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Resumo

Interagdes entre o epitélio e o mesénquima/estroma sdo importantes em diversos
estdgios da morfogénese, na diferenciacdo celular e na funcdo geral de diversas
glandulas. Na prostata, a fungdo secretora do epitélio nos animais adultos € regulada
por andrégenos que tem participacdo direta na manutencdo do estado ativo da
glandula. Sabe-se que o endotélio € um dos primeiros elementos prostaticos a
responder a elimina¢do do estimulo androgénico e a responder a sua reposi¢ao.
Entretanto, a célula endotelial ndo apresenta receptor para andrégenos, o que leva a
crer que a modulacdo do seu comportamento ocorra indiretamente pela acdo de
fatores locais produzidos por diferentes tipos celulares. Este trabalho teve como
objetivo isolar, caracterizar e cultivar c€lulas endoteliais prostdticas, assim como
avaliar a possivel regulacdo do seu comportamento por células musculares lisas que
correspondem ao principal tipo celular do estroma prostético. Culturas primdrias de
células endoteliais da préstata de ratos foram obtidas e caracterizadas a partir de sua
morfologia e expressdo do fator von Willebrand e dos receptores Flk-1 (VEGFR-1) e
Flt-1 (VEGFR-2) marcadores especificos de células endoteliais, e de sua habilidade
em formar estruturas parecidas com capilares quando cultivadas sobre Matrigel. Nao
foi observado efeito sobre a proliferacio celular quando estas células foram
cultivadas na presenca de meio condicionado por células musculares lisas, sobre
diferentes substratos (pléstico, coldgeno, matrigel). Entretanto, o meio condicionado

pelas células musculares lisas reforcou o efeito de inducdo da diferenciacdo em
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estruturas similares a capilares. Foi também detectado que o meio condicionado
inibe a secrecao de angiopoietina-1 pelas células endoteliais quando cultivadas sobre
coldgeno e estimula a secrecdo de angiopoietina-2 quando as células foram
cultivadas sobre Matrigel. Os dados obtidos demonstram que o protocolo utilizado
resultou em uma populacdo homogénea de células endoteliais prostiticas e que, as
células musculares lisas, produzem fatores soldveis capazes de regular
diferencialmente o comportamento das células endoteliais, de acordo com o

substrato.
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Abstract

Interactions between the epithelium and mesenchyme/stroma are important in
different stages of morphogenesis, differentiation and function of most glands. In the
prostate, the secretory function of the epithelium in adult animals is regulated by
androgens, which have direct roles in maintaining prostate activity. It is well known
that the endothelium is the first prostatic compartment to respond to androgen
deprivation and to its reposition after castration. However, the endothelial cell does
not express the androgen receptor and this led us to believe that the altered behavior
in response to androgen is modulated by soluble factors produced by other cell types
that can sense androgen levels. The objective of this work was to isolated,
characterize and culture prostatic endothelial cells, as well as to evaluate its possible
regulation by smooth muscle cells, which are the predominant cell type in the
prostate stroma. Primary cultures of rat ventral prostate endothelial cells were
isolated, maintained in culture and characterized by their morphology, expression of
von Willebrand factor, Flk-1 (VEGFR-1) and Flt-1 (VEGFR-2) receptors, and ability
to form capillary-like structures on Matrigel. When these cells were cultured in the
presence of smooth muscle cell conditioned medium, on different substrata (plastic,
collagen, matrigel) there was no variation in cell proliferation. However, the smooth
muscle cell conditioned medium reinforced the formation of capillary-like structures
in Matrigel. It was also observed that the smooth muscle cell conditioned medium
inhibited the secretion of angiopoietin-1 when the cells were cultured on collagen
and stimulated the secretion of angiopoietin-2 when the cultured on Matrigel.
Altogether, our data indicate that the protocol employed here resulted in a highly
homogenous population of prostate-derived endothelial cells and that smooth muscle
cells produce soluble factors capable of differentially regulating the behaviour of

endothelial cell, as a function of the substratum.
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Introducio

A prostata € uma glandula sexual acesséria do aparelho reprodutor masculino que
produz um liquido leitoso e alcalino, contendo 4cido citrico, célcio e outras substancias, que
se junta a secrecdo da vesicula seminal e aos espermatozdides produzidos nos testiculos.
Esse liquido contribui para o aumento da motilidade e fertilidade dos espermatozoides,
assim como para a neutralizacio da acidez da vagina, assumindo um papel importante no
processo da fertilizagdo (Guyton 1984).

Essa glandula prostiatica € foco de muitos estudos, sendo que ela pode originar
diversas complicacdes patolégicas como hiperplasia prostatica benigna, prostatites e cancer

da prostata, que ocorrem principalmente com o envelhecimento (Men e cols. 2001).

O desenvolvimento prostatico

O desenvolvimento da glandula prostitica em roedores € iniciado no final da
gestacdo, conforme os brotos prostaticos emergem do seio urogenital (SUG). Em contraste
aos humanos, a glandula sofre extensiva ramificagdo e diferenciacdo celular durante o
periodo pds-natal (Sugimura e cols. 1994) sendo que seu desenvolvimento finaliza-se na
maturidade sexual (Hamilton e cols. 1959).

O SUG, uma subdivisdo da cloaca embriondria, € estruturado por uma camada
epitelial derivada do endoderma, envolvida por uma camada mesenquimal oriunda do
mesoderma. Em camundongos, machos e fémeas, o SUG surge 13 dias apds a concepcao
(Marker e cols. 2003). Entretanto, os SUG de ambos os sexos sdo indistinguiveis

morfologicamente até aproximadamente 17,5 dias apds a concepc¢do, quando a morfogénese
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prostdtica se inicia, esta depende do andrégeno circulante que € produzido pelos testiculos
fetais (Wilson e cols. 1981; Marker e cols. 2003).

O evento inicial da morfogénese prostitica € o crescimento de brotos epiteliais
s6lidos oriundos do epitélio do SUG em dire¢do ao mesénquima (Atimuller e cols. 1979).
Esses corddes invadem o mesénquima como resultado de uma intensa atividade
proliferativa (Sugimura e cols. 1986). Os passos subseqiientes sdo a morfogénese ductal, a
canalizacdo (surgimento do limen) e a citodiferenciacdo epitelial, que também necessitam
de estimulacdo androgénica e ocorrem frente a um aumento perinatal transitério na
concentracdo de testosterona (Corbier e cols. 1995).

Em roedores, a maioria dos corddes epiteliais prostiticos ndo € ramificada ao
nascimento. Entretanto, no periodo perinatal, conforme esses corddes crescem, invadem o
mesénquima do SUG, bifurcam-se em ramos laterais e, finalmente, ddo origem aos trés
diferentes pares de I6bulos prostaticos bilateralmente simétricos. Estes pares de 16bulos sdo

denominados: prostata ventral (PV), prostata dorsolateral (PDL) e glandula de coagulacao

ou préstata anterior (GC ou PA) (Aiimuller e cols. 1979) (Fig. 1).

Fig. 1. Esquema do trato urogenital de rato macho ao nascimento. (PV) prostata ventral, (PDL)
prostata lateral, (GC/PA) glandula de coagulacdo ou prostata anterior e (VS) vesicula seminal e (BU) bexiga

urindria (modificado de Thomson e cols. 2002).



15

Tanto o epitélio do SUG como os brotos prostaticos nao apresentam receptores para
andrégenos funcionais em niveis detectdveis, enquanto o mesénquima do SUG e o
mesénquima da préstata em formacdo apresentam grande quantidade destes receptores.
Portanto, o primeiro tecido alvo de andrégenos é o mesénquima do SUG, que direciona o
brotamento, a ramificacdo e a diferenciac@o epitelial por intermédio de fatores paracrinos.
Por outro lado, o epitélio em desenvolvimento induz a diferenciacio e o padrao morfolégico
de desenvolvimento do musculo liso. Desse modo, essa interacdo entre epitélio e
mesénquima/estroma € bidirecional (Cunha e cols. 1987). Isto sugere que a agdo dos
andrégenos na morfogénese prostatica deva ser indireta, atuando via mesénquima, uma vez
que parte significativa do crescimento epitelial e da ramificacao dos dutos, que é dependente
do estimulo androgénico, ocorre na fase em que as células epiteliais ndo apresentam
receptores para andrégenos funcionais (Donjacour & Cunha 1988).

