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1-RESUMO

A distroglicana (DG) € uma importante proteina estrutural a qual estd envolvida no
desenvolvimento celular epitelial, formacdo de membrana basal e manutencdo da integridade de
diferentes tecidos. Estudos indicaram que a alteracdo na expressao da DG € um evento freqiiente nas
malignecéncias humanas e sugerem que esta molécula tem um papel importante no desenvolvimento
de tumor. No cancer de prostata, verificou-se expressiva redugdo das distroglicanas, especialmente da
a-DG, acarretando em progressdo tumoral e ocorréncia de metastases. Desta maneira, alteragdes na
expressao das distroglicanas podem ser relevantes na patogénese das doengas prostaticas. Além disto,
estas moléculas fazem parte de um complexo glicoproteico e estdo relacionadas a uma série de
proteinas tais como, agrinas, lamininas e a distrofina. Devido a deficiéncia de distrofina, este
complexo estd desestruturado na distrofia muscular de Duchenne e, no camundongo mdx. Este
trabalho teve como objetivos caracterizar a estrutura epitelial e estromal do lobo ventral da préstata
do camundongo mdx, identificar a ocorréncia de receptores para distroglicanas a e 3, IGF-1, laminina
a-3, estabelecer correlacdes entre os processos de proliferacao e morte celular e analisar a viabilidade
do camundongo mdx como modelo experimental no estudo de patologias prostéticas. Um total de 30
animais (15 C57BL10 e 15 mdx) foi dividido em 2 grupos experimentais: controle e mdx. Amostras
do lobo ventral da préstata foram coletadas para andlises macroscopicas, imunohistoquimicas,
microscopias de luz e eletronica de transmissdo e andlises morfométricas. Dosagens sorolégicas de
estradiol e testosterona foram realizadas. Os resultados mostraram que os niveis séricos de
testosterona foram significativamente diminuidos nos camundongos mdx em relacdo aos controles.
Em contraste, os niveis séricos de estradiol do grupo mdx mostraram-se significativamente
aumentados em relacdo ao controle. Acentuada atrofia celular, ocorréncia de neoplasia intraepitelial
prostdtica, hipertrofia estromal, presen¢a de células inflamatérias e hipertrofia estromal foram
evidenciadas nos animais mdx. A intensidade da reacdo de imunolocalizacdo da distroglicana foi de
fraca expressdo em relacdo ao controle, assim como a da laminina. J4 a imunolocaliza¢do do IGF foi

intensa em relag@o ao controle. Conclui-se que os animais mdx apresentaram alteragdes significativas
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na integridade estrutural e molecular prostdtica, com sinais de aumento do processo proliferativo,

comprometendo a homeostase glandular e o processo reprodutivo destes animais.
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ABSTRACT
The prostate is a fundamental accessory sex gland for the male reproductive process and the
stroma-epithelium interaction has an important role in prostate structural maintenance and function.
The basal membrane is an interaction link, offering mechanical and physiological support.
Nowadays, different studies suggest that dystroglycan (DG), which is an adhesion protein, plays a
role in different types of cancer development and progression, including that of the prostate. Thus,
the aims of this work were to characterize structural, ultrastructural and proliferative features of the
prostatic stroma and epithelium of mdx mice; to verify the immunolocalization of the a and B
dystroglycan, IGF-I and laminin a3 receptors; and to relate those structural and molecular events to
prostate pathogenesis as well as to verify the viability of this experimental model in prostate disease
studies. Thirty male mice (mdx and C57BL10/Uni) were divided into two groups: control and mdx.
Samples from the ventral prostate were collected for immunological, Western Blotting,
transmission electron and light microscopies and morphometrical analyses. Estradiol and
testosterone measurements were verified. The results showed diminished testosterone and increased
estradiol levels in the mdx group. Atrophied cells, stromal hypertrophy and prostatic intraepithelial
were verified in the mdx mice. Weak a and  dystroglycan and laminin a3 immunolocalization was
verified in the mdx group. However, intense IGF-I receptor localization was identified in the mdx
animals. Thus, it was concluded that mdx animals presented changes in the molecular and structural
integrity and proliferation signals, leading to glandular pathogenesis, compromising prostate
homeostasis and the reproductive process. Apart from this, the destructuring of the dystroglycan-
dystrophin complex can be considered a trigger factor for prostate pathogenesis. It can also point
towards that the steroid-hormone and IGF relationship can be an alternative towards new therapies

to treat prostatic diseases.



2- INTRODUCAO
2.1-Préstata

A préstata é uma glandula acessoéria do sistema genital masculino, sendo considerada
a glandula mais volumosa e de grande importincia funcional deste sistema (Cunha et al.,
2002; Marker et al., 2003; Untergasser et al., 2005).

A préstata dos roedores € composta por um sistema complexo de ductos ramificados
que terminam proximalmente na uretra (flio et al., 2000). Divide-se em trés pares de
lobos: ventral, lateral e dorsal, de acordo com a localizag¢do ao redor da uretra prostética e
um par de glandulas coaguladoras ou préstata anterior localizadas na face concava das
vesiculas seminais (Jesik et al., 1982; Sugimura et al.,1986; Aumuller & Seitz, 1990). A
borda epitelial dos ductos pode ser dividida em trés regides morfologicamente distintas.
A regido distal € circundada por células colunares altas, muitas das quais mostram sinais
de divisao celular. A regido intermedidria € circundada por células mitéticas quiescentes
capazes de secretar proteinas prostdticas. As células epiteliais ao redor da regido
proximal sdo cubdides baixas. A heterogeneidade de tipos celulares epiteliais indica
diferentes respostas do epitélio ao mesmo nivel de andrégeno circulante (Lee et al., 1990,
Lee et al., 1994, Ilio et al., 2000).

Na espécie humana, a prdstata encontra-se localizada ao redor da utetra, inferiormente
a bexiga urindria, e sdo descritas 3 regides glandulares distintas, no que se refere a
organizacdo histoldgica e incidéncia patoldgica: zona periférica, central e zona de
transi¢do, envoltas por uma fina camada fibromuscular (McNeal, 1988; Setchell &
Brooks, 1988).

Em linhas gerais, a prostata se desenvolve a partir do seio urogenital do embrido na
presenca de andrégenos, como resultado de interagdes entre o seio urogenital epitelial e o
seio urogenital mesenquimal. Durante o desenvolvimento prostitico, o seio urogenital

mesenquimal induz a formacdo de brotos epiteliais e o crescimento destes, bem como



regula a ramificacdo ductal, além de promover a diferenciacdo do epitélio secretor e
especificar os tipos de proteinas secretoras expressadas (Cunha et al., 2004).

A secrecdo prostdtica é formada por diferentes constituintes como o acido citrico,
4cido sidlico, espermina e prostaglandinas, enzimas como a amilase, fibrinogenase,
aminopeptidase, transglutaminase, fosfatases 4cida e alcalina, uma cascata de
fibrinolisinas e zinco (Blandy & Lytton, 1986; Lin & Bissel, 1993; Bull et al., 2001), os
quais apresentam propriedades importantes para a fertilizacdo, aumento da motilidade e
sobrevivéncia dos espermatozéides (Lin & Bissel, 1993; Bull et al., 2001).

Nos roedores, em geral, os lobos prostiticos sdo compostos por um conjunto de
estruturas tibulo-alveolares, onde o epitélio secretor simples encontra-se envolvido pelo
estroma (Aumiiller & Ader, 1979). A membrana basal estd localizada entre o epitélio e
estroma, tendo como seus principais componentes coldgeno tipo IV e laminina (Knox et
al., 1994).

O lobo ventral da préstata € constituido por dcinos revestidos por epitélio simples. Cada
um destes consiste de células colunares assentadas em nitida membrana basal (Cavazos,
1975). O estroma prostético € formado por células estromais e matriz extracelular associada
a fatores de crescimento, moléculas reguladoras e enzimas de remodelagdo, as quais
provém sinais biolégicos gerais e exercem influéncias mecanicas sobre as células epiteliais
(Tuxhorn et al., 2001; Cunha & Matrisian, 2002). Também, vasos sangiiineos, terminacgdes
nervosas e células imunes constituem partes integrais do estroma (Tuxhorn et al., 2001). Os
fibroblastos e as células musculares lisas s@o importantes tipos celulares do estroma
prostético. A principal funcdo destas € sintetizar componentes estruturais e reguladores da
matriz extracelular. A matriz extracelular € uma rede de proteinas fibrilares, glicoproteinas
adesivas e proteoglicanos (Lin & Bissel, 1993; Kreis & Vale, 1999; Tuxhorn et al., 2001),
sendo um reservatdrio de fatores de crescimento ativos e latentes (Taipale & Keski-Oja.,

1997; Tuxhorn, et al., 2001). Componentes estruturais como coldgeno e fibras eldsticas



proporcionam rigidez mecénica e flexibilidade ao tecido prostético (Taipale & Keski-Oja,
1997; Tuxhorn, et al., 2001). Assim, em associacao, células estromais e matriz extracelular
criam um microambiente que regula o crescimento e diferenciacdo funcional das células
adjacentes, desempenhando cada um desses, importante papel na manutencdo da forma e
funcgdo tecidual (Labat-Robert et al., 1990; Tuxhorn et al., 2001;Cornell et al., 2003).

