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RESUMO

A pristata feminina € uma glindula funcionalmente ativa encontrada em diversas espécies
de mamiferos, incluindo humanos e roedores. O estudo da morfofisiologia prostitica nas
fases do ciclo estral tem mostrado que a prostata feminina € influenciada pelas oscilagdes
soroldgicas de estradiol e progesterona. Portanto, este estudo teve como objetivo avaliar o
efeito da administragiio prolongada de progesterona isoladamente ou associada i
testosterona sobre a prostata feminina do gerbilo ovariectomizado. Para isso, os ovirios das
fémeas adultas foram sirurgicamente removidos., Apds a recuperacio, receberam doses de
progesterona e progesierona associada i testosterona durante 30 dias, a cada 48 horas. A
ovariectomia causou atrofia e diminuicdo da atividade secretora glandular, estes aspectos
ocorreram  devido i supressio hormonal. O tratamento utilizando a  progesterona
isoladamente demonstrou uma parcial reorganizacio glandular, com alguns focos de lesdes,
as células apresentaram ndcleos ativos demonstrando uma intensa atividade secretdria. O
tratamento  progesterona combinado 4 testosterona, por outro lado. levou a lesdes
pronunciadas, como hiperplasia epitelial e estromal indicando inflamagio, nio havendo. no
entanto, atividade secretoria na glindula. A expressio dos AR epitelial e estromal foi
semelhante em todos os grupos. ERa e ERP apresentaram uma intensa expressio epitelial
nos dois grupos com tratamento hormonal. O grupo tratado somente com progesterona
mostrou forte imunorreatividade para PR epitelial, com expressio semelhante, tanto
epitelial gquanto estromal para os demais grupos. Os resultados ainda sugerem uma possivel
competiciio entre progesterona e testosterona. Desta forma, o tratamento apenas com a
progesterona, apresentou melhores efeitos para manutencio da prostata feminina de
gerbilos, embora a homeostase deste Orgio necessite do balanco deste e de outros

hormdnios.

Palavra Chave: prdstata feminina, ovariectomia, imunohistoquimica, progesterona e

lesteosterona



ABSTRACT

The female prostate is a functionally active gland found in several species of mammals,
including humans and rodents. The study of prostate morphophysiology in the estrous cyele
phases has shown that the female prostate is influenced by oscilations in serum levels of
estradiol and progesterone. Therefore, this study aimed to evaluate the effect of prolonged
administration of progesterone combined or not with testosterone on the ovariectomized
female gerbil prostate. For this, adult females had the ovaries surgically removed. After
recovering, they received progesterone and progesterona+lestosterone doses through 30
days, each 48 hours. Ovariectomy caused atrophy and decreased glandular secretory
activity, these aspects occurred due to hormonal suppression. Progesterone replacement
therapy caused a partial glandular reorganization, exhibiting with discrete injuries foci, but
cells showed active nuclei and intense secretory activity. On the other hand, progesterone
associated to testosterone treatment led to pronounced lesions, epithelial and stromal
hyperplasia, inflammation, and absence of secretory activity in prostate. AR distribution in
the epithelial and stromal cells was similar in all groups. ERe and ERP had intense
epithelial staining in both treated groups. The group treated only with progesterone showed
strong immunoreactivity for epithelial PR, with similar reaction in epithelium and stroma in
the others groups. The results also suggest a possible competition between progesterone
and testosterone. Thus, the treatment with progesterone, showed better effects for
maintenance of the female gerbil’s prostate, while other hormones are recquired for the

homeostatic balance of this gland.

Keywords: female prostate, ovariectomy, immunohistochemistry, progesterone and

testosterone.



INTRODUCAO
Morfogénese Prostdtica

A prostata € uma glindula acessoria do sistema reprodutor dos mamiferos que, no
homem, € responsdvel por uma grande fracio do fluido seminal. Ela é composta por dois
compartimentos distintos, o epitelial e o estromal (Hayward et al., 1996).

A morfogénese prostitica inicia-se no estagio fetal pela diferenciacio do seio
urogenital. O desenvolvimento gonadal em seus estigios primordiais € idéntico em
embrides masculinos e femininos, esta fase ¢ denominada estigio indiferenciado ou
ambissexual da diferenciacio sexual. Em camundongos, as gdnadas masculina e feminina
tornam-se morfologicamente distinguiveis apenas aos 13 dias de gestacio (Staack et al.,
2003).

A prastata desenvolve-se a partir do seio urogenital (SUG), gue € um tubo
endodérmico derivado do intestino primitivo e que termina na cloaca. A cloaca € dividida
pelo septo uroretal em SUG ventralmente e em canais retal e anal dorsalmente. Em
camundongos, os dois derivados do SUG sio claramente demarcados entre o 13” e 147 dias
de gestacio (Staack et al., 2003). O SUG ¢ morfologicamente indistinguivel em machos e
fémeas até o 17°-18° dia de gestacio em camundongos e até a 10°-12° semanas em
humanos. A partir desse perfodo. tem inicio a morfogénese prostitica, um processo gue €
iniciado e dependente de androgenos (Marker et al., 2003). O evento de inducio em
machos e fémeas estd ilustrado na figura 1.

O crescimento e o desenvolvimento da prostata sdo dependentes dos andrégenos
circulantes, produzidos pelos testiculos. A partir do 14° dia de gestacfo. nos testiculos fetais
ocorre a diferenciacio das células de Leydig que passam a secretar testosterona (Pointis et
al., 1980). A testosterona evita a morte celular programada do ducto mesonéfrico.
estimulando o seu desenvolvimento para formar o epididimo, ducto deferente, vesicula
seminal e ductos eferentes. Paralelamente, as células de Sertoli iniciam a producio da
substincia inibidora Miileriana (MIS), que provoca a regressdo do ducto paramesonéfrico.

Em machos, o crescimento de brotos epiteliais solidos do epitélio do seio urogenital
(UGE) em direcdo ao mesénquima circundante do seio urogenital (UGM) € o evento inicial
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da morfogénese prostitica. Em roedores durante o perfodo neonatal. os corddes crescem
invadindo o UGM. eles comecam a bifurcar-se em ramos laterais, originando trés lobos
prostiticos distintos: o lobo ventral, o lobo dorsolateral e a glindula coaguladora ou lobo
anterior (Marker et al., 2003). Esses lobos podem ser identificados por sua anatomia,
morfologia ou através dos diferentes tipos de secreghes (Sugimura et al., 1985).
Simultaneamente ao processo de morfogénese de ramificacio ductal, ocorre a canalizagio
ductal (formagio do limen) e a citodiferenciacio epitelial e estromal (Wang et al., 2001).

O mesénguima do seio urogenital passa a circundar o epitélio uretral, sendo
subdividido em trés zonas: o mesénguima periuretral, a zona mesenguimal gque sofre
diferenciagio em musculo liso e a zona que contém o mesénguima condensado ventral
{(VMP). Esta tiltima estrutura € formada em ambos os sexos, porém somente nos machos é
fue ocorre o desenvolvimento completo da prostata ventral, devido & agio androgénica. Se
andrégenos forem administradas as fémeas, ou se o VMP feminino for enxertado em um
anfitriio do sexo masculino, o VMP feminino ird induzir o desenvolvimento de uma
prastata ventral (Timms et al., 1995).