Conforme os corddes epiteliais se canalizam o epitélio se reorganiza em duas
populacdes celulares distintas: uma camada descontinua de células epiteliais basais ao longo
da lamina basal, e uma populacdo de células luminais colunares altas (Hayward e cols.
1996). As células mesenquimais diferenciam-se em uma camada de célula muscular lisa que

envolve as estruturas epiteliais (Hayward e cols. 1996).

Composicao da prostata
A préstata € composta por um conjunto de estruturas epitelial tibulos-alveolares, nas
quais as estruturas epiteliais encontram-se envolvidas por um denso estroma fibromuscular

(Atimuller e cols. 1979; Hayward & Cunha 2000) (Figura 2).
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Célula neuroenddcrina (rara)

Célula epitelial luminal secretora

Célula muscular lisa
Célula epitelial
basal

Lamina basal

Célula candidata a célula tronco

Fig.2. Corte transversal de um ducto prostdtico indicando os tipos celulares que estdo presentes nos dcinos

e seus respectivos marcadores. Modificado de Marker e cols. (2003).

A matriz extracelular da prostata é composta de coldgeno, elastina, proteoglicanos
(PGs), fibronectina, laminina e outras proteinas nao colagénicas (Labat-Robert e cols.
1990). As microfibrilas de colageno tipo VI e fibras do sistema eldstico parecem estar
envolvidas no controle de alguns aspectos do comportamento celular e desempenhar um
papel estrutural para a manutencdo da integridade do 6rgdo, apresentando modificacdes
durante a involugdo da prostata (Carvalho & Line 1996; Carvalho e cols. 1997a; 1997b). A
matriz extracelular também € composta por fibras de coldgeno tipo I e tipo III. Os pares de
I6bulos prostaticos em roedores diferem morfologicamente e bioquimicamente, expressando
diferentes grupos de proteinas secretoras (Hayashi e cols. 1991; Cunha e cols. 2004;

Berquin e cols 2005) (Figura 3).
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Anterior prostate

Ductus deferens

/ Seminal vesicle

——— Lateral prostate
——— Urethra “Dorsal prostate

Dorsolateral prostate  Ventral prostate

Fig.3. Diagrama da prostata de camundongo (Berquin e cols 2005.)

Na prostata ventral de rato, cada 16bulo prostatico consiste de oito conjuntos de dutos
que se originam a partir da uretra como uma estrutura tubular simples que se ramifica
distalmente. Esse conjunto de dutos é dividido em trés regides morfolégicas e
funcionalmente distintas: distal, intermedidria e proximal, de acordo com sua posicdo em
relacdo a uretra (Lee e cols. 1990; Shabsigh e cols. 1999).

Na regido distal, sdo encontradas células epiteliais colunares altas capazes de produzir
os componentes da secre¢do prostatica e com atividade proliferativa. As células epiteliais
sdo circundadas por células musculares lisas, as quais formam uma camada esparsa e
descontinua, associadas a um grande nimero de fibroblastos (Nemeth & Lee 1996). Essa
distribuicao das células estromais pode estar associada ao crescimento da populacdo de
células epiteliais (Lee & cols. 1990; Prins e cols. 1991; Nemeth & Lee 1996). Existem
algumas células que apresentam caracteristicas intermedidrias entre células epiteliais basais
e luminais, denominadas células intermédiarias em transito. Essas células que antecedem a
diferenciacdo terminal em células luminais secretoras, ainda apresentam capacidade
proliferativa e simultaneamente alguns marcadores tanto para células basais como para

células luminais (Florez & Carvalho 2005).
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Nemeth & Lee 1996 demonstraram um arranjo diferenciado das células do estroma
prostatico considerando os diferentes niveis de diferenciacdo dos lébulos. Esse arranjo
associado ao crescimento da populacdo de células epiteliais sendo observada uma maior
quantidade de fibroblastos e poucas células musculares lisas nas por¢des distal dos 16bulos.
Nas por¢des proximais e intermedidrias hd uma menor quantidade de fibroblastos e uma
maior quantidade de células musculares lisas.

A célula muscular lisa (CML) € o principal componente celular do estroma prostético
que além de ocupar um grande volume nesse estroma, pode ser responsavel pela contracdao
da glandula durante a ejaculacdo. Essa célula desempenha fun¢do importante, criando um
ambiente propicio para a manutencdo do epitélio em situagdes normais ou patolégicas
estando envolvida na estruturagcdo e reorganizagdo do estroma frente a castracdo (Vilamaior
e cols. 2000), atuando provavelmente nas interacdes epitélio-estroma (Cunha e cols. 1996;

Thomson e cols. 2002).

As interacdes entre o epitélio e 0 mesénquima/estroma sdo importantes em diversos
estagios da morfogénese, na diferenciacdo celular e na funcao geral dos epitélios. Em varios
sistemas foi demonstrada a a¢do de células mesenquimais e/ou a participacdo de vdarios
componentes da matriz extracelular na diferenciacdo celular e na manutencdo do estado
diferenciado de células mamadrias de camundongos, hepatdcitos de ratos e queratindcitos
humanos (Hall 1978; Hay 1981; Hay 1983; Trelstad 1987; Lin & Bissel 1993).

Foi demonstrada a acdo de diferentes fatores de crescimento, isolados ou em
combinagdes, produzidos por células estromais prostéticas (Story e cols. 1989; Sutkowski e
cols. 1992; Kassen e cols. 1996), capazes de estimulos autdcrinos e, sobre o epitélio, onde

foi proposta uma densa rede de inter-relacOes entre diferentes fatores de crescimento
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(Davies & Eaton 1991).

Existe também a possibilidade da atuagdo da matriz extracelular na ligacdo de
fatores de crescimento concentrando-os em micro ambientes especifico, reduzindo sua
susceptibilidade a protedlise e aumentando sua afinidade aos receptores celulares de
superficie (Roberts e cols. 1988; Massagué 1991), isto se considerado a possivel acdo de
outros fatores soliveis sobre o desenvolvimento prostitico, uma vez que este mecanismo

ndo se aplica aos hormonios androgénicos.

Efeitos da castracio: regressao prostatica e célula endotelial

Muitos trabalhos tém mostrado os efeitos da castracdo na préstata, os quais sao
caracterizados principalmente por uma significativa diminuicdo do tamanho e peso da
glandula. A seguir ocorre a diminuicado do tamanho das células epiteliais por processos de
apoptose e degeneracdo celular e de mecanismos de autofagocitose, resultando em 16bulos
menores formados por um epitélio cibico baixo (Brandes 1966; Kerr & Searle 1973;
Brandstrom e cols. 1994; Hu e cols. 1998). A castracdo leva ainda a um declinio na sintese
de DNA e de proteinas, no conteido e na complexidade do RNA e uma diminui¢cdao de
receptores de androgenos (Atimuller & Seltz 1990).

A diminuicdo do tamanho e do peso da préstata devido a privagdo de testosterona €
antecedida pela diminui¢do do fluxo sanguineo para o tecido prostitico (Lekas e cols.
1997). As células endoteliais e algumas estromais entram em apoptose 12 horas apds a
orquiectomia, enquanto as células epiteliais iniciam a apoptose somente depois de 24 horas
(Shabsigh e cols. 1998). Essa apoptose precoce em células endoteliais corresponde a
algumas mudangas degenerativas no sistema vascular da glandula, como um

extravasamento ndo trombogénico das proteinas do plasma para as regides periglandulares



20

do tecido (Shabsigh e cols., 1999) e uma drastica vasoconstricdo dos vasos revestidos por
uma camada de CML (Hayek e cols. 1999). Essas células sao afetadas com a auséncia de
andrégenos, principalmente na primeira semana, jd que o volume total ocupado por esta
célula é diminuido (Antonioli e cols. 2004).