O desenvolvimento, crescimento e funcionamento da prostata sd@o dependentes de
interacdes reciprocas entre epitélio e estroma, sendo reguladas por hormdnios esterdides
(Cunha et al., 2004). A membrana basal é o ponto de unido desta interacdo oferecendo
suporte mecanico e fisiolégico ao epitélio secretor e, é formada, principalmente, por
colageno tipo IV, heparan sulfato e laminina (Knox et al., 1994; Carvalho & Line, 1996
Hayward & Cunha, 2000).

Estudos t€ém apontado a expressdo das lamininas na membrana basal de varios tecidos
epiteliais. Elas t€ém mostrado ter papel significante na adesdo, forma e migracio celular,
além de estarem envolvidas também na diferenciacdo, proliferacdo e sobrevivéncia celular.
A identificacdo de varias subcadeias tem demonstrado a existéncia de uma variedade de
isoformas de laminina. Entre estas encontramos a lamina a-3, altamente expressada na
glandula prostatica normal adulta, porém com uma expressdo muito reduzida em patologias
da prostata, entre elas, o cAncer (Hao et al, 1996;Brar et al., 2003).

A morfogénese, a manutengdo da atividade funcional e da morfologia, a proliferagdo e a
diferenciacdo das células da prdstata sdo reguladas por andrégenos (Leav et al., 2001;Cunha
et al., 2002). A testosterona e a dihidrotestosterona (DHT) s@o os principais andrégenos a
induzir a diferenciacdo prostitica (Toorians et al., 2003; Hsing, 2001). Os andrégenos
expressam seus efeitos bioldgicos através da interagdo com receptores intracelulares
especificos sendo que, o complexo receptor-hormoénio associado a cromatina nuclear,

regula a expressao do gene especifico (Prins et al., 1991). A DHT ¢é resultante da conversdo



da testosterona através da enzima Sa-redutase (Prins et al., 1991; Hsing, 2001;Marker et al.,
2003; Toorians et al., 2003).
Apesar de a prdstata ser primariamente regulada por andrégenos, o seu desenvolvimento,

z

tanto em humanos como em roedores, € sensivel a outros horménios, destacando-se os
estrogenos, que atuam sinergicamente a testosterona, influenciando tanto as fungdes
normais do 6rgdo quanto as alteracdes patoldgicas (Weihua et al., 2001; Cunha et al.,
2002). Os estrogenos possuem efeitos anti-androgénicos e regulam negativamente o eixo
hipotdlamo-hipéfise-gonadal, com conseqiiente redugcdo na producdo de andrégenos pelas
células de Leydig e decorrente involucao do epitélio prostitico e crescimento estromal em
animais adultos (Weihua et al., 2002).

Os processos bioldgicos na glandula prostatica, tais como regulacido da proliferagdo e
diferenciacdo celular, atividade mitogénica, processos secretores e crescimentos tumorais
sdo regulados e/ ou influenciados por diferentes polipeptideos como os fatores de
crescimento homoélogos a insulina (IGF), fatores de crescimento fibroblasticos (FGF),
fatores de crescimento do endotélio vascular (VEGF) e pelos fatores de crescimento
transformadores (TGF) (Kerr et al., 1995; Djavan et al., 2001;Marszalek et al., 2005). Os
IGFs na préstata sdo produzidos pelas células estromais e atuam como fatores de
crescimento pardcrinos no epitélio prostatico normal. Existem dois tipos de receptores de
IGF transmembranicos, o IGF-1 que € expressado em células prostéticas epiteliais e
estromais e o IGF-2 que ndo foi encontrado em nenhum dos dois compartimentos
prostéticos (Djavan, 2001). Os efeitos mitogénicos e proliferativos sdo modulados pelas
proteinas ligantes de IGF-1 (IGFBPs) no epitélio prostatico (Konno-Takahashi et al., 2003).
Estudos clinicos e epidemioldgicos demonstraram que a elevagdo dos niveis séricos de IGF-

I constitui potente fator de risco para o inicio da hiperplasia benigna e da carcinogénese

prostética (Djavan et al., 2001; Takahashi et al., 2003;Pandini et al., 2005).



A morfologia e fisiologia da préstata tém sido examinadas em funcdo das condigdes
patoldgicas que podem acometer esse 6rgdo. Dentre essas destacam-se a hiperplasia
prostética benigna (HPB) e o carcinoma prostatico (Marcelli & Cunningham, 1999; Leav et
al., 2001). McNeal (1978) propds que a HPB, em homens, é resultado de uma reativagio
dos fatores de crescimento embriol6gicos no estroma prostitico. Esta concepcdo foi
suportada pelas observacdes morfoldgicas de Rohr & Bartsch (1980), os quais classificaram
a HPB como uma doenca estromal. Na HPB tem sido sugerido que os andrégenos e
estrogenos estimulam os fibroblastos a produzirem fator de crescimento queratinoso (KGF)
e fator de crescimento transformador (TGFp), os quais, através de estimulos pardcrinos
promovem crescimento e proliferacdo das células estromais e epiteliais, respectivamente
(Droller, 1997).

Em oposi¢dao, o cancer de prostata é considerado uma doenca do epitélio e,
freqiientemente estende-se além dos limites normais do 6rgdo (Droller, 1997). A
carcinogenése desse 6rgdo ocorre, em parte, como resultado da perturbacdo das interagdes
entre estroma e epitélio, sendo iniciada por um dano genético do epitélio prostitico. O
epitélio comeca a apresentar falhas na sinalizacdo apropriada as células musculares
adjacentes, e estas comecam a se tornar indiferenciadas. Assim, a sinaliza¢do das células
musculares para o epitélio se torna anormal, resultando em progressiva perda da
proliferacdo e diferenciacio epitelial, além disso, ocorrem migracdo, angiogénese, apoptose
e metastases tumorais (Wong & Tam, 2002;Cunha et al., 2004).

Também, deve-se destacar que o cincer de prostata é a segunda maior causa mortis na
populagdo ocidental masculina, embora sua etiologia ndo esteja totalmente estabelecida
(Jemal et al., 2003). Sabe-se que, o desenvolvimento do carcinoma prostitico é de natureza
enddcrina (Morton et al., 1996) e que a ocorréncia aumenta com a idade (Davies & Eaton,

1991).



Sabe-se que a alteragc@o na expressdo das distroglicanas influencia o desenvolvimento e
a progressao de cancer prostitico. No cancer de prostata de alto grau verificou-se acentuada
reducdo na expressao das DGs, levando a anormal interagdo da célula prostitica com a
matriz extracelular, o que certamente acarreta em progressdao de metastases. Assim sendo,
estes estudos indicam que as anormalidades na expressio das DGs podem ser fatores

cruciais na patogénese prostatica (Henry et al., 2001;Sgambato et al., 2006).

2.2-Distrofia Muscular de Duchenne e camundongos MDX

A distrofia muscular de Duchenne destaca-se, dentre as distrofias musculares, por ser a
mais comum e devastadora. Afeta 01 em cada 1500 criancas do sexo masculino nascidas
vivas, sendo uma doenca recessiva ligada ao cromossomo X. Além disso, caracteriza-se
pela falta da distrofina, com conseqiiente desestruturacdo do complexo distrofina-
glicoproteinas (Hoffman et al., 1987; Bonilla et al.,, 1988; Petrof, 1998; Engel &
Armstrong., 1994; Bogdanovich et al., 2004).

Clinicamente, a distrofia muscular de Duchenne se manifesta entre dois e cinco anos de
idade, quando se evidencia atrasos no desenvolvimento motor e fraqueza muscular. A
fraqueza muscular € progressiva resultando em perda da deambulacio aos 12 anos de idade,
contraturas articulares e cifo-escoliose (Engel & Armstrong, 1994). O processo de evolucio
do quadro clinico pode levar o paciente a &bito por volta dos 20 anos de idade
(Bogdanovich et al., 2004).

