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Capitulo 1

RESUMO
O diabetes mellitus leva a complicagdes em diversos Orgdos, incluindo as glandulas
acessorias do sistema genital masculino. Na prostata, ¢ bem estabelecido que essa doenca acarreta
atrofia epitelial, mas ainda ndo ¢ claro o seu efeito sobre os componentes estromais e sua
associacao com alteragcdes patoldgicas. Esse estudo visa esclarecer trés aspectos controversos
referentes ao impacto do diabetes sobre a prostata: 1) como as condigdes metabolicas do diabetes
cronico ndo tratado afeta o compartimento estromal, em especial os componentes da matriz
extracelular; 2) as possiveis associacdes entre essa doenga e a incidéncia de alteracdes
neoplasicas e 3) examinar as alteragdes prostaticas causadas pela resisténcia a insulina em
comparagdo com o diabetes. A resisténcia a insulina, induzida pela administracdo do
glicocorticdide dexametasona (1mg mg/Kg pc, durante 5 dias) causa, em curto prazo, efeitos
semelhantes aos do diabetes, tais como a atrofia epitelial e alteragdo fenotipica das células
musculares lisas (cml). Contudo, esta situacao difere do diabetes pela atrofia das cml e ativagao
dos fibroblastos.  Os efeitos do diabetes (90 dias), induzido experimentalmente pela
administracdo de aloxana (45 mg/Kg pc), foram examinados com microscopia de luz,
imunocitoquimica e microscopia eletronica de transmissdo. Nesta situacdo experimental
observou-se uma incidéncia de 64% de neoplasia intraepitelial (NIP) e 35% de adenocarcinoma.
Também se verificou uma ampla varia¢dao da resposta histologica da prostata entre os individuos
diabéticos. Assim, trés grupos foram diferenciados segundo a gravidade das alteracdes teciduais:
1) modifica¢des leves; 2) intensa atrofia e 3) ocorréncia de lesdes pré-malignas (NIP e atrofia
inflamatéria proliferativa- PIA) e malignas (adenocarcinomas). Nos dois primeiros grupos, a
remodelacdo estromal caracteriza-se por um aumento da espessura da membrana basal acinar,
maior ocorréncia de colageno e de grandes proteoglicanos de condroitim sulfato. Esses dados em
conjunto indicam que o diabetes induzido experimentalmente modifica o ambiente estromal de
maneira a favorecer o desenvolvimento de lesdes patoldgicas na prostata. Devido a
complexidade das interagdes metabdlicas relacionadas ao diabetes, torna-se dificil definir os

principais fatores responsaveis pelas alteragdes acima mencionadas. Entretanto, € possivel
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afirmar os efeitos prejudiciais da resisténcia a insulina e do diabetes para a morfofisiologia

prostatica.



Capitulo 2

ABSTRACT

Diabetes mellitus leads to complications in several organs including acessory glands of the male
genital system. In the prostate, it is well established that diabetes causes epithelial atrophy, but its
effects on the stromal components is not defined, as well as its relation with pathological
alterations in the prostate. This study aims to elucidate three controversial aspects decurrent from
the impact of diabetes in the prostate:1) How the metabolic conditions of chronic diabetes affects
the stromal compartiment, specially extracellular matriz components; 2) the possible association
between diabetes and prostatic neoplasic alterations and 3) Evaluate prostatic changes caused by
insulin resistence in comparison to diabetes. Insulin resistence, induced by administration of the
glucocorticoid dexamethasone (1mg mg/Kg bw, 5 days) causes, in short term, similar effects to
diabetes, such as epithelial atrophy and phenotypical alteration in the smooth muscle cells (smc).
However, this situation is different from diabetes regarding the smc atrophy and fibroblast
activation. The effects of chronic diabetes (90 days), induced experimentally by alloxan (45
mg/Kg bw), were examined by light microscopy, imunohistochemistry and transmission electron
microscopy. In this experimental situation, it was observed the incidence of 64% of prostatic
intraepithelial neoplasia (PIN) and 35% of adenocarcinoma. It was also analysed a wide variation
in the histological answer between diabetic individuals. Thus, three groups was determined
according to the severity of their tissue alterations: 1) light modifications; 2) intense atrophy and
3) occurency of pre-malignant (PIN and proliferative inflammaotry atrophy- PIA) and malignant
lesions (adenocarcinoma). In the first two groups, the stromal remodelation characterize for
thickning of acini basement membrane, higher distribution of collagen and large proteoglycans of
chondroitin sulphate. Together these data indicates that induced diabetes changes the stromal
environment and consequently promotes the development of pathological lesions in the prostate.
Due to the complexity of metabolic interactions related to diabetes, it is not possible to define the
main factors responsible for those changes above mentioned. However, it is possible to confirm

the injurious effects of insulin resistence and diabetes for the prostatic morfophisiology

10



Capitulo 3

INTRODUCAO

3.1 Consideracoes sobre o diabetes mellitus

O diabetes ja era uma doenca conhecida séculos antes de Cristo. Foi Areteu da Capadocia
quem, no século II da era crista, deu a esta afeccdo o nome de diabetes, que em grego significa
sifao, referindo-se a eliminagdo excessiva de dgua pelo rim visto que a agua entrava e saia do
organismo sem fixar-se nele (polidipsia e politria, respectivamente). Nos séculos posteriores, ndo
se encontram, nos escritos médicos, referéncias ao diabetes, até que apds um longo intervalo,
Thomas Willis em 1679, fez uma descri¢ao magistral dessa doenca. Foi ele quem, referindo-se ao
sabor doce da urina, lhe deu o nome de diabetes mellitus (sabor de mel). Em 1775, Dopson
relacionou o sabor doce da urina a presenca de glicose (Sociedade Brasileira de Diabetes, 2007).
Os primeiros trabalhos experimentais relacionados com o metabolismo dos carboidratos foram
realizados por Claude Bernard, quem descobriu, em 1848, o glicogénio hepatico e provocou a
aparicdo de glicose na urina por meio da excitagdo dos centros bulbares de cdes. Segundo
Schellini (1992), a relagdo do diabetes com o pancreas sé foi provada por Meris e Minkowski, em
1889, quando removeram o pancreas de caes e notaram o surgimento de diabetes, confirmando a
relagdo de algum hormodnio pancreatico com o desenvolvimento da doenga. A partir desse
trabalho, a busca do suposto hormoénio produzido pelas ilhotas de Langerhans, iniciou-se de
imediato. Entdo, os jovens canadenses Frederick Banting e Charles Best, conseguiram, em 1921,
isolar a insulina e demonstrar seu efeito hipoglicémico. Esta descoberta significou uma das
maiores conquistas médicas do século XX porque transformou as expectativas médicas e a vida
dos diabéticos ampliando horizontes no campo experimental e bioldgico para o estudo da
diabetes e do metabolismo dos glicidios (Sociedade Brasileira de Diabetes, 2007).

Mais do que qualquer outra desordem, o diabetes mellitus (DM) tem se tornado um
representante da doenga do mundo moderno. Sua expansdo global espelha mudangas sécio-
econdmicas, principalmente no que se refere ao estilo de vida ocidental. E estimado que a

incidéncia mundial de diabéticos altere de 250 milhdes, em 2007, para 380 milhdes em 2025
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(Rosengren, 2007). No Brasil, a prevaléncia em 2000 era de 4,5 milhdes e a perspectiva para 30
anos ¢ de 11 milhdes de pacientes diabéticos (Organizagao Mundial de Saude, 2007).

O DM ¢ uma desordem de etiologia multipla, decorrente de lesdes nas ilhotas de
Lagerhans e conseqiliente auséncia de insulina e/ou da incapacidade da insulina de exercer
adequadamente seus efeitos (Lernmark, 1985). Caracteriza-se por hiperglicemia cronica com
distarbios do metabolismo de carboidratos, lipidios e proteinas (Ozturk et al., 1996).
Normalmente, a glicemia ¢ controlada através de a¢des opostas de hormonios como a insulina e o
glucagon (Anderson et al, 1994). Apos a ingestdo de comida, os niveis de glicose aumentam e a
insulina promove a captagao periférica de glicose no figado, tecido adiposo e células musculares.
Assim, ela inibe a glicogendlise e a neoglicogénese hepatica e aumenta a sintese protéica e
lipidica, garantindo que a energia esteja salva para futura utilizagdo (Fuchs & Wannmacher,
1992). Em condigdes de jejum, o glucagon promove a mobilizacio da energia estocada,
principalmente através da produgdo hepatica de glicose. Dessa maneira, a insulina ¢ um hormonio
essencialmente anabodlico e o glucagon, catabolico. A acdo da insulina esta perturbada em
condi¢des diabéticas, causando severos prejuizos nas fun¢des fundamentais do corpo (Migliorini
& Kettelhut, 1999).

Duas maiores formas de DM sdo tradicionalmente reconhecidas. O diabetes tipo 1
normalmente ¢ diagnosticado em individuos jovens e resulta de uma destruicdo autoimune das
células beta produtoras de insulina no pancreas. Ela ¢ distinguida pelos seus baixos ou ausentes
niveis de insulina no sangue, sendo necessdrio o tratamento didrio com insulina para a
sobrevivéncia desses pacientes. O diabetes tipo 2 ¢ a forma mais comum e tipicamente afeta os
individuos com estilo de vida sedentario e obesos (Zimmet, 1998; Zimmet et al, 2001). Sob essas
condigdes, a resisténcia a ac¢do da insulina nos tecidos periféricos € freqiientemente
predominante. Na maioria dos casos de resisténcia a insulina, a normoglicemia ¢ mantida através
do aumento da secre¢do de insulina pelas células beta. Entretanto, se essas células falham ao se
adaptar a nova demanda de insulina, por danos inatos ou defeitos adquiridos, ocorre uma piora na
deficiéncia da insulina e o diabetes tipo 2 se desenvolve (Bell & Polonsky, 2001).

Os sintomas classicos do DM sdo perda de peso, polidpsia e politria. Entretanto, um alto
grau de hiperglicemia pode ocasionar alteracdes funcionais ou patologicas antes que o
diagnostico seja estabelecido (Organizagdo Mundial de Saude, 1999). As conseqiiéncias do DM
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em longo prazo incluem disfungado e faléncia de varios 6rgaos, especialmente rins (nefrosclerose
e glomerulonefrite), olhos (retinopatia, catarata e glaucoma), nervos, coragdo e vasos sanguineos
(hipertensdo, aterosclerose e risco de infarto do miocéardio e até gangrena) (Stefan, 1996). No
sistema genital, tem sido descrito que o DM diminui o peso das glandulas sexuais acessorias,
provoca impoténcia sexual e infertilidade associada a diminuicdo da quantidade e qualidade dos

espermatozoéides (Kolodny et al., 1974; Steger & Rabe, 1997, Scarano et al., 2006)

Drogas hiperglicémicas

Viérios estudos tém sido realizados para elucidar os efeitos deletérios do diabetes nos
principais sistemas organicos. Para isso, a utilizagdo de modelos animais que desenvolvem o
diabetes espontaneamente ou por indu¢do com drogas especificas ¢ muito comum (Ozturk et al,
1996). Existem alguns agentes hiperglicémicos que inibem a secrecdo de insulina permitindo que
o nivel de glicose no sangue se eleve. Dentre eles, destacam-se o diazoéxido, estreptozotocina,
fenitocina e aloxana (Gilman & Goodman 1975). Compostos quimicos, tais como a aloxana e
estreptozotocina, tem o poder de induzir o diabetes em animais e servem como modelos para o
estudo dos multiplos aspectos da doenca. A droga aloxana (5,6 dioxiuracil monohidrato) causa
efeitos citotoxicos nas células beta das ilhotas de Langerhans pancreaticas, levando a um estado
irreversivel de diabetes (Kovacs et al., 1998; Avedano et al., 1999). Ao induzir o DM em ratos
com o uso da aloxana, sdo constatadas alteragdes histologicas que resultam em necrose e
completo desaparecimento das células beta nas ilhotas pancreéticas (Duarte, 1996). A inibi¢ao da
secrecdo de insulina causada pela aloxana ¢ bem documentada, mas os mecanismos pelos quais
ocorre a toxicidade nas células beta ainda ndo sdo bem entendidos. Entretanto, estudos mostram
que a aloxana se acumula seletivamente nas células B afetando o potencial de membranas bem

como os canais de ions e levando-as a apoptose (Herson & Arshford, 1997).

3.2 Estrutura Prostatica

A prostata ¢ uma glandula acessoria do sistema reprodutor masculino com fungado
exocrina, que circunda a parte proximal da uretra pélvica, tanto em homens quanto em roedores
(Price, 1963). A prostata humana apresenta trés regides bastante distintas no que se refere a
organizagdo histoldgica e incidéncia patologica, designadas zonas de transi¢dao, zona central e
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zona periférica (McNeal, 1988a). Esta Ultima constitui cerca de 70% da massa prostatica
(McNeal, 1988a). Nos roedores observa-se um complexo prostatico formado por quatro pares de
lobos os quais drenam suas secregdes através de ductos para a uretra e sdo designados, segundo a
sua posicdo, anterior, ventral, lateral e dorsal (Jesik er al.,1982). Uma consideravel
heterogeneidade ¢ observada, quanto a sensibilidade androgénica, entre os diferentes lobos
prostaticos, sendo o lobo ventral o que apresenta resposta mais semelhante a préstata humana
(Prins et al., 1992).

A proéstata é composta por uma parte epitelial e outra estromal que em conjunto formam
os tubulos secretores e acinos da glandula (McNeal, 1988b). O epitélio ¢ constituido
predominantemente pelas células luminais secretoras, incluindo também um pequeno numero de
células neuroendocrinas e as células basais, em freqliéncia intermediaria (di Sant’ Agnese, 1991,
Singh et al., 2006). Este ultimo tipo celular localiza-se entre a membrana basal e as células
luminais e exibe maior potencial proliferativo. Além disso, entre esta populacao de células
encontram-se as células-tronco (Singh et al., 2006). Estudos recentes propdem que as células-
tronco (androgeno independentes) dao origem a dois tipos celulares: outras células-tronco e
células “transit amplify”, ambas andrégeno independentes. Essas ultimas apresentam um fenotipo
intermediario entre as células basais e luminais ¢ se dividem rapidamente, formando novas
células com limitada capacidade proliferativa que se diferenciam em células luminais (Miki &
Rhim, 2007).

