nucleus (N}. 9000x. B: Region
between the epithelial cells (ep) and SMC showing the increase of both collagen fibrils (co) and
amorphous granular ground substance (*). 14000x. C: The increased collagen fibril layer (co) in
register with an epithelial infolding. Fibroblast (F). Epithelial cell nucleus (N). 10900x. D: Collagen
fibrils (co) intimately associated to the basal lamina (arrowhead) and scattered throughout the
amorphous granular ground substance (*). 35000x. E: SMC exhibiting a condensed cytoplasm,
Golgi stacks (GS) in the perinuclear region (N} and small inconspicuous caveolae {arrows) in the

cell membrane surface. Collagen fibrils (co). 18000x. F: Dedifferentiated SMC exhibiting the
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wrinkled contour with numerous short, irregular spine-like projections, which are in close

association with collagen fibrils {co). Mitochondria (M). Caveolae (amrows). 29800x.

Figure 4. TEM of the finasteride-treated ventral prostate. A: Fibroblast with an enlargement of
the perinuclear space (*) and prominent Golgi stacks (GS). Collagen fibnils (co) and a site of ¢lastin
deposition (arrow) associated with microfibrillar elements. Nucleus (N). 29800x. B: Prominent

epithelial basal lamina (arrowheads). Abundant collagen fibrils (co), dilated cytoplasmic processes

~of fibroblast (arrow); some-exiraceliular microfibrils {duck arrow)y and thir elastic fibers ora-sagitat-—

section (double arrowhead). 31000x. C: Short elastic fiber (E). Collagen fibrils (co) arranged in

different directions. Sites of elastin deposition associated with fibrilin (arrows). 38500x.

Figure 5. A: Relative frequency of adult gerbil ventral prostatic compartments (mean and SE). On
the finasteride-treated group there was a significant (*p<0.05) decrease of the glandular epithelial
compartment concurrent with a significant (*p<0.05) increase of the stromal compartment, as
compared to control group. B: Relative frequency of vémrai prostate tissue components (mean and
SE). The percentage of the epithelium and lumen from finastenide-treated ventral prostates
underwent a significant (*p<0.05) and a nonsignificant decrease, respectively. The percentages of
the non-muscular stroma (not significant) and SMC (*p<0.05) increased. C: Thickness of prostatic
acini components (mean and SE). A highly significant (**p<0.000001) decrease was observed in
the prostatic epithelium height of finasteride treated group and a highly significant increase was also
noticed in collagen thickness adjacent to the epithelial stractures. The penacinar smooth muscle

(SM) underwent a highly significant decrease, as compared to control group.
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Table ¥

Numeric values of the prostatic complex absolute weight (g) and morphometric-stereological data

finasteride effects evaluation in the adult gerbil ventral prostates.

Groups
Prostatic measurements
Control Finasteride

 Prostatic complex weight (mg)’ 0.715 +0.23 0.133 £0.011*

Percentage of compartment (%)°

Glandular epithelial 5112202 43.90 + 1.89*

Stromal 4887 +£2.02 56.09 + 1.89*

Percentage of tissues components (%)

Epithelium 17.35 £0.89 15.03 £ 0.65%

L.umen 33.77+220 28.87 £2.02

Non-muscular stroma 2881 184 3204 £1.67

Smooth muscle cells (SMC) 2006138 24.04 +1.32*

Morphometry (L)

Epithelium height 1552 £ 0.30 1111 £0.23%#*

Collagen thickness adjacent to epithelial 2.75 £0.09 9.33 £0.20%*

structures

Smooth muscle (SM) layer thickness 17.15 £ 0.34 1513 £ 0.45%*

Values represent mean + SE. *Statistical analysis based on #test. “Statistical analysis based on the
Anova and Tukey Tests. * Significant (P <0.05), ** High Significant (P<0.0000001) vs. vehicle-

{reated group.
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CONCLUSOES

1. A inibicdo da enzima So-redutase pela finasterida promoveu um desbalanco nas
interagOes homeostaticas entre o epitélio e o estroma prostaticos, causando modificacGes
epiteliais e reorganizacdo estromal.