Além disso, recentemente, Ito et al (2006), demonstraram que a deficiéncia de distrofina
em musculo liso contribuiu para o fenétipo alterado vascular, além do préprio fendtipo
distréfico geral em pacientes com distrofia de Duchenne. Anteriormente, Mancinelli et al
(1999), estudaram as propriedades mecanicas do misculo liso no sistema vascular de
camundongos deficientes de distrofina (mdx), verificando ruptura da atividade motora de

musculos lisos da veia porta.



A linhagem de camundongos mdx (X-chromosome linked muscular dystrophy)
apresenta, similarmente aos humanos doentes, auséncia da distrofina. Entretanto, os animais
jovens desta linhagem apresentam ciclos de regeneragdo muscular (Torres & Duchen,
1987), fato que ndo ocorre nos musculos de pacientes humanos. Os animais da linhagem
mdx apresentam o gene da distrofina localizado na regido Hq Bpa do cromossomo X e sdo
afetados pela doenca os animais machos e as fémeas homozigéticas (Bulfield et al., 1984;
Engel & Armstrong, 1994;).

O camundongo mdx foi identificado em 1984 na colénia C57BL10/ScSn apresentando
niveis elevados das enzimas creatino-quinase e piruvatoquinase, bem como a degeneragdo

muscular caracteristica de distrofia muscular (Bulfield et al., 1984).

2.3-Distroglicanas

A distroglicana (DG) foi identificada como parte do complexo distrofina-
glicoproteinas ligando a matriz extracelular ao citoesqueleto do misculo esquelético,
onde tem o papel central na estabilizagdo do sarcolema durante a contragdo (Batchelor &
Winder, 2006). Em adi¢do a esse papel no musculo, é expressada em outros tecidos, onde
possui diversas fungdes, tais como, conectar as células epiteliais a lamina basal,
organizacdo do citoesqueleto, polaridade celular e transducdo de sinais extracelulares
(Winder, 2001). Essa é uma proteina integral de membrana e interage com outras
proteinas, tais como, distrofina, laminina, perlecan e agrinas (Sugita et al., 2001).

A distroglicana é formada por duas subunidades a-DG e B-DG, que sdo codificadas
por um unico gene. A a-DG ¢ extracelular sendo ligada as proteinas da matriz
extracelular e proteoglicanas. J4 a B-DG € transmembranica, ancorando a o-DG a
membrana e é ligada ao citoesqueleto de actina via distrofina (Sgambato et al; 2003;

Brennan et al., 2004; Cross et al , 2008).



Defeitos genéticos da DG ndo tém sido reportados como causa primdria de doencas
hereditarias humanas, provavelmente, devido ao fato de que uma mutacdo completa da
distroglicana cause morte prematura do embridao (Williamson et al, 1997; Durbeej et al.,
1998). Entretanto, anormalidades secundarias da DG tém sido descritas num grande
nimero de doencas neuromusculares (Yamada et al., 2001; Sgambato et al., 2006).

Contudo, apesar de terem sido descobertas em musculos esqueléticos, elas sdo
expressadas diretamente adjcantes & membrana basal, em nervo periférico e em epitélio
de revestimento (Durbeej et al., 1998). A DG tem se mostrado essencial para o
desenvolvimento epitelial in vivo e para morfogénese epitelial in vitro. No sistema
nervoso ¢ um importante mediador na resposta celular a estimulos moleculares
originados na membrana basal e, sua inativacdo causa uma alteracio na migracdo de
neurdnios no cérebro (Calogero et al., 2006). Também, tem sido relacionada a diversas
fungdes celulares, tais como: controle do crescimento, diferenciacdo, mudancga da forma
e movimento, todas elas relevantes no processo de desenvolvimento de diferentes tipos
de tumores, bem como nas metdstases tumorais (Jing et al., 2004).

Segundo Raz (2004), a reducdo na expressdo das distroglicanas acarreta a perda da
fun¢do de adesdo, causando uma interagdo anormal entre a célula e a matriz extracelular,
resultando em um aumento da motilidade e das propriedades invasivas.

Estudos demonstraram baixa ou auséncia da expressdo da a-DG nos cénceres de
prostata, mama e c6lon (Sgambato et al., 2003; Sgambato et al., 2007), bem como baixa
expressdo da B-DG em diversos tipos de tumores (Cross et al., 2008). Outros estudos t€m
correlacionado a alteracdo das distroglicanas com o desenvolvimento de vérios tipos de
canceres, como; cancer da glia (Calogero et al., 2006), cancer de vulva (Sgambato et al.,
2006), cancer de boca (Jing et al., 2004), tumores sélidos pedidtricos, entre esses:

rabdomiosarcoma, neuroblastoma e meduloblastoma (Martin et al., 2007).



3- JUSTIFICATIVA E OBJETIVOS

A literatura especializada demonstrou a importincia da glandula prostitica no
processo reprodutivo masculino e evidenciou a ocorréncia de diferentes patologias nessa
glandula, a qual possui grande complexidade quanto a morfofisiologia. Também,
destacou-se o papel fundamental da interacdo epitélio-estroma na manuten¢do da
integridade glandular, evidenciando—se a contribuicio da membrana basal. Ainda,
verificou-se o papel decisivo de diferentes polipeptideos, fatores de crescimento, além de
enzimas e proteinas que atuam de forma pardcrina no funcionamento glandular.

Também, sabe-se que anormalidades na expressdo das distroglicanas promoveram
desequilibrio do complexo distroglicanas-glicoproteinas, com conseqiiente interferéncia
nas interacdes entre matriz extracelular e citoesqueleto. O desequilibrio destas interagdes
favoreceu o aparecimento de carcinomas, dentre eles, o prostatico. Entretanto o papel das
distroglicanas no desenvolvimento de tumores, bem como na patogénese prostitica é
pouco conhecido. Assim, a evidenciagdo de diferentes aspectos estruturais da ocorréncia
da distroglicanas poderd fornecer sinais decisivos na prevencdo da progressio e
tratamento de patologias prostaticas.

O camundongo mdx é o animal mais utilizado no estudo das alteragdes do complexo
distrofina-glicoproteinas, uma vez que esses animais apresentam deficiéncia da
distrofina, com conseqiientes alteragdes nas musculaturas lisa e esquelética.

Assim, considerando-se a complexidade e importincia da distrofia muscular de
Duchenne e, seus efeitos sobre diferentes 6rgdos e tecidos corpéreos; também, a falta de
informacdes sobre os perfis das distroglicanas na glindula prostitica masculina, o
presente trabalho tem os seguintes objetivos:

a) Caracterizar a estrutura epitelial e estromal do lobo ventral da préstata de
camundongos da linhagem mdx, destacando aspectos morfoldgicos que possam

comprometer o processo reprodutivo.
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b) Identificar a ocorréncia dos receptores para as duas subunidades das distroglicanas,
laminina a-3 e do IGF-1 no lobo ventral da préstata de camundongos mdx.

c) Estabelecer correlacdes entre os processos de proliferacdo e morte celular no epitélio
secretor celular a possiveis processos de patogé€nese glandular, associando-se a
imunolocalizagdo das distroglicanas.

d) Analisar a viabilidade deste modelo experimental no estudo das patologias prostaticas.

4.0-MATERIAIS E METODOS

No presente trabalho 30 camundongos machos, sendo 15 da linhagem MDX e 15 da
linhagem C57BL10, com 3 meses de idade, foram divididos em 2 grupos experimentais.
Todos os animais foram obtidos no Centro de Bioterismo da Unicamp (CEMIB) e
mantidos no biotério do Departamento de Anatomia/IB/UNICAMP.

Os animais, dos dois grupos experimentais, receberam dgua e dieta sélida ad [ibitum
(Nuvilab, Colombo, PR, Brasil). Mensura¢des semanais das ingestdes de dgua e do
consumo de dieta em grdos foram realizadas. Os animais foram mantidos dois a dois em
gaiolas plasticas com revestimento de maravalha.

Apds 90 dias, todos os animais foram pesados em balanca semi-analitica Marte AS 5500,
anestesiados com Francotar/Virbaxyl (1:1) na dosagem 0,25 ml a cada 100g de peso
corpéreo. Amostras do lobo ventral da prdstata foram coletadas para andlises
macroscOpicas e de microscopia de luz e imunohistoquimica. Os testiculos, vesiculas
seminais e glandulas de coagulacdo foram retirados e pesados na balanca supracitada. Em
seguida, os animais foram sacrificados por pneumotdrax.