O evento chave da morfogénese que determina a diferenciagio da prostata
masculina e feminina ¢ a diferenciagio de parte do mesénquima do SUG em muisculo liso,
pois € este evento que regula a sinalizacdo pardicrina entre o epitélioc e o mesénquima
{Thomson et al., 2002), Em machos (Fig. 1A), na presenca de andrdgenos, a formagio do
musculo liso € inibida ou atrasada e os brotos prostiticos emergem da uretra ¢ podem
penetrar no VMP, Assim, a interagio pardicrina epitélio-mesénquima é estabelecida,
ocasionando a ramificaciio e expansio da prostata ventral. Em fémeas (Fig. 1B), a auséncia
de testosterona induz o SUG a originar a porgio inferior da vagina e a uretra, em embrides
de ratos e humanos (Shapiro et al., 2004), Neste sentido, a auséncia de andrdgenos ocasiona
a formagio de uma camada muscular espessa e continua, impedindo que os brotos epiteliais
prostiticos que estio emergindo da uretra entrem em contato direto com o VMP,
blogueando a comunicagio pardcrina entre o epitélio e o mesénquima (Thomson et al.,
2002). Assim, o reduzido tecido prostitico observado em fémeas de vdrias espécies é
origindrio do SUG que nio sofreu estimulo androgénico, porém, esta apresenta um epitélio
secretor diferenciado e funcionalmente ativo (Zaviacié et al., 2000a; Santos et al., 2003;

Custodio et al., 2004),



O surgimento de uma da prostata funcional em fémeas € bastante comum. Na
espécie humana, cerca de 90% das mulheres desenvolvem um tecido prostitico maduro e
ativo nos processos de secregio (ZaviaGic et al., 2000). A existéncia de uma prostata
feminina recebe um suporte adicional com relatos de casos raros de cincer de préstata em
mulheres (Meis et al.. 1987; Pongtippan et al.. 2004: Kazakov et al., 2010). Em um destes
casos, o antigeno especifico da prostata (PSA) foi bastante elevado, 1,3 mU/ml (variagdo
normal. 0.0-0.8 mU/ml) como seria esperado em um paciente com ciincer de prostata

masculino tipico (Pongtippan et al., 2004),

1A B Mesingquima
M.““quim condensade

Wasénguime
Masénguima condensade ventral

Flgura 1. 1A, Modelo desentive da indugio da prostata ventral em embndes femiminos e masculines de ratos, Do ado esguerdo pode-se
observar o YMP (vende) duranie oy estagios iniciais de indugio prostitica {1718 diax de gestagin), Observe que o camuda de miksculo
liso (azuly & descontinua e permite a sinalizagho entre @ VMP e o epitélio uretral (vermelho), Do lado direito pode-se observar a
marfogénese prostitica em machos ¢ [Emeas (o partir de 21.5 dias de gestagao), Em fémeas, a auséncia de testosteronn permile que o
misculo liso forme uma camada espessa ¢ comtinug, impedindo 2 sinalizagio pardcrina entre 05 brotos prostiticos em crescimento
{vermelhol ¢ o VMP. Em machos, a tesiosterona induz o formagio de uma camada muscular delgada ¢ desconlinug que permaie a
interagio epitdlio-mesenquimal. Os brotos que energem do cpitélio uretral (vermielho) invadem o VMP. Neonatalmente, esses brotos
sofirem bifurcagdes laterais dentro do VMP, originando a préstata ventral (modificado por Santo, ef al. 2006), 1B. Anatomia dos irifos
urogenital de ratos machos (cima) e fémeas (baixo) ao nascimento (dia 0). Epitélio estd demonstrado em azul, mesénguing m rosa ¢
mesdngquinia condensado em rosa sombreado. Em ambos trates, a porgho cranial esta a diveita, caudal a esquerda, dorsal acima ¢ ventral
shuixe. B: bexiga: GOPA: glindula conpuladora! prostata anterior; PDL: prostata dorsolateral; PD: prostata dorsal; VS: vesicula
serminal; PV prastata veniral, (Thomson, 2001,



Prastata feminina — perspectiva histdrica

O debate sobre a existéncia de uma prostata feminina vem sendo muito discutido
nos meios cientificos e muitos pesquisadores buscam desvendar os mistérios desta
glindula. que ja havia sido observada desde muito tempo antes de Cristo, quando o
anatomista grego Herophilos em 300 a.C escreveu sobre a prdstata feminina (De Graaf,
1972).

O termo prostata feminina foi introduzido pela primeira vez na literatura pelo
fisiologista e anatomista holandés Reinier De Graaf em 1672, onde relatava um conjunto de
elandulas e ductos ao redor da uretra feminina (De Graaf, 1972).

Em 1853, Virchow descreveu cilculos que havia encontrado nas glindulas da uretra
feminina, fazendo alusido que essas glindulas eram homologas a prdstata.

Em 1880, Alexander Skene relaton a presenca de glindulas que se encontravam
intimamente associadas a uretra, chamando-as glindulas de Skene, um drgio feminino
parecido com a prastata feminina (Skene, 1880).

A existéncia da glandula parauretral semelhante a prostata de homens também foi
relatada na década de 1950 (Huffman, 1948, 1951; McCrea, 1952).

A presenga da glindula prostitica em fémeas adultas foi também descrita para
virias espécies de roedores (Shehata, 1975, 1980; Flamini et al., 2002; Santos et al., 2003).
Gross e Didio (1987), comparando a prdstata de machos e fémeas do roedor Praomys
natalenses, observaram a homologia entre estes drgdos em ambos 08 sexo0s,

Estudos avangados utilizando ultrasonografia observaram uma glindula parauretral
que é "distribuida ao longo do comprimento total da uretra feminina”, Este tipo de
distribuiciio foi encontrado em cerca de 6% do material da autépsia utilizado por Zaviacic
(Zaviacic, 1998). A confirmagio da préstata feminina é suportada por indmeros estudos
histoldgicos, bioquimicos e ultra-estruturais que encontraram reatividade positiva para o
antigeno especifico da prostata (PSA) e para a fosfatase dcida alcina (PSAP) na glindula
(Wemnet et al., 1992; Tepper et al., 1984; Zaviagi¢ et al., 1997a,b; Sloboda et al., 1998),

Imunohistoquimicamente o PSA é o principal marcador dos tecidos da prostata

masculina, Wernet e colaboradores (1992) realizaram testes imunohistoquimicos para PSA



e PSAP em tecidos parauretral glandular feminino e observaram positividade em 66,7% dos
casos que analisaram.,

Somente em 2001 o termo foi aceito. apdés reexaminar o estado atual de
conhecimento e tentando esclarecer uma melhor compreensdo anatomica. a Comissio
Federativa de Terminologia Anatémica rebatizou oficialmente as glindulas de Skene
(1880). incluindo a massa associada de tecido que envolve a uretra, de volta para o termo

original "prostata feminina” que Reinier De Graaf propbs em 1672,

Prastata feminina do Gerbilo da Mongdalia

Como mencionado anteriormente, a prdstata feminina, tanto humana quanto de
roedores, jd foi descrita morfologicamente por védrios pesquisadores (Shehata, 1980; Gross
and Didio, 1987: Zaviacic, 1999; Flamini et al., 2002; Santos et al., 2003). Embora a
existéncia da prostata feminina em humanos jd tenha sido descrita, o estudo experimental
de material humano € muito limitado, pois a prostata feminina s6 pode ser obtida a partir de
necropsias de mulheres que sofreram morte cerebral (Zaviaéié, 2000a). Desta forma, torna-
s necessdria a adogio de modelos experimentais que apresentem uma glindula prostitica
semelhante & da mulher, a fim de se extrapolar os dados para a espécie humana,

O gerbilo (Meriones unguiculanis), também conhecido como esquilo da Mongdlia é
um murideo da subfamilia Gerbillinae, proveniente das regides dridas da China e Mongdlia
(Schwentker, 1963)., Este mamifero tem sido extensivamente adotado em experimentos
bioldgicos e biomédicos nas dreas da fisiologia, farmacologia, parasitologia e
endocrinologia (Neumann et al., 2001). Além do mais, tem apresentado dtimos resultados
com estudos do sistema reprodutor, tanto masculino (Rochel et al., 2007; Pinto et al, 2010),
quanto feminino (Nishino e Totsukawa, 1996; Santos et al., 2006; Fochi et al., 2008;
Custadio et al., 2010; Lv e Shi, 2010).