2. No compartimento glandular houve redugfo de tamanho ¢ diminuicio de atividade

secretora, comprovando esta funcfio prostatica ser altamente dependente do andrdgeno

diidrotestosterona.

3. A notavel presenca de depositos multilamelares, semelhantes a depositos de cerarmdas,
nos espagos intercelulares e pericelulares do epitélio, relaciona-se com a resposta citotdxica
da terapia anti-androgénica da finasterida.

4. O compartimento estromal apresentou-se diferentemente organizado, assumindo um
aspecto mais frouxo e menos denso. Uma remodelagfio das fibras colagenas e reticulares
associada ao fendtipo desdiferenciado das células musculares lisas demostra que os
hormoénios exercem papel fundamental para a manutencdo da integridade prostatica.

5. O uso da finasterida revela-se como uma eficiente ferramenta para o estudo da fisiologia
androgénica e seu papel na manutengdo da préostata normal, uma vez que sua ago de
inibidora sobre a Sa-redutase, impede a formacdo do principal horménio intraprostético.

6. Parte dos resultados obtidos neste estudo fortalecem o papel da finasterida como um
agente redutor dos sintomas da hiperplasia benigna prostitica, pois corroboram dados

alcancados em pacientes portadores desta doenca tratados com a referida droga.

635



REFERENCIAS BIBLIOGRAFICAS

Aumiiller, G. & Seitz, J. (1990) Protein secretion and secretory process in male accessory
sex gland. Int Rev Cytol 121:127-231.

Azzolina, B., Elisworth, K., Andersson, S., Geissler, W., Bull, H G., Harris, G.S. (1997)
Inhibition of rat o-reductase by finasteride: evidence for isozyme differences in the

mechanism of inhibition. J Steroid Molec Biol 61(1-2):55-64.

Sa-reductase isozymes in the human prostate and prostatic carcinomas. Prostate 29:261-
267.

Carson, C. & Rittmaster, R. (2003) The role of dihydrotestosterone in benign prostatic
hyperplasia. Urology 61 (Suppl 4):2-7.

Carvalho, HF. & Line, SRP. (1956) Basement membrane associated changes in the rat
ventral prostate following castration. Cell Biol Int 20:809-819.

Carvatho, HF., Taboga, SR, Vilamaior, P.SL. (1997a) Collagen type VI is a component
of extracellular matrix microfibril network of prostatic stroma. Tissue Cell 29:163-170.

Carvatho, HF., Vilamaior, P.S.L., Taboga, SR (1997b) Elastic system of the ventral
prostate and its modifications following orchiectomy. Prostate 32:27-34.

Coffey, D. (1998) What is the prostate and what is it function? In: Handbook of
Andrology. Allen Press, KS, pp21-24.

Colombel, M.C. & Buttyan, R. (1995) Hormonal control of apoptosis: the rat prostate
gland as a model system. In: Schwartz LM, Osbone BA, Eds. Methods in Cell Biology

Cell Death V 46 Academic Press, NY, pp369-385.

66



Cunha, G.R., Bigsby, RM., Cooke, P.S, Sugimura, Y. (1985) Stromal-epithelial
interactions in adult organs. Cell Differ 17:137-148.

Cunha, G.R., Hayward, SW.,, Dahiya, R., Foster, B.A. (1996) Smooth muscle-epithelial
interactions in normal and neoplastic prostatic development. Acta Anat 155:5-17.

Cunha, GR., Hayward, SW_, Wang, Y.Z. (2002) Role of stroma in carcinogenesis of the
prostate. Differentiation 70:473-485.

De Marzo, AM, Meceker, AL, Epstein, J.1, Coffey, D.S. (1998). Prostate stem cell
compartment: Expression of the cell cycle inhibitor p27**" in normal, hyperplastic, and
neoplasic cells. Am J Pathol 153(3):911-919.

Doevendans, P.A. & van Eys, G. (2002) Smooth muscle cell on the move: the battle for
actin. Cardiovasc Res 54:499-502.