A castrag@o causa atrofia nos lobos prostaticos (Antonioli e cols. 2004) e alteragdes
nos niveis qualitativos e quantitativos dos glicosaminoglicanos (GAGs), que podem ser
revertidos com a reposicdo de andrégenos (Fernandes 2000). Observou-se um aumento no
contetdo de PGs apds a privacdo androgénica pela castragdo, acompanhado também de um
aumento na concentra¢do de dcido hialurdnico (Kofoed e cols. 1990, Della Coletta e cols.
2005).

Terry e Clark (1996), estudando a influéncia hormonal nos GAGs dos trés lobos
prostaticos de ratos observaram uma diminui¢do no conteido de GAGs apds a castracao,
sendo esta revertida com a administracdo de testosterona. Comparando os diferentes lobos,
os autores observaram também uma mudanga no conteido de GAGs mais pronunciada para
a préstata ventral do que para os lobos dorsais e laterais, sugerindo com isso, que esses dois
ultimos lobos podem apresentar um mecanismo regulatério distinto em comparacdo com a
prostata ventral. Foram identificados trés tipos de GAGs sulfatados na préstata ventral. O
dermatam sulfato (DS) foi o GAG mais abundante e sua predominancia foi mantida apds a
castracdo, sendo responsdvel pelo aumento na concentragdo dos GAGs. A propor¢do de
condroitim sulfato (CS) diminuiu apds a castracdo e o conteddo de heparam sulfato (HS)
aumentou sua marcac¢do na membrana basal, e teve uma reducdo no compartimento epitelial
(Carvalho & Line 1996; Fernandes 2000). Com relacdo as andlises do conteddo relativo,
houve um aumento acentuado no contetido de HS apds sete dias de castracdo, enquanto que

houve diminui¢do nos outros GAGs identificados.



21

O controle do fluxo sangiiineo teria importancia na dindmica da préstata, visto que
com a reduc¢do do suprimento vascular que ocorre devida a morte das células endoteliais e
de algumas células estromais, a producdo de fatores angiogénicos € diminuida, como por
exemplo, o fator de crescimento endotelial vascular (VEGF) (Neufeld e cols. 1999). Quando
o andrégeno € retirado, ocorre uma rdpida diminui¢do da densidade do vaso sanguineo,
devido a baixa nos niveis de VEGF. Com a readministracdo da testosterona em ratos
castrados, a sintese de VEGF ¢ induzida nas células epiteliais da prdstata ventral (Levine e
cols. 1998; Sordello e cols. 1998; Hiaggstrom e cols. 1998).

Em organismos desenvolvidos, a vasculatura linfatica e sanguinea € formada por
dois processos distintos: vasculogénese e angiogénese. A vasculogénese € a formacao de um
novo vaso a partir de células precursoras hematopoiéticas e ocorre no desenvolvimento do
embrido. A angiogénese € a formacdo de vasos da vasculatura pré-existente por processos
como o brotamento (Cébe-Suarez 2006). A angiogénese envolve a degradacdo proteolitica
da membrana basal ao redor das células endoteliais do vaso, seguida pela migracdo e
proliferacdo das células endoteliais. A diferenciacdo e maturacdo das células endoteliais,
formagcdao do limen, recrutamento de pericitos, e coalescéncia de tubos completam a
formacdo de um novo vaso sanguineo.

O endotélio vascular tem um papel critico nos processos patoldgicos e fisiologicos,
como homeostasia, resposta imune, trifego de leucdcitos, inflamacdo, tumor, metéstase e
angiogénese (Hewett & Murray 1993). Além disso, envolvem alguns fatores de
crescimento, moléculas da matriz extracelular, enzimas e alguns tipos celulares in vivo
(Bishop e cols. 1999).

Os sinais que iniciam e sustentam a angiogénese sio varios e complexos. Fatores de

crescimento e citocinas pro-angiogénicas que incluem VEGF, fatores de crescimento do
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fibroblasto -1 e —2 (FGF-1,-2), fatores de crescimento transformantes a e  (TGF a e B),
fator necrosante tumoral a (TNF-a), angiopoietinas, fatores de crescimento derivados de
plaquetas (PDGFs), fator de crescimento epidermal (EGF), interleucina-8 (IL-8) e
angiogenina, sdo secretados por células inflamatérias (ex. macréfagos e mastdcitos),
queratindcitos e pericitos (durante reparos em ferimentos da epiderme), ou células tumorais.
A acdo de alguns destes fatores € ligada diretamente aos receptores nas células endoteliais e
induzem a proliferacdo e migracdo enquanto outras agem sobre o estroma local ou células
inflamatdrias para estimular a angiogénese (Rundhaug 2005).

Algumas moléculas podem ser reguladoras negativas, ou seja, sao moléculas anti-
angiogénese como: a angiostatina, a endostatina, o fragmento de 16kDa da prolactina,
trombospondina, e fator plaquetario-4 (PDGF-4) (Petrova e cols. 1999).

Portanto, a angiogénese é controlada por um balanco entre fatores pré-angiogénese e
anti-angiogénese. De todos estes fatores o VEGF é o mais potente facilitador da
angiogénese, porque tem influéncia na proliferacio, motilidade, permeabilidade vascular, na
regulacdo e desenvolvimento embriondrio € na manutengdo de organismos adultos. Os
VEGFs sdo polipeptideos que pertencem a familia PDGFs e fatores de crescimento. Em
mamiferos os VEGFs sdo codificados por uma familia de genes que incluem VEGF -A, -B,
-C, -D e fator de crescimento da placenta (PIGF), e também o VEGF-E codificadas por
virus e VEGF-F que sdo isolados de veneno de cobra. A fungio bioldgica dos polipeptideos
de VEGEF sao mediadas através da ligacdo aos receptores de tirosina kinase (RTKs), VEGF-
R1 (FIt-1), VEGFR-2 (KDR/FIk-1) e VEGFR-3 (Fit-4) (Petrova e cols. 1999; Cébe-Suarez e
cols. 2006). O VEGEF tem alta afinidade em se ligar aos receptores de tirosina kinase Flt-1 e
Flk-1 expressos pela célula endotelial durante o desenvolvimento normal ou ndo (Jackson e

cols. 2002).
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A funcdo do VEGF na formagdo dos vasos é complementada por fatores adicionais,
como o fator de crescimento fibroblasto basico (bFGF), fator de crescimento transformante
B (TGEp), fator de crescimento derivados de plaquetas (PDGFs) e angiopoietinas.

A testosterona estimula o crescimento do préstata ventral, de ratos adultos castrados
precedidos pelo aumento da sintese de VEGF epitelial, proliferacao de células endoteliais,
crescimento vascular e aumento do fluxo sanguineo. Estas observacdes sugerem que o
crescimento da prostata é estimulado pela testosterona e pode ser dependente de
angiogénese, € que o VEGF pode ter um papel central neste processo (Lissbrandt e cols.
2004). A producdo de VEGF foi modulada por andrégenos em células musculares lisas e
células epiteliais luminais da préstata, porém nao nas c€lulas epiteliais basais (Richard e
cols. 2002).

A cinética de resposta do VEGF e o complicado processo de coordenagdo vascular e
regressao do tecido na préstata normal apds a castragdo sugere que outros fatores sdo
também importantes.

As angiopoietinas constituem uma familia de fatores de crescimento que se ligam ao
receptor Tie-2. O Tie-1 e Tie-2 sdo receptores de tirosina kinase expressos principalmente
nas células endoteliais. As caracteristicas das angiopoietinas sdo resumidas na tabela 1
(Eklund e cols. 2006).

A angiopoietina-1 (ang-1) estabiliza os vasos sanguineos por recrutar pericitos e
CML para a parede celular endotelial e ativar o receptor Tie-2. A angiopoietina-2 (ang-2)
que € um antagonista da ang-1, desestabiliza a vasculatura e estimula a angiogénese ou a
regressdao do vaso dependendo do alto ou baixo nivel de VEGF, respectivamente (Caine e
cols. 2003; Johansson e cols. 2004). Porém trabalhos recentes descrevem que a ang-2 pode

ser antagonista ou agonista, ela foi encontrada sendo expressa em sitios de remodelacdo
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vascular, incluindo trato reprodutivo de fémeas e tumores. Nestes tecidos a ang-2 € regulada

junto com o VEGF-A em sitios de brotamento angiogénico, entretanto a reducdo da

expressao do VEGF-A estd associada com regressao vascular (Eklund e cols. 2006).