Todos os procedimentos experimentais estio de acordo com a Comissio de Etica em

Experimentacdo Animal (CEEA/UNICAMP) protocolo 1427-1.
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4.1- Macroscopia

O complexo urogenital foi exposto sendo realizada incisdo na parede abdomino-
pélvica. Parte desse complexo que inclui; préstata, glandula de coagulacdo, vesicula
seminal, uretra, bexiga urindria, testiculos, ureteres e ductos deferentes foi dissecado com

auxilio do microscépio cirtirgico DF Vasconcelos.

4.2-Microscopia de luz

Amostras do lobo ventral da prostata foram coletadas de 5 animais de cada grupo
experimental e fixadas em solu¢do Bouin e paraformaldeido a 4%.Os tecidos fixados em
paraformaldeido foram lavados em dgua corrente overnight, depois em dlcool etilico a
70%, com posterior desidratacdo em série crescente de dlcoois. J4 os tecidos fixados em
Bouin foram lavados diretamente em élcool etilico a 70% e, em seguida, desidratados em
série crescente de dlcoois também. Posteriormente, os fragmentos foram diafanizados com
xilol por duas horas e incluidos em paraplastico (Paraplast Plus, ST. Louis, MO, USA). A
seccdo do material foi realizada em micrétomo (Biocut-modelo 1130) com espessura de 5
micrometros, corado com hematoxilina-eosina, tricrdmico de Masson (Junqueira et
al.,1979), prata amoniacal (Behmer et al., 1976) e Resorcina Reticulina de Weigert
(Carvalho et al.,1997), fotografado no fotomicroscépio (Nikon Eclipse E-400) e,

submetidos a analises morfométricas.

4.3-Morfometria em nivel de microscopia de luz

Para o estudo morfométrico foram utilizadas amostras da préstata ventral, coradas com
hematoxilina e eosina, de cinco animais de cada grupo experimental, os mesmos utilizados
para a microscopia de luz. As imagens celulares obtidas no fotomicroscépio (Nikon Eclipse
E-400) foram submetidas as mensuracgdes das dreas nucleares, citoplasmaticas e luminais,

altura do epitélio secretor, didmetros maiores e menores dos niicleos e a porcentagem da
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drea relativa do epitélio X estroma glandular por meio do programa NIS-Elements:
Advanced Research (USA).

Para quantificacdo das 4reas nucleares e citoplasmaticas foram utilizadas células
epiteliais contidas em dez campos aleatoriamente definidos, fixando-se as observacdes com
objetiva de 100X.

Para a determinacio, em porcentagem, da drea relativa (estroma X epitélio) foi utilizada

objetiva de 20X.

4.4-Microscopia eletronica de transmissao

Um total de cinco animais de cada grupo experimental foi perfundido com solucdo de
Karnovsky (Karnovsky, 1965), através do ventriculo esquerdo do coragdo (Sprando, 1990).
A seguir, as prostatas ventrais foram coletadas e pds fixadas em tetréxido de 6smio a 1%
por duas horas. Os fragmentos foram inclusos em resina plastica (Araldite Polyscience,
Niles, IL, USA) e seccionados com 0,5 pm de no ultramicrétomo LKB 8800 ultratome III e
corados com azul de metileno e azul II. Posteriormente, os blocos foram trimados e
seccionados no ultramicrétomo Ultracult UCT 020 Leica. Os cortes obtidos foram
montados em telas de cobre 200 Mesh e contrastados pelo acetato de uranila (Watson,
1958) e pelo citrato de chumbo (Reynolds, 1963), examinados e fotografados no
microscopio de transmissao LEO 906 no laboratdrio de Microscopia Eletronica do Instituto

de Biologia/Unicamp.

4.5- Dosagens de hormonios esterdides no soro sanguineo

Amostras de sangue foram obtidas de cinco animais de cada grupo experimental, os
mesmos destinados a microscopia de luz, através de pungdo cardiaca no ventriculo
esquerdo. O soro foi separado por centrifugac¢do e armazenado a — 20° C. As concentragdes

de testosterona e estradiol foram mensuradas por quimioluminescéncia em um laboratério
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de analises clinicas de referéncia. Os resultados obtidos foram submetidos a testes

estatisticos.

4.6-Deteccio da apoptose e determinacio do indice apoptético

Amostras do lobo ventral de cinco animais, os mesmos destinados a microscopia de luz,
foram seccionadas e submetidas as reacdes de deteccdo da fragmentacdo do DNA e
Feulgen. A fragmentacdo do DNA foi detectada utilizando o sistema de deteccdo
fluorescente para apoptose (Promega, Madison, WI, USA) de acordo com as instrugdes do
fabricante. Os nucleos apoptéticos foram identificados e fotografados através do

microscopico Nikon TS-100, equipado com fluorescéncia (DXM 1200F, Nikon).

Para a reagdo de Feulgen, os cortes foram submetidos a hidrélise com 4 N HCl por 75
minutos e tratados com o reagente de Schiff por 40 minutos. Depois de extensa lavagem, os
cortes foram desidratados e montados em laminas histoldgicas. A seguir, seis campos de
cada animal foram analisados com objetiva de 100X e o indice apoptético foi determinado
dividindo-se o nimero de nucleos apoptéticos pelo nimero total de nicleos encontrados
nos campos microscopicos. Os nicleos apoptéticos foram identificados por caracteristicas
como picnose e/ ou fragmentacao nucleolar, de acordo com Kerr & Searle (1973). Somente

as células epiteliais foram consideradas para contagem.

4.7-Imunomarcacio das Distroglicanas (a e f), Ki-67, IGF-IR0. e laminina

Amostras do lobo ventral da prostata foram coletadas de cinco animais de cada grupo
experimental. A seguir, foram obtidos cortes com cinco micrdmetros de espessura no
micrétomo (Biocut — Modelo 1130), coletados em laminas silanizadas. Os cortes foram
desparafinizados em xilol, hidratados em uma série decrescente de dlcoois e lavados em
dgua destilada. A recuperacdo antigénica foi realizada por incubac@o dos cortes em tampado

citrato (pH 6.0) a 100°C por 15 minutos em microondas (poténcia de 750 W) ou tratamento
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com proteinase K, a depender das caracteristicas de cada um dos anticorpos avaliados. O
bloqueio das peroxidases enddgenas foi obtido com H,O, (0,3% em metanol) por 15
minutos. Para diminuir as ligagdes inespecificas proteina-proteina, os cortes foram
incubados em solu¢@o bloqueadora com albumina soro bovino (3%), em tampao TBS-T
por 1 hora em temperatura ambiente. Posteriormente, os antigenos alfa e beta
distroglicanas, Ki-67, IGF-IR e laminina a3 foram localizados através dos anticorpos
primdrios policlonais rabbit H-300 (sc-28534) (Santa Cruz Biotchenollogy) para alfa
distroglicana (a-DG), mouse (NCL-b-DG) (Novocastra) para beta distroglicana (3-DG),
rabbit N-20 (sc-720) (Santa Cruz Biotchenollogy) para IGF-Ira e policlonal rabbit H-187
(Sc-20143) (Santa Cruz Biotchenollogy) para laminina a-3, diluidos (1:50) e armazenados
overnight a 4 °C. Apés lavagem com tampao TBS-T, os cortes foram incubados com os
anticorpos secunddrios HRP conjugados goat anti-rabbit (sc-3837) (Santa Cruz
Biotchenollogy) e goat anti-mouse (sc-3697) (Santa Cruz Biotchenollogy) por 2 horas e,
posteriormente revelados com diaminobenzidina (DAB). Para a contra-coloragcdo destes
foram utilizados hematoxilina de Harris e verde metil. As laminas foram desidratadas,
montadas e avaliadas no fotomicroscépio Nikon Eclipse E-400.

A intensidade de coloragdo foi graduada como forte (+++), moderada (++) e fraca (+)
de acordo com a concentracdo e distribui¢do dos receptores nos tecidos (Markopoulos et

al., 2000).