As fémeas de Meriones unguiculatus, assim como de outros mamiferos (Shehata,
1980; Gross e Didio, 1987; Flamini et al., 2002), apresentam em seu sistema reprodutor
uma glindula prostitica funcionalmente ativa com grande homologia para a prostata
feminina humana (Fig. 2B) e para a prostata ventral do gerbilo macho (Taboga et al., 2001).

Segundo Santos e colaboradores (2003), 80% das fémeas possuem glindula prostitica

11



desenvolvida e ativa nos processos de secregdo. apresentando cerca de 10% do peso
prostitico masculino.

Anatomicamente, a prostata feminina do gerbilo é composta por um conjunto de
glandulas e ductos que se concentram em ambos os lados da uretra mediana e distal. Os
ductos estio inseridos na musculatura envolvente da uretra, e se abrem em viirios pontos da
luz uretral (Santos et al., 2003)

A regido secretora da prostata de fémeas adultas do gerbilo € formada por um
epitélio que varia de cibico simples a colunar pseudoestratificado. A porgio epitelial &
formada por dois tipos de células: as basais, que formam uma camada descontinua de
células-fonte para a manutengio do crescimento prostitico, e as secretoras que apresentam
um citoplasma rico em organelas envolvidas nos processos de sintese e secregio de
glicoproteinas (Fig. 2A) (Santos et al, 2003). As glindulas e os ductos prostiticos estio
associados a um estroma fibromuscular composto por células musculares lisas e
fibroblastos, fibras de coldgeno e eldsticas, e muitos vasos sangiifneos (Santos et al., 2003),
Anilises estruturais e ultra-estruturais da prostata feminina adulta de gerbilos indicam que
as células secretoras encontram-se em plena atividade e revelam semelhancas morfolégicas
com o lobo ventral do gerbilo macho adulto (Santos et al., 2003; Pegorin et al., 2006).
Adicionalmente, a préstata feminina do gerbilo apresenta similaridade com a prostata
feminina humana descrita por Zaviacic (1999), no que se refere i estrutura alveolar e

tecidual (Santos e Taboga, 2006). Além disso, tem sua atividade modulada de acordo com

as alteragdes hormonais do ciclo estral, que no gerbilo tem duragiio de 4 a 5 dias (Nishino e

Totsukawa, 1996; Fochi et al., 2008).

Figura 2. Aspecios ulira-esiruturais da prosiata
feminina do gerbilo (A = Sanios et al, 2003) ¢
humana (B - Faviafic et al, 2000a). A prdstata
feminina adulta do gerbilo apresenta prande
semelhenga com a humana. 05 mesmos  tipos
epiteliais sio observados em ambas as espécies, O
compartimente estromal da prostata feminina do
gerbilo ¢ denso, sendo composio por células
musculares lisas (SMC) e fibroblastos (Fb), além
de muitas fibras de coligeno (C0) e elisticas (ET)
A= 1 edlula secretora apdering. 2A: cflula
secretora merdering  clara; 2B célula secretora
merderina tipica, 3: célula intermedidria; 4: célula
basal. B — SC: célula secretorn; BC: célula basal;
ICT ¢ 102 células  intermedidrias, B “hlehs™
apicais; BM: membrana basal;, O capilar; G:
complexe de Golgi; M. mitocondrias;, RER:
reticulo endoplasmitico rugoso; SV vesiculas de
secregio.
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Madulagdo hormenal da prostata

O papel dos andrdgenos

Os hormdnios androgénicos sdo fundamentais para o inicio do desenvolvimento
prostitico e siio essenciais para que ocorra o crescimento embriondrio e neonatal para que,
posteriormente, para que se inicie a atividade secretoria prostitica na puberdade (Isaacs et
al., 1994; Prins e Putz, 2008).

O principal andrégeno circulante na prostata € a testosterona (T), que se origina da
produgiio testicular (95%) e da produgio das glandulas supra-renais (5%) (Aumiiller e
Seitz, 1990). Além do mais, na prostata ocorre a conversio da T em dihidrotestosterona
(DHT), pela aciio enzimatica da So-redutase, sendo o composto formado um andrégeno
com potencial de 2 a 10 vezes maior para indugio da transcricio de genes especificos,
comparado com a testosterona (Deslypere et al., 1992; Wilson, 1996; Wright et al., 1999),
Esses dois andrégenos atuam de forma distinta no sistema reprodutor, sendo que a T regula
a diferenciaciio sexual, além de manter as fungdes sexuais e a libido, enquanto que a DHT
tem papel fundamental durante a virilizagio embriondria puberal, além de ser responsivel
pela funcionalidade da préstata do individuo adulto (Soronen et al., 2004).

A acdo da T e da DHT na préstata € mediada através do mesmo receptor de
andrégeno (AR, do inglés androgen receptor). Estes ARs sio membros da superfamilia de
receptores nucleares, podendo ser encontrados tanto em células prostiticas epiteliais como
estromais, onde atuam como fatores de transcricio, sendo responsivel por regular a
expressio de mais de 100 genes na prostata, bem como de sequéncias especificas de DNA
conhecidas como elementos androgeno-responsivos (Nelson et al., 2002; Chatterjee, 2003;
Black e Paschal, 2004). Na prostata adulta, os andrdgenos agem diretamente nas células
epiteliais via AR, estimulando a sintese e secreciio dos componentes prostiticos como PSA,
auxiliando a manutencio estrutural e funcional da glindula (Nelson et al., 2002; Chatterjee,
2003; Black e Paschal, 2004), Nas células estromais,os androgenos, estimulam a producio
de fatores de crescimento (andromedinas), e nas celulas musculares lisas, os ARs estio
indiretamente relacionados 4 modulagio do epitélio adulto quanto a proliferacio e sua

diferenciacio (Cunha et al., 2002).
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A dehidroepiandrosterona (DHEA) € outro composto androgénico com agio efetiva
na biologia intra-prostitica (Labrie, 2010). A DHEA € um prdé-hormdnio de origem adrenal
e atua como um reservatorio para a biosintese tanto de andrdgenos como de estrgenos nos
tecidos periféricos (Labrie et al.. 2005). Embora a fungio biolgica da DHEA como
precursor de esterdides sexuais ji tenha sido estabelecida, o mecanismo de agio celular
ainda ndo foi totalmente elucidado (Arnold e Blackman.2005, Labrie et al., 2005; Labrie,
2010). Acredita-se, no entanto, que muitos dos seus efeitos ocorram via receptor de
andrdgeno e/ou estrégeno apos sua conversio enzimaitica nesses hormonios sexuais (Labrie
et al., 2001).