Cada tipo celular apresenta um fendtipo distinto e uma fungdo especifica (Wang et al.,
1979). As células luminais secretoras produzem fosfatases acidas, PSP-94 (B-
microseminoproteina) e o antigeno especifico prostatico (PSA). O PSA ¢ uma glicoproteina que
funciona como protease para a liquefagdo do sémen aumentando a motilidade dos
espermatozodides (Lilja et al., 1987; Costello & Franklin, 1994). Desde que o PSA foi descoberto,
ele ¢ alvo de investigacdes basicas e clinicas, pois seus niveis séricos elevados estdo associados
com desordens prostaticas (Denmead & Isaacs., 2004). As células neuroenddcrinas secretam
peptideos e fazem parte do sistema enddcrino disperso, também conhecido como APUD (di
Sant’Agnese, 1992). Elas estdo dispostas entre as demais células epiteliais ou podem formar
agregados, sendo preferencialmente identificadas na por¢do ductal da préstata, principalmente
nos ductos periuretral e uretral. (Delellis & Dayal, 1992). A natureza molecular dos peptideos
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secretados pelas células neuroenddcrinas tem sido amplamente identificada. Entretanto, o papel
funcional que essas cé€lulas exercem na proéstata ainda € pouco conhecido, sendo sugerido que
elas participem ativamente no desenvolvimento normal da glandula. Estudos com células
tumorais prostaticas in vitro t€m demonstrado que os fatores produzidos pelas células
neuroenddcrinas podem ter um potencial proliferativo (Dizeyi et al., 2002) indicando, conforme
sugerido anteriormente (Cohen et al., 1993) que elas podem estar envolvidas na modulagao dos

processos patoldgicos da prostata.

3.3 Fisiologia da prostata

O funcionamento prostatico ¢ dependente da agdo constante de androgenos. A producao
destes esteroides sexuais ¢ regulada pelo eixo hipotdlamo-hipdfise-gonada. O hormonio
gonadotréfico- GnRH- ¢ secretado em pulsos no hipotdlamo estimulando a secre¢do do hormonio
luteinizante- LH- na hipdfise (Dufau, 1988). O LH age nas células de Leydig dos testiculos
induzindo a produ¢do de androgenos. O principal androégeno circulante no homem ¢ a
testosterona, sendo a sua maior por¢ao produzida pelos testiculos (95%) e uma menor por¢ao
(5%) gerada pelo precursor de andrégenos a dihidroepiandrostenediona (DHEA) nas adrenais
(Labrie et al., 2001). Na prostata, a testosterona é convertida em um andrégeno mais potente, a 5-
alfa- dihidrotestosterona, pela enzima 5-alfa-redutase (Wilson, 2001). Existem duas formas da
enzima, que sdo designadas tipo 1 e tipo 2, sendo esta ultima considerada mais especifica para as
células epiteliais prostaticas, enquanto a tipo 1 esta relacionada com doengas prostaticas (Thomas
et al., 2005). A testosterona livre entra na célula onde é convertida em dihidrotestosterona - DHT.
Ambos os tipos de androgenos podem se ligar ao receptor de androgeno que esta localizado no
nucleo, porém a DHT forma um complexo mais estavel com o receptor sendo, portanto, 3-10
vezes mais potente que a testosterona. A ligagdo dos androgenos leva a uma ativagdo dos
receptores especificos (AR), por um processo que inclui a dissociagdo de “heat-shock- proteinas”
(HSP), hiperfosforilagdo, mudangas conformacionais e a dimerizacdo do AR (Huang et al.,
2002).

O AR ¢ um membro da superfamilia de receptores esterdides e ¢ constituido de 3
dominios: 1- dominio de ativacdo transcricional; 2- dominio de ligagdo ao DNA e 3- dominio de
ligacdo do androgeno no terminal carboxilico (Carson-Jurica et al., 1990). O complexo
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androgeno-receptor se liga a uma seqiiéncia especifica do DNA, chamada elemento responsivo
aos andrégenos (ARE), e esse evento leva a alteracdes na expressdo gé€nica e sintese protéica,
modulando as acdes celulares dependentes de andrégenos como, por exemplo, a produgdo de
PSA (Lindzey et al., 1994).

O desenvolvimento e crescimento normal da prostata bem como a sua manutencao adulta
dependem de interagdes criticas entre as células epiteliais e o estroma, moduladas principalmente
por androgenos (Cunha et al., 2003). Desse modo, os processos biologicos que ocorrem nas
células epiteliais sdo controlados indiretamente por mediadores dependentes de androgenos de
origem estromal (Hayward & Cunha, 2000). Uma vez que o estimulo androgénico atua no
estroma, esse ultimo age no epitélio, que por sua vez produz fatores de crescimento que
apresentam efeito tanto localmente como no estroma. Esse mecanismo ¢ denominado interacao
epitélio-estroma e ¢ de fundamental importancia na manutencdo morfofisioldgica da glandula
(Marker et al., 2003; Cunha et al., 2004).

Ainda que os androgenos, sem duvida, sejam essenciais para o funcionamento da prostata,
recentes estudos vém demonstrando que outros hormdnios ndo androgénicos exercem papel na
regula¢do da homeostase prostatica. Risbridger et al. (2003) relataram que os estrogenos também
podem afetar o crescimento e a diferenciacio desta glandula, sendo o balango entre androgenos e
estrogenos fundamental, ndo apenas para sua manutencdo funcional, mas também para o
desenvolvimento de doencas. Além dos hormonios esterdides sexuais, a insulina e os
glicocorticoides (Cleutjens et al., 1997; Steger & Rabe, 1997) tém sido descritos como
importantes hormonios na regulagdo da fisiologia prostatica. A observacdo de que a cultura de
células prostaticas ¢ mais satisfatoria quando a testosterona e a insulina sdo usadas
simultaneamente (Lostroh, 1971) refor¢a a importancia deste hormonio no funcionamento da
glandula. Estudos recentes mostram que o diabetes promove redugdo no peso da prostata ventral
e atrofia no epitélio secretor em camundongos indicando que a auséncia de insulina, a
hiperglicemia e a queda androgénica decorrentes do diabetes afetam o funcionamento da glandula

(Cagnon et al., 2000, Ribeiro et al., 2006).

3.4 Compartimento estromal
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Recentemente, uma série de evidéncias tem atribuido um papel significativo ao
compartimento estromal para a fisiologia prostatica e para o desenvolvimento de patologias nessa
glandula (Ricke et al., 2005). Esse compartimento compreende vérios tipos celulares tais como,
células musculares lisas, fibroblastos, linfocitos, granuldcitos, macréfagos e uma abundancia de
fibras nervosas (Lin & Bissel, 1993). A principal fun¢do das células estromais, em especial os
fibroblastos, ¢ sintetizar os componentes da matriz extracelular enquanto as células musculares
lisas sdo responsaveis pela contragdo da glandula e pela interagdo epitélio- estromal (Aumiiller &
Seitz, 1990; Cunha et al., 2004).

A matriz extracelular corresponde a um ambiente dinamico formado por um complexo
arranjo de proteinas fibrilares, glicoproteinas adesivas e proteoglicanos (Tuxhorn et al., 2001).
Os componentes estruturais tais como coldgeno e fibras elésticas, proporcionam rigidez mecénica
e flexibilidade ao tecido, servindo também como substrato para a adesdo celular e migracao, as
quais s3o mediadas pelas glicoproteinas adesivas laminina e fibronectina (FN) (Carvalho et
al.,1997). A FN promove a adesdo e migragdo celular desempenhando papel fundamental na
morfogénese e diferenciagdo de células e tecidos em diferentes sistemas. Além disso, a FN
influencia diversos processos biologicos, tais como a inflamagdo, reparo tecidual e trombose
(Romberger, 1997). Embora seja descrito que a FN ¢ sintetizada principalmente pelos
fibroblastos, pouco se sabe sobre a sua func¢ao na prostata (Albrecht er al., 1999). Os
proteoglicanos sdo moléculas hibridas, de uma ampla diversidade bioquimica e funcional
compostas por pelo menos uma cadeia de glicosaminoglicano (GAG) ligado covalentemente a
um core protéico (lozzo, 1998). Os GAGs sdo polissacarideos complexos formados por unidades
repetidas de dissacarideos, nos quais um agucar ¢ uma hexamina (glucosamina ou galactosamina)
e o outro ¢ um acucar neutro ou o acido hexuroénico (4cido glicurénico ou iduronico) (Wight et al
1991). Até o momento, quatro tipos de GAGs foram descritos para a prostata humana normal,
sendo o condroitim e o dermatam sulfato predominantes (Deklerk, 1983). Os proteoglicanos
podem se ligar aos componentes da matriz extracelular, mediar a ligagdo de células a matriz
extracelular e capturar moléculas soluveis como fatores de crescimento (Ruoslahti, 1989). Por
esse motivo, desempenham um amplo espectro de fungdes, incluindo os eventos mais dindmicos

da vida celular como o reconhecimento, crescimento, diferenciagao e proliferacao celular, sendo,
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portanto, considerados importantes elementos moduladores da funcao epitelial (Hay, 1995; Park
et al, 2000; Stepp et al., 2002).

Separando o compartimento epitelial do estromal existe uma camada amorfa de matriz
extracelular, conhecida como membrana basal. Além de promover a adesdo mecanica das células
aos demais componentes estromais, a membrana basal influencia o comportamento celular de
varias maneiras controlando a adesdo, a expressdo génica, a migracao, a proliferacdo ¢ a morte
celular (Timpl, 1996). A rede tridimensional da membrana basal ¢ formada de filamentos
eletrondensos constituidos de quatro componentes: coldgeno IV, laminina, nidogénio e
proteoglicano de heparam sulfato. (Leblond & Inoue, 1988; Inoue & Leblond 1989). O colageno
tipo IV, principal componente estrutural da membrana basal, devido as suas caracteristicas
moleculares, se auto-agrega para formar uma trama com os demais componentes (Aumailley &
Gayraud, 1998). As lamininas sdo glicoproteinas adesivas tipicas desta regido, que também
possuem capacidade de auto-agregacdo e podem interagir com a fibronectina (Timpl, 1996;
Aumailley & Gayraud, 1998).

Os trabalhos sobre as variagdes nos componentes da membrana basal da prostata de
animais diabéticos sdo inexistentes na literatura. Entretanto, estudos em outros sistemas tém
demonstrado um envolvimento dos proteoglicanos de heparam sulfato perlecam, tipico das
membranas basais, em complicagdes decorrentes do diabetes (Bollineni et al., 1997). Conde-
Knape (2001) relatou que durante essa doenca, a estrutura e a composi¢cdo da membrana basal
dos capilares de glomérulos renais sofrem profundas alteracdes, tais como espessamento
acompanhado da diminui¢do de cargas negativas dos proteoglicanos, prejudicando a filtragao
glomerular e acarretando nefropatias (Edge & Spiro, 2000). Outros estudos mostram que o
diabetes causa um aumento na deposicdo de matriz extracelular nos rins, relacionando esse
evento com alteragdes patologicas renais (Cadaval er al., 2000). A literatura revela ainda, que o
diabetes promove alteracdes nos proteoglicanos ndo s6 da membrana basal dos capilares
glomerulares, mas também na retina, endotélio dos vasos (Volg-Willis & Edwards, 2004) e
capilares do tecido muscular podendo, por isso, prejudicar também outros tecidos (Yokoyama et

al., 1997).
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3.5 Justificativa

Considerando-se que as desordens metabodlicas, tais como obesidade, diabetes e a
resisténcia a insulina sdo relatos freqiientes da populacdo mundial, os estudos sobre os efeitos do
diabetes nos diferentes sistemas organicos sdo de grande importancia. Estudos recentes t€ém
demonstrado importantes alteragdes no epitélio (Cagnon et al., 2000) e no estroma da prostata de
camundongos diabéticos, como o espessamento da membrana basal, remodela¢do das fibras da
matriz extracelular e modificagdes morfoldgicas na célula muscular lisa (Ribeiro et al., 2006).
Esses achados foram acompanhados de um aumento da incidéncia de neoplasias intraepiteliais,
fato que sugere um comprometimento da interacdo epitélio-estromal nos animais diabéticos.
Contudo, esses trabalhos ndo relacionam essas alteragdes morfologicas com as possiveis
variagdes na expressdo de componentes especificos da matriz extracelular. Assim, sabendo-se da
importancia do ambiente extracelular para a estrutura tecidual e modulacdo das atividades
celulares, torna-se interessante avaliar em detalhes suas alteracdes na prostata de animais
diabéticos.

Alguns trabalhos sugerem que o diabetes leva a piora dos sintomas do trato urinario e
favorece a incidéncia de cancer de prostata, entretanto, esse assunto ainda € bastante controverso
(Ilic et al, 1996; Weiderpass et al., 2002). Desse modo, nesse momento, ¢ essencial o
esclarecimento sobre a relagdo do diabetes com a incidéncia de lesdes malignas na prostata.