4.8-Extracao de proteinas e Western Blotting

Amostras do lobo ventral foram coletadas de todos os animais de cada grupo
experimental e pesadas, homogenizadas através do homogenizador Polytron (Kinematica)
por 1 min em 50 ul/mg de tampao de extragdo contendo 100mM Tris 7.5, 10mM EDTA,
10% (v/v) Triton x-100 e 10 ul/ml de inibidores de proteases (Sigma-Aldrich, St Louis,

Mo., USA). Os extratos dos tecidos foram obtidos por centrifugacdo durante 20 minutos a



15

1400 rpm a 4°C. Uma aliquota de cada amostra foi usada para a determinacdo da
concentracdo de proteinas, usando o reagente de Bradford (Bio-Rad Laboratories,
Hercules, Caif., USA). As amostras foram misturadas (1:1) com tampao de amostra 3X
(100mM Tris- HCL ph 6.8, 10%p- mercaptoetanol, 4% SDS e 20% glicerol), incubadas em
banho seco a 95°C por 5 minutos, rapidamente congeladas e armazenadas a -70°C até o
momento do uso. O correspondente a 50 microgramas de proteinas foi aplicado no gel
SDS-poliacrilamida. Apés a eletroforese, o material foi transferido eletricamente (sistema
Hoefer) para membranas de nitrocelulose (Amersham) a 70 V por 3 horas. A qualidade da
transferéncia assim como da quantificacdo de proteinas foi analisada pela coloracdo das
membranas com Ponceau S. As membranas foram entdo bloqueadas com 3% BSA diluido
em TBS-T por uma hora e incubadas com os anticorpos primdrios policlonais rabbit H-300
(sc-28534) (Santa Cruz Biotchenollogy) para alfa distroglicana (0-DG), mouse (NCL-b-
DG) (Novocastra) para beta distroglicana (B-DG), rabbit N-20 (sc-720) (Santa Cruz
Biotchenollogy) para IGF-Ira e policlonal rabbit H-187 (Sc-20143) (Santa Cruz
Biotchenollogy) para laminina -3, diluidos em BSA 1% nas diluicdes 1:500. Apds a
lavagem com o tampdo TBS-T, as membranas foram incubadas por 2 horas com os
anticorpos secunddrios HRP conjugados goat anti-rabbit (sc-3837) (Santa Cruz
Biotchenollogy) e goat anti-mouse (sc-3697) (Santa Cruz Biotchenollogy) na dilui¢do de
1% em BSA. Apds nova série de lavagens com TBS-T, a atividade da peroxidase foi
revelada com o cromégeno diaminobenzidina (DAB). Anticorpo para B-actina foi usado
como controle endégeno. A intensidade da marcacdo obtida nas diferentes situacdes foi
determinada por densitometria através do programa de andlise de imagens NIS-Elements:

Advanced Research (USA).
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4.9-Contagem de células Ki-67 positivas

Os indices proliferativos foram obtidos por contagem das células Ki-67 positivas
(coradas com verde metil). Amostras do lobo ventral de quatro animais de cada grupo
experimental foram utilizadas, sendo as mesmas destinadas a imunomarcacdo para Ki-67.
A seguir, dez campos de cada animal foram analisados com objetiva de 100X e o nimero
total de células Ki-67 positivas foi expresso em porcentagem do total de células dos

diferentes tipos celulares (células luminais, basais e estromais).

5.0- Anadlises Estatisticas

A comparacgdo entre grupos foi realizada através das varidveis: variagdo de peso (AP) =
peso final — peso inicial (g); consumo liquido didrio (mL); consumo sélido didrio (g); peso
dos testiculos (g); pesos das vesiculas seminais, glandula de coagulacdo (g) e complexo
prostatico; dreas do nicleo (um?), do citoplasma (UWm?) e luminal (um) e altura do epitélio
(um).Também os niveis de testosterona e estradiol totais no soro sanguineo. Para a andlise
estatistica foram empregados o Test-T (Norman & Streiner, 1994) e a andlise de variancia
(ANOVA), seguida pelo teste de Tukey para comparagcdo entre as médias. Todas as

andlises foram realizadas com nivel de significancia de 5%.
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ABSTRACT

The prostate is a fundamental accessory sex gland for the male reproductive process and the stroma-
epithelium interaction has an important role in prostate structural maintenance and function. The
basal membrane is an interaction link, offering mechanical and physiological support. Nowadays,
different studies suggest that dystroglycan (DG), which is an adhesion protein, plays a role in
different types of cancer development and progression, including that of the prostate. Thus, the aims
of this work were to characterize structural, ultrastructural and proliferative features of the prostatic
stroma and epithelium of mdx mice; to verify the immunolocalization of the a and  dystroglycan,
IGF-I and laminin a3 receptors; and to relate those structural and molecular events to prostate
pathogenesis as well as to verify the viability of this experimental model in prostate disease studies.
Thirty male mice (mdx and C57BL10/Uni) were divided into two groups: control and mdx. Samples
from the ventral prostate were collected for immunological, Western Blotting, transmission electron
and light microscopies and morphometrical analyses. Estradiol and testosterone measurements were
verified. The results showed diminished testosterone and increased estradiol levels in the mdx
group. Atrophied cells, stromal hypertrophy and prostatic intraepithelial were verified in the mdx
mice. Weak a and B dystroglycan and laminin o3 immunolocalization was verified in the mdx
group. However, intense IGF-I receptor localization was identified in the mdx animals. Thus, it was
concluded that mdx animals presented changes in the molecular and structural integrity and
proliferation signals, leading to glandular pathogenesis, compromising prostate homeostasis and the
reproductive process. Apart from this, the destructuring of the dystroglycan-dystrophin complex can
be considered a trigger factor for prostate pathogenesis. It can also point towards that the steroid-
hormone and IGF relationship can be an alternative towards new therapies to treat prostatic

diseases.
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INTRODUCTION

The prostate is one of the most important accessory sex glands, with its secretion being
fundamental for the male reproductive process (Setchell & Brooks, 1988; Marker et al., 2003;
Untergasser et al., 2005). Morphogenesis, functional activity and morphology maintenance are
regulated by androgens (Cunha et al., 2002; Imamov et al., 2005). Despite the prostate being
primarily regulated by androgens, its development in both humans and rodents is sensitive to other
hormones such as estrogens in both humans and rodents which act in association with the latter,
influencing not only normal prostatic function but also pathological processes (Weihua et al., 2001;
Cunha et al., 2002).

The rodent prostate is divided into three pairs of lobes: ventral, dorsal and lateral according
to their anatomic positions in relation to the urethra (Jesik et al., 1982; Aumuller & Seitz, 1990).
These lobes show different characteristics in relation to morphology, secretion and hormone
dependence (Colombel & Buttyan, 1995; Costello and Franklin, 1994). In general, the prostate
lobes show a simple epithelium surrounded by stroma (Aumiiller & Adler, 1979). The epithelial
basal lamina is found at the interface between the epithelial cells and the stroma and it is primarily
made up of proteoglycans, type IV collagen and noncollagenous glycoproteins such as laminin
(Knox et al., 1994).

The prostate epithelium shows columnar cells intermingled with basal cells (McNeal et al.,
1988; Abate-Shen & Shen, 2000; Garraway et al., 2003). The prostate stroma is made up of a
complex net of stromal cells and extracellular matrix associated to growth factors; regulatory
molecules; and enzyme restructuring, which provide biological signals and have mechanical
influence on the epithelial cells (Tuxhorn et al., 2001; Cunha & Matrisian, 2002). Polypeptides such
as insulin-like growth factors (IGFs), fibroblastic growth factors (FGF), vascular endothelium
growth factors (VEGFs) and transforming growth factors (TGFs) are important mitogenic factors to

maintain prostate function (Kerr et al., 1995; Djavan et al., 2001; Konno-Takahashi et al., 2003;
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Zhao et al., 2004; Marszalek et al., 2005). IGFs are produced by the stromal cells in the prostate,
acting as paracrine growth factors in the glandular epithelium (Djavan et al., 2001). There are two
types of IGF transmembrane receptors; IGF-1 which is expressed in the stromal and epithelial
prostatic cells and IGF-2 which was not found in both prostate compartments (Djavan et al., 2001).
The proliferative and mitogenic effects are modulated to bind IGF-1 protein in the prostate
epithelium (IGFBPs) (Konno-Takahashi et al., 2003).