Droller, M.J. (1997) Medical approaches in the management of prostatic disease. Br J Urol
79:42-52,

Ekman, P. (2000) The prostate as an endocrine organ: androgens and estrogens. Prostate
Suppl10:14-18.

Farnsworth, W E. (1999) Prostate stroma: physiology. Prostate 38:60-72.

Galbraith, S.M. & Duchesne, GM. (1997) Androgens and prostate cancer: biology,
pathology and hormonal therapy. Eur J Cancer 13(4):545-554.

Geller, J. (1990) Effects of finasteride, a 5-alpha-reductase inhibitor, on prostate tissue
androgens and postate-specific antigen. J Clin Endocrinol Metab 71:1552-1555.

Giffiths, K., Morton, M.S., Nicholson, R.I. (1997) Androgens, androgens receptors,

antiandrogens and treatment of prostate cancer. Eur Urol 32:24-40.

67



Harris, G.S. & Kozarich JW. (1997) Steroid Sa-reductase inhibitors in adrogen-dependent
disorders. Cur Op Chem Biol 1: 254-259.

Hayward, S.W., Rosen, M.A., Cunha, GR. {1997) Stromal-epithelial interactions in the
normal and neoplastic prostate. Br J Urol 79 (Suppl):18-26.

Hedlund, P.O. (2000) Side effects of endocrine treatment and their mechanism: castration,

antiandrogens and estrogens. Prostate Suppl 10:32-37

_Hsing, AW, Reichardt, JK.V,, Stanczyk, F.Z. (2002) Hormones and prostate cancer.

current perspectives and future directions. Prostate 52:213-235.

Horsfall, D.J., Mayne, K., Rlcciardelli, C., Rao, M., Skinner, JM., Henderson, D.W.,
Marshall, VR, Tilley, WD. (1994) Age-related changes in guinea pig prostatic stroma.
Lab Invest 70 (Suppl):753-793.

lehle, C., Radvanyi, F., Medina, $.G.D., Ouafik, L. H., Gerard, H., Chopin, D., Raynaud, J.,
Martin, P.M. (1999) Differences in steroid Sa-reductase iso-enzyme expression between
normal and pathological human prostate tissue. J Steroid Bioch Mol Biol 68:189-195.

Jesik, C.J, Holland, J M., Lee, C. (1982) An anatomic and histologic study of the rat
prostate. Prostate 3:81-97.

Karr, J.F, Kantor, J.A_, Hand, P.H., Eggensperger, D.L., Scholm, J. (1995) The presence of
prostate-specific antigen-related genes in primates and expression of recombinant human
prostate-specific antigen in transfected murine cell line. Cancer Res 55:2455-24632.

Kirby, RS, Christas, T.S., Brawer, M. (1996) Prostate cancer. Mosby ed. London, 170p.

Kreis, T. & Vale, R. (1999) Guidebook to the extracellular matrix anchor, and adhesion

proteins. New York: Oxford University Press.

68



Laroque, P.A., Phahalada, S., Gordon, L.R, Noblot, S M., Bagdon, W.J., Duprat, P., Peter,
C.P., Van Zwieten, M.J. (1994) Effects of chronic oral administration of selective 5
alpha-reductase inhibitor, finasteride, on the dog prostate. Urology 43(5):680-685.

McNeal, J.E. (1983) The prostate gland: morphology and pathobiology. Monographs in
Urology 4:3-37.

Nemeth, J.A. & Lee, C. (1996) Prostatic ductal system in rats: regional variation in stromal

organization. Prostate 28:124-128.

Prahalada, S., Rhodes L., Grossman, S.J., Heggan, D., Keenan, K.P., Cukiersky, M.A ,
Hoe, C.M., Berman, C., Zwieten, M.J. (1998) Morphological and hormonal changes in
the ventral and dorsolateral prostatic lobes of rats treated with finasteride, a S-alpha
reductase inhibitor. Prostate 35:157-164.

Pollard, M. & Luckert, P.H. (1987) Autocthonous prostate adenocarcinomas in Lobund-
Wistar rats: a2 model system. Prostate 11:219-227.

Prins, G.S,, Birch, L., Greene, G.L. (1991) Androgen receptor localization in different cell
types of the adult rat prostate. Endocrinology 129:3187-3199.