Tabela 1. Caracteristicas das angiopoietinas.

Caracteristicas Angl Ang2

Ligadas ao Tie-2 Sim Sim

Ativacgdo da Tie-2 Obrigatério Dependente do contexto
Ativacgdo do Tie-1 Sim Nio

Padrao de expressao em adultos

Origem celular primdria

Expressdo ectdpica em células tumorais

Muitos tecidos
Células nao endoteliais

Reducdo do tamanho do tumor

Sitios de remodelacdo vascular
Células endoteliais

Aumento do tumor

Associa¢do com a MEC Incorporado Secretado, mas néo incorporado
Ligadas a HSPGs da superficie celular Nio Nao
Estocadas no corpos Weibel-Palade Nao Sim

MEC matriz extracelular; HSPGs proteoglicanos de heparam sulfato.
*Tabela modificada de Eklund e cols. (2006).

A remodelacdo do estroma prostitico apds castragdo provavelmente envolve a
participacdo de metaloproteinases de matriz (MMP). As MMPs formam uma familia de
endopeptidases dependentes de metais, principalmente zinco e cdlcio, capazes de degradar
os componentes da matriz extracelular, tais como coldgeno, elastina, laminina, fibronectina
e PGs (Alexander & Werb 1991; Parks & Mecham 1998). Esse amplo espectro de
substratos d4 a essas enzimas um papel central em processos fisioldgicos normais, tais como
o desenvolvimento e remodelagdo da matriz e em estados patologicos como inflamagdes e a
progressao tumoral (McCawlay & Matrisian 2000).

As MMPs constituem uma familia multigénica de mais de 25 enzimas secretadas ou
associadas a membrana que processam e degradam principalmente proteinas da MEC

(Matrisian 1990; Llano e cols. 1997; Giambernardi e cols. 1998; Grant 1999; Velasco e
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cols. 1999; Llano e cols. 1999; Park e cols. 2000; Lohi e cols., 2000; Marchenko & Strongin

2001; Sternlicht & Werb 2001), sendo divididas em 5 grupos principais:

a. as colagenases intersticiais (MMPs 1, 8 e 13),

b. as gelatinases (MMPs 2 e 9),

c. as estromelisinas (MMPs 3, 10e 11),

d. as metaloproteinases de membrana (MMPs 14, 15, 16, 17,24 e 25) e

e. MMPs que ndo se enquadram em nenhum dos grupos anteriores (MMPs 7, 12, 18,

19, 20, 21, 22, 23, 26, 27 e 28).

Sabe-se que as MMPs participam do remodelamento da membrana basal da matriz
extracelular, contribuindo mais com a angiogénese do que com a degradacdo de
componentes dessa matriz (Alexander e cols. 1991). Porém recentemente tem tornado-se
claro que o papel da MMPs é mais complexo que uma simples degradacdo da matriz
extracelular para facilitar a invasdo das células endoteliais. Virias MMPs sdo também
necessdrias para a liberacdo de fatores pré-angiogénicos seqiliestrados pela matriz
extracelular, processando os fatores de crescimento e receptores incluindo integrinas e
receptores de adesdo e por gerar componentes antiangiogénicos enddgenos. As MMPs
contribuem em muitas vias em ambos 0s processos pro- e anti-angiogénese (Figura 4a-b). O
VEGEF induz a expressao de MMP-1 nas células endoteliais (Rundhaug 2005). As células
endoteliais produzem MMPs incluindo MMP-1, MMP-2, MMP-3 e MMP-9, sendo que a
MMP-2 € a mais abundante e € expressa constitutivamente pelas células endoteliais (Silletti

& Cheresh 1999).
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Acdes pro-angiogénese
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Fig.4a. llustracdo esquemdtica onde estdo apresentadas agoes das MMPs pro-angiogénese. Efeitos pro
angiogénese incluem a degradagdo da membrana basal vascular e componente da matriz extracelular para permitir
a separagdo dos pericitos e migracdo da célula endotelial; clivagem da VE-caderina (via endotelial vascular-
caderina) proteina de adesdo célula-célula endotelial; localizacdo da MMP-2 (metaloproteinase de matriz) na
superficie celular para invasdo das células endoteliais via ligacdo da integrina avfi3; exposicdo de sitios de ligacdo
da integrina para clivagem de moléculas da matriz extracelular (MEC); liberacdo de VEGF (fator de crescimento
endotelial vascular) ativo da MEC e do CTGF (fator de crescimento do tecido conjuntivo) armazenado; clivagem
do perlecan da membrana basal para liberacdo do bFGF (fator de crescimento de fibroblastos bdsico) e liberacdo
e ativagdo de TGF- f (fator de crescimento transformante f). A bioatividade do VEGF, bFGF e TGF-f induz a
angiogénese pela sinalizacdo através de seus respectivos receptores nas células endoteliais (Modificado de

Rundhaug, 2005).
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Fig.4b. llustracdo esquemdtica apresentando acdes das MMPs anti-angiogénese. Efeitos anti-
angiogénese das MMPs incluem clivagem de dominios de ligantes de ligacdo do FGFRI (receptor de fator de
crescimento de fibroblasto) ¢ uPAR (receptor ativador plasminogénio tipo uroquinase) inibindo a
sinalizacdo do FGFRI i sinalizacdo/localizacGo uPA na superficie da célula endotelial, respectivamente;
inibicdo da ligacdo MMP-2 a integrina avp3 pela liberacdo de MMP-2 soliivel dominio PEX (dominio
hemopexina); e geracdo de fatores anti- angiogénicos, angiostatina do plasminogénio e endostatina,
tumstatina, arrestina, e canstatina de dominio C-terminal ndo-colagenoso | (NCl) do tipo XVIII e IV de

cadeias de coldgeno (Modificado de Rundhaug, 2005).

A angiogénese ocorre através de uma cascata de eventos, que envolve células
endoteliais e juncdes aderentes, pela via de reorganizacao do citoesqueleto como da actina e
protedlise da membrana basal e matriz intersticial. A remodelacdo de ambos € facilitada
pela expressdo e ativacdo de MMPs. As MMPs participam de varios passos da resposta
angiogénica, incluindo regulacdo da célula endotelial, permeabilidade, migracdo, invasdo e
formacao do tubo capilar (Ispanovic & Haas 2005).

As MMPs sdao controladas por vdrios inibidores, incluindo o inibidor tecidual de
metaloproteinases-1-4 (TIMPs-1-4; Baker e cols. 2002). Foi demonstrado que as TIMPs
regulam a angiogénese e a migracdo das células endoteliais (Oh e cols. 2004). O balanco
entre MMPs e TIMPs parece ser critico durante estes eventos. Também existe a
possibilidade de que a TIMP-2 derivada da célula endotelial e a TIMP-3 derivada do
pericito co-regulam a estabilizacdo do tubo capilar pela inibicdo de marcadores da célula
endotelial como as metaloproteinase de membrana plasmética-1 (MT1-MMP); ADAM-15
(uma desintegrina e metaloproteinase-15), MMP-1, e MMP-10, que normalmente controla a
célula endotelial na formagao ou regressao do tubo (Saunders e cols. 2007).

O estudo das células endoteliais em cultura tem contribuido para um melhor
entendimento da biologia vascular. Para isso pesquisadores t€m isolado células através de

técnicas que utilizam esferas magnéticas ligadas a um anticorpo especifico para o tipo



28

celular que se quer isolar. Em 1990 Jackson e cols. demonstraram o uso de esferas
magnéticas cobertas com a lectina Ulex europeans (UEA-1), especificas para isolar células
endoteliais de microvasos humanos. Esta técnica de isolamento magnético € hoje muito
utilizada para isolar células endoteliais microvasculares de 6rgaos humanos normais e de
tumores, facilitando o estudo destas células in vitro. A contaminagdo por fibroblastos e
outros tipos celulares € pequena, com o uso desta técnica.