Nowadays, different studies suggest that dystroglycan (DG), which is an adhesion protein,
plays a role in epithelial cell development; formation of basal membrane; cell polarity; transduction
of extracellular signals; and maintenance of tissue integrity (Henry & Campbell, 1998; Winder,
2001). Dystroglycan is linked to extracellular matrix proteins such as laminin; perlecan; and agrin;
proteoglycans, in addition to cytosolic proteins (Losasso et al., 2000; Sugita et al., 2001). DG is
formed by two protein subunits, B and o, interacting to form a non-covalent complex which is
identified by the same gene (Brennan et al., 2004). a-DG links extracellular molecules, whereas the
transmembrane 3-DG anchors a-DG to the cell membrane (Sgambato et al., 2003). DG was initially
studied in skeletal muscles and its role has been limited to muscle physiopathology for a long time
(Brennan et al., 2004). The role of different adhesion molecules, such as DG and its ligants have not
been completely elucidated. Nevertheless, nowadays the adhesion protein role, such as that of
carried out by DG, has shown multiple functions which are involved in connecting cells to the basal
lamina and in the exchange of information with the extracellular environment (Hood & Cheresh,
2002; Lyons & Jones, 2007). In addition, it is well known that the accurate contact between
epithelial cells and their underlying basement membrane is fundamental to the maintenance of
tissue architecture and function (Weir et al., 2006). Therefore, the adhesion molecules are extremely
important to promote tissue growth, differentiation and maintenance of cyto-architecture of
different organs, including the prostate (Brennan et al., 2004).

The stroma-epithelium interaction has an important role in prostatic structural maintenance

and function (Ekman, 2000). The basal membrane is an interaction link, offering mechanical and
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physiological support which is specially made up of collagen type IV and laminin (Knox et al.,
1994). The laminins have been shown to play significant roles in cellular adhesion, cell shape and
migration, proliferation, differentiation, and cell survival (Colognato & Yurchenco, 2000; Brar et
al., 2003). The imbalance of the stroma-epithelium interaction leads to different prostatic diseases
including prostate cancer (Wong et al., 2000; Cunha et al., 2001; Cunha et al., 2003; Cornell et al.,
2003). Stromal cells associated with carcinomas affect different processes that include tumor
initiation, growth, migration, angiogenesis, apoptosis, invasion and metastasis (Wong et al., 2000;
Cunha et al., 2001; Cunha et al., 2003; Cornell et al., 2003).

Abnormalities in the expression of the dystroglycans promote an imbalance of the
glycoprotein-dystroglycan complex, which in turn causes an interference in the interaction
between the extracelular and cytoskeletal matrix. The imbalance of these interactions promotes
the onset of carcinomas, among which, prostatic carcinoma. Literature has shown that the role of
the dystroglycans in the development of tumors, as well as in the different prostatic pathogenesis,
1s little known. Thus, evidence of the structural aspects of the dystroglycans will provide means
for the impediment of progression and towards the treatment of prostatic pathologies.

The mdx mouse (dystrophin-deficient) is the most commonly used animal in the study of
changes in the glycoprotein-dystroglycan complex, as they show dystrophin deficiency, and
consequently alterations in the smooth and skeletal muscles.

Thus, considering the lack of information on dystroglycan profiles in the male prostatic
gland, as well as the characterization of the prostate of mdx mice, the aim of the present study
was to characterize the structural, ultrastructural and proliferative features of the prostatic stroma
and epithelium compartments of the ventral lobe of mdx mice; identify the occurrence of o and f3
dystroglycan and IGF-I receptors; correlate the molecular and structural occurrences in the
prostate of mdx mice with prostatic pathogenesis; and indicate a possible viability of this line of

mouse in the study of the prostate.
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ANIMALS AND TISSUE PREPARATION

A total of 15 male mice (mdx) and 15 control mice (C57BL10/Uni), 90 days old, from the
Bioterism Center/Unicamp were used. The mice were divided into two groups: the control and the
mdx groups. After 90 days, all animals were anesthetized with a 0.25 mL/100 g body weight dose of
Francotar/Virbaxyl (1:1, Vibra® Roseira, Sdo Paulo, Brazil), and samples of the intermediate and
distal regions from the ventral lobe of the prostate were collected under a DF Vasconcellos
Steromicroscopy (DF Vasconcellos, Sdo Paulo, Brazil) which allows the withdrawal of prostate
samples from these specific regions to be processed for morphometrical, structural, immunological
and Western Blotting analyses. Hormonal dosages were also carried out on the blood samples.

Animal experimentation was carried out as per the Ethical Principles for Animal Research
established by the Brazilian College for Animal Experimentation (COBEA) and was approved by
the Ethics Research Institutional Committee - protocol number 1427-1 (University of Campinas -
UNICAMP).

Samples of the ventral prostate were collected from five animals in each group for
histological analysis and then fixed by immersion in either Bouin's solution or 4%
paraformaldehyde from each one of the animals; embedded in paraplast (Paraplast Plus, Brazil); cut
into 5-um thick sections; and submitted to the following staining procedures: hematoxylin-eosin
(Behmer et al., 1976); Masson trichrome (Junqueira et al., 1979); amoniacal silver impregnation for
reticular fibers (Behmer et al., 1976); and Weigert Resorcin-Fucsin for elastic fibers. The slides
were photographed with a Nikon Eclipse E-400 photomicroscope (Nikon, Tokyo, Japan).

Five animals from each experimental group were anesthetized and perfused with
Karnovsky's solution for ultrastructural analysis. Next, samples of the ventral prostate were
immersed in the same fixative for 2 h, followed by 1h in a cacodylate buffer and 1% osmium
tetroxide. After that, all the material was embedded in resin (Polysciences, Niles, IL, USA), cut

with an ultramicrotome (Ultracult UCT 020 Leica, Wetzlar, Germany), mounted on copper grids
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(Sigma Chemical Company, St. Louis, MO, USA), and counterstained with uranyl acetate and lead
citrate. The specimens were then examined and photographed under a LEO 906 transmission

electron microscope.

Morphometrical Procedures

Samples of the ventral prostate were collected from five animals in each group for
morphometrical analyses. Four 5-um thick cuts from each animal in the different experimental
groups were obtained and stained with hematoxylin-eosin.

Cellular, cytoplasm, nuclear, epithelial, luminal and stromal areas and epithelial height were
measured and the groups were randomly chosen using X200 magnification.

Cellular, cytoplasm and nuclear areas and epithelial height in the ventral lobe of the prostate
were measured (10 fields per animal were randomly taken), using x100 magnification.

To determine epithelial, luminal and stromal areas, ten fields per animal were randomly
taken, using x20 magnification. The different parameters were measured using the NIS-Elements:

Advanced Research (Nikon, Tokyo, Japan) computerized image analysis system.

Determination of the apoptotic index

Samples of the ventral prostate were collected from five animals in each group, fixed by
immersion in 4% paraformaldehyde and processed for DNA fragmentation by means of a
fluorescein apoptosis detection system (Promega, Madison, WI, USA) according to manufacturer
instructions. The apoptotic nuclei were identified using a Nikon TS-100 microscope equipped for
fluorescence (DXM 1200F, Nikon, Tokyo, Japan), in addition to Feulgen's reaction (Garcia-Florez,

2005).
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The sections were subjected to hydrolysis with 4N HCI for 75 min and then treated with
Schiff's reagent for 40 min., for Feulgen's reaction. After washing, the sections were dehydrated and
mounted on slides. Ten microscopic fields were taken at random and analyzed per animal, resulting
in 40 fields per group, using a Nikon Eclipse E-400 photomicroscope with a x100 objective. The
number of nuclei counted varied from 1290 to 2657 in the different experimental groups. The
apoptotic index was determined by dividing the number of apoptotic nuclei by the total number of
nuclei found in the microscope field. Apoptotic nuclei were identified by the characteristic pyknosis

and/or nuclear fragmentation, as reported by Kerr & Searle (1973).