O papel dos estragenos

Os estrégenos desempenham importante papel na regulagio do crescimento da
prastata em todos os estigios da vida, porém, no homem 05 niveis estrogénicos precisam
ser balanceados a um nivel Gtimo, uma vez que a falta do estrogeno pode levar a hipertrofia
e hiperplasia prostitica, e o excesso deste hormdnio ocasiona respostas adversas ao epitélio
prostitico, como proliferagdo, inflamagdo e cincer (Chen et al., 2008; Scarano et al., 2008;
Ellem e Risbridger, 2009), Na prdstata adulta, diversos estudos apontam que algumas
maodificagdes epiteliais como hiperplasia, metaplasia escamosa, queratinizagiio epitelial,
neoplasia intragpitelial prostitica (PIN) sio induzidas por estrogenos (Prince, 1936; Leav et
al., 1988).

Na prdstata adulta, diversos estudos apontam que algumas modificaghes epiteliais
como hiperplasia, metaplasia escamosa, gqueratinizagio epitelial, neoplasia intragpitelial
prostatica (PIN) sio induzidas por estrégenos (Prince, 1936; Leav et al., 1988),

Diversos estudos apontam o papel importante dos estrdgenos, especialmente o
estradiol (E), no desenvolvimento e na homeostase da prostata (Chen et al., 2008; Scarano
et al., 2008; Ellem e Risbridger, 2009). Adicionalmente, os estrdgenos podem ser
produzidos localmente, dentro da prostata, via conversiio da testosterona em 17p-
estradiol pela enzima aromatase, expressa no estroma prostitico (Matzkin e Soloway, 1992;
Risbridger et al., 2003), desta forma, a aciio de estrogenos na prostata pode

ocorrer independente dos niveis séricos deste esterdide.
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A acdo do E na prostata € mediada através de dois tipos de receptores de estrogeno
alfa e beta (ERu e ER[, do inglés estrogen receptor) membros de uma super-familia de
fatores de transcricio nuclear. ERw estd localizado principalmente nas células estromais da
prostata adulta de homens, macacos, cachorros e roedores (Schulze e Claus, 1990
Tsurusaki et al., 2003). Estudos imunohistoguimicos revelaram que apenas uma parcela das
células estromais apresenta positividade para ERo, sendo estas responsdveis pela
estruturacio da glindula prostitica antes da puberdade (Omoto et al., 2005). A presenca
aumentada dos ERo em lesoes pré-malignas e metastiticas sugere gue o estrogeno pode
afetar a carcinogénese prostitica e a progressio tumoral (Bonkhoff et al., 1999). Por outro
lado, o ER estd principalmente localizado em células epiteliais dos lumens diferenciados e
parece apresentar uma maior importincia  durante  periodos  mais  tardios  do
desenvolvimento prostitico, agindo juntamente com o AR na regulagio da diferenciacio e
atividade funcional do tecido adulto (McPherson et al., 2008; Prins e Putz. 2008). A
expressao de ERP € baixa ao nascimento, aumenta & medida que as células epiteliais sofrem
uma citodiferenciagio e atinge uma expressio mixima com o inicio da capacidade de
secreciio durante a puberdade. o que sugere para o ERP um papel diferenciado na pristata
de roedores (Prins et al.. 1998). Em oposiciio ao ERw. o ER[} diminui nas lesdes malignas
da prostata . mostrando o seu possivel papel protetor no epitélio prostitico (Horvath et al.,

2001).

Progesterona: atuagdo glandular

A progesterona € um horménio esterdide ovariano imprescindivel para manutengio
e desenvolvimento das fungdes reprodutivas das fémeas dos mamiferos. Encontra-se em
altas concentragdes durante a fase luteal do ciclo menstrual, com importante papel na
diferenciacio glandular do endométrio, na proliferacio epitelial da glaindula mamiria e
manutengio da gravidez (Anderson e Clarke, 2004). Sua atividade bioldgica ¢ mediada
através de receptores nucleares de progesterona (PR), expresso em duas isoformas PR-A e
PR-B, os quais induzem uma cascata de eventos transcripcionais apos a sua ligagiio com o

horméinio (Evans, 1988; DeMarzo, 1991),
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transcrigdo e morfogénese em uma variedade de diferentes vias de sinalizacio (Wang e
Dey, 2006). PR ¢ de importincia fundamental para o a implantagio do embrido fertilizado e
decidualizagdo subsegiiente do estroma uterino durante o pos-implante (Mulac-Jericevic et
al.. 2000; Wang e Dey. 2006).

Poucos estudos tém relacionado o papel da progesterona na prostata humana. Dados
de investigacOes anteriores sobre a expressio de PR, especialmente aqueles que utilizaram
técnicas imunohistoquimicas sio bastante conflitantes (Brolin et al., 1992; Wernert et al.,
1988). Muitos trabalhos tém demonstrade que os PR estio localizados exclusivamente no
compartimento estromal de pacientes com hiperplasia prostitica benigna e nio em
pacientes com carcinoma prostitico (Wernert et al., 1998). Mobbs e Liu (1990), por outro
lado, informaram que os PR apresentaram localizag@io exclusiva no estroma prostitico de
pacientes que apresentavam tanto hiperplasia prostitica benigna guanto carcinoma
prostitico. Hiramatsu ¢ colaboradores (1996) demonstraram em seu estudo uma ampla
distribuicio dos PR em células epiteliais hiperplisicas de pacientes com hiperplasia
prostitica benigna e nas células cancerigenas de pacientes com carcinoma prostatico,

Em fémeas de gerbilo, durante o ciclo estral, uma constante oscilagdo hormonal é
responsavel pelas modificagtes estruturais e funcionais na prostata destes individuos, A
glandula apresenta as maiores modificagoes hormonais durante a fase de estro e diestro 11,
com picos de estradiol e progesterona respectivamente (Santos et al., 2011}, Os niveis
hormonais de testosterona mantem-se constante durante todos os estigios do ciclo. Desta
forma, a abordagem da prdstata frente & agiio hormonal da progesterona € de fundamental
importincia para o esclarecimento da morfofisiologia deste drgfio, visto que o organismo

feminino estd submetido a picos regulares de progesterona a cada novo ciclo reprodutivo,

16



OBJETIVO

Esta investigaciio teve como objetivos avaliar, por métodos estruturais, qualitativos
e quantitativos, histoguimicos e imunocitogquimicos, o efeito isolado da longa exposicio de
progesterona sobre a prostata feminina de gerbilos ovariectomizados, bem como avaliar o
efeito combinado da progesterona com testosterona sobre a manutengiio da morfofisiologia

prostitica.
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ARTIGO

PROGESTERONE RESTORES THE FEMALE PROSTATE SECRETORY
ACTIVITY IN OVARIECTOMIZED GERBIL AND MAY ACT AS POTENTIAL
COMPETITOR OF TESTOSTERONE IN INTRAPROSTATIC ENVIRONMENT.
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Abstract

Aims: Little is known about the effect of progesterone on gerbil female prostate. It is
known that normal oscillation in the progesterone and estradiol levels during the estrous
cycle phases influences the morphophysiology of this gland. The aim of the present study
was to evaluate the isolated effect of prolonged administration of progesterone combined or

not with testosterone on the prostate of ovariectomized female gerbil .

Main methods: To observe the morphological changes caused by castation in the prostate of
different groups it was used stereologic analyses of all prostate compartments, analysis of
nuclear area and perimeter, and morphometric measurements of epithelial and smooth
muscle cells layers. In addition, immunocytochemistry was performed to investigate the
distribution of the androgen, estrogen alfa, estrogen beta and progesterone receptors in the

different prostatic compartments.