As situagdes experimentais envolvendo o diabetes inevitavelmente geram a duvida sobre
o papel da hiperglicemia e da insulina nas alteracdes observadas. Os glicocorticoides sdo
hormonios conhecidos como agentes diabetogénicos, causando resisténcia periférica a insulina,
hiperglicemia e dependendo da dosagem, diabetes tipo 2 (Rafacho et al., 2007). Os trabalhos que
relatam os efeitos do uso de glicocorticoide bem como da resisténcia a insulina na
morfofisiologia prostatica sdo inexistentes na literatura. A utilizacdo de diferentes situacdes da
acdo da insulina tais como o diabetes (redugdo de insulina) e a resisténcia a insulina (excesso e
baixa eficiéncia de insulina) sdo importantes para o esclarecimento da sua agdo e importancia no
funcionamento da prostata. Desse modo, adicionalmente a0 modelo experimental de diabetes
induzido pela aloxana, optamos, no decorrer do trabalho, pela utilizacdo do modelo de resisténcia
a insulina, induzida pelo glicocorticoide dexametasona, para a comparagao dos dados.
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Capitulo 4

OBJETIVOS

O presente estudo consiste de trés frentes de investigacdo que visam ampliar o
conhecimento a respeito dos efeitos do diabetes sobre a morfofisiologia prostatica e esclarecer
trés aspectos ainda controversos referentes a esse assunto: 1) como as condi¢des metabolicas do
diabetes cronico ndo tratado afetam o compartimento estromal da glandula e em especial os
componentes da matriz extracelular; 2) as possiveis associacdes entre essa doenca e a incidéncia
de alteracdes neoplasicas e 3) examinar as alteragdes prostaticas frente a outra situagdo de

ineficiéncia de insulina (resisténcia a insulina) em comparagao com o diabetes.
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Abstract Glucocorticoid hormones (GCs) have been wide-
ly used for the treatment of prostate cancer because of their
inhibitory property against tumour growth. However, their
mechanism of action in the prostate has received little
attention. Excess GCs can lead to peripheral insulin
resistance resulting in hyperglycaemia and hyperinsulinae-
mia. Insulin plays an important role as a cellular stimulant
and high levels are related to low levels of androgens. Our
objective has been to describe the effects of insulin
resistance induced by dexamethasone treatment on the
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stroma

morphology of rat ventral prostate. Male adult Wistar rats
received daily intraperitoneal injections of dexamethasone
or saline for five consecutive days after which the rats were
killed and the ventral prostate was removed, weighed and
prepared for conventional and transmission electron mi-
croscopy (TEM). Dexamethasone treatment resulted in
atrophy and decreased proliferative activity of prostatic
epithelial cells. TEM analysis revealed changes in the
epithelium-stroma interface, with some interruptions in the
basement membrane. Fibroblasts showed a secretory
phenotype with dilated endoplasmic reticulum. Smooth
muscle cells exhibited a contractile pattern with 50%
atrophy, an irregular membrane and twisted nuclei. Mito-
chondrial alterations, such as enlarged size and high
electron density in the mitochondrial matrix, were also
detected in smooth muscle cells. Insulin resistance induced
by dexamethasone is thus associated with epithelial atrophy
similar to that described for diabetic rats. However, GCs are
responsible for morphological changes in the stromal cell
population suggesting the activation of fibroblasts and
atrophy of the smooth muscle cells.

Keywords Prostate - Insulin resistance - Glucocorticoids -
Stroma - Smooth muscle cell - Rat (Wistar)

Introduction

The prostate is the most studied accessory gland of male
reproductive system because of the high incidence of
pathologies including prostate cancer and benign hyperpla-
sia. Prostate cancer now surpasses lung cancer as the most
commonly diagnosed cancer in men living in the United
States and is the second leading cause of cancer death (Ross
and Kantoff 2007).
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Androgens play a key role in prostate function and
promote paracrine interactions between the epithelium and
stroma to ensure morpho-physiological maintenance within
this gland (Hayward and Cunha 2000). Moreover, andro-
gens are related to the progression of benign and malignant
diseases in the gland (Cunha et al. 2003). Androgen
dependency in prostate cancer is well documented,
although recent studies have shown that various non-
androgenic hormones, such as oestrogen, prolactin, insulin
and glucocorticoids (GC), can also interfere in prostatic
homeostasis and modulate cellular activity (Bodker et al.
1999; Reiter et al. 1999).

>GCs are natural steroid hormones produced by the
adrenal glands and are found at high levels after physical
activity or emotional stress (Andrews et al. 1999; Albrecht
et al. 2002). They interfere with important cellular
mechanisms, such as proliferation and extracellular matrix
synthesis, and respond to external factors (Durant et al.
1986). Furthermore, GCs are known as diabetogenic
hormones because they can stimulate hepatic glucose
production and induce peripheral insulin resistance and
type 2 diabetes (Jeong et al. 2001). When an impairment of
peripheral insulin action (in muscle, adipose and hepatic
tissues) occurs, the endocrine pancreas exhibits an adapta-
tion characterized by increased insulin secretion in order to
maintain blood glucose levels at normal ranges. However,
when this loop is disrupted, i.e. during type 2 diabetes, the
pancreatic B cells are overstimulated and cellular damage is
established (Porte 1999).

GCs are widely used in the treatment of advanced
prostate cancer because they have palliative effects,
decrease prostate-specific antigen levels and improve
symptoms (Saika et al. 2001). The therapeutic role of
hormones including oestrogen and androgens in prostate
cancer is well established and their tissue effects have been
widely studied. Althought some clinical studies using GC
as a palliative drug have been reported, the effects of these
hormones on prostatic morphology are still poorly under-
stood (Saika et al. 2001; Albrecht et al. 2002).

Except for some work related to diabetes, few studies
have described the role of insulin action in prostate
function. Recent studies have shown drastic changes caused
by type 1 diabetes in the prostate of mice but whether these
changes are attributable to insulin or androgen deficiency is
difficult to determine (Carvalho et al. 2003; Ribeiro et al.
2006). Use of a model of decreased insulin sensitivity
induced by 5-day dexamethasone (DEXA) administration
provides a hyperinsulinaemic environment and may be
useful for the elucidation of the effect of insulin on prostatic
homeostasis. Thus, the purpose of this work has been to
evaluate the morphology of ventral rat prostate in a model
of insulin resistance induced by DEXA.

@ Springer

Materials and methods
Animals and DEXA treatment

Experiments with animals were approved by the institu-
tional (UNESP) Committee for Ethics in Animal Experi-
mentation and conform to the Guide for the Care and Use
of Laboratory Animals published by the US National
Institutes of Health (NIH publication no. 85-23, revised
1996). Groups of five male Wistar rats (3 months old) from
the University of Campinas Animal Breeding Centre were
kept at 24°C on a 12 hr light/dark cycle. The rats had free
access to food and water. The experimental group received
daily injection of DEXA-phosphate (Decadron; 1 mg/kg
body weight intraperitoneally for 5 days), whereas control
rats received saline (0.9% NaCl; 1 ml/kg body weight
intraperitoneally for 5 days). Following treatment, animals
of both group were anaesthetized with CO, inhalation and
killed by decapitation.

Serum analysis

On the day following the last DEXA administration, the
blood from fasted (12—14 hr) rats was collected from the
tail for the measurement of blood glucose levels with a
glucometer (One Touch; Johnson & Johnson). The serum,
obtained by centrifugation, was used to measure insulin
levels by radioimmunoassay with a rabbit anti-rat insulin
antibody and rat insulin as standard (Scott et al. 1981).

Prostate morphology

The ventral lobe of the prostate was isolated from the
prostatic complex, weighed and fixed in Karnovsky’s
solution followed by embedding in Paraplast and Histo-
resin. Histological sections were stained by haematoxylin
and eosin, picrosirius-haematoxylin, Gomori’s reticulin or
Weigert’s resorcin-fuchsin. Analyses were carried out with
a Zeiss-Jenamed light microscope (Jena, Germany), cou-
pled with a semi-automatic image analysis system (Image-
Pro Plus Media Cybernetics version 4.5 for Windows
software, Md., USA).

Other fragments were fixed in 3% glutaraldehyde/0.25%
tannic acid in Millonig’s buffer pH 7.3 for 2 hr, post-fixed
in 1% osmium tetroxide, dehydrated in acetone and finally
embedded in Araldite (Polisciences, Eppelheim, Germany)
according to Cotta-Pereira et al. (1976). Thin sections were
stained in uranyl acetate and lead citrate and analysed
in a LEO 902 transmission electron microscope (Zeiss,
Germany).
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Immunohistochemical detection of fibronectin

Some fragments were fixed in 4% formaldeyde for
immunohistochemistry analysis. Antigen retrievel was
performed at 92°C with citrate buffer, pH 5.0, for 20 min.
Briefly, sections were treated with 3% H,0, in methanol,
for 20 min, to quench endogenous peroxidase activity and
incubated in 1% horse serum in phosphate-buffered saline
for 1 hr to block non-specific binding. As the primary
antibody, mouse anti-human fibronectin (IQ011, FKBiotek,
Brazil) was incubated (1:100) on the sections in a
humidified chamber overnight, at 4°C. The sections were
subsequently incubated for 45 min with a biotinylated
secondary antibody, followed by the peroxidase-labelled
avidin/biotin solution reaction (NovoStain Super ABC Kit,
Novocastra, UK) for 45 min. Finally, they were exposed to
the peroxidase substrate diaminobenzidine for 3 min,
stained in methyl green and mounted.

Morphometric and stereological analysis

Epithelial height was measured in five different histological
sections per group. In each section, five different micro-
scopic fields were captured at a magnification of x1,000.
Measurements were taken at 10 different points of each
field resulting in 250 measurements per group.

For the determination of the relative volume of the
prostatic compartments (epithelium, lumen and stroma),
histological sections were submitted to the Weibel system
of point counting (Weibel et al. 1963). In general, 20
microscopic fields were selected on two different histolog-
ical sections per animal. The relative frequency (%) was
calculated by counting the points that precisely touched the
analysed components.

The maximum diameter of smooth muscle cells was
measured in the central region of the middle nucleus by
using electron micrographs of longitudinal sections of these
cells (n=30 per group).

Table 1 Mean values of blood glucose, serum insulin, body weight
(BW) and prostatic weight (PW) of the control and dexamethasone-
treated (DEXA) groups

Group  Insulin (ng/ml)  Glucose (mg/dl) BW (g) PW (mg)
Control 3.3 98 428.36 0.462
DEXA 17.3* 127.5% 352.13%  0.442

*Significantly different, P<0.05 (analysis of variance followed by
Tukey’s post hoc test. Unpaired Student’s t-test

Statistical analysis

Data were expressed as means and evaluated by Student’s
t-test. Values of P<0.05 were considered statistically
significant.

Results

Table 1 presents the mean values of blood glucose and
serum insulin levels in fasted rats. As expected, DEXA rats
showed a significant increase in serum insulin levels. Even
with high circulating insulin, blood glucose content was
only mildly increased in the DEXA group but this increase
was statistically significant compared with the control
group. The body weight and wet weight of the ventral
prostate were reduced in DEXA rats but the latter value was
not statistically significant (Table 1).

Light microscopy

The ventral prostate of control animals demonstrated large
acini containing a substantial amount of secretion in the
lumen and surrounded by a dense stroma (Fig. la). The
secretory epithelium had a typical folded mucosa with tall
prismatic cells and exhibited a high frequency of nuclei in
the apical cytoplasm, some of which were in mitosis
(Fig. 1b). In the DEXA group, epithelial atrophy was
observed in the prostate, which showed acini with an
unfolded epithelium and large luminal diameter (Fig. 1d).
Epithelial cells were cubic with lower proliferative activity,
dividing cells not being found frequently in the epithelium
(Fig. le). Atrophy in some prostatic acini showing flat
epithelial cells and the evident loss of cytoplasmic volume
were observed in DEXA rats (Fig. 1g). Furthermore, some
acini had lost their structural organization showing atypical
cells with no epithelial orientation (Fig. 1h).

The stroma of the control group had typical long smooth
muscle cells with flat elongated nuclei (Fig. 1c), whereas
treated animals showed some stromal changes, mainly in
the muscle layer, which consisted of more stained and
retracted cells with small twisted nuclei (Fig. 1f). With
respect to connective tissue elements, collagen fibres
presented intense staining and a diffuse stromal distribution,
despite their higher concentration in the sub-epithelial
region, in control animals (Fig. 2a). The other fibrous
elements such as reticular fibres (Fig. 2b), elastic fibres
(Fig. 2c) and glycoprotein fibronectin (Fig. 2d) were
concentrated next to the basement membrane. The distri-
bution of extracellular matrix elements was not drastically
altered in DEXA animals. However, collagen fibres were
thinner and easily distinguishable (Fig. 2e), whereas
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Fig. 1 Histological sections of
the ventral prostate of control
(a—c) and DEXA-treated (d—h)
rats. Haematoxylin and eosin
staining. a Large acini (@) lie in
a dense stroma (S) between
glandular portions (I lumen). b
Secretory epithelium showing
many folds (e), tall cells and
intense proliferative activity
(arrows), with underlying stro-
ma (S). Inset: Cell in mitosis
next to the lumen. ¢ Fibromus-
cular layer: large smooth muscle
cells with elongated and promi-
nent nuclei (smc) lying under
the epithelium (e). d Ventral
prostate of DEXA-treated ani-
mals showing glandular portions
(a) with enlarged luminal space
() and underlying stromal area
(s). e Atrophied secretory epi-
thelium (e) showing small cells
but with maintained secretory
activity since luminal secretion
(se) and Golgi area (arrows)
were present (S stroma). f
Smooth muscle cells (smc) had
an altered phenotype with con-
tracted cytoplasm and long, ir-
regular, intensely stained nuclei
(e epithelium). Inset: Smooth
muscle cells (smc) showing the
same nuclear phenotype. g Re-
gion of the gland showing the
highest epithelial atrophy with
extremely flat cells (arrow) and
enlarged lumen (l) with under-
lying stroma (S). h Cells lost
their spatial organization in the
epithelium (star in inset) and
exhibited an atypical morpholo-
gy (thin arrows). The adjacent
stroma (S) contained atrophied
and irregular cells with higher
cytoplasmic density (large
arrow). Bars 100 m (a, d, inset
inh), 50 m(b,e, g),20 m(c,
f, h, insets in b, f)

reticular fibres became smooth and stretched (Fig. 2f) and
elastic fibres were decreased (Fig. 2g). DEXA group pros-
tate also demonstrated a decrease in fibronectin immuno-
reaction, which was more diffuse throughout the stroma and
less intense in the basement membrane in comparison with
that of control animals (Fig. 2h).

@ Springer

Morphometry and stereology

Morphometric-stereological analysis (Table 2) revealed a
decrease of 50% in the relative volume of the epithelium in
the DEXA group, confirming the aforementioned atrophy.
On the other hand, an enlargement of 55% was observed
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Fig. 2 Histological sections of
the ventral prostate of control
(a—d) and DEXA-treated (e—h)
rats. a Dense bundles of colla-
gen (C0) aggregated in fibres
distributed throughout the inter-
acinar space () with a predom-
inant location in the peritubular
region (e epithelium).
Picrosirius-haematoxylin stain-
ing. b Reticular fibres located in
the basement membrane region
(arrows) follow the contours
and epithelial folds (e).
Gomori’s reticulin staining. ¢
Localization of elastic fibres (ef)
in the basement membrane and
some stromal ramification (e
epithelium). Weigert’s resorcin-
fuchsin staining. d Fibronectin
expression in the prostate stroma
(arrowheads). Note the stronger
distribution below the epitheli-
um (e). e In the prostate of
DEXA animals, thin collagen
fibers (arrow) had low stromal
distribution. Picrosirius-
haematoxylin staining. f Reticu-
lar fibres (arrows) were thinner
and smoother than in controls
(e epithelium). Gomori’s reticu-
lin staining. g Elastic system (ef)
showing thin bundles with
sparce stromal distribution

(e epithelium). Weigert’s
resorcin-fuchsin staining. h
Decreased fibronectin staining
showing fine glycoproteic struc-
tures and diffuse localization
(arrowheads). Bars 100 m

(d, h), 50 m(a,e),20 m

(b, c, 1, g)

in the luminal compartment. The relative stromal volume
showed no significant change in DEXA animals.