Como ndo foram identificados receptores para andrégenos nas células endoteliais
prostaticas, podemos supor que a modulacdo do comportamento das células endoteliais seja
regida, indiretamente, por fatores locais produzidos pelos diferentes tipos celulares
presentes na prostata. Por isso a importancia de estudar alguns destes fatores que estariam

envolvidos no comportamento das células endoteliais.
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Objetivo

Como parte do estudo das interagdes celulares que ocorrem na prostata, este trabalho

teve como principais objetivos:

1. Estabelecer um protocolo de isolamento e cultivo primdrio das células
endoteliais da prostata ventral de ratos;

2. Investigar e descrever como as células musculares lisas modulam a
proliferacao, diferenciacdo e, formagao de estruturas semelhantes a
capilares in vitro;

3. Identificar o papel de angiopoietinas-1 e -2 no comportamento das
células endoteliais, procurando identificar a participacdo destes

fatores na comunicagdo entre as células endoteliais € musculares lisas.
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Artigos

Os experimentos desenvolvidos nesta tese sao apresentados na forma de artigos:

Isolation and In Vitro Characterization of Prostatic Endothelial Cells

Prostatic endothelial cell behavior is modulated by smooth muscle cells
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ABSTRACT

Background: Considering the importance of vascular biology on prostatic regression after
castration and on cancer progression, and the great variation in endothelial cell phenotypes
according to their location in the body, we propose a method to isolate and culture prostate
gland derived endothelial cells.

Methods: Cells were isolated using magnetic beads coupled to anti-CD31 antibodies,
maintained in vitro and characterized using specific endothelial cell markers.

Results: Primary cell cultures enriched in endothelial cells were obtained as determined by the
characteristic morphology and expression of von Willebrand factor (vWF), VEGFRI1 (Flt-1)
and VEGFR2 (Flk-1).and by the ability to form capillary-like structures when cultured on
Matrigel.

Conclusions: The proposed protocol resulted in homogenous primary culture of prostatic

endothelial cells.

KEY WORDS: immunomagnetic isolation, primary culture, von Willebrand factor
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INTRODUCTION

The study of endothelial cells in culture contributes to a better understanding of vascular
biology [1]. The isolation of organ specific endothelial cells seems necessary, especially
considering the existence of organ-specific characteristics of these cells. Techniques using
magnetic beads coupled to specific antibodies for the isolation of bone marrow cells,
peripheral blood cells or cells of other organs [2] have contributed to the widespread use of
cell cultures since, once selected and characterized, these cells can be employed in the study
of different aspects of their normal function and of their role in some diseases that affect
humans.

Castration is known to drastically reduce blood flow to the prostate gland, which is
associated with the death of endothelial cells [3-6]. Although androgens are essential for the
development, differentiation and maintenance of the prostate gland, various aspects of these
mechanisms are still poorly understood. In vivo studies on the prostate mainly conducted on
rodents have shown that androgens stimulate prostatic cell proliferation and repress the
process of programmed cell death. The death of endothelial cells observed after castration is
also poorly understood.

We developed a simple protocol for the isolation of prostatic endothelial cells (PEC)
based on modified methods [7-10] using magnetic beads coupled to an anti-CD31 antibody.
The cells were then characterized using specific endothelial cell markers such as von
Willebrand factor (vWF), VEGFR1 (Flt-1) and VEGFR2 (Flk-1). We describe here the
phenotypic and functional characterization of cells obtained by this technique, which can be

applied to the study of the role and function of PEC in different situations.
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MATERIALS AND METHODS

Isolation of Prostatic Endothelial Cells

The ventral prostates were dissected from Wistar male rats aged 3 to 4 months. All
procedures were conducted according to the guidelines on animal experimentation of the
State University of Campinas (Protocol nr. 1282-1). The glands were immersed in Earl’s
balanced salt solution (EBSS) containing 1.5% penicillamine (1000 U/ml) and 250 pg/ml
streptomycin (Nutricell, Campinas, SP, Brazil). The tissue was cut into 5 mm’ fragments and
washed in EBSS. After incubation with collagenase D (Roche Diagnostics Corporation,
Indianapolis, IN) diluted in HAM-F12 medium (Nutricell) for 3 h at 37°C under mild
shaking, the suspension was centrifuged at 515 g for 10 min. The collagenase solution was
discarded, new medium was added and the suspension was again centrifuged. The pellet was
resuspended in 0.25% trypsin/EDTA (Nutricell) and incubated for 30 min in an oven at 37°C
under mild shaking. After centrifugation, the pellet was washed under the same conditions as
described above. The cells obtained were then transferred to 75-cm? flasks (Sarstedt,
Newton, NC, USA) containing HAM-F12 growth medium for endothelial cells
supplemented with L-glutamine and 10% fetal bovine serum. Next, the cells were cultured at
37°C in a 5% CO, humidified atmosphere and the medium was changed every 48 h. When
reaching 90-95% confluence, the cells were removed from the flask with trypsin and
selected using immunomagnetic beads (Dynal ASA, Oslo, Norway), which had been
previously washed according to manufacturer instructions. The Falcon tubes containing the
cells were incubated at 4°C under constant rotation for 30 min and then double the volume of
sterile 0.1% phosphate-buffered saline (PBS) bovine serum albumin (BSA) solution was

added to the tubes. The tubes were placed in a magnetic particle concentrator MCP-1 (Dynal
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ASA, Oslo, Norway) for 2 min, and the supernatant was then discarded. The cells removed
from the tube were washed in medium and the procedure described above was repeated four
times according to manufacturer instructions. CD31-positive cells were transferred to 25-cm’
flasks (Sarstedt) covered with type I collagen (obtained in our laboratory from rat tails) and
containing growth medium for endothelial cells. The endothelial cells were subcultured until
the 8th passage. Cell viability and proliferation was determined after Trypan blue staining

(Sigma Chemical Co., St. Louis, MO, USA). Cells were counted in triplicates.

Immunocytochemistry
Cells were cultured on coverslips until reaching 80-90% confluence. The cells were then
fixed in 4% paraformaldehyde in PBS for 15 min before subjected to immunofluorescent
detection of von Willebrand factor with a anti-vWF antibody (Santa Cruz Biotechnology,
Santa Cruz, CA) diluted 1:100 in a humid chamber overnight at 4°C. Secondary antibody was
a FITC-conjugated anti-rabbit IgG (Santa Cruz Biotechnology) diluted 1:200 and incubated
for 1 h. Nuclei were stained with DAPI. Negative control using secondary antibody was done

(data not show).

Western Blotting
Cells were collected by centrifugation after trypsin dissociation, resuspended in 100 ul
buffer (10 mM imidazole, 4 mM EDTA, 1 mM EGTA, pH 7.4, 200 uM PMSF, 0.03 mg/ml
aprotinin, 200 uM DTT, 2.5 ug/ml leupeptin, 0.5 pg/ml pepstatin, and 30 pg/ml trypsin
inhibitor) and disrupted with three 10-s sonication pulses on ice. Protein content was
determined (Bio-Rad protein assay) and a 75 ug protein was applied to a 7.5% SDS-PAGE.

After electrophoresis and electrical transfer to nitrocellulose membranes (Bio-Rad), the
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membranes were blocked with 5% skimmed milk in TBS-T (20 mM Tris, 0.137 M NaCl and
0.2% Tween) for 1 h and incubated overnight with the primary antibody (Flk-1 or Flt-1,
Santa Cruz Biotechnology) diluted 1:100 in 1% skimmed milk in TBS-T. Reaction was
developed after incubation with proper peroxidase-conjugated antibody using the Luminol

system (Santa Cruz Biotechnology) using Kodak X-Omat film.

Formation of capillary-like structures
The capacity of PEC to form capillary-like structures was investigated by culture on

Matrigel (BD Biosciences, Bedford, MA, USA) according to the protocol [11].