Key findings: this study demonstrated that both treatments partially recovered the structure
of the gland. In the group treated with progesterone plus testosterone occurred a higher
incidence of epithelial and stromal disorders, besides the absence of secretory activity.
Thus, treatment with progesterone alone showed better results in the restoration of

glandular homeostasis mainly seen by the regulation of the secretory activity,

Significance: Collectively, the findings of this study indicate that progesterone may have a
significant role on the maintenance of prostate morphophysiology, and showed an

interesting evidence of hormonal competition between progesterone and testosterone
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Introduction

The female prostate is a gland found functionally active in mammals, with
important biological function during reproduction. In the female gerbil, prostate is formed
by a set of ducts and acini embedded in a fibromuscular stroma, with intimate contact with
the wall of media and distal urethra. The morphological description of the female prostate,
both human and rodent has already been achieved by several researchers (Shehata 1980;

Gross and Didio 1987; Zaviacic 1999; Flamini et al, 2002, Santos et al., 2003).

The study of prostate morphophysiology during the phases of the estrous cycle has
shown that the female prostate is influenced by fluctuations in serum levels of estradiol and
progesterone, and the largest development and glandular activity coincide with the peak of
estradiol levels during the estrous phase. Conversely, lower development and secretory
activity of the female prostate occur in diestrus Il phase marked by a peak in serum
progesterone (Santos et al. 2011). These oscillations change the morphological structure of
the prostate gland during the estrous cycle of the female gerbil, and testosterone hormone

levels are constant during all stages.

The ovarian hormones are extremely important in the regulation of reproductive
functions of females and their balance is responsible for the homeostasis of the entire
reproductive tract. The hormones estrogen and testosterone are essential in the development
and maintenance of the adult gland. guided respectively by the ER and AR receptor (Santos
et al. 2006; Weihua et al. 2001), besides, these hormones are directly related to prostate

carcinogenesis (Ricke et al. 2007). On the other hand, the action of progesterone and
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estrogen linked to pregnancy are related to some kind of prevention of breast cancer
{Guzman et al. 1999, Medina 2004; Sivaraman and Medina 2002). Liule is known about
real role that progesterone exerts on prostatic morphophysiology, moreover, many studies
(REF) use the progesterone receptor (PR) only as markers of estrogenic action, there is
shortage of knowledge about the role of progesterone acting on its own receptors and its
relation with the development of prostatic lesions. Thus, the objective of this study was to
evaluate the isolated effect of prolonged exposure of progesterone and progesterone
associated with testosterone on the prostate gland of ovariectomized female gerbil, using

histochemical and immunocytochemical methods.

Material and Methods

Experimental Design

For this study, 40 adult female virgins (90 days) gerbil (Meriones unguiculatus,
Gerbillinae: Muridae) were used. All females were kept in the Animal Institute of
Biological Sciences, Letters and Science of UNESP, Sio José do Rio Preto (SP) under light
conditions, proper temperature, food and water ad libitum, in accordance with the standards

internal Ethics and Animal Welfare Unesp and COBEA (Protocol 16/07-CEEA).

All females, except the control group went through bilateral ovariectomy after
anesthetized by ketamine (100mL) / xylazine (30uL) (Iml/kg). After ten days of recovery

from the surgery, four groups were formed with eight animals each that received hormonal
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treatment from 10" to 40" day after castration. Castrated + oil (Ca + O), received 0.1 mL
subcutaneous doses of mineral oil (Nujol / Mantecorp); castrated + progesterone (Ca + P),
recieved progesterone (Sigma) 0.1 mg / kg, diluted in 0.1 ml of mineral oil (Nujol};
castrated + testosterone + progesterone (P + Ca + T), recieved progesterone (Sigma) 0.1 mg
! kg + testosterone cypionate (Deposteron-Novartis/Sigma) 0.1 mg / kg, diluted in 0.1 m] of
mineral oil (Nujol). Two controls were used in this investigation: Co — intact females and

Ca — ovariectomized female without hormonal treatment

The subcutaneous application of the hormone / vehicle always occurred between
8:00 and 10:00 am. The animals in each group were killed 24 hours after the last
application of the hormone / vehicle (41th days). They subjected to inhalation of CO,, and
after weighing, they were decapitated for blood collection. The prostates (associeted to the

urethra) were weighed and prepared for different analysis.

Maorphological analysis

The prostate complex (urethra + prostatic tissue associated) from five animals in
each experimental groups was fixed by immersion in Karnovsky solution (5%
paraformaldehyde and 2.5% glutaraldehyde in 0.1 M phosphate buffer, pH 7.2), the
remaining prostates from the other three animals were fixed in 4% paraformaldehyde in
phosphate buffer for 24 hours. After fixation, tissues were washed in water, dehydrated in
ethanol, cleared in xylene, embedded in resin glycol methacrylate (Historesin embedding
kit, Leica, Nussloch, Germany) or Paraplast (Histosec, Merck, Darmstadt, Germany), and

sectioned at 3um in automatic rotary microtome (Leica RM2155, Nussloch, Germany).
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Histological sections of the female prostate were stained with Hematoxylin-Eosin,
Gomori's reticulin and the periodic acid and Schiff staining (Bancroft and Gamble 2002).
The tissues were examined and photographed under Olympus BX60 light photomicroscope

(Olympus, Hamburg, Germany).

Immunocyiochemisiry

The histological sections of female prostate fixed in paraformaldehyde 4%
underwent immunocytochemistry for detection of androgen receptors (AR), estrogen alpha
(ER«) and beta receptors (ERP) and progesterone receptors (PR), according adaptation of
protocols previously described (Vilamaior et al. 2005; Santos et al, 2006). Primary
antibodies for AR (polyclonal rabbit anti-human, SC-816, Santa Cruz Biotechnology), ERa
(Clone 1D5 Code M7047 Monoclonal mouse anti-human, Dako) ERp (polyclonal rabbit
anti-human, SC-8974, Santa Cruz Biotechnology) and PR (polyclonal rabbit anti-human,
SC-538) were applied to various dilutions (1:50 to 1:200 according to the specifications of
each antibody). The sections were incubated with secondary biotinilated antibodies
followed by Avidin — Biotin - Peroxidase complex (Rabbit ABC Staining System SC-2018
- Santa Cruz Biotechnology, for AR, ERa, ERP, and PR) and revealed with
diaminobenzidine (DAB). The sections were counterstained with Harris hematoxylin.
Tissues photographs of imunnoreaction were analysed by the software Image-Pro Plus,
Version 4.5 for Windows. The intensities of epithelial (nuclear and cytoplasmic) and
stromal reactions for these four receptors were graded on a scale of 0-3 +, including 1 + to
fewer than 10% epithelial and stromal positive labeling, 2 + from 10% to 50% epithelial
and stromal positive labeling and 3 + to more than 50% of epithelial and stromal positive

labeling (modified Bass et al. 2009). The count was employed using 1000 cells per animal
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in each experimental group, in images with a 40x objective lens. From numerical values the

percentages was calculated.

Morphometric, stereologic and karvometric analysis

The morphometric and stereological analyzes were performed from slides stained
with Hematoxylin and Eosin, and the microscopic fields were digitalized using the Image-
Pro Plus, version 4.5 for Windows. The relative volume of the tissue compartments of the
female prostate was determined according to the multipoint M130 system proposed by
Weibel (1978) and applied to the prostate by Huttunen et al. (1981). For this, 30 random
fields were collected from each experimental group (six fields per animal). The bulk
density was then calculated by counting the number of points that coincide with each gland
tissue compartments (epithelium, lumen, muscular stroma and non-muscular stromal). The
absolute volumes could not be determined because it was not possible to separate the
female prostate from urethra to determine its exact weight. For morphometric analysis, 180
measurements of the height (um) of epithelial secretory cells and the thickness (um) of the
muscle cell were performed. For karyometric analysis, nuclear area (p m’) and perimeter

(um), were measured in 200 epithelial cells from each experimental group,

Statistical analysis
Exploratory analysis and statistical processing of stereological and morphometric
data were performed in spreadsheets and charts using Statistic 6.0 softwere (Copyright

StatSoft, Inc., Tulsa, OK). Hypothesis tests used to demonstrate the significance of the
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results were analysis of variance (ANOVA) and Tukey test for multiple comparisons with a

significance level of 3% (p =< 0.05).