Transmission electron microscopy

Control prostates showed an epithelium with electron-dense
cells and a continuous basal lamina (Fig. 3a,f). In the

stromal area, fibroblasts exhibited their typical morphology

with large nuclei and some secretory organelles (Fig. 3b).
Ultrastructural analysis of the prostate in DEXA animals
demonstrated a different morphology with regard to the
basal lamina and fibroblasts. The basal lamina was

frequently discontinuous at the lamina densa and, at this
point, collagen fibrils were inserted in the region equivalent

to the lamina lucida (Fig. 3e). When compared with
controls in the same sectional orientation, the fibroblasts
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Table 2 Mean values of relative frequency (RF) of prostatic
components (epithelium, lumen, stroma) and morphometry of epithe-
lial height of the control and DEXA groups

Parameter measured Control DEXA
RF epithelium (%) 42.73 21.94%*
RF lumen (%) 37.80 59.40%*
RF stroma (%) 19.50 18.65

Epithelial height ( m) 24.11 15.62*

*Significantly different, P<0.05 (analysis of variance followed by
Turkey’s post hoc test. Unpaired Student’s t-test

displayed a decreased volume but their typical fusiform
morphology was maintained in the DEXA group (Fig. 3c).
However, in comparison with the controls, they had a larger
number of secretory organelles, mainly endoplasmic retic-
ulum, which frequently exhibited large cisternae and
secretory vesicles (Fig. 3d).

The smooth muscle cells of control animals were
elongated with long irregular nuclei and large amounts of
collagen in the space between the cells (Fig. 4a—c). In the
prostate of DEXA-treated animals, these cells presented a

Fig. 3 Electron micrographs of
the ventral prostate of control (a,
b, f) and DEXA-treated (c—e)
rats. a Epithelium showing a
basal cell (bc) and nuclei (n) and
rough endoplasmic reticulum
(rer) of a luminal cell. Note the
intact basal lamina (arrows)
delimiting the stroma with an
adjacent fibroblast (f). b Smooth
muscle cell (smc) and fibroblast
(f) at higher magnification. Note
the typical flat structure, long
nuclei and distinct secretory
organelles of the fibroblast. ¢
Stromal region of the prostate of
DEXA-treated animal demon-
strating a fibroblast (f) in trans-
verse section indicating its
fusiform pattern but decreased
cellular fraction. Some elastic
fibres (ef) lie in close association
with this cell. d Drastic reduction
of smooth muscle cell diameter
(smc). Fibroblasts (f) are also
atrophied but maintain the integ-
rity of their secretory organelles,
such as the endoplasmic reticu-
lum (arrow) and secretory
vesicles (vs). e Changes in the
epithelial basal lamina showing
evident interruptions (arrow). (f)
High magnification of epithelial-
stromal interface displaying basal
lamina. Bars 2.01 m (a, ¢),
093 m(b), 0.72 m (d),

043 m (e, f)
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different phenotype with contracted nuclei and cytoplasm,
large numbers of caveolae and interruptions in the adjacent
basal lamina (Fig. 5a). The smooth muscle cells showed a
reduction of 50% in their maximum diameter (from 5.4+
1.4 pm in controls to 2.8+0.7 um in the DEXA group).
Moreover, mitochondria from smooth muscle cells
exhibited a distinct morphological pattern in DEXA
animals; they had a larger size, denser matrix and a
peripheral distribution as if they were detaching from the
cell (Fig. 5b,c).

The ultrastructural study did not indicate any important
changes in the morphology and arrangement of the
collagenous and elastic fibrilar systems of the rat prostate
in the DEXA group.

Discussion

The administration of high GC doses is an apt experimental
protocol for the induction of peripheral insulin resistance
(Ruzzin et al. 2005). GC levels are well known to be
elevated during obesity and cachexia, pregnancy and
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Fig. 4 Electron micrographs of smooth muscle cells in the ventral
prostate of control rats. a—c Smooth muscle cells (smc) with
morphological integrity. Note their elongated structure, typical nuclei
(n), many dense bodies (arrows) and caveolae (ca) at the cell periphery.
The space between stromal cells is filled by collagen (o). Mitochon-
dria (m) are also abundant. Bars 1.2 um (a), 0.56 m (b, ¢)

metabolic syndrome, all of which are dysfunctions associ-
ated with peripheral insulin resistance (Houstis et al. 2006).
GCs may disturb glucose homeostasis by the impairment of
insulin action. Moreover, GCs increase gluconeogenesis
and decrease glucose uptake in peripheral tissues such as
muscles and fat (Castro and Elias 2003). These effects are
similar to those of type 2 diabetes in which islet function is
preserved and insulin release occurs but peripheral tissues

are unable to use it, which in turn, may induce hyper-
glycaemia and compensatory hyperinsulinaemia. These
conditions characterize insulin resistance (Ling et al. 1998).
In the present study, peripheral insulin resistance has been
confirmed by the high levels of glucose and fast serum
insulin measured in DEXA-treated rats, in agreement with
previous studies of insulin resistance induced by DEXA
administrations (Saad et al. 1993; Rafacho et al. 2007).
Some basic biometric parameters have been correlated to the
development of insulin resistance induced by GC, such as
decreased body weight (Barbera et al. 2001; Caldefie-

Fig. 5 Electron micrographs of the stromal cells in the prostate of
DEXA rats. a Smooth muscle cells (smc) showing a contracted
pattern, highly irregular nuclei (n) and decreased cytoplasmic fraction.
Basal lamina interruptions (arrows) and many caveolae (ca) with a
decreased size were also detected. b Mitochondria (m) in the smooth
muscle cells were located in the periphery of the cell and showed a
larger volume and electron density than those of the controls. ¢
Morphological pattern of mitochondria at higher magnifiaction. Note
the large size and disorganization of the internal membranes (star) of a
mitochondrion and its possible detachment from the cell (arrow). Bars
0.72 m (a), 0.56 m (b, ¢) 28
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Chazet 2001). Previous studies have attributed the body
weight reduction to decreased food intake, as insulin is well
known to exert anorexigenic effects on the hypothalamus
(Wood et al. 1979; Santos et al. 2007). Thus, the increased
serum insulin level observed in the DEXA-treated rats is
probably the major factor responsible for the body weight
loss by acting on the hypothalamus and favouring the
suppression of food intake.

The prostate is an androgen-dependent gland and
changes in androgen serum levels are related to gland
development, secretory activity and the occurrence of
various pathologies (Cunha et al. 2003). However, other
hormones also have an important function in prostatic
physiology, including oestrogen, insulin and GCs (Lostroh
1971; Scarano et al. 2004). DEXA treatment induces
epithelial atrophy and alters prostatic stromal environment
mainly in the cellular elements, such as fibroblasts and
smooth muscle cells. As stated above, GC plays an
important role in the metabolism and functioning of the
peripheral tissues and our data reveal that this also applies
to the prostate.

Three main mechanisms acting jointly or in isolation
might explain the prostate alterations observed in the
present study after DEXA treatment: (1) the direct action
of GCs, since receptors for GC have been described in the
prostate (Cleutjens 1997); (2) the high concentration of
glucose in the tissue and (3) the role of insulin. As
hyperglycaemia in other situations does not lead to a
response similar to that reported here, principally with
regard to smooth muscle cells (Cagnon et al. 2000), we
infer that glucose levels do not have important role in these
changes. The atrophy of prostate secretory epithelium is a
frequent response to testosterone withdrawal and anti-
androgen therapy (Vilamaior et al. 2000; Goes et al.
2007) but, to our knowledge, this has not been described
for GC therapy. In the normal prostate, GC receptors are
highly expressed in the stroma, whereas epithelial cells
exhibit a higher expression of androgen receptors than of
receptors for GC (Cleutjens 1997). Insulin resistance causes
a decrease in the production of sex-hormone-binding
globulins leading to low total testosterone and normal free
androgenic levels (Kapoor et al. 2005). Therefore, the
atrophic alterations observed in the prostate epithelium after
DEXA treatment are probably attributable to insulin
disorder.

Our ultrastructural evaluations have indicated that the
stromal cell types respond differently to the DEXA
administration. The fibroblasts present large amounts of
endoplasmic reticulum profiles with enlarged cisternae. The
increase in the secretory organelles suggests a stimulatory
role of GC in its synthetic activity, as is well known in
wound healing. In spite of this, the apparent amount and
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distribution of some extracellular matrix elements such as
reticular and elastic fibres are unchanged and collagen
fibres and fibronectin decrease after GC treatment. Thus,
together with the increased synthesis of some extracellular
macromolecules, higher levels of degradation might be
induced.

Concerning the consequence of DEXA treatment on
smooth muscle cell, the striking effects are the apparent cell
atrophy and mitochondrial alterations. The former effect
might be explained by the degradation of cytoskeletal
proteins as reported in skeletal muscle cells submitted to
GCs (Manoli et al. 2005). Recent studies have indicated
that GC is involved in mitochondrial morphology and
physiology. Cellular energy and apoptosis, two important
processes related to mitochondria, are affected by steroidal
hormones such as GC. Moreover, the existence of steroid
receptors and the presence of regions responsive to steroids
in the mitochondrial genome constitute evidence of their
influence on mitochondrial activity (Psarra et al. 2006).
Duclos and colleagues (2004) have reported that high
concentrations of GC cause an increase in the mitochon-
drial volume and decrease the number of mitochondria,
thus modifying oxidative phosphorylation in the muscles.
Other studies have shown that chronic administration of GC
promotes morphological damage to the mitochondria of
skeletal muscle, decreased enzymatic activity and increased
production of free radicals, thus inducing apoptosis in these
cells (Manoli et al. 2005; Mitsui et al. 2002). In the smooth
muscle cells of GC-treated rats, mitochondria are larger,
exhibiting higher matrix electron density and a peripheral
distribution. Although the functional activity of mitochon-
dria has not been assayed by specific biochemical methods
in the present investigation, the comparison of morpholog-
ical features with those described in the above-mentioned
studies suggests that these cells are functionally compro-
mised. Furthermore, these changes in mitochondrial mor-
phology are accompanied by cell atrophy. Thus, GC might
exert a negative effect on the smooth muscle cells of rat
prostate. On the basis of the important role attributed to the
smooth muscle cells, which have been actively implicated
in stromal microenvironment homeostasis and the regula-
tion of epithelial function (Cunha et al. 2003), these changes
might influence the behaviour of stromal and epithelial
components and consequently prostate physiology.

Taken together, our data indicate that, unlike the
epithelial response mainly directed by insulin disturbance,
stromal responses are influenced by direct GC action.
Furthermore, these alterations in connective tissue compo-
nents are distinct from those caused by androgen suppres-
sion (Vilamior et al. 2000). Recent evidence has indicated
the negative effect of insulin resistance on cellular activity.
Insulin resistance is well known to enhance the production
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of insulin-like growth factor-1; this growth factor, together
with high insulin levels, acts on cellular physiology by
stimulating differentiation and proliferation (Barnard et al.
2002). Thus, we consider it reasonable to propose that both
processes, viz. the direct action of GC and the insulin
resistance state, can lead to important histological alterations
and cellular injury, principally to the prostatic stroma.

In summary, our histological, quantitative and ultrastruc-
tural analyses indicate that GC-induced insulin resistance
causes, in the rat ventral prostate, epithelial and smooth
muscle cell atrophy and alterations in fibroblasts, which
show a more synthetic phenotype. In addition to atrophy,
mitochondrial changes have also been detected in the
smooth muscle cells, thus confirming the role of insulin in
the reduction of prostate volume and indicating possible
deleterious effects of GC mainly in smooth muscle cells.
Future studies exploring insulin signalling “in vivo” and
GC effects “in vitro” in prostatic cells will be indispensable
for the further elucidation of these alterations.
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Abstract

Objectives To evaluate the changes caused by chronic diabetes in the rat ventral prostate and to
establish a correlation between diabetes and the development of prostatic lesions. Methods Male
rats received alloxan (42mg/kg b.w.) to induce diabetes. Ninety days after diabetes diagnosis,
animals were sacrificed and the ventral prostate was removed and prepared for general and
imunohistochemical analyses. The total area showing different types of lesions was estimated.
Results Diabetes led to a decrease in the body and prostatic weights, as well as in testosterone
levels. The prostate morphology and stereology showed high variation in the diabetic group.
Some animals had light changes; the great majority had an intense epithelial atrophy; and other
rats showed pre-malignant and malignant lesions in the prostate. Such epithelial atrophy was, in
some samples, combined with chronic inflammation similar to PIA. Diabetic group also
presented high incidence of prostatitis, adenocarcinoma and PIN. Samples with adenocarcinoma
had poorly differentiated acini with high levels of cellular proliferation and nuclear atypia. These
lesions exhibited an invasive feature showing Bcl-2-positive cells and interruptions in the
basement membrane. An association among PIA, PIN and adenocarcinoma was detected in one
sample. Conclusion Reduced androgen levels have a synergic effect to insulin dysfunction
promoting negative effects in the rat prostate. Diabetic individuals had high incidence of

prostatitis and this inflammation could stimulate the incidence of prostatic lesions.

Keywords: alloxan, diabetes, inflammation, intraepithelial neoplasia, prostate atrophy
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Introduction

Diabetes Mellitus is a chronic disease which affects the metabolism of proteins, carbohydrates
and lipids. The major characteristic is hyperglycemia as a consequence of abnormal secretion of
insulin in the pancreas (type I) or inefficient action of insulin in the target tissues (type II)
(Robbins,1989). It is estimated that there are 150 million diabetic people in the world and the
projection of the World Health Organization is 366 million until the year of 2030 (Barros et al.,
2006). This disorder promotes adverse effects in all organic systems. Diabetes exerts a negative
action on the neuroendocrine axis and those effects can enhance the action of diabetes on other
organs that are dependent on the axis, like male gonads and acessory glands. It is well established
that low testosterone levels are related to diabetes and they can influence the morphology of
reproductive accessory glands (Soudamani et al., 2005).