RESULTS

PEC presented the typical phenotype of endothelial cells defined by the authors as
“cobblestone” (Fig. 1). The viability or growth of endothelial cells did not change with culture
time as determined by Trypan blue staining (Fig. 2). More than 95% of the cells presented
immunofluorescent staining for vWF characterized as cytoplasmic granulations (Fig. 3), a
feature of endothelial cells. These cells were shown to express Flk-1 and Flt-1 (VEGF)
receptors (Fig. 4). When the isolated cells were cultured on Matrigel, the formation of
structures resembling capillary tubes was observed (Fig. 5), with PEC being more elongated

and emitting large prolongations. These parameters remained unchanged until the 8th passage.

DISCUSSION
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Our results demonstrated that the cells isolated with Dynabeads coupled to an anti-CD31
antibody were endothelial cells from the rat ventral prostate. This was confirmed by
immunofluorescent staining for vWF and by Western blotting for its receptors Flk-1 and FIt-
1. The procedure permitted the isolation of monotypic cultures containing more than 95%
endothelial cells which can be used in studies investigating the role and function of these cells
under physiological and pathological conditions.

The morphological characteristics of the vascular and ductal systems of the rat ventral
prostate define the relationship between cell types, for example, pericytes found on the side of
small vessels play a critical role in blood flow regulation of the gland, and smooth muscle
cells play a role in the control of blood flow in the prostatic ducts [12].

Studies investigating the modulation of endothelial cells by stromal and epithelial cells
present in the organ and factors that regulate angiogenesis in the prostate are of extreme
importance since they will permit the design of an experimental model of tumor development
regarding angiogenesis and specific factors that influence angiogenesis in the prostate and in
prostatic tumors. In addition, it is known that castration induces involution of the prostate
gland and reduces vascular supply [5], and that testosterone replacement therapy stimulates
endothelial cell proliferation and normalizes the prostatic vasculature. The lack of androgen
receptors on PEC suggests that these events depend on specific paracrine mechanisms of the
prostate.

In conclusion, we developed a simple and efficient protocol for the isolation of PEC,
which will permit more detailed studies on the regulation of prostate vasculature and the
behavior of endothelial cells, with investigation of the mechanisms responsible for the growth

and regression of this gland.
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Figure legends
Fig. 1. Phase-contrast microscopy of prostatic endothelial cells (PEC) isolated with
Dynabeads coupled to an anti-CD31 antibody and grown to confluence in a monolayer
which show the typical “cobblestone” morphology. Fig. 2. Cell proliferation kinetics of
CD31-positive prostatic endothelial cells seeded onto 24-well plates. The number of viable
cells was determined at 24-h intervals by Trypan blue staining. The experiment was carried
out in triplicate. Values are the mean + 0,5 SD. Fig. 3. Immunofluorescent characterization
of CD31-positive cells regarding the expression of von Willebrand factor (vWF) (green).

Nuclei were stained with DAPI (blue). More than 95% of the cells presented staining of
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cytoplasmic granules. Fig. 4. Characterization of the expression of the Flt-1 (130-180 kDa)
(A) and Flk-1 (200-220 kDa) (B) receptors by CD31-positive cells in culture during the 4th
passage. Fig. 5. Functional characteristics of CD31-positive cells. These cells formed

capillary-like structures when cultured on Matrigel. Fig. 1 110x, 3 925x, 5 296x.
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Abstract

It has been determined that prostatic endothelial cells respond to androgen-deprivation as
early as 18 hours after castration. However, these cells express no androgen receptor and so,
there must be a signaling system, likely involving paracrine factors, that mediate the
endothelial cell response to androgen-deprivation. We decided to investigate whether
smooth muscle cells could play a role in signaling the endothelial cells for changes in the
androgen simulation, since these cells are the predominant cell type in the prostatic stroma
and express the androgen receptor. Pursuing this task, one have established primary cultures
of prostatic endothelial and smooth muscle cells and tested the effects of the conditioned
medium produced by the latter on the proliferation, differentiation and secretion of Ang-1
and Ang-2 (angiogenesis regulators) by the former. The results indicate that smooth muscle
cell conditioned medium showed no effect on the growth of endothelial cells cultured on
plastic, type I collagen or Matrigel, except 100% SMC conditioned medium was tested on
cells grown on type I collagen. It was also determined that the SMC conditioned medium
reinforced the effect of Matrigel in differentiating the endothelial cells on capillary-like
structures. Since we found no Ang-1 or Ang-2 in the SMC medium, we decided to
investigate whether the SMC conditioned medium was able to modulate the autocrine
secretion of these angiogenesis regulators. As a matter of fact, the results demonstrated that
the SMC conditioned medium inhibited the production of Ang-1 when cells where cultured
on type I collagen and stimulated the secretion of Ang-2 when the cells were cultured on
Matrigel. Taken together, the present data confirm the hypothesis that prostatic smooth
muscle cells produce soluble factors that regulate endothelial cell behavior depending on the

extracellular matrix substratum reflecting variations on blood vessel integrity.
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Introduction

Cell interactions through paracrine signals seems important for prostatic physiology.
It has long been suggested that stromal-derived factors are responsible for the maintenance
of epithelial function in the normal gland. It has been proposed that tumor progression is
based on different balance between the epithelium and stromal cells (Cunha et al. 1996). It
has also been suggested that tumor progression and stromal invasion would involve changes
in the stromal cell behavior. Lately, much attention has been devoted to the smooth muscle
cells, which are the major stromal cell in the prostate gland. It was suggested that tumor cell
extravasation and colonization of the stromal compartment would depend on active
response of the stromal cells in a process named stromal reaction (Tuxhorn et al 2001). In
this phenomenon, the smooth muscle cells undergo a series of phenotypical modifications
which are collectively associated with a dedifferentiation process as they assume more
myofibroblast-like characteristics. However, analysis of the SMC in the castration induced
prostatic regression suggested that these cell undergo phenotype modulation with no
compromise of the differentiation status (Antonioli et al. 2004).

Several modifications of the prostate gland also occurs in response to androgen
deprivation. The most prominent of these changes is unquestionably epithelial regression,
resulting from reduced synthetic machinery, elimination of the accumulated secretion and
massive apoptosis. This latter peaks by 72 hours after castration, which though is delayed
with respect to the apoptotic death of endothelial cells, which can be detected as early as 18
hours after castration in association with a marked reduction in blood flow to the organ
(Lekas et al 1997; Shabsigh et al 1998). On the other hand, if the castrated animals are

given testosterone, the endothelial cells proliferate back (Franck-Lissbrant et al, 1998), and
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this proliferation is important for the organ to re-grow (Folkman et al (1998). As a matter of
fact, androgen-treatment causes an increase in the overall expression of VEGF, a well
known regulator of angiogenesis (Higgstrom et al, 1999). Furthermore, Johansson et al
(2005) concluded that androgen regulate endothelial cell behavior by stimulating the
production of angiopoietins by mural cells.

In spite of responding to androgen stimulation, the endothelial cells express no
androgen receptor (Prins et al. 1991) and it is most likely that they are regulated by
paracrine factors produced by other prostatic cell types through androgen-regulated
mediators of vessel physiology.

It has been shown before that prostatic epithelial cells produce and secrete apically
VEGEF protein in response to androgen and that smooth muscle cells (SMC) express VEFG
mRNA and angiopoietin-1 (Ang-1) mRNA (Richard et al. 2002). In the same study, the
authors suggested the epithelium to be the major source of angiopoietin-2 (Ang-2) in the
prostate (Richard et al, 2002). It is thus likely that epithelial and smooth muscle cells
regulate prostatic angiogenesis in response to androgens, through a balance between the
production of VEGF, Ang-1 and Ang-2 (Caine et al, 2003).