Results

Biometric analvsis

Statistical analysis of the body weight of the female gerbil (Table 1) indicates no
significant differences between the different groups. However, the absolute weight and
relative weight of the prostatic complex were significantly lower (p = 0.05) in Ca, Ca + O

and C + P + T groups.

Morphological analysis

In Co group, the prostatic acini were lined with a simple epithelium ranging from
simple cubic to prismatic, large lumens store the glycoprotein product secretion (Fig. 1 c).
The prostatic stroma provides support to the acini and ducts via a network rich in fibers,
smooth muscle cells and skeletal striated. and blood vessels (Fig. 1 ¢). Reticular fibers are

in the basal epithelium and in contact with muscle cells (Fig. 2, b).

Ca and Ca + O groups, both ovariectomyized, presented large structural similarities
of their prostates. The hormonal deprivation caused significant glandular regression (Fig.
Id. g). The epithelium became cubic low with escarce cytoplasm and small strongly
basophilic nuclei (Fig. le, h). The lumens became smaller and very tortuous, with little or

complete absence of secretion (Fig. 1f, j). Several ciliated cells were observed (Fig. 11), as
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well as unusual cell type exhibiting extensive chromophobe cytoplasm and nucleus poorly
stained, similar to that found in group Ca + P + T (Fig. 1r). Following acini reduction, the
stromal compartment became denser, with sinuous reticular fibers on the basis of the
epithelium and between the layers of smooth muscle cells that circumscribe the acini,

besides thicker layers of collagen fibers in the inter-acinar stroma (Fig. 2 ¢-f)

In Ca + P group most acini were lined by a high columnar secretor epithelium,
demonstrating the recovery of synthetic activity (Fig. 1n; p). However, a few acini became
tortuous and lined by a cubic epithelium, indicating a partial recovery with progesterone
treatment (Fig. In: p). In some epithelial regions, can be observed clear hypertrophic cell
proliferation (Figure 1k). Some lumens had abundant secretion and basophilic corpuscles,
called amylaceous bodies (Fig. 1o0). Detachment of epithelial portions, "debris" were found
in some lumens (Fig. 11). A few foci of atypical epithelial growth were observed, especially
toward the lumen (Fig. 1m). There was an increase in the amount of reticular fibers, as well
as its thickness, making them more dense and interspersed along the smooth muscle cells,
and in the epithelial base (Fig. 2g, h). It was observed in the epithelium adjacent regions a
normal disposition of the fibers, on the other hand, in portions not adjacent reticular fibers
formed complex networks within the stroma, discrete portions containing the interalveolar
collagen (Fig. 2h). The smooth muscle that surrounds the acini was recovered from

castration, presenting a thicker profile (Fig, 1n).

Group Ca + P + T presented a significant recovery of the prostatic epithelium (Fig.
It, v). Secretory epithelial cells became high cubical or cylindrical (Fig. 1t). The normal
characteristic of the epithelium was altered by the emergence of disorders derived by cell

proliferation. Some disorders such as prostate intragpithelial neoplasia (PIN) (Fig. 1g) and
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dysplasias were observed in most of the prostate glands. Cell in division process and
ciliated cells were localized in the upper portion of the epithelium (Fig. lu). Also in the
epithelium atypical cells were observed, showing a large chromophobic cytoplasm with
small vesicles, presenting a core little basophils, giving no impression of the core (Fig, Ir),
Portions of cell debris became constant in lumen (Fig. 1s). The stromal compartment was
hyperplasic, with particular leukocytes and fibroblasts (Fig. 1s). Delicate reticular fibers
were observed in the basis of the epithelium (Fig, 2, ij). The collagen fibers formed thick
and compact bundles around the acini and in deep regions of interacinar stroma (Fig. 21, j).
Large amount of smooth muscle cells were observed around the alveoli and in association

with collagen fibers in the interacinar stroma (Fig. 2j).

Stereological Analysis

The relative frequencies of the prostatic compartiments in different groups of
females (Table IT) showed significant variations (p < (.05). The epithelial compartment
remained constant in both groups, Ca, Ca + O and Ca + P + T, but showed a small decrease

in group Ca + P,

The luminal compartment of the groups Ca + P and Ca + T + P presented a
regression of the relative volumes if compared to the Co, Ca and Ca + O groups that

showed similar frequencies.

The volume of non-muscular stroma showed variations between groups, Ca + O and

Ca + P + T showed a decrease when compared to other ones.
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The relative frequency of the smooth muscle layer surrounding the prostatic acini in
the stroma showed an increase in the Ca + O, Ca+ P and Ca + P + T groups in regard to Co

and Ca.

Morphometric Analysis

The morphometry of epithelial and muscle compartments varied in the different
groups (Table II). Regarding Co group, whose epithelium had a thickness of 19.2 £ 5.5 pm,
all other groups showed a significant reduction in epithelial cells. Thickness analysis of the
smooth muscle cells that circumscribe the prostatic acini showed that there was a
significant reduction in this layer in the Ca + O group, whereas the group treated with
progesterone showed a recovery of this thickness. Data related to the karyometric analysis
indicated a decrease in nuclear size and circumference in all experimental groups, and

significant recovery being close to normal of the cells in Ca + P group,

Immunchistochemistry

Andragen receptor

There was a similar pattern of nuclear reaction in the secretory cells of the
epithelium (2 +) and stroma (1-2 +) of all groups (Table TII). All groups showed a weak
labeling for fibroblasts and smooth muscle cells. Secretory epithelial cells of the Co group
presented nuclear staining to AR, whereas Ca, Ca + O, Ca + P and Ca + P + T groups

exhibited nuclear and cytoplasmic staining (Fig. 3).
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Estragen receptor

Castration did not affect the nuclear positivity of the epithelial cells (2 +) and, all
groups showed a similar pattern to the prostatic stroma cells (2 +). The treatment resulted in
strong nuclear (3 +) and cytoplasmic epithelial labeling of both groups Ca+ P and Ca+ P+

T (Table 1II) (Fig. 3).

Estrogen receptor I

The staining pattern in the epithelial and stromal cells (2 +) was very similar in all
groups (Table I11). In the treated groups, the epithelial reaction was more intense (3 +), with

strong cytoplasmic staining in Ca + P + T group (Fig. 3).

Progesierone receptor

The Ca + P group showed a strong epithelial labeling (3 +), the other ones showed a
similar pattern (2 +) for the epithelial and stromal cells. All groups showed cytoplasmic
staining at different intensities, which was more pronounced in the Ca + P + T group (Fig.

3).

30



Discussion

This study demonstrated that the treatment with of progesterone alone or associated
with testosterone to ovariectomized females caused major histophysiological changes in the
prostate  gland. In addition, hormone deprivation resulted in a profound glandular
involution, decreases in luminal volume, in the thickness of epithelial layer and in the
nuclear area and perimeter showing the characteristic of cystic atrophy of secretory gland.
The relative frequency of the smooth muscle layer increased, there was a reorganization of
this portion in order to follow cellular involution, thereby increasing its area in the groups
that underwent castration. In normal female gerbil during the estrous cycle occur hormonal
fluctuations that determine important morphophysiological changes in the prostate (Fochi et

al. 2008).