The impact of diabetes on the prostate is still a controversial issue. Morphological and
quantitative studies in rodents (Cagnon et al, 2000) indicated that changes caused in the ventral
prostate by experimental and spontaneous diabetes are similar to those described for castration
(Oliveira et al., 2007; Goes et al, 2007). Furthermore, it has been shown that besides the
aforementioned drastic structural alterations, diabetes is also related to the incidence of prostatic
intraepithelial neoplasia (Ribeiro et al., 2006). However, the relashionship between diabetes and
prostate cancer is not clear (Ilic ez al, 1996; Weiderpass et al., 2002).

Prostate cancer is still a considerable source of mortality among men around the world
(Palapatu et al., 2004). The factors which determine the risk for prostate cancer are still poorly
understood but it has been recently described that a chronic process such as inflammation could
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be responsible for the development of cancer in this gland. Furthermore, chronic inflammation is
frequently associated with focal atrophy and post-atrophic hyperplasia of the prostate (Tomas et
al., 2007). The term PIA- proliferative inflammatory atrophy was proposed by De Marzo et al
(2003) to unify the atrophic processes that are highly proliferative and occur in the prostatic
epithelium. Histological studies suggest that PIA could be a precursor or a risk factor for prostate
cancer (De Marzo et al 2007). Besides morphological and immunophenotypical observations
there is also genetic evidence for the potential role of PIA as a precursor of malignant tumour
(Faith et al., 2005).

It is interesting to note that diabetes causes hormonal changes and plays an important role in
prostate physiology and it can also promote damage to the immunological system, thus
facilitating the development of chronic inflammation. Thus, it is necessary to study the effects of
diabetes on prostate morphophysiology focusing on the lesions that can occur in this gland.
Regarding the controversial correlation between diabetes and prostate cancer and the lack of
studies focusing on prostatic biology in diabetic individuals, the purpose of the present work was
to evaluate the changes caused by chronic diabetes induced in the rat ventral prostate through

histological, stereological and immunohistochemical methods.

Material and Methods

Experimental diabetes induction

Seventy Wistar rats three- month- old male, weighting 200-300g were used in this experiment.
Diabetes was induced by a single injection of 42 mg/kg alloxan diluted in physiological solution
after 12 h of fasting, according to Lerco er al. (2003). Animals received 100ul of the drug
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solution in the tail vein (Experimental group, n=55) or just the vehicle solution (Control group
animals, n=15). Blood glucose was measured between 1-15 days after injection using the glucose
oxidase method (Accu-Chek Active, Roche Diagnostics, Mannheim, Germany). Animals with
glucose levels up to 200 mg/dl were considered diabetic. Three months after diabetes onset all the
animals were anesthetized by CO, inhalation and immediately killed by decapitatation and their
prostate removed. Body weight was monitored throughout the experiment. Animal handling and
experiments were performed according to the ethical guidelines of the Sao Paulo State University
(UNESP, publication No. 17/07-CEEA), following the Guide for Care and Use of Laboratory

Animals (NIH).

Serum Hormonal levels

Blood was collected by cardiac puncture immediately before death. Plasma was separated by
centrifugation and stored at —20°C for subsequent assays. Serum quantification of testoterone
was done using the Modular Analyzer for Immunoassay of Chemiluminescence ECI (Johnson
and Johnson, USA) (Weeks, 1984). Five animals were used for each group and the test was

performed in triplicate. The intra- and inter-assay variations were 4.6% and 4.3%, respectively.

Light Microscopy

The prostates were weighed and fixed by immersion in Karnovsky fixative (5% parformaldehyde,
2.5% glutaraldehyde in 0.1 M phosphate buffer, pH 7.2) for 24 h. After fixation, the tissues
dehydrated in ethanol series, embedded in glycol methacrylate resin (Leica historesin embedding
kit, Leica, Nussloch, Germany) or paraplast and sectioned at 3 um on a Leica automatic rotatory
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microtome (Leica RM2155, Nussloch, Germany). Sections were stained with hematoxylin-eosin
and GOomori Reticulin for general studies. The analyses were made in a Zeiss-Jenamed light
microscope (Jena, Germany), coupled with a semi-automatic image analysis system (Image-Pro

Plus ©Media Cybernetics version 4.5 for Windows software, Maryland, USA).

Immunohistochemical detection of tenascin and Bcl-2

Some fragments were fixed in formaldeyde 4% for immunohistochemistry analysis. The antigen
retrievel was performed at 92°C with citrate buffer pH 5.0 for 20 min. Briefly, slides were treated
with H,O; 3% in methanol, for 20 min, to quench the endogenous peroxidase activity and
incubated in horse serum 1%in PBS for 1 h, to block non-specific binding. Primary antibodies:
mouse anti-human tenascin (IQ012, FKBiotek, Brazil) and rabbit anti-human Bcl-2 (SC-783,
Santa Cruz, USA) were incubated (1:200) in a humidified chamber overnight, at 4°C. Then,
sections were incubated for 45 min with a biotinylated secondary antibody, followed by
peroxidase-labelled avidin/biotin solution reaction (NovoStain Super ABC Kit, Novocastra, UK)
for 45 min. Finally, they were exposed to the peroxidase substrate DAB for 3 min, stained in

Methyl Green or hematoxilyn and mounted.

Stereological and Statistic analysis

Paraffin sections were used to estimate the volume of components of the prostate: epithelium,
lumen, smooth muscle cells and stroma. For each animal at least 2 different fragments were used
and from those fragments, 20 different and consecutive fields were observed at the objective of

20X. The percentage of each component was calculated using the Weibel method of counting
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points (Weibel, 1963), performed according to Ribeiro et al. (2006). The quantitative data was
analysed by non-parametric Student’s T test, linear correlation of Pearson and the significance
level between groups was evaluated by non-parametric tests: Mann-Whitney and Kruskal-Wallis

using Minitab programme.

Multiplicity of prostatic lesions

Histopathological lesions detected in the rat ventral prostate of diabetic animals were classified
according to the classification system proposed by Shappel et al (2004): simple atrophy, PIA,
PIN, adenocarcinoma and inflammation. The digitised images of histological sections from three
different fragments per animal were acquired as described above and employed to quantify the
multiplicity of lesions (% of the tissue). The image analysis the Image Analysis software Image J
1.34 (Wayne Rasband, Research Services Branch, National Institute of Mental Heath, Bethesda,
Maryland, USA) was used to line up the area corresponding to lesions and the total area of the
histological section. The remaining areas without these parameters were considered normal and

the sum of all parameters was always 100%.

Results

Due to the very high glucose levels, about 25% of alloxan-treated animals survived after 3
months of diabetes. Alloxan-induced diabetes caused a significant decrease in body and prostatic
weight as well as a significant increase in the glucose levels (Table 1). The relative weight of the
ventral prostate and testosterone serum levels also decreased after three months of diabetes
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(Table 1). Statistical analyses showed a strong inverse correlation between body weight and
glucose levels (-0.73) and a weak inverse correlation between prostate weight and glucose levels

(-0.55) in diabetic animals.

Light microscopy and Stereology

In control animals, the intermediary portion of the ventral prostate showed a typical tubulo-
alveolar organization, with well-developed acini and different degrees of epithelial folds (Fig
1A). The presence of a wide acinar lumen and the evidence of conspicuous Golgi complex in the
apical portion of the epithelium point to a high level of secretory activity in the prostate of these
animals (Fig.1B). The sub-epithelial stroma exhibited a diffuse and discontinuous layer of
smooth muscle cells associated with fibroblasts and other components of connective tissue (Fig.
1B).

The light microscopy analysis evidenced three patterns of histological response to the
diabetes. Mild histological alterations were detected in a small percentage (22%) of animals
which had glandular features very similar to the control ones. Besides some points of atrophy,
most of acini had epithelial folding (Fig 1C), high columnar cells, normal secretion activity and
stroma with high degree of similarity to the control animals (Fig 1D). Most diabetic animals
(64%) showed intense atrophy in the prostate. Acini had dilated lumen interspersed with loose
stroma (Fig 1E, 4A). The epithelial cells exhibited a high degree of atrophy that showed greater
width than height and decreased volume of cytoplasm, but still indicated secretory activity (Fig

1F). Among diabetic animals, 35% showed drastic alterations in prostate histology caused by
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premalignant and malignant lesions, exhibiting PIA, PIN, adenocarcinoma and granulomatous
inflammation (Fig 4).

When the stereological data of diabetic animals were plotted on an integrated graphic
representation of epithelium, lumen and muscle stroma, the control group forms a cluster
represented by high epithelial and mild luminal volume (Fig 2). On the other hand, the diabetic
group was clustered in two subgroups located at opposite extremes of the graph, reflecting very
distinct patterns of histological changes (Fig 2). One subgroup had a considerable decrease in the
epithelial volume and large luminal amplitude which reveals an atrophic response caused by
diabetes induction. The other subgroup was located on the opposite side because of decreased
frequency of epithelium and an almost complete lack of luminal space, representing a drastic

difference between control and diabetic animals with prostatic atrophy (Fig 2).

Multiplicity of lesions

About 64% of all diabetic animals had simple atrophy and PIN, 7% showed PIA and 35% had
adenocarcinoma. In most cases, areas with normal glands were located together with simple
atrophy which occupied about 20% of the total gland (Fig 3 and 4A). PIA occurred in
concomitant area with 13% of PIN and 81% of adenocarcinoma. PIN lesions occupied an average
of 4% and adenocarcinoma represented 23% of the gland (Fig 3). There was a frequent

association of PIN with atrophic epithelium and some adenocarcinoma areas.
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Morphological features of predominant lesions

The atrophy was predominant in all diabetic samples and exhibited large acini, drastic reduction
in the epithelial height with flat cells and evident loss of cytoplasm (Fig 4A). Inflammation
occurred in 29% of diabetic animals and all of them were represented by infiltrate of lymphocytes
and eosinophiles, except the animal with PIA where the atrophy was related to drastic
inflammation characterized by high numbers of macrophages (Fig 4B). PIA lesions were
classified as proliferative epithelium which exhibited morphological features of simple atrophy
associated with dense inflammatory areas (Fig 4C). PIN lesions were frequent and had the
pappilary and/or pseudocribiform pattern (Fig 4D). Adenocarcinoma exhibited poorly
differentiated gland in some cases (Fig 4E) and invasion in the surrounding adipose tissue (Fig
4F). These tumours showed atypical cells, nuclear and nucleolar morphological variation (Fig
4@G) and interruptions in the basement membrane (Fig 4H), which demonstrate the invasiveness

of these lesions.

Immunohistochemistry

The control group prostate did not present positive reaction to Bcl-2 in contrast to all diabetic
groups with simple gland atrophy (Fig SA and B). Accordingly, all suspect lesions including PIA
and adenocarcinoma were positive for Bcl-2 (Fig 5C and D). The immunohistochemistry for
tenascin in the prostate of control group demonstred light reaction below the epithelium and in
some blood vases (Fig SE). In other hand, an intense staining for tenascin througout the area

surrounding tumours especially in the sub-epithelial region was detected in diabetic animals

42



presenting prostatic lesions (Fig SF). Immunostaining for laminin showed evident interruptions in

the basement membrane of malignant acini when compared to control ones (Fig 5G and H).

Discussion

Prostatic weight, as well as testosterone serum levels decreased significantly in the diabetic
group. Androgens are crucial for cell proliferation, differentiation and normal functioning of the
prostate. Beside androgens, other hormones like insulin, glucocorticoid and estrogens also have
an impact on this gland since it has receptors for these hormones (Cleutjens, 1997). A recent
study has shown that diabetes negatively influences the differentiation and maturation of the
pubertal rat prostate and decreases its weight and epithelial volume. Moreover, it has been
demonstrated that diabetes can reduce the number of androgen receptors in the prostate (Barros et
al., 2006). Thus, the lost of prostatic weight shown in the present work is in line with the
literature (Cagnon et al., 2000; Ribeiro et al., 2006) and confirms the negative role of diabetes in
this reproductive gland.

This study showed a high variation in the prostatic morphology of diabetic rats. Considering
the histological and stereological data, some diabetic animals had light changes; the great
majority had an intense epithelial atrophy; and other rats showed pre-malignant and malignant
lesions in the prostate. This data confirmed the high degree of atrophy in the ventral prostate
caused by experimentally induced diabetes. It is interesting to note that prostatic atrophy
observed in chronic diabetes herein, especially the epithelial type, is an event that resembles other
androgen deficiency situations such as castration (Goes et al., 2007; Oliveira et al., 2007).
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However, while the epithelial atrophy resultant from androgenic supression is similar to the
involution process that shows morphology similar to undifferentiated prostate and decreased
secretion, the atrophic pattern observed in most of the chronic diabetic animals, is very distinct
with extremely flat epithelial cells that maintained secretory activity. Previous reports about
testosterone supplementation in diabetic animals revealed that the androgen does not completely
establish changes in the reproductive system, while insulin replacement can reverse prostatic
involution and serum levels of testosterone (Yono et al., 2002). Our morphological data reinforce
this idea because they show clear evidence that the effects of diabetes do not result only from
androgen decrease but are also related to insulin. It is possible that the negative effects of
androgen deficiency could be intensified by absence of insulin since it presents a stimulatory
effect on the normal prostatic morphophysiology.