In this study we worked with cultured endothelial and smooth muscle cells isolated
from the rat ventral prostate in an attempt to determine whether SMC regulate the behavior
of endothelial cells, in terms of proliferation, secretory activity and differentiation. Using
SMC conditioned medium, we have shown that SMC produce soluble factors reducing cell
proliferation and promoting endothelial cell differentiation in capillary-like structures when
cultured on Matrigel, and that this is due to the stimulation of production of Ang-2 and
inhibition of production of Ang-1 by endothelial cells, clearly affecting the autocrine

regulation of these cells.
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Materials and Methods

Primary prostatic endothelial cell culture

Rat ventral prostates were dissected out wistar rats. The tissue was cut into 5 mm’
fragments and washed in EBSS and digested with lmg/mL collagenase D (from
Clostridium histolyticum; Roche, Mannheim, Germany) diluted in HAM-F12 medium
(Nutricell, Campinas SP, Brasil) for three hours. After collection by centrifugation and
washing in EBSS, the cells were incubated with 0.25% trypsin/EDTA for 30 min at 37°C.
The dissociated cells were washed, collected by centrifugation and seeded on culture flasks
until they reached 90% confluence. The cells were then dissociated with trypsin/EDTA and
isolated by the use of immunomagnetic beads conjugated with anti-CD31 antibody (Dynal
ASA, Oslo, Norway). After 30 min incubation at 4°C, the CD31-positive cells were
immobilized with a magnet (Dynal ASA, Oslo, Norway), while the unbound cells were
discarded. CD31-positive cells were resuspended, seeded on culture flasks covered with rat
type I collagen and maintained in Ham-F12 medium (Nutricell) containing 10% fetal bovine

serum, 0.5% L-glutamine (10%) and 0.3% sodium bicarbonate at 37°C and 5% CO, and

95% air.

Primary prostatic smooth muscle cell culture

Smooth muscle cell (SMC) were obtained from explants of rat the ventral prostate
according to the procedure described by Gerdes et al. (1996) as employed before (Antonioli
et al. 2007) and maintained in phenol red free DMEM, containing 4.5g/L. glucose
(Nutricell), 10% fetal bovine serum, 0.1% testosterone and 1.4U/mL insulin at 37°C and 5%

CO; and 95% air.



49

Preparation of SMC Conditioned Medium

When the SMC reached 80-90% confluence the medium was aspirated, and cells
washed twice with EBSS (Earl’s balanced salt solution), replenished with serum free
DMEM and incubated at 37°C in a humidified atmosphere of 5% CO, and 95% air. After
48hr the conditioned medium was collected, centrifuged at 515g for 10 min, and sterilized

using a Millipore filter (0.22um) and stored at -20°C until used.

Effect of SMC conditioned media on endothelial cells

To examine the effects of soluble factors from SMC on endothelial cells, 8x10*
cells/well were seeded onto 96-well plates and cultured with serum free HAM-12 medium
(Nutricell). Alternatively the plates were previously covered with rat type I collagen or
Matrigel (BD Biosciences, Bedford, MA, USA). After overnight incubation, the medium
was discharded and replaced with SMC conditioned medium at proportions of 0% (only
DMEM), 25%, 50% 75% and 100% (only conditioned medium). After 72h incubation the
medium were discarded, and 90uL fresh phenol red free medium plus 10uL of 1mg/mL
MTT [3-(4,5-dimethyl-2-yl)-2,5-diphenyltetrazolium](Sigma Chemical Co. Saint Louis
MO, USA) was added to the cells and incubated at 37°C for 3 hours. The medium was then
aspirated and 200uL isopropyl alcohol were added to the wells before the absorbance at A =
595nm was measured with an micro plate reader (BioRad). Experiments were done in
quadriplicates and repeated twice. Statistical differences between groups were evaluated
using one-way analysis of variance (ANOVA) followed by the Tukey’s multiple

comparison test. Statistical significance was set at p<0.05.
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Formation of capillary-like structures on Matrigel

Capillary-like tube formation assay was carried out with 6x10* prostatic endothelial
cells seeded on 96 well plates previously covered with Matrigel, in serum-free HAM-F12
medium with varying concentrations of SMC conditioned medium. Capillary-like structure
formation was monitored after 24, 48 and 72h incubation, and examined for the presence of

characteristic arrangements of endothelial cells.

Immunoblotting

Protein concentration in the conditioned medium was determined using Bradford’s
assay (Bio Rad). When necessary the medium was concentrated in speed vaccum and fifty
microgram of protein were separated in 12% SDS-PAGE, under reducing conditions and
subsequently blotted to the Hybond-P polyvinylidene difluoride membrane (GE Amersham
Biociences). The membrane was blocked for 1 h in TBST (0.1M Tris pH 7.4, 1.5M NaCl,
0.5% Tween 20 0.2%) in 1% non fat dry milk followed by goat polyclonal anti-Ang-1 or
anti-Ang-2 antibodies (Santa Cruz Biotechnology, Santa Cruz CA, USA), overnight at 4°C.
After extensive washing, the membranes were incubated with secondary peroxidase-
conjugated and anti-goat (Zymed Laboratories,San Francisco, CA, USA). Peroxidase
reaction was visualized using enhanced chemiluminescent Luminol (Santa Cruz

Biotechnology) and X-Ray film (Kodak). The experiment was repeated ate least three times.

Results
Cell cultures
The cells employed in this study were characterized as endothelial and SMC, according to

characteristic morphology and current differentiation markers. In brief, endothelial cells
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expressed von Willebrandt factor, Flk-1 and Flt-1 receptors and formed capillary like
structures when grown on Matrigel (Pimentel and Carvalho, 2007), while SMC expressed
smooth muscle myosin heavy chain, smooth muscle a-actin, calponin, smoothelin and

SM22 (Antonioli et al. 2007).

Effect of SMC conditioned medium on endothelial cell viability

When the endothelial cells were cultured on plastic either type I collagen in the presence of
different proportions of the DMEM, a positive effect on MTT incorporation was noted (Fig.
1A and 1B). As a matter of fact it was not possible to distinguish between the effects of the
conditioned medium from that of the culture medium, with the only exception of 100%
conditioned medium on cells grown in type I collagen substratum (Fig. 1B). The same
stimulatory effect was noted when cells were grown on Matrigel in the presence of 25% and
50% DMEM or conditioned medium (Fig. 1C). However, at 75% and 100% DMEM or

conditioned medium, no distinction from the control cultures was observed.

Capillary-like tube formation

The isolated prostatic endothelial cells were observed to form tube-like structures
when grown on Matrigel, but not on plastic or type I collagen (Fig. 2A-C). This
phenomenon was reinforced when the cells were in the presence of 100% SMC conditioned
medium (Fig. 2C). This was manifested as more distinct capillary-like structures, with
100% recruitment of the cells, while in the control individualized cells could be found.
Lesser proportions of the conditioned medium or 100% DMEM were not different from the

controls.
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Determination of the relative amount of Ang-1 and Ang-2 production by endothelial cells
cultured in the presence of SMC conditioned medium

Since Ang-1 and Ang-2 could not be detected in the SMC conditioned medium even
after concentration and use of 75 pg protein in the immunoblottings (data not shown), the
presence of Ang-1 and Ang-2 was examined using the same procedure in the culture
medium of stimulated endothelial cells. It was found that prostatic endothelial cells produce
either Ang-1 or Ang-2, depending on the culture conditions (Fig. 3A-F). The production of
Ang-1 was stimulated by culturing on type I collagen substrate (Fig. 3B) and surpassed the
little production of Ang-2 in the same condition (Fig. 3E), while the production of either
Ang-1 or Ang-2 was very reduced when cells were cultured on plastic or Matrigel (Fig. 3A
and 3C). On the other hand, under the effect of the SMC conditioned medium the
endothelial cells exhibited a marked decrease in the production of Ang-1, when cultured on
type I collagen (Fig. 3B), and a equally marked increase in the production of Ang-2, when
cultured on Matrigel (Fig. 3F), but not on plastic (Fig. 3D) or type I collagen (Fig. 3E), even
though some Ang-2 was detected in this latter condition. Table I summarizes the relative
effects of the conditioned medium on the production of Ang-1 and Ang-2 by the endothelial

cells grown on different substrata.

Discussion

The angiogenesis capacity of a givem tissue is one of the major determinants of

organ final size. This is particularly true for tumors, as the ability to recruit and stimulate the

growth of blood vessels is directly related to growth capacity. Lately, the inhibition of
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angiogenesis has been taken as the major marker of tumor regression in response to
different therapies (Huss et al 2001; Weigand et al 2005).