The long-term progesterone treatment can reverse, but not entirely, the
characteristics induced by castration. The prostate restored, in part, the epithelial
functionality. evidenced by various apocrine secretory vesicles ("blebs"). The castration
associated to progesterone, modified the stromal structure, with an increase of reticular
fibers and its thickness in the adjacent portions of the epithelial layer, and favorably
influenced the synthesis of smooth muscle cells. The restoration of the thickness of smooth
muscle layer together with the fibroblasts is directly related to the process of expelling the
acinar secretions during ejaculation, as well as synthesis of structural and regulatory
components present in the extracellular matrix (Horsfall et al. 1994; Tuxhorn et al. 2001).
In other hand, the progesterone treatment caused slight, foci of intraepithelial neoplasia and
hypertrophy of epithelial cells. Such proliferating regions are marked by disruption of the

normal architecture of epithelial portions, targeted to the lumen or to the prostatic stroma.
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The presence of cellular "debris" was directly associated with the acinis that presented cell
proliferation, since the epithelium cannot accommodate all the cells, part of it is discarded

into the lumen.

The treatment of castrated females with P+T showed numerous foci of inflammation
and cell proliferation. The epithelium exhibited many hypertrophic cells, some with
expanded cytoplasm and nuclei, with no secretory activity. The treatment did not restore
the thickness of smooth muscle. Androgen therapy in the prostate of normal female rat
caused regression of the thickness of smooth muscle cells (Biancardi et al. 2010), thus
testosterone may be acting inhibiting the action of progesterone, since it contributed to the
restructuring of the smooth muscle layer in the group Ca+P. There was stromal hyperplasia
in some glands in the Ca+P+T group, which in fact resulted in scarcity of reticular fibers
and an increase in collagen, indicating a possible focus of prostatic inflammation, which
contributed to compression of the urethra causing mechanical obstruction to the flow of
urine, thus leading to stagnation of urine in the bladder, favoring the appearance of urinary

tract infection, which may have spread to the prostate (Srougi et al. 2008).

Some studies in the female prostate using only testosterone showed similar
characteristics to treatment P+T, as the increase in epithelial areas (Biancardi et al. 2010)
and decrease in lumen volume (Santos et al. 2006), however, in both studies there was
strong labeling pattern for prostatic secretions, which was not found in this investigation,
The effects of short-term treatment caused either by testosterone (Santos et al. 2006) or by
progesterone (unpublished data), in the gerbil female prostate, are very aggressive but with
an intense secretory activity. In the treated group P+T lesions such as neoplasia,

hyperplasia and inflammation were amplified, however, the physiological characteristic of
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the gland, particularly demonstrated in the secretory activity has not been reestablished. In
fact, the effect of castration made it impossible that all hormone routes were restored and
only P+T, were unable to recover the entire structure of the gland. Despite the partial
recovery of most of the alveoli in both treatment groups, the gland does not seem to
restablish to the optimal histoarchitecture of adult prostate, where the lumen contributes
greatly to increase the prostate volume. The Ca+P group resembles the early phase of
secretory activity observed in rats (Vilamaior et al, 2006) and the Ca+P+T group did not

even presented secretory activity.

The AR that are mainly nuclear located presented strong cytoplasm labeling in the
Ca+0 and Ca+P groups, due to the absence of androgen, receptors have not been linked to
the hormone staying dispersed in the cell cytoplasm (Black and Paschal 2004). The same
occurred in the group Ca+P+T, the prostate may be increasing the expression of AR to

maintain its functions after castration, due to absence of main female hormones.

The reason of the epithelial / stromal location for ERa was practically the same in
all groups. Studies have shown ERa labeling is almost exclusively in the stromal
components, but others, exhibit secretory epithelial cells location (Lau et al. 1998; Prins
and Birch 1997). The strong epithelium labeling in groups treated with hormones, was
predominantly nuclear and cytoplasmic, hypothesizing eth evidence of cell lesions.
According to Prins and colleagues (2001), the ERa is the dominant ER subtype in stromal
cell prostate of mice and is responsible for mediating inflammation, aberrant proliferation
and eventually cancer. It is known that responses to estrogen in the prostate requires both
paracrine mechanism played by stromal ERa, as well as by the direct action of estrogen on

epithelial ERo (Risbridger et al. 2001), this compartment showed strong expression in the
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treated groups and possibly progesterone should be influencing this result in the absence of

estradiol.

ER[ was positive for the stromal cells, however, positive labeling was significantly
epithelial. The groups Ca+P and Ca+P+T showed 3+ epithelial staining intensity, implying
thereby that estrogen exhibited direct effects on prostatic epithelial layer. Studies with
prostate cancer indicate that ERP acts in opposite ways to the growth of abnormal cells,
because when in the absence or in low expression, directly influences the growth of cancer
cells both epithelial and stromal (Bardin et al. 2004; Fixemer et al. 2003; Latil et al, 2001},
The intense staining for this receptor raises the possibility that is occurring estrogen
production by other sources, since the females were castrated. The adrenal glands or even
the aromatization of testosterone may be contributing to the production of this steroid,
resulting in this strong reaction for ERJ. Progesterone probably increased the expression of
ERP. which contributed in a significant prevention of malignancies in this organ, evidenced

by low foci of lesions in Ca+P group, not being the same for the Ca+P+T group.

The PR was distributed uniformly in the ratio of epithelial / stromal. The strong
epithelial marking (3 +) in Ca+P group was expected since doses of exogenous
progesterone stimulated increase in the expression of this receptor. The increased
expression of PR is used as a marker of estrogenic response in different female
reproductive tissue, as observed after estrogen treatment in the prostate of rodents and
humans (Kesteren et al. 1996; West et al. 1988). Thus, the strong labeling in dysplastic
portions of Ca+P+T group, in fact, can be explained by aromatization of testosterone into
estrogen. The presence of aromatization within the prostate is highly controversial. Some

studies have demonstrated the successful expression of aromatase by RT-PCR as well as by
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histochemical studies (Stone et al. 1987; Negri-Cesi et al. 1999), however other studies
have failed to demonstrate the presence or activity of the aromatase in prostate (Smith et al.
1982; Harada et al. 1993). Moreover, Lau (1998) by performing assembly treatment with
estrogen and testosterone demonstrated in several mouse prostate lobes, that the PR
expression was found in dysplastic epithelium more than double that found in normal
epithelium. The role of progesterone receptors in the prostate is unknown, although this is
consistently found in normal cells and cancerous prostate cells, and thus, these receptors

should play a relevant role in these cells (Tilley et al. 1980; Srinivasan et al. 1995)

The progesterone can be acting antagonistically to the androgenic effects in two
ways, by reducing the formation of dihydrotestosterone (DHT) (Frederiksen and Wilson
1971), inhibiting the enzyme Sa-reductase or competing for the binding sites of DHT (Fang
and Liao 1971) by its substrate, dihydroprogesterone (DHP), since both hormones have a
high structural homology. Thus, the development of lesions and particularly the absence of
secretion in Ca+P+T group may be the result of the apparent hormone competition between
progesterone and testosterone. Several studies use only the progesterone receptor as a
marker of estrogen action in various organs. The real role of progesterone acting on its own
receptors lacks studies and demonstrates a need, since the data showed strong evidence that
progesterone and its receptors act directly on prostatic morphophysiology either in the
development of lesions or assisting in the restructuring of the prostate next to the normal

organ,

The data presented in this work reveal that the normal morphophysiology of the
female prostate is maintained by a balance between ovarian hormones, since castration

caused regression and decreased glandular secretory activity. Both treatments, progesterone
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and progesterone + testosterone partially recovered the structure of the gland, and there was
an impairment of secretory activity and higher lesion incidence in the Ca+P+T group. Thus,
treatment with only progesterone showed better results in the restoration of the glandular
homeostasis mainly by regulating the secretory activity. Further studies of the combined
action of these hormones will clarify the possible effects of competition supposed here and
will bring future elucidations to a better understanding of the events that regulate the

normal functioning of the female organ.
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Table captions:

Table 1. Body and prostatic complex weight of all experimental groups.