Prostatic lesions occurred in 35% of diabetic animals. These lesions were classified as PIA,
PIN and adenocarcinoma. The immunohistochemistry for Bcl-2, the presence of intense
proliferation and points of basement membrane interruption together with the poor differentiation
of some acini indicate that these lesions have malignant features. The Bcl-2 is a proto-oncogene
family that plays a central role in the regulation of apoptosis. The protein product encoded by bcl-
2 promotes cell survival by effectively suppressing apoptosis in diverse cellular settings (Wang et
al., 2004;Yoshino et al., 2006). The potential predictive value of Bcl-2 for determining the
malignancy has been demonstrated in other human tumours, including breast cancer and head and
neck cancer (Mackey et al., 1998). Overexpression of Bcl-2 was observed in numerous
neoplastic prostate tissues and was found to protect prostate cancer cells against apoptosis in vitro
and to confering resistance to androgen depletion in vivo (Huang et al., 2003). This findings
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prove that an abnormal balance between antiapoptotic and proapoptotic molecules may affect
tumor development and/or progression showing the importance of Bcl-2 as a malignant marker.
In spite of this malignant features described herein for diabetic animals, data have shown no
positive relation between diabetes and prostate cancer development (Weiderpass et al., 2002).
Furthermore, insulin acts as a growth factor for cell proliferation and stimulates IGF release
which also has a stimulant effect on tumours. Thus, the absence of insulin in diabetic animals
should be a protective factor against tumour (Calton er al., 2007). In contrast, other reports
suggest a possible positive correlation between diabetes and benign hyperplasia, urinary
symptoms and prostate cancer (Will et al., 1999; Michel et al., 2000). Therefore, the correlation
of diabetes and prostate cancer is still controversial and warrants further elucidation.

The area presenting prostatitis was larger in diabetic animals compared to control ones and
occupied most of the gland. A recent work showed that alloxan-induced diabetes promoted a high
incidence of stomach infections and this infection would act as a precursor for carcinogenesis in
this organ (Kodama et al., 2006). It is well known that high levels of glucose caused by diabetes
can block the correct functioning of immunological cells and for this reason diabetic patients
have recurrent infections (Calvet and Yoshikawa, 2001). Furthermore, the immune system is
damaged in diabetic individuals and it could explain the high incidence of prostatitis in diabetic
rats. The inflammation process may induce carcinogenesis through morphological and genetic
damage in the cells, and it also can create a microenvironment rich in cytokines and growth
factors increasing cell proliferation (Palapatu et al., 2004). According to recent models of
prostatic carcinogenesis, epithelial proliferative cells from PIA express high levels of glutathione
S-transferase (GSTP1), an enzyme which inactivates carcinogens in the cells (Nelson et al.,
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2006). The high expression of GSTP1 acts as a defence against oxidative damage in the genome.
Areas with inflammation surrounding PIA can induce mutations in GSTP1 genes in atrophic
epithelial cells rendering them vulnerable to oxidants, thus damaging DNA and promoting
neoplasic transformation to develop PIN lesions. In a next step, cell mutation in PIN performs a
malignant progression (Karainov et al., 2007). All these studies show that PIA is more frequent
in cases of adenocarcinoma suggesting an active role in tumour promotion. But this progression
from PIA to PIN and subsequent tumour development is still debated (Tomas etal., 2007).

Our results demonstrated the incidence of malignant lesions in the prostate gland of diabetic
animals. However, a possible toxic role of alloxan in tissues other than the pancreas cannot be
excluded. Previous studies showed that alloxan promotes toxic effects in the cell membrane of
hepatocytes (Bilic, 1975) while others have suggested that alloxan is not toxic in hepatocytes
since the high levels of glucose can protect these cells from membrane damage (Harmam and
Fischer, 1982). Thus, the toxic role of alloxan in other tissues remains unproven.

The high morphological variation observed in the diabetic group indicates that the
immunological function and the deficiency of insulin and testosterone presents action that varies
among individuals. Thus, it is possible to assume that those with high incidence of inflammation
caused by diabetes could develop subsequent premalignant and malignant lesions in the prostate,
while the remained diabetic individuals without prostatitis may develop only simple atrophy

resultant from androgenic decrease.
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Table 1- Mean values of glucose (mg/dL) and serum testosterone levels (ng/dL), body weight

(BW) (g), relative ventral prostate weight (RPW) from control and diabetic group.

Control Diabetic p Value
Glucose levels 89.29 412° 0.0000+
Testosterone levels | 82.2 26.4" 0.0327
BW 200 -36" 0,0000+
RPW 0.0014 0.0008" 0.0002

" significant difference between groups. p< 0.05

Figure legends

Figure 1- Photomicrographs of the ventral prostate from control (A and B) and diabetic rats (C-
F). H&E. A- Large acini with folded epithelium. B- Typical prismatic epithelium (e) constituted
by high columnar cells with evident Golgi complex (*). The smooth muscle layer is thin with
long and flat nuclei (s). C- Ventral prostate of diabetic rat showing characteristics similar to the
control with epithelial folds in addition to some points of gland atrophy (arrows). D- Detail of the
prismatic epithelium (e) showing cells smaller than controls. Golgi complex area (*). Stroma (s)
had clear decrease in muscle layer. E- Atrophied prostate. Acini had bigger luminal space (a),
secretion accumulation and decreased epithelium. F- Detail of the epithelial atrophy consisting

predominantly of flat cells with small nuclei and distinct loss of cytoplasm (arrows). Stromal
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space between acini was loose with reduced muscle layer (s) Scale Bars: A, C, E: 50 um; B, D, F:

20 pm.

Figure 2- Variations in the relative frequency (%) of tissue compartiments of the ventral prostate
in control (n = 5; @) and diabetic (n = 9; = ) animals. Legend: Ep — acinar epithelium, L -lumen
and SMC - smooth muscle cells. The points represent the mean of each individual. Note that
diabetic group was separeted into two sub-groups according to its high morphological variation in
the prostate. The parameters epithelium and lumen were statistically different between control

and diabetic group (p= 0,018 and 0,003 repectively. Kruskal-Wallis test).

Figure 3- Graph for multiplicity of the lesions (atrophy, PIA, PIN, adenocarcinoma and

inflammation) compared with normal areas in the ventral prostate of control and diabetic rats.

Figure 4- Photomicrographs of prostatic lesions in diabetic rats. Staining: H&E (AG), Gomori’s
Reticulin (H). A- Simple atrophy. B- Prostatitis: Inflammation in the stroma consisting of
lymphocyte cells (ii) and larger number of macrophages (arrow). Acini (a). C- PIA lesion is
represented by atrophic acini associated with intense inflammation (ii). D- Prostatic
Intraepithelial neoplasia (PIN) in a pseudocribriforme pattern. E- Adenocarcinoma showing poor
differentiated acini (arrows) and intense cell proliferation related to inflammation areas. F-
Malignant cells (arrow head) invading adipose tissue surrounding prostate (at). G- Poorly
differentiated acini in detail showing disorganization of the epithelium and high morphological
variation, cells with large nuclei, numerous and proeminent nucleoli (arrows). H- Reticular fibers
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are not continuous and indicate interruption in the basement membrane (white arrow). Scale

Bars: A, D, E- 100pm; B- 50pum; C- 200pum; F, G, H- 20pm.

Figure 5- Immunohistochemistry in paraffin sections of the ventral prostate of control (A, E, G)
and diabetic rats (B, C, D, F, H). A - Control animals showed no positive reaction for Bcl-2 in the
ventral prostate. B- Diabetic group with prostatic simple atrophy also did not exhibit Bel-2
expression, except in some limphocytes. C and D- Positive staining for Bcl-2 in the lesions
suspected for malignancy: PIA (C) and adenocarcinoma (D). E- Immunohistochemistry for
tenascin in the control prostate showing light positivity. F- Intense immunoreaction for tenascin
surrounding lesions indicates the presence of reactive stroma and possible interference in the
epithelial-stromal interaction. G and H- Laminin immunostaining showed intact basement
membrane in control (G) and its disarrangement in the malignant lesions of diabetic animals (H).
The arrows indicate the point of the basement membrane disruption. Scale bars: A, B, E, F:

200um; C, D, G, H: 50um.
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Abstract

Objectives: To evaluate the changes in the extracellular matrix (MEC) of rat prostate which
shows drastic atrophy caused by diabetes. Material and Methods: Diabetes was induced into
male adult Wistar rats using endovenous injection of alloxan (45 mg/kg bw) and animals were
killed 90 days after diabetes onset. Prostate fragments were processed for light microscopy
following immunoreaction for fibronectin (FN), chondroitin sulphate (CS) and Picrossirius
staining for collagen fibers. Proteoglycans (PG) were identified at transmission electron
microscope after fixation with Cuprolinic Blue. Results: Diabetes led to a thickening of 25% in
the acinar basement membrane accompanied by increase and disorganization of its proteoglycans
(P1). Three additional populations of stromal PGs were identified in the rat prostate according to
their dimensions and distribution: collagen fibril linked PG (P2) and interstitial small (P3) and
large (P4) PGs. Diabetes increased P3 and mainly P4. The latter appeared more dense and large
and accumulated around the smooth muscle cells and blood vessels. Immunohistochemical
reactions revealed a significative increase in CS (33%) and collagen (44%) in diabetic rats
whereas FN did not change. Conclusions: The atrophic changes observed in rat ventral prostate
after diabetes are accompanied by stromal remodelation related to increase in collagen and large
chondroitim sulfate PGs. Thus, diabetes can promote a stromal microenvironment rich in

elements that could favour cell migration, proliferation and pathological process.

Introducao

O diabetes mellitus é considerado um grave problema de satde publica devido a crescente
incidéncia e aos prejuizos para a qualidade de vida dos individuos afetados. Inimeros estudos
clinicos ou com modelos experimentais evidenciam os efeitos deletérios dessa doenga para o
sistema genital, os quais se relacionam principalmente com a disfuncao erétil e infertilidade
(Oksanen, 1975; Jackson & Hutson, 1984; Scarano et al., 2006). Por outro lado, a interferéncia
do diabetes na histofisiologia das glandulas acessorias do aparelho genital tem sido pouco

explorada (Cagnon et al., 2000; Carvalho et al., 2003). No caso da prostata, investigacdes com
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roedores demonstram que algumas respostas, tais como a atrofia do 6rgao e do epitélio secretor,
sao comuns independentemente do tipo de abordagem utilizada, se o diabetes espontaneo ou
induzido pelo tratamento com drogas diabetogénicas (Steger & Rabe, 1997; Ribeiro et al., 2006).

A remodelacdo estromal parece ser outra resposta comum a prostata frente ao diabetes,
envolvendo alteragdes morfoldgicas nas células musculares lisas e evidente aumento nas fibras
colagenas (Carvalho et al., 2003; Ribeiro et al., 2006). Pelo menos em parte, tais alteracdes sao
semelhantes as causadas pela castracdo (Vilamaior et al., 2000) e podem ser interpretadas como o
resultado da diminui¢ao nos niveis séricos de testosterona (Soudamani et al., 2006). Entretanto, o
diabetes ¢ uma desordem metabdlica complexa na qual inimeras outras variaveis estdo
envolvidas, entre as quais se destaca a hiperglicemia e falta da acao da insulina nos tecidos.

O estroma da prostata diferencia-se do encontrado para a maioria dos Orgaos, pois
apresenta uma grande quantidade de células musculares lisas e alta capacidade de resposta aos
hormdnios esterdides, em especial aos andrégenos. As células que o constitui, juntamente com os
elementos da matriz extracelular (MEC) por elas secretados, influenciam a morfogénese,
maturagdo e homeostase do orgdo (Wong & Tam, 2002). Alteragdes nas fibras colagenas,
reticulares e elasticas tém sido relacionadas com a remodelacdo tecidual que segue a queda de
andrégenos e instalagdo de lesdes malignas (Carvalho et al., 1997). Embora as variagdes nos
proteoglicanos (PGs) e glicoproteinas adesivas da MEC sejam comparativamente menos
conhecidas nessas situagdes, alguns relatos apontam para o envolvimento dos proteoglicanos de
condroitim sulfato (CSPGs) e da tenascina com a progressao maligna dos tumores de préstata
(Goulas et al., 2001; Tuxhorn et al., 2002). Além disso, o conteido de CSPGs na regido
peritumoral € um fator determinante no prognostico tumoral (Ricciardeli et al.,1997). A relagao
entre diabetes e aumento da incidéncia de adenocarcinoma de prostata tem sido muito debatida,
pois enquanto alguns autores apontam a influéncia negativa do diabetes nas patologias prostaticas
(Will et al., 1999; Michel et al., 2000) outros discutem a auséncia de correlagdo entre essas duas
doencas (Bonovas et al. 2004).

Devido a dificuldade de sobrevivéncia dos animais diabéticos, os estudos com modelos
experimentais existentes focalizam as alteragdes prostiticas no curto termo, sendo pouco

conhecidos os efeitos para a prostata de periodos mais longos nessa situagdo. Em estudo recente
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foram examinadas as alteragdes histopatologicas na prdstata ventral de ratos apos trés meses de
diabetes induzido pela aloxana (Ribeiro et al., in press). Nessas condi¢cdes os animais diabéticos
apresentaram altas taxas de glicemia e uma resposta histoldgica da prostata bastante variavel.
Apesar dessa variagdo, trés padrdes de resposta tecidual foram encontrados: um com alteragdes
discretas, um segundo com atrofia intensa e o Ultimo com severo comprometimento da glandula
devido a incidéncia de adenocarcinomas. Surpreendentemente, nessas condigdes experimentais, a
incidéncia de neoplasias malignas foi muito alta (35%). O foco da presente investigacdo ¢ avaliar
as alteracdes na matriz extracelular do estroma prostatico de animais diabéticos, com nitidos

sinais de atrofia glandular, e as implicagdes com o desenvolvimento de lesdes malignas.