Price, D. (1963) Comparative aspects of development and structure in the prostate. Nat Can
Inst Monogr 12:1-27.

Reese, JH., McNeal, 1.E,, Redwine, E. A, Samloff, I M., Stamey, T.A. (1986) Differential
distribution of pepsinogen II between the zones of the human prostate and seminal
vesical. ] Urol 136:1148-1152.

Rittmaster, R.S. {1994). Finasteride (review article). N Engl J Med 330(2):120-125.

Rosai, J. (1996) Male reproductive system. In: J. Rosai ed. Ackerman’s Surgical Pathology.

Mosby-Year, INC,, 8ed,, St.Louis-USA, 1:1221-1256.
69



Rumpold, H., Untergasser, G., Madersbacher, S., Berger, P. (2002) The development of
benign prostatic hyperplasia by trans-differentiation of prostatic stromal cells. Exp
Gerontol 37:1001-1004.

Shapiro, E., Hartanto, V., Becich, M.J, Lepor, H. (1992) The relative proportion of stromal
and epithelial hyperplasia is related to the development of symptomatic BPH. J Urol
147:1293-1297.

Shibata, Y., Fukabori, Y., Tio, K., Suzuki, K., Yamanaka, H. (2001) Comparison of
histological compositions and apoptosis in canine spontanecus benign prostatic
hyperplasia treated with androgen suppressive agents chlormadinone acetate and
finasteride. J Urol 165:289-293.

Stege, R. {2000) Potencial side-effects of endocrine treatment of long duration in prostate
cancer. Prostate (Suppl 10):38-42.

Sugimura, Y., Cunha, GR., Donjacour, A A. (1986) Morphogenesis of ductal networks in
the mouse prostate. Biol Reprod 34:961-971

Sung, S.Y. & Chung, W. (2002) Prostate tumor-stroma interaction: molecular mechanism
and opportunities for therapeutic targeting. Differentiation 70:506-521.

Steers, W. (2001) Sa-reductase activity in the prostate. Urology 58 (Suppl 6A):17-24.

Taplin, M.E. & Ho, S. (2001) The endocrinoclogy of prostate cancer. J Clin Endocrinol
Metabol 86(6):3467-3477.

Thomson, A A., Timms, B.G,, Baton, L., Cunha, GR. (2002) The role of smooth muscle in

regulation prostatic induction. Development 129:1905-1912.

70



Tuxhorn, J.A, Ayala, GE., Rowley, D.R. {2001) Reactive stroma in prostate cancer
progression. J Urol 166:2472-2483.

Vilamaior, P.S.L., Felisbino SR., Taboga, SR., Carvalho, HF. (2000) Coflagen fiber
reorganization in the rat ventral prostate following androgen deprivation: An possible
role for the smooth muscle cells. Prostate 45:253-258.

Williams, W.M. (1974) The anatomy of Mongolian Gerbil. Tumblebrook Fram, Inc., USA.

107p.

Wong, Y.C. & Tam, N.N.C. (2002) Dedifferentiation of stromal smooth muscle as a factor
in prostate carcinogenesis. Differentiation 70:633-645.

Worth, NF., Rolfe, BE., Song J., Campbel GR. (2001) Vascular smooth muscle cell
phenotypic modulation in culture is associated with reorganization of contractile and
cytoskeletal proteins. Cell Motil Cytoskeleton 49:130-145.

Zanetoni, C. (2002) Alteragdes na prostata relacionadas com o envelhecimento do esquilo
da Mongolia (Meriones unguiculatus). aspectos estruturais, histoquimicos e ultra-
estruturais. Tese de mestrado, Unicamp, Campinas-SP. 61p.

Zhao, G.Q., Holterhus, P M., Dammshéuser, I, Hoffbaver G., Aumiiller, G. (1992)
Estrogen-induced morphological and immunohistochemical changes in stroma and

epithelium of rat ventral prostate. Prostate 21:183-1999.

UNICAMP b

BIBLIOTECA CENTRAL
SECAQ CIRCULANTE