The wvalues represent the mean and standard deviation, respectively. *Statistically
significant differences p = 0,05 (ANOVA, Tukey). ab,c superscripts indicate distinct
differences between experimental groups. Co = control; Ca = castrated; Ca+0 = castrated +

oil; Ca+P = castrated + progesterone; Ca+P +T = castrated + progesterone + testosterone.

Table II. Variations in stereological, morphometrical, and kariometric parameters of

female prostate of all experimental groups.

The values given are expressions for the mean * standard deviation. *Statistically
significant differences p < 0.05 (ANOVA, Tukey). ab,c.d indicate distinct differences
between experimental groups. Co = control; Ca = castrated; Ca+0 = castrated + oil; Ca+P

= castrated + progesterone; Ca+P+T = castrated + progesterone + testosterone.

Table III. Nuclear intensity, of the epithelial and stromal cells, for the androgen receptor
(AR), estrogen alpha (ERw). estrogen beta (ERP) and progesterone (PR) in the gerbil

female prostate of control and experimental groups.

Nuclear intensities were graded on a score of 0 to 3+ modified from Bass et al. (2009),

where (1+) to fewer than 10% of epithelial (nuclear and cytoplasmic) and stromal marking,
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(2+) from 10% to 505 of epithelial and stromal positive marking and (3+) to more than
50% epithelial and stromal positive nuclei. Co = control; Ca = castrated: Ca+0O = castrated

+ 0il; Ca+P = castrated + progesterone; Ca+P+T = castrated + progesterone + testosterone.

Figure captions:

Figure 1. Histology and histochemistry of the adult gerbil female prostate staining by
hematoxylin and eosin (H&E) and reaction with periodic acid-Schiff (PAS). 1 a-c. prostate
of the control group (Co); 1 d-f, prostate of the castrated group (Ca); 1 g-j, prostate of the
castrated plus oil group (Ca+0): 1 k-p, prostate of the castrated group plus progesterone
(Ca+P); 1 g-v, prostate of the castrated plus progesterone plus testosterone group
(Ca+P+T). Epithelium (Ep), stroma (st), lumen (*), smooth muscle cell (sml), blood vessel
(v), prostatic secretion (S), clear cell (cc), debri cell (dc), inflammation {inf), prostatic
intraepithelial neoplasia (Pin). basal cell (empty arrow). apocrine secretion (filled arrow)
and cell with extensive chromophobic cytoplasm (white arrows). 1, i. Detail of the
epithelium highlighting ciliated cells. 1, o. Detail of the amylaceous body. 1, u. Detail of

the epithelium showing a dividing cell. a ciliated cell and an amylaceous body.

Figure 2. Gomori reticulin to demonstrate reticular fibers and collagen in the prostate of
adult female gerbil. 2 a-b, prostate of the control group (Co): 2 ¢-d, prostate of the castrated

group (Ca); 2 e-f, prostate of the castrated plus oil group (Ca+0); 2 g-h. prostate of the
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castrated plus progesterone group (Ca+P ); 2 i-j, prostate of the castrated plus progesterone
plus testosterone group (P+T-+Ca). Epithelium (Ep), stroma (st), lumen (*), collagen fibers
(co) reticular fibers (arrows). 2, h. Detail of the network of reticular fibers just below the

epithelium. 2, j. Detail of a thick collagen layer underlying the epithelium.

Figure 3. Immunohistochemical reaction of sections of the gerbil female prostate
counterstained with Harris hematoxylin for androgen receptor (AR), estrogen alfa receptor
(ERw), estrogen beta receptor (ERJ) and progesterone receptor (PR). Control group (Co).
castrated group (Ca), castrated plus oil (Ca+0), castrated plus progesterone group (Ca+P)

and castrated plus progesterone plus testosterone group (Ca+P+T).
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Table 1

Experimental groups

Biometry (g) Co Ca Ca+0 Ca+P Ca+P+T

Body weight 504 +43 63.4+36 57.8+55 58.9+7.1 506+ 5.3

Prostatic complex weight 0.054 °£0.018  0.038°"%40.011 003340006 0.051°°40.022 0.027 £ 0.010
0.9°+0.3 0.6* 0.2 06" £0.1 0.9°+ 0.4 0.4°£0.2

Relative wieght* (107)
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Table 2

Experimental groups

Estereology data
Epithelium® (%)
Estroma* (%)

SMC* (%)

Lumen* (%)

Morphometry data
secretory cell height®(um)

Smooth muscle®(pm)

Kariometric data
Nuclear perimeter® (um)

Muclear drea* {um?)

Co Ca Ca+0 Ca+P Ca+P+T
30.2°+59 27.8°"+10.1 27.3°"+89 243"+52 309°+8.1
340°+86 33.0°+112 245°:79 319°:85 27.1°%+93
16.2°+7.0 193°+7.2 251°+47 268°+72 271°+7.7
19.6°+85 19.9°+83  23.1°+11.5 17.0°+11.1 14.9°+9.7
19.2°+55 16.0°+75 11.5°¢55 144" 163 16.0"°+4.8
14.8°+56 13.3°+75 10.8°+4.3 14.1°%57 11.9°+6.0
20.3°+23 156°+42  12.9°%27 176°+3.4 158°+37
205°+6.5 18.0°+9.3 12.0°¢56 21.5°+8.3 18.5"+10.0
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Tahle 3

Epithelium/Stroma

AR ERa ERP PR
Co 257 (2+4) 6.5 (1+) 23.5(2+) 32.2(2+) 47.7(2+) 14.7(2+) 38.1(2+) 30.9(2+)
Ca 37(2+4)  19(2+4) 14.2(2+) 18.4(2+) 45.4(2+) 12(2+4) 49.3(2+) 23.4(2+4)
Ca+0 38.1(24) 26.3(2+4) 27.1(2+4) 20.7 (2+) 43 (2+4) 15.3(24) 40.9(2+) 33.9(2+)
Ca+P 34.05(2+) 6.6(1+) 56.3(3+) 20.7(2+) 62(3+) 13.2(2+) 50.8(3+) 21(2+)
Ca+P+T  37.9(2+) 5.9(1+) 50.8(3+) 19(2+) 56.4(3+) 11.2(2+) 47.6(2+) 19.3(2+)
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CONCLUSOES GERAIS

v A morfofisiologia normal prostitica € mantida pelo balango entre os hormdnios
ovarianos, ja que a castragiio causou regressdo glandular e diminuicio da atividade

secretora.

v O tratamento associado da progesterona e da testosterona comprometeu a atividade

secretora da glindula, houve um maior desenvolvimento de lesdes neste tratamento,

v A progesterona isoladamente apresentou melhores resultados no restabelecimento
da homeostase glandular demonstrado principalmente através da regulagio da

atividade secretora.

v A redugio da atividade secretora no tratamento associado testosterona e
progesterona sugere que possa ter ocorrido uma interacio competitiva entre esses
hormdnios, fato que pode ter tornado a prastata feminina do gerbilo mais suscetivel

ao desenvolvimento de lesdes.
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