Material e Métodos

Inducdo do diabetes

Foram utilizados 70 ratos machos alogénicos (Rattus novergicus) adultos (3 meses de
idade), pesando entre 200 e 300g, fornecidos pelo Biotério Central da UNESP de Botucatu. O
manuseio dos animais e os experimentos foram executados segundo as normas da Comissdo de
Etica em Experimentagdo Animal (UNESP/Botucatu, protocolo no. 17/07-CEEA).Estes animais
foram divididos em 2 grupos: Controle- injecdes de solugdo fisioldgica (n=15); Diabético-
injecdo endovenosa de aloxana (5,6 Dioxiuracil monohidrato, Sigma, St Louis, USA) (n=55).
Ap0s jejum alimentar de 12 horas, com fornecimento de “dgua ad libitum”, cada rato recebeu
aloxana pela veia caudal, diluida em solu¢do aquosa 2% na dose unica de 42 mg/kg de peso
corporal. Decorridos 30 minutos do tratamento, os animais foram alimentados normalmente. A
glicemia dos animais de ambos os grupos foi testada apos 7 e 14 dias da indugdo. Foram
utilizados no estudo apenas os animais com glicemia de jejum acima de 250mg/dl em todas as
medigdes, perda de peso, aumento da ingestdo hidrica e do débito urinario. O peso corporeo e a
ingestdo de racdo e agua foram monitorados ao longo do experimento. Os ratos de ambos os
grupos foram mortos apds 90 dias de diagndstico do diabetes, com o uso de inalagdo de CO,

seguida de decapitacio.
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Imunohistoquimica

O lobo ventral da prostata foi fixado em paraformol 4% em tampdo fosfato 0,1M e
incluido em paraplast. Os cortes histologicos foram corados pelo Picrosirius-hematoxilina para
analise das fibras colagenas. Para as reagdes de imunohistoquimica, os cortes foram tratados com
peréxido de hidrogénio 3% em metanol durante 20 minutos para o bloqueio da peroxidase
endogena. O bloqueio de interagdes inespecificas de proteinas foi feito em BSA 3% em PBS
acrescido de soro normal de cavalo 1% (NovoStain ABC Kit, Novocastra, UK), por 1 hora.
Seguiu-se, entdo, a incubacdo dos cortes com os anticorpos primarios monoclonais anti-
camundongo para: condroitim sulfato (CS-56/ Sigma, 1:500) e fibronectina (IQ011/ FK Biotec,
1:50), durante 1 hora, TA. A incubagdo com o anticorpo secundario biotinilado (1:250 NovoStain
ABC Kit) foi realizada durante 45 minutos em temperatura ambiente, seguida de lavagem em
PBS e nova incubacdo no complexo Avidina/Biotina/Peroxidase (NovoStain super ABC
reagente), por 45 minutos. A revelagdo foi feita através da reagdo com diaminobenzidina — DAB

e os cortes foram contra-corados com metilgreen ou hematoxilina.

Microscopia eletronica de transmissdo

Os fragmentos da prostata ventral foram fixados em glutaraldeido 3%/ acido tanico 0,25%
em tampao Millonig pH 7,3, por 2 horas, pos-fixados em tetroxido de 6smio 1%, durante 2 horas
e incluidos em Araldite (Polisciences Europe, Eppelheim, Germany) (Cotta-Pereira et al. 1976).
Os cortes ultrafinos foram contrastados em acetato de uranila e citrato de chumbo, segundo

Reynolds et al. (1963) e observados no microscopio de transmissdo LEO 902 (Zeiss, Germany).

Citoquimica ultra-estrutural para detec¢do de proteoglicanos

Os PGs foram identificados com base no método citoquimico do azul cuprolinico com
concentragdo critica de eletrdlitos de Scott (1965, 1980), que preserva os proteoglicanos na forma
de filamentos ou prismas. Resumidamente, os fragmentos prostaticos foram fixados em
glutaraldeido 2,5% em tampao acetato de sodio 0,025M pH 5,6, contendo 0,3 M de cloreto de
magnésio, durante 30 min a 4°C. A seguir, foram fixados “overnight”, em temperatura ambiente,

na mesma solucdo contendo 0,2% de azul cuprolinico (Electron Microscopy Sciences, Fort
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Washington, PA). Apods lavagem em tampao acetato, contendo as mesmas concentracdes de
cloreto de magnésio, os fragmentos foram imersos em acido fosfotingstico 1%, por 30 min e,
entdo, desidratados e incluidos em Araldite (Polisciences, Europe, Eppelheim, Germany). Os PGs

aqui observados para a prostata ventral de ratos foram classificados com base nos relatos de Chan

& Wong (1989, 1992).

Estimativa da marcac¢do dos componentes da matriz extracelular

As areas contendo fibras coldgenas, condroitim sulfato, e fibronectina foram estimadas
utilizando sistema analisador de imagens (Image-Pro Plus ©Media Cybernetics version 4.5 for
Windows software, Maryland, USA). Cinco animais por grupo e trés fragmentos de préstata
foram utilizados por animal. Vinte imagens foram digitalizadas de campos microscopicos
contiguos, no aumento de 100x, por animal. As areas de coloragdo ou de deposicio de DAB
foram estimadas através do método de contagem de pontos de Weibel et al. (1963) com aplicagdo

de um reticulo de 130 pontos, sendo expressas em freqiiéncia relativa (%).

Andlises morfométricas

Foram utilizados pelo menos 3 fragmentos prostaticos por animal € no minimo 3 animais
por grupo. As eletromicrografias em aumento de 30000x foram digitalizadas em resolucdo de
660dpi e analisadas com o analisador de imagens acima mencionado. As medidas da espessura
da lamina densa da MB do epitélio acinar (n = 60) foram efetuadas em eletromicrografias,
escolhendo-se trés 3 pontos distintos para cada regido e pelo menos 20 regides acinares diferentes
por animal. As medidas do didmetro das fibrilas de colageno I e do comprimento dos PGs (n =
100) foram realizadas no material processado com o azul cuprolinico, utilizando-se a amostragem

semelhante a descrita acima.

Andlise estatistica

Todas as médias dos resultados numéricos foram analisadas estatisticamente através de

teste T- Student ndo paramétrico aliado a testes de comparagao entre os grupos, utilizando-se o
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programa Statistica 6.0 (CopyrightOStatSoft, Inc. 184-1996). Valores de p< 0,05 foram

considerados significantes.

Resultados

Em estudo anterior (Ribeiro et al., in press), constatou-se que a maior parte dos ratos
(64%) acometidos ha trés meses pelo diabetes apresentou uma nitida atrofia da préstata ventral. O
peso relativo da prostata reduziu aproximadamente a metade nos animais diabéticos (de 1,4 + 0,3
para 0,8 = 0,3 por 100g de peso corporal, p <0,05), os quais apresentaram elevados niveis
glicémicos (412 £ 65 mg/dl) e redugdo de testosterona (82 + 35 e 26 + 10 ng/dl, controle ¢
diabético respectivamente). As alteracdes morfologicas observadas nesses animais, em
comparagdo com os controles, sdo ilustradas na Figura 1. Tanto em microscopia de luz (1A, B, D
e E) como em eletronica (Fig 1C e F), notam-se, nos ratos diabéticos, células epiteliais secretoras
cubicas ou pavimentosas com pouca quantidade de reticulo endoplasmatico e algumas vesiculas
de secrecao na regido apical (Fig 1E e F), diferentemente dos controles que apresentam células
altas e abundancia de reticulo endoplasmatico rugoso (Fig 1B e C).

O compartimento estromal da prostata ventral de ratos contém uma regido subepitelial
(Figs 1A,B) com esparsas fibrilas coldgenas e fibroblastos dispostos continuamente em uma ou
duas camadas, seguida por uma regido fibromuscular rica em células musculares lisas que
também circunda as unidades secretoras (Figs. 2A). O padrao de organizacdo histologica do
estroma prostatico ndo variou drasticamente apos trés meses de diabetes, contudo, verificou-se
uma maior desorganizagdo dos componentes da matriz extracelular (Figs: 1F; 5A, B). Assim, as
analises ultra-estruturais (Fig. 1F, 2B) e dos cortes histologicos corados com Picrossirius (Fig.
5A, B) revelaram um aumento na densidade das fibras colagenas, confirmado com a estereologia
(Tab. 1). Além disso, a espessura das fibrilas de coldgeno tipo I aumentou 77% nos animais

diabéticos (Tab. 1). Portanto, o diabetes acarreta desmoplasia na glandula.
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A observacao da membrana basal (MB) em microscopia eletronica de transmissao indicou
um aumento na espessura da lamina densa (Fig. 2) estimado em cerca de 25% nos animais
diabéticos (Tab.1).

Virios tipos de PGs foram identificados na prostata ventral de ratos, apds fixagdo com o
azul cuprolinico. Embora, com esse processamento, todos eles aparecam sob a forma de
filamentos, quatro tipos diferentes foram identificados com base nas dimensodes e localizagdao
(Tab. 2). Os PGs da MB - P1- ocorrem nas faces externa e interna da lamina densa, formando
uma dupla camada que conecta essa estrutura com o estroma e com a lamina ltcida (Fig 2C). Nos
animais diabéticos ocorreu um aparente aumento dos P1 que aparecem desorganizados nas duas
camadas da lamina densa (Fig 2D). Os P2 associam-se perpendicularmente a superficie das
fibrilas de colageno, formando pontes entre fibrilas adjacentes, numa periodicidade regular de 46
nm (Fig 3A). O diabetes ndo alterou a distribuicdo dessas moléculas (Fig 3B; tabela 2). Os PGs
P3 apresentam comprimento muito variavel (entre 28 a 65 nm) e uma distribuicdo mais ampla,
sendo encontrados no estroma subepitelial, em associagdo com a superficie de fibroblastos e na
matriz extracelular entre as células musculares lisas (Fig. 3C). Nos animais diabéticos, houve um
aumento desses filamentos que parecem ter localizagcdo predominante onde o estroma tem pouco
colageno (Fig 3D). PGs de grandes dimensdes, designados de P4, foram identificados sob a
forma de espiculas bastante eletrondensas geralmente ligadas a um material amorfo (Tab. 2).
Esses geralmente associam-se entre si formando grandes aglomerados. Embora os P4 sejam mais
freqlientes no estroma intersticial, eles também aparecem no estroma subepitelial do grupo
controle (Fig 4A e B). No grupo diabético, os P4 com o aspecto semelhante aqueles encontrados
nos animais controle foram menos freqiientes, pois a maioria apresentou maior eletrondensidade
e dimensoes (Fig. 4C-E). Houve um dréstico aumento dessas moléculas por toda a regido
estromal, em especial ao redor dos vasos sanguineos, na MB acinar e na superficie das células
musculares lisas (Fig. 4 F-I). Além disso, os P4 sdo freqiientemente visualizados em arranjo
paralelo ou conectados pelas extremidades, no grupo diabético (Fig. 4C- E).

A imunohistoquimica em microscopia de luz revelou a presenga de condroitim (CS)
sulfato proximo a MB do epitélio acinar, ao redor das células estromais e dos vasos sanguineos

na prostata dos animais controle (Fig. SE). Um nitido aumento das areas contendo CS (Tab. 1,
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Fig. 5F) foi identificado apds trés meses de diabetes em especial nas regides onde os P4 foram
encontrados (Fig. 5G, H). Verificou-se uma co-distribuicao da fibronectina com o CS no estroma
prostatico dos animais controle (Fig. 5C). A freqiiéncia relativa das areas contendo fibronectina
ndo se altera ap6s o diabetes (Tab. 1), mas uma reatividade maior para essa glicoproteina foi

identificada ao redor dos vasos sanguineos e em alguns pontos do estroma intersticial (Fig. 5D).

Discussao

O diabetes causa alteragdes na organizagdo, secre¢do e “turnover” dos componentes da
MEC com conseqiiente comprometimento funcional de diferentes 6rgaos (Ayo et al., 1991;
Silbiger et al., 1993; Wu et al., 2007; McLennan et al., 2007). Conforme mencionado
anteriormente, experimento prévio de induc¢do de diabetes pela aloxana revelou que a histologia
da prostata ¢ drasticamente afetada por essa doenga, mostrando severa atrofia epitelial e uma alta
incidéncia de neoplasias (Ribeiro e al., in press). Com base nesses achados, nds procuramos
avaliar até que ponto essas alteragdes atroficas sdo acompanhadas por modificagdes no ambiente
estromal, em particular nos componentes da MEC, com vistas a contribuir para as possiveis
relacdes com o desenvolvimento de neoplasias malignas.

Apesar dos cortes histologicos ndo revelarem alteracdes drasticas no estroma da prostata
ventral do grupo diabético, uma andlise mais detalhada com o uso de métodos ultra-estruturais,
imunohistoquimicos e quantitativos apontou para importantes alteragdes no sistema colagénico e
PGs. Assim, verificou-se o aumento e maior desorganizagdo das fibras de colageno tipo I,
juntamente com o aumento da espessura fibrilar, o que indicam desmoplasia. Ao contrario do
que ocorre na parotida e placenta, onde um aumento da marcagdo e expressao de fibronectina tem
sido constatado em ratos diabéticos (Lamers et al., 2007; Giachini et al., 2008), para a prostata
nao houve aumento das areas contendo essa glicoproteina, embora uma maior intensidade de
deposicao do DAB tenha sido observada ao redor dos vasos sanguineos.

Conforme constatado pelo exame ultra-estrutural e morfométrico, o diabetes promoveu
um espessamento da ldmina densa da MB acinar na prostata de ratos. Adicionalmente, o

processamento com azul cuprolinico revelou que o aumento da espessura ¢ acompanhado do uma
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maior densidade e desorganizacdo dos PGs (P1). O espessamento da MB ¢ uma degeneragao
comum do diabetes em diferentes o6rgaos (Daimon & Koni, 1998; Mason & Wahab, 2003).
Segundo alguns autores, ele ¢ decorrente do acimulo de material depositado em varias camadas
na MB, enquanto outros acreditam na diminui¢do da sua degradacdo e/ou superexpressao de seus
componentes (Cadaval er al., 2000). Contudo, estudos em outros sistemas mostram uma relagao
direta entre o aumento da MB e o conteudo e grau de sulfatacao dos PGs (Edge & Spiro, 2000;
Conde-Knape, 2001). Sabe-se que os PGs sdao moléculas complexas que contribuem para as
caracteristicas biomecanicas da MEC e interferem indiretamente na proliferacdo, diferenciacio e
morte celular (Ruoslahti, 1989; Stepp et al., 2002). Essas propriedades sdo devidas a sua
capacidade de ligar diferentes fatores de crescimento, aumentando a sua concentragdo ou
tornando-os mais facilmente disponiveis para as células adjacentes (Ruoslahti & Yamaguchi,
1991). Assim, € possivel que as alteragdes na estrutura e organiza¢do molecular da membrana
basal causadas pelo diabetes possam prejudicar as fungdes celulares tanto no epitélio como no
estroma prostatico.