The prostatic endothelial cells are the first to undergo apoptosis in response to
androgen deprivation, thus contributing to prostatic involution (Lekas et al 1997; Shabsigh
et al 1998). Likewise, they are also the first to proliferate in response to androgens in the
prostate of castrated animals (Franck-Lissbrant et al 1998, Shabisgh et al 1999). Some
authors have demonstrated that castration-induced prostatic regression are associated with a
significant decrease in the levels of VEGF (Haggstrom et al 1999; Lissbrant et al 2004;
Franck-Lissbrant et al 1998). On the other hand, the levels of Ang-1 and tie 2 receptor are
upregulated during testosterone stimulated prostatic regrowth (Johansson et al 2005). Even
though VEGF is a major regulator of angiogenesis, its function is modulated by different
factors such as the angiopoietins.

The present investigation aimed at identifying whether prostatic smooth muscle cells
could regulate endothelial cell behavior, thus contributing to the understanding of how the
vascular endothelium responds to androgens, since smooth muscle cells are major
components of the prostatic stroma and express the androgen receptor.

In the present conditions it was not possible to distinguish the effect of the SMC
conditioned medium from that of the SMC culture medium, which was supplemented with
testosterone, insulin and high glucose on the MTT test. It is so because each of these
components would increase metabolic rates in different cell types and are required for
maintaining the differentiation state of smooth muscle cells in culture. One indication for
the presence of regulatory factors appeared though when 100% conditioned medium was
used on endothelial cells cultured on type I collagen substratum. In addition, the lack of

effect of 75% and 100% medium and conditioned medium combinations when cells were
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cultured on Matrigel, might result from the fact that cells were stimulated to differentiate
(i.e. to form capillary-like structures).

Endothelial cell differentiation into capillary-like structures on Matrigel can be
induced by a variety of stimuli. The present results demonstrated that the SMC conditioned
medium potentiates the formation of capillary structures, when compared to the controls (i.e
endothelial cells alone or DMEM). Though not quantitated, this was determined by the
consistency of the capillary-like structures formed as well as for the absence of isolated
cells, which were frequent on the control conditions (data not show).

Since we could not detect Ang-1 or Ang-2 on the SMC conditioned medium, we
decided to investigate whether the endothelial cells cultured in the presence of SMC
conditioned medium could produce these endothelial cell regulators, based on the
hypothesis that they could be produced by endothelial cells, in a autocrine mechanism of
regulation (Eklund and Olsen 2006).

Surprisingly, the endothelial cells were shown to produce Ang-1 or Ang-2
depending on the culture condition (data not shown). Type I collagen and Matrigel substrata
were especially capable of inducing endothelial cells to produce Ang-1, in contrast to plastic
and the SMC conditioned medium modified this behavior, particularly inhibiting the
production of Ang-1 by cells cultured on type I collagen and stimulating the production of
Ang-2 by cells cultured on Matrigel.

It was evident that the stimulatory effect of the SMC conditioned medium on
endothelial cell differentiation is associated with and increase in the autocrine production of
Ang-2 by the endothelial cells. The function of Ang-2 is still, it could competes with Ang-1
for the Tie-1 receptor path way and thus modulate its function (Eklund and Olsen, 2006). In

spite of the regulatory molecule or molecules produced by SMC be unknow at the moment
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(though Ang-1 and Ang-2 can be excluded) one concludeds that SMC regulates endothelial
cell differentiation and might mediate the prostatic vascular response to androgen
deprivation.

Another important finding is that the SMC conditioned medium caused a marked
drop in the production of Ang-1 by endothelial cells grown in type I collagen. Since
angiopoietin I is a positive regulator of blood vessel stabilization but not endothelial cell
proliferation (Rundhaug 2005), this result would be compatible with stimulation of
endothelial cells when they are exposed to the sub-endothelial layers in a clear attempt to
repair the endothelial structure.

Together, the results allow the conclusion that prostatic SMC produce soluble
factors that modulate the behavior of prostatic endothelial cells in vifro and that the
endothelial cell is dependent on the microenvironment. Contrasting Matrigel and type I
collagen, one might associate the former with intact blood vessels basement membrane and
the latter with vascular injury causing the exposure of the sub-endothelial layer.

The present work will certainly stimulates the search for the molecules produced by
smooth muscle cells that regulate endothelial cell behavior. It has been determined before
that prostatic smooth muscle cell produce androgen independent VEGF mRNA (Richard et
al. 2002). However, the authors showed no evidence if these cells produce and secrete
VEGEF protein or, if this would be affected by androgen stimulation. Furthermore, they did
not confirm the differentiation status of the SMC in culture nor considered that the source
for Ang-2 in the prostate might be the endothelial cells themselves. Despite of these
concerns, and considering that VEGF acts as a survival factor for endothelial cells in vivo
and in vitro (Grosjean J. et al. 2006), VEGF is a potential SMC-derived candidate to

regulate endothelial cell behavior.
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Figure Legends

Figure 1. Effects of SMC conditioned medium (grey bars) in different concentrations as
compared to the same proportions of SMC culture medium (white bars) and with respect to
the substratum (plastic, type I collagen and Matrigel) on prostatic endothelial cell viability
after 72hs of culture evaluated by MTT reaction. The control condition (i.e. endothelial cells
cultured in HAM-F12 medium) is indicated by the black bars. The asterisk indicates the
only situation where the conditioned medium differed from the DMEM (i.e. 100%
conditioned medium on type I collagen substratum). It is also noticed that both the DMEM
and SMC conditioned medium showed positive (+) stimulation in MTT test on both plastic
and type I collagen. The effect was though distinct when cells where cultured on Matrigel
and the same stimulatory effect (+) was seen for 25% and 50% combinations but not at 75%
and 100% DMEM or conditioned medium. Results are the mean £ SD. ANOVA and
Tukey’s test, p values for the differences between groups are indicated; DMEM, CondM =

SMC conditioned medium. Significance was achieved when p <0.05.

Figure 2. Morphology of endothelial cells cultived on plastic, collagen and Matrigel.
However, the structures formed in the presence of SMC conditioned medium 100% showed
more distinct morphology and also involved the recruitment of almost every cell in the

culture, apparently reinforcing the effect of Matrigel. Fig. 2A-F 92,5x.

Figure 3. Ang-1 and Ang-2 production by endothelial cells cultured on plastic, type I
collagen or Matrigel under the effect of DMEM or conditioned medium. It can be seen that

collagen substratum stimulated the production of Ang-1 by cultured endothelial cells (B),
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and that this effect was abolished by the SMC conditioned medium. On plastic or Matrigel,
the production of Ang-1 by endothelial cells was minimal and appeared not affected by the
SMC conditioned medium (A and C). The production of Ang-2 by endothelial cells was
neglectible irrespective of the substratum (D-F). However, it was greatly stimulated by the
SMC conditioned medium when the cells were cultured on Matrigel (F) and just minimal if
the substratum was type I collagen (E). The results are summarized in terms of relative

secretion of Ang-1 and Ang-2 in Table I.

Table 1. Summary of the effects of conditioned media on the relative expression of Ang-1
and Ang-2 by prostatic endothelial cells.* The remarkable effects of the SMC conditioned
medium to inhibit the expression of Ang-1 by endothelial cells grown on collagen
substratum and to stimulate the expresssion of Ang-2 by endothelial cells grown on

Matrigel are highlighted.
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Figure 3.
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Table 1.

Cells Ang-1 Ang-2
Substrata
Plastic Conditioned Medium + -
DMEM + -
Collagen  Conditioned Medium + ++
DMEM ++++ -
Matrigel Conditioned Medium + ++++

DMEM + -
*The negative signal indicates no expression; + indicates very little expression. Positive

signs (+ to ++++) represent progressively more intense expression.
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Conclusio final

As células musculares lisas participam da regulacdo do comportamento das células
endoteliais prostéticas potencializando a formagdo de estruturas parecidas com
capilares. A modulacdo dependente do substrato pode estar relacionada com a

integridade do leito vascular.
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