Immunolabelled alpha dystroglycan (a-DG), beta dystroglycan (B-DG), laminin a3,
Ki-67 and IGF-IRa
Samples of the prostate ventral lobe were removed from all animals in each group then
fixed by immersion in Bouin's solution, embedded in paraplast (Paraplast Plus, Brazil) and cut into
6 um thick sections. The sections were deparaffinized in xylene, hydrated using graded alcohols
and rinsed under tap water. Different protocols were used for antigen retrieval. After that, the
sections were incubated in 0.3% H,O, for 15 min to block endogenous peroxidase. Nonspecific
binding was blocked by incubating the sections in a blocking solution for 1h at room temperature.
Primary rabbit H-300 (sc-28534) (Santa Cruz Biotchenollogy, California, USA) for o-DG, mouse
(NCL-b-DG) (Novocastra, Houston, USA) for B-DG, rabbit H-187 (sc-20143) (Santa Cruz
Biotchenollogy, California, USA) for laminin o3, rabbit H-300 (sc-15402) (Santa Cruz
Biotchenollogy, California, USA) for Ki-67 and rabbit N-20 (sc-720) (Santa Cruz Biotechnology)
for IGF-IRa were diluted in 1% BSA (1:50) and applied to the sections overnight at 4°C. The
Envision HRP Kit (Dako Cytomation Inc., Carpenteria, CA, USA) was used to visualize the bound
antibody according to manufacturer’s instructions. The sections were washed for 15 min. with TBS-

T and a secondary labeled polymer from the Envision HRP Kit (Dako) was applied for 40 min. at
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room temperature. After washing in TBS-T, peroxidase activity was detected using a
diaminobenzidine chromogen kit from Envision HRP Kit (Dako) for 10 min. Sections were lightly
counterstained with methyl green and Harris’ hematoxylin dehydrated in an increasing ethanol
series and xylene, mounted in entellan (Merck, Darmstadt, Germany) and photographed with a
Nikon Eclipse E-400 photomicroscope (Nikon, Tokyo, Japan). Sections from the ventral lobe of the
prostate, which were not stained with primary antibody for a-DG, B-DG, laminin a3, Ki-67 and
IGF-IRa, were used as negative controls. Staining intensity was graded as strong (+++), moderate
(++), and weak (+) according to concentration and distribution of the receptor in the sectioned

tissue (altered Markopoulos et al., 2000).

Protein extraction and Western Blotting

The samples of the prostate ventral lobe were removed from all animals in each group,
weighed and homogenized in a Polytron homogenizer (Kinematica) for 1 min in a 50 pl/mg lysis
buffer. The tissue homogenates and cell extracts were clarified by centrifugation at 14,000x for 20
min. at 4°C. A sample of each extract was used to determine the protein concentration using the
Bradford reagent (Bio-Rad Laboratories, Hercules, Calif.,USA). The clarified supernatants were
mixed (1:1) with 3x sample buffer, transferred to a dry bath at 95°C for 5 min., rapidly frozen on
ice; and stored at -70°C until use. Protein (50pg) was set to 12% SDS-polyacrylamide gel
electrophoresis under reducing conditions. After electrophoresis, proteins were transferred to
Hybond-ECL nitrocellulose membranes (Amersham, Pharmacia Biotech, Arlington Heights, IL.,
USA) at 70V for 3h. The membranes were blocked with TBS-T containing 1% BSA for 60 min,
rinsed in TBS-T and incubated at 4°C overnight with the following primary antibodies: rabbit H-
300 (sc-28534) (Santa Cruz Biotchenollogy, California, USA) for a-DG, mouse (NCL-b-DG)

(Novocastra, Houston, USA) for B-DG, rabbit H-187 (sc-20143) (Santa Cruz Biotchenollogy,
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California, USA) for laminin a3 and rabbit N-20 (sc-720) (Santa Cruz Biotechnology) for IGF-IRa
diluted in 1% BSA (1:1,000) and applied to the membranes. The membranes were then incubated
for 2h with rabbit and mouse secondary conjugated HRP antibodies (Santa Cruz Biotchenollogy)
diluted 1:2,000 in 1% BSA. After washing in TBS-T, peroxidase activity was detected using a
diaminobenzidine chromogen (Sigma Chemical Co., St Louis, MO, USA) for 10 min. B-Actin was
used as the endogenous control. Blots were quantified by NIS-Elements: Advanced Research

(Nikon, Tokyo, Japan) computerized image analysis system.

Counting of Immunolabeled Ki-67
The Ki-67 immunolocalization was measured in five animals in each experimental group.
Ten fields were taken at random and measured per animal, resulting in 50 fields per group with a
x100 objective lens and the total number of Ki-67 staining positive cells was expressed as the
percentage of these total cells, including luminal, basal epithelial and stromal cells. The number of

nuclei counted ranged from 1290 to 2657 for the different experimental groups.

Hormone Concentrations in Serum

At the end of the 90-day treatment, blood samples were collected from all the mice in each
group and the serum concentrations of testosterone and estradiol were determined by
radioimmunoassay using Coat-a-Count total testosterone/estradiol kits (Diagnostic Products
Corporation, Los Angeles, CA, USA). The serum hormone concentrations were expressed in ng/dL

and pg/mL .

Statistical Analysis
Average data for cellular, cytoplasm, nuclear, epithelial, luminal and stromal areas,

epithelial height, serum levels, apoptotic index and immunolabeled Ki-67 were compared between
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groups and analyzed statistically by analysis of variance and Tukey multiple range test, with the

level of significance set at 5% (Montgomery, 1991).

RESULTS
Light and Transmission Electron Microscopies and Morphometrical Analyses

The Control Group

The ventral lobe of the prostate showed folded acinus mucosa (Figures. 1a and 1c). The
secretory epithelium presented tall columnar cells with basal nuclei (Figures la, 1b, 1c, 2a and
Table 1). Flattened rough endoplasmic reticulum cisternae and developed Golgi complex in the
supranuclear and perinuclear (Figures 2c and 2d) were observed in the cellular cytoplasm. Secretory
vesicles with granules, showing different electrondensity in the apical cytoplasm were also shown
(Figures 2a, 2b and 2c). The microvilli were short and sparse (Figures 2a and 2b).

The prostate stroma showed thin collagen fibers underlying the secretory epithelium and
intermingled with smooth muscle cells, as well as reticular and elastic fibers, especially underlying
the epithelium (Figures 1b, 1c, 1d, le, 2d and Table 1). The muscular layer presented smooth
muscle cells underlying the epithelium (Figure 2d).

The stromal area was 1.1x greater than that found in the epithelial area (Table 1)

The Mdx Group
The prostatic acini presented less folded mucosa than that observed in the control group
(Figures 1f and 1h). Atrophied secretory epithelium with cuboidal cells was verified (Figures 1f,
1g, 1h and 2e), showing decreased nuclear and cytoplasmic areas and epithelial height with nuclei
occupying a large cytoplasmic portion (Figures 1f, 1g, 1h, 2e and Table 1). Occasional prostatic
intraepithelial neoplasia (PIN) was identified, characterized by increased and altered nuclei

(Figures 1g, 1h and 2i). Dilated Golgi complex cisternae were observed in the cellular cytoplasm
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(Figure 2g). Occasional vesicles containing secretion of low electrondensity material was verified
in the apical region cell (Figures 2e, 2f and 2g). Rupture of mitochondrial crista was verified
(Figures 2g and 2h). Moreover, vacuolization of the cytoplasm (Figure 3a) and digestory vacuoles
(Figure 2h) were characterized. Short and scarce microvilli covered the cellular surface (Figure
2f).

Thick collagen fibers, not only underlying the epithelium but also in all the stromal area
(Figures 1f, 1h and 2h), were verified in the prostate stroma, demonstrating the hypertrophied
stroma. The stromal area was 1.9x greater than the epithelial area (Table 1). The smooth muscle
cells showed folded sarcolemma with spinous features and small secretory vesicles (Figure 2h). A
great amount of reticular and elastic fibers was observed in all the cytoplasmatic area (Figures 1i

and 1j). Inflammatory cells were seen in the prostate stroma (Figure 1f).

Determination of the apoptotic index

The apoptotic index revealed different kinetics for cell death for each group (Figures 3b, 3d
and 3e). This index was significantly higher in the mdx animals in relation to the control group

(Figure 3e).

Counting of Immunolabeled Ki-67
The proliferative activity was significantly increased in the animals from the mdx group

when compared to the control group (Figures 3a, 3c and 3e).

Immunolabelled alpha dystroglycan (a-DG), beta dystroglycan (B-DG), laminin a3, Ki-67
and IGF-IRa and Western Blotting analysis
The animals from the mdx group presented weak a-DG and B-DG immunoreactivities, in

relation to the control group, representing 17.6% and 62.1% protein levels, respectively (Figures 4a,
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4b, 4e, 4f, 5 and Table 2). The laminin o3 immunoreactivity was weak in the mdx group,
representing 19.5% of protein level in relation to the control group, in which the laminin o3
immunolocalization was intense (Figures. 4c, 4g, 5 and Table 2).

Intense IGF-IRa immunoreactivity was verified in the stromal cells of the mdx animals,
representing 64.1% of protein level, which was higher than that found in the control group (Figures

4d, 4h, 5 and Table 2).

Hormone Concentrations in Serum
The average serum testosterone levels were higher in the control group than that found in
the mdx group. However, reduced estradiol levels were verified in the control group in comparison

to the mdx group (Table 3).

DISCUSSION

The results showed decreased testosterone serum level and increased estrogen serum level in
the animals from the mdx group in relation to the control group. The mdx animals showed
morphological disorganization in both glandular secretory epithelium and stroma such as epithelial
atrophy, prostatic intraepithelial neoplasia, disorganization of the secretory organelles and stromal
hypertrophy and inflammatory cells. In addition, the mdx group showed reduced a-DG, B-DG and
laminin a3 immunoreactivities and increased IGF-I immunolocalization.

The different accessory sexual glands from animals showing different pathological conditions
or methods for androgenic ablation such as castration; the continuous use of alcohol; and
experimental diabetes demonstrated morphological and physiological characteristics similar to those
described in the present study for mdx mice (Vilamaior et al., 2000; Heinlein & Chang, 2004; Favaro

& Cagnon, 2006; Céandido et al., 2007; Favaro et al., 2008; Cagnon & Favaro, 2008).
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Castration is one of the most commonly used methods to study the mechanisms involving
testosterone in the maintenance and working of the prostate. Based on these studies, it was verified
that androgenic deficiency causes degeneration of the prostate, activation of the apoptosis and intense
remodeling of the extracellular matrix of the organ, including the increase of the collagen fibers
(Carvalho & Line, 1996; Kiess & Gallaher, 1998; Banerjee et al., 2000; Vilamaior et al., 2000;
Heinlein & Chang, 2004; Augusto et al., 2008). Also, Antonioli et al. (2004) verified that the prostatic
muscle cells are affected by the absence of androgens demonstrating shortened smooth muscle cells
with a spinous appearance. In addtion to this, there are studies which correlated the reduction of the
hormone levels to alterations of IGF levels (Ohlson, 2007). In hormone dependent tumors, as the case
of prostate cancer, the induction of cellular death caused by androgenic depletion has been associated
to the regression of the tumor (Staack et al., 2003). Also, Ohlson et al. (2007) observed the prostatic
tissue of patients with different degrees of tumor development and they detected that castration did
not cause a reduction of IGF levels in most of the tumors. However, in some cases, there was a
significant decrease of these levels, accompanied by an increase in the apoptosis rates. These results
were agreement with those of another study carried out on castrated mice, where there was glandular
degeneration in addition to a reduction in the IGF rates (Ohlson et al., 2005).

Féavaro & Cagnon (2006) and Candido et al. (2007) also detected a significant reduction in the
testosterone levels and increase of the estradiol levels in rodents with chronic alcoholism, damaging
the epithelium and stroma of different accessory sex glands, highlighting epithelial atrophy, PIN,
increase of collagen fibers and presence of inflammatory cells in the glandular stroma.

Also, similar morphological and physiological results in experimental diabetes to those in
castration and in alcoholism were verified. Several clinical and experimental studies demonstrated
that diabetes caused low testosterone and gonadotrophic hormone levels attributing these effects to
the negative feedback of the hypothalamic-hypophyseal-gonodal (Tesone et al., 1980; Saito et al.,
1996; Ho, 1991; Ballester et al., 2004; Kasper et al., 2008; Suthagar et al., 2008). Favaro et al. (2008)

and Cagnon & Févaro (2008) observed atrophy of the secretory epithelium cells, stromal hypertrophy,
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PIN, dilation of the organelles involved in the secretory glandular process, apart from a decrease in
the occurrence of the two subtypes of dystroglycan receptors in the ventral prostate of spontaneously
diabetic mice. Thus, the different alterations of the prostate characterized by androgenic privation,
justified these cellular events.

Despite the prostate being primarily androgen regulated, there are other hormones such as
estrogens which act with androgen, influencing the development and maintenance of the prostate
activities, as well as the occurrence and progression of diseases in this organ (Weihua et al., 2001;
Cunha et al., 2002). Several clinical and experimental studies have shown the crucial role of
androgen and estrogen in the development of different prostatic pathologies (Marcelli &
Cunningham, 1999; Cunha et al., 2002; Tuxhorn et al., 2002; Risbridger et al., 2003; Mcpherson et
al., 2007). Naslund et al. (1988) observed that hormonal imbalance is one of the main etiological
factors involved in the development of prostatitis in rats. Estrogens have anti-androgen effects and
negatively regulate the hypothalamic-hypophyseal-gonodal axis, with a reduction of androgen
production by Leydig cells, resulting in atrophied prostatic epithelium and stromal growth in adult
animals (Weihua et al., 2002). Bianco et al. (2002) and Risbridger et al. (2003) demonstrated that
both estrogens and androgens could lead to morphological and functional prostate alterations,
however, each one of them per se is not able to cause the carcinogenesis of this gland.

The stroma-epithelium interaction has an important role in prostatic structural maintenance
and function (Ekman, 2000). In addition, based on morphological, functional and embryological
aspects, this interaction could be considered a single functional unit (Aumiiller & Seitz, 1990;
Hayward & Cunha, 2000). The basal membrane is an interaction link, offering mechanical and
physiological support (Knox et al., 1994; Hayward & Cunha, 2000). Brar et al. (2003), verifying the
expression of the different laminin chains in the human prostate of pre-pubescent individuals and
adults, with cancer and prostate hyperplasia, identified that the laminin a3 is expressed in healthy
pre-pubescent and adult prostates. However, this study verified that in hyperplasia and in prostate

cancer, the laminin o3 expression was absent, thus damaging adhesion, differentiation, migration,
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proliferation and cellular survival. The imbalance of the stroma-epithelium interaction benefits the
development of prostatic cancer (Cunha et al., 2002). The stromal microenvironment changes,
which are caused by different cells and extracellular matrix elements, could point to the beginning
of the development and progression of cancer in the prostate (Cunha et al., 2003). The increased
extracellular matrix element, specially, collagen fibers, growth factors and stromal restructuring is
called reactive stroma, leading to a positive microenvironment for tumoral growth (Grossfeld et al.,
1998; Rowley, 1998; Hayward et al., 2001; Tuxhorn et al., 2002). Also, other studies showed the
phenotype changes of smooth muscle cells as a result of different lesions, such as prostatic cancer.
Those changes characterized these cells as miofibroblast, which are secretory cells with
intermediate features between fibroblast and smooth muscle cells (Vilamaior et al., 2000; Wong et
al., 2000; Tuxhorn et al., 2001; Favaro & Cagnon, 2006). The present results pointed towards the
active role of the muscle cells in the extracellular matrix remodeling of the animals from the mdx
group, probably, due to the hormone imbalance. Apart from this, it can be concluded that mdx mice
presented tissue destructuring, damaging the organ functional activity as well as its reproductive
process.

Prostatic intraepithelial neoplasia (PIN) is pointed out as being a lesion tissue which comes
prior to invasive adenocarcinoma, tending to become malignant (Davidson et al., 1995; Higgman et
al., 1997; Xie et al., 2000; Alberts & Blute, 2001). According to Billis (2000), the inflammatory
process is a result of the prostatic secretion flow in the stroma, after blocking up its ducts. Also,
other studies demonstrated the relation to inflammatory infiltrate and tumor progression (Wilson &

Balkwill, 2002; Lin & Pollard, 2004).

Apoptosis is an intrinsic active cellular mechanism, which destroys cells during tissue
restructuring and development processes (Kerr et al., 1972; Kerr & Searle, 1973). This event is
characterized by morphological changes, including loss of plasmatic membrane and condensation of

cytoplasm and nucleus (Quarrie et al., 1995; Strange et al., 1995; Sohn et al., 2001). This
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physiological mechanism guarantees tissue organization during cellular development and balance in
the mature organ, which is very often related to tissue involution process (Rauch et al., 1997). Then,
the control mechanism of tissue homeostasis is a balance between proliferation and cellular death
(Quarrie et al., 1995; Strange et al., 1995; Sohn et al., 2001). Thus, in the present study the presence
of inflammatory cells together with the occurrence of PIN and stromal hypertrophy, as well as the
compromising of the balance between the cell death processes and cellular proliferation indicated

that the prostate of mdx mice is susceptible to the development of malignant pathologies.

Several studies verified that different types of cancers such as breast, colon and prostate
demonstrated heterogeneity of the B-DG expression and a low or absent a-DG expression when
compared to normal epithelial tissue (Losasso et al., 2000; Henry et al., 2001; Sgambato et al.,
2003; Brennan et al., 2004). Moreover, reduced a-DG was associated with tumor progression
(Henry et al., 2001). Sgambato et al. (2007) showed that DG overexpression inhibits the growth and
tumorigenesis of the prostatic