No presente estudo, a andlise das possiveis mudangas nos PGs frente ao diabetes
necessitou da caracterizagdo prévia dessas macromoléculas, o que foi alcangado com a fixagao
das mesmas pelo corante cationico Azul cuprolinico, seguida de sua observagdo em nivel ultra-
estrutural. Esse ¢ um dos métodos mais confiaveis para esses fins, pois permite reconhecé-las
com um maior grau de resolugdo e discriminar com maior clareza suas interagdes com os demais
componentes da MEC (Tab. 2). Com excecdo do P4, os outros trés PGs encontrados na prostata
ventral de ratos sdo muito semelhantes, quanto ao tamanho e localizagdo, aqueles descritos por
Chan & Wong (1985, 1992) para a vesicula seminal e prostata lateral de cobaia. Além do aspecto
ultra-estrutural, a digestdo prévia com glicosidases especificas possibilitou a esses autores a
determinagdo dos tipos de GAGs que os constituem. Assim, os PGs associados a lamina densa,
aqui designados P1, contém heparam sulfato; os associados as fibrilas coldgenas, por nods
designados P2, possuem cadeias de dermatam sulfato e aqueles encontrados em abundancia no
espago intersticial, reconhecidos como P3, contém condroitim sulfato. No presente estudo ndo foi

possivel precisar o conteido de GAGs de cada PG identificado, mas o aspecto ultra-estrutural,
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dimensdes e tipo de associagdo com os demais elementos da MEC, além da semelhanga entre os
orgaos, sugerem fortemente que se tratam das mesmas moléculas descritas por esses autores.

Nossas andlises ainda demonstraram a existéncia de um quarto PG de grande tamanho, na
prostata de ratos (P4), que aumenta drasticamente com o diabetes. Além disso, o material amorfo
a eles associado aparece bastante eletrondenso, de maneira que eles se tornam muito espessas.
Seu aspecto ultra-estrutural, distribuicdo e co-localizagdo com o CS indicam que seja um
componente da familia dos grandes PGs de CS ligantes de 4cido hialuronico, como o versicam.
Este tltimo tem sido identificado com técnicas imunohistoquimicas para a prostata humana e ¢
sabidamente abundante em tecidos conjuntivos frouxos ricos em fibras musculares lisas e fibras
elasticas (Bode-Lesniewska et al., 1996). Um estudo recente mostrou que a glicacao, ligacao de
moléculas de aglicar no grupo amina das proteinas, ¢ a maior causa de danos as proteinas da
MEC (Ahmed & Thornalley, 2007). Considerando que a glicagdo ¢ um dos eventos mais
importantes do diabetes, gerando produtos de glicacdo avangada (AGEs) que danificam diversos
tecidos (Price & Knight, 2007; Kanwar et al., 2008), ¢é provavel que a adi¢dao de agticares no core
protéico dos PGs possa ser o evento responsavel pela maior eletrondensidade dos P4. Portanto, as
condigdes de diabetes da presente investigagdo causam ndo apenas a expressao aberrante de P4,
mas altera a sua distribui¢do e afeta provavelmente as suas interagdes com outras moléculas. Um
aparente aumento na trama de P3 também ¢ evidente nos animais diabéticos, mas nao se compara
em intensidade ao que ocorre para o P4.

Sabe-se que a MEC do estroma prostatico sofre significativa remodela¢do em situagdes
de ablagdo androgénica como a castragdo, havendo um aumento de fibras colagenas (Vilamaior et
al., 2000; Oliveira et al., 2007), de heparam sulfato na MB (Carvalho & Line, 1996) e de CS
(Kofoed et al., 1971; Terry & Clark, 1996). Esses estudos mostram que a expressao de GAGs ¢
dependente de androgenos. Considerando-se que o diabetes acarretou uma diminui¢ao dos niveis
de testosterona, ¢ razoavel supor que o aumento de colageno e CS tenha sido influenciado pela
queda de andrégenos. Por outro lado, estudos mostram que a hiperglicemia aumenta a expressao
de TGF beta que por sua vez, induz a sintese de CSPGs nas células musculares lisas arteriais

(Schonherr et al., 1991; Lammers et al., 2007). Entdo, as drasticas alteracdes observadas em
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especial para os PGs indicam o envolvimento de outros fatores diferentes dos androgenos, como
a hiperglicemia.

O CS, bem como a FN, apresentam funcgdes bastante diversificadas nos tecidos. O
primeiro tem importancia na proliferacdo e movimentacao celular e o ultimo na diferenciagao,
adesdo e migracdo celular, bem como nos processos de inflamagdo e reparo tecidual
(Zimmermann et al., 1994; Romberger, 1997). Essas moléculas, além do colageno e da tenascina,
também tem sido implicadas na invasdo tumoral, visto que o desenvolvimento do céncer ¢
acompanhado pela remodelagio na MEC, marcada pela degradacdo de componentes pré-
existentes e sintese de novos elementos (Rowley 1999; Tuxhorn et al., 2002). Na hiperplasia
benigna ou no cancer de prostata ocorre um aumento de até 4 vezes nos niveis de CS (Goulas et
al, 2000). O aumento de PGs altamente carregados negativamente, como o CS, torna o tecido
mais hidratado e expandido em volume, além de ligar mais fatores de crescimento. Esse tecido
alterado propicia um microambiente similar ao do embrido que favorece o crescimento e
migracao das células tumorais e formagdo de vasos sanguineos, promovendo o estabelecimento
do tumor e metastase (Li et al., 2001). Esses resultados indicam que a atrofia prostatica causada
pelo diabetes ¢ acompanhada de desmoplasia, aumento e reorganizacdo dos proteoglicanos de
CS. Pode se sugerir que essas mudangas no estroma prostatico de animais diabéticos favorecem o
desenvolvimento de patologias na glandula e apontam os proteoglicanos como os possiveis

moduladores da progressao maligna nessa situagao.
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Tabela 1- Dados (média + desvio padrao) morfométricos e esterecologicos de diferentes
componentes da matriz extracelular do estroma prostatico de ratos controle e ap6s 3 meses de
diabetes. Os dados estereoldgicos representam a freqiiéncia relativa de marcagdo para colageno
apos Picrosirius-Hematoxilina, e fibronectina e Condroitim sulfato apds reagdes
imunohistoquimicas especificas.

Dados morfométricos (nm) Controle Diabético

Espessura da lamina densa da membrana | 52 + 0,04 67 £0,06*
basal epitelial

Diametro das fibrilas de colageno 22+0.,8 39+ 0,98*

Dados Estereologicos (%)

Colageno 14,4+ 0,9 20,7 +£1,28*
Fibronectina 9,0+0,71 9,3 +0,38
Condroitim Sulfato 14,9 £ 0,05 20,1 £1,0*

* diferenga significativa entre os grupos. p< 0,05. Teste T (N=5).

Tabela 2- Caracterizacdo dos proteoglicanos no estroma da prostata ventral de ratos controles e
diabéticos segundo a dimensao e localizacao.

Tipos Dimensao (nm) Localizacao
Controle Diabético
P1 36 £ 0,68 38 £0,64 Membrana basal do epitélio acinar e das células
musculares lisas
P2 46 + 0,84 40 + 0,60 Associagao com fibrilas de colageno
P3 39 +£ 0,81 44 + 1,01 Estroma intersticial

Superficie de fibroblastos e célula muscular lisa
P4 83+2,11 145 + 4,48 Membrana Basal do epitélio acinar

Membrana basal capilar

Superficie de célula muscular lisa

Estroma intersticial

Proximidade das fibrilas de coldgeno
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Legendas das figuras

Figura 1- Microscopia de Luz e Eletronica da prdstata ventral de ratos controles (A, B e C)
e diabéticos (D, E e F). A e B- Visdo geral dos acinos na prostata ventral e detalhe do epitélio
secretor (e) e regido de estroma intersticial (s). C- O epitélio secretor dos animais controle
apresentou células tipicamente colunares (e¢) de nucleo alongado (n) e area de reticulo
endoplasmadtico bastante proeminente (er). O estroma, localizado logo abaixo da MB (Ib)
apresentou uma tipica organizacdo com células musculares lisas (smc) e fibroblastos (f). D e E-
Prostata de animais diabéticos, mostrando pequenas porgdes glandulares de epitélio atrofiado (e).
Estroma (s). F- Epitélio cubico (e) constituido de células achatadas e reduzidas organelas
citoplasmadticas, onde a atividade sintética foi mantida no apice celular (seta). No estroma (s) a
desorganizacao fibrilar e celular ¢ evidente, mostrando desarranjo da camada fibromuscular
subepitelial. Células musculares lisas (smc) e prolongamentos de fibroblastos (cabecas de seta)

Barras: A, D- 400 um, B, E- 20 pm, C-2,01 pum; F-2,54 pm.

Figura 2- Ultra-estrutura e Citoquimica para proteoglicanos da MB da préstata ventral de
ratos controles (A, C) e diabéticos (B, D). Os animais diabéticos apresentaram nitido
espessamento da MB (Ib) principalmente na regido da lamina densa (setas). O colageno (co)
associado a essa regido também tiveram aumento de fibrilas quando comparado ao controle.
Célula muscular lisa (smc), fibroblasto (f). C- Os P1, localizam-se em intervalos periodicos tanto
na face interna como na externa da ldmina densa da MB epitelial (cabegas de seta). D- Na lamina
densa dos animais diabéticos, esses proteoglicanos aparecem maiores e desorganizados (cabegas

de seta). Barras: A, B- 1,56 um, C, D- 0,44 pum.

Figura 3- Citoquimica ultra-estrutural para analise de proteoglicanos P2 e P3 na proéstata
ventral de ratos controle (A e C) e diabéticos (B e D). A e B- Os P2 aparecem associados as
fibrilas de coldgeno em intervalos periddicos de 46 nm, geralmente nas bandas densas, tanto nos
animais controle como nos diabéticos. O diabetes ndo modificou a distribui¢do desses

proteoglicanos. C- Os P3 sdo encontrados proximos as células musculares lisas (smc) ou livres no
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estroma intersticial. P2 (cabegas de seta). D- Nos animais diabéticos, a distribui¢do intersticial de
tais proteoglicanos ¢ mais difusa e abundante. Fibroblasto (f). Barras: A, B- 0,35 um; C, D- 0,28

pm.

Figura 4- Citoquimica ultra-estrutural para anailise dos grandes proteoglicanos P4 na
prostata ventral de ratos controles (A, B) e diabéticos (C-I). Nos animais controle os grandes
proteoglicanos aparecem como filamentos compridos (A, setas), normalmente associados uns aos
outros e separados por um material amorfo (B). Na prostata do grupo diabéticos, tais
proteoglicanos ocorrem sob a mesma caracteristica morfoldgica e associagdo com um material
amorfo (C). Entertanto, os filamentos s3o mais espessos € se associam uns aos outros por suas
extremidades formando estruturas longas e bastante eletrondensas (D e E). Esses P4 ocorrem por
toda a regido estromal (setas), incluindo o estroma intersticial (F), mas formam camadas
continuas principalmente na regido da MB epitelial (G) e entre as células musculares lisas (H e
I). Célula muscular lisa (smc), epitélio (e) e lamina basal (Ib). Barras: A, F, G, I- 0,56 um; B, C,
E- 0,171 pm; D- 0,2 um, H- 0,6 um.

Figura 5- Avaliacao da matriz extracelular da prostata ventral de ratos controles (A, C, E,
G) e diabéticos (B, D, F, H) apos as técnicas de Picrosirius-Hematoxilina (A e B) e
imunohistoquimica para Fibronectina (C e D) e Condoritim sulfato (E-H). Os animais
controles exibem grande quantidade de colageno (A), fibronectina (C) e condroitim sulfato (E),
todos com localizacdo predominante na regido subepitelial dos acinos e vasos sanguineos (V).
Epitélio (e). O diabetes cronico promoveu um aumento nos elementos de matriz extracelular
prostatico. O colageno (B) apresentou maior quantidade de densas fibras por toda o estroma
indicando desmoplasia estromal. A fibronectina (D) ndo teve alteragdes significativas na sua
marcagdo, mas mostrou pontos interrompidos de expressdo abaixo dos acinos (setas). O
condroitim (F) demonstrou evidente aumento de imunomarcacao e distribuicdo no estroma. Além
disso, houve pontos de intensa positividade para CS (G e H), indicando uma maior concentragao
de moléculas ao redor dos vasos sanguineos, células musculares lisas (setas) e em pontos da MB

(cabecas de seta). Barras: A-F- 25 um, G- 50 pum, H- 46 um.
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Capitulo 6

CONCLUSOES E CONSIDERACOES FINAIS

Modelo experimental de resisténcia a insulina

o A resisténcia a insulina induzida por glicocorticéide (GC) causa, na prostata ventral de
ratos, atrofia epitelial, atrofia das células musculares lisas, acompanhada de alteragcdes
mitocondriais, além de alteragcdes nos fibroblastos que demonstraram fenétipo mais sintético. As
alteracdes epiteliais foram, provavelmente, induzidas pela auséncia da acao da insulina, pois s3o
bastante semelhantes as descritas em curto termo para animais diabéticos. Por outro lado, as

alteragdes nas células musculares lisas também sao resultantes do efeito deletério do GC.

Modelo experimental de diabetes cronico nao tratado

. Verificou-se uma grande variacao morfoldgica individual na resposta histopatologica da
prostata, frente ao diabetes. Foi possivel diferenciar a resposta ao diabetes em trés niveis,
segundo a gravidade das alteracdes histopatologicas: 1) modificagdes leves; 2) intensa atrofia
epitelial e 3) ocorréncia de lesdes pré-malignas e malignas.

o O diabetes, na condi¢ao experimental aqui utilizada, aumenta a incidéncia de inflamagao e
lesdes pré-malignas (PTA, NIP) e malignas na préstata (adenocarcinoma). A variagdo morfoldgica
observada na préstata dos individuos diabéticos pode ser interpretada como uma tendéncia a
progressao maligna. Esses dados sugerem que a redugdo de testosterona promove a atrofia
epitelial e as freqiientes inflamagdes favorecem o desenvolvimento subseqiiente de lesdes
malignas na prostata.

J O diabetes induzido altera o ambiente estromal da prostata ventral ocasionando
espessamento da membrana basal acinar e aumento de coldgeno e de proteoglicanos de

condroitim sulfato. Esses ultimos se acumulam principalmente ao redor dos vasos sanguineos ¢
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células musculares lisas. Tais alteracdes estromais induzidas podem prejudicar as interacoes
epitélio-estroma e produzir um ambiente rico em elementos que podem favorecer o
desenvolvimento das lesdes teciduais na glandula.

o A complexidade das alteragdes metabdlicas envolvidas no diabetes dificulta o
esclarecimento dos mecanismos relacionados com as alteracdes aqui descritas. Contudo, os
efeitos prejudiciais dessa doenga para a morfologia prostatica indicam um potencial

comprometimento tanto da sua func¢ao na reprodugdo como na incidéncia de patologias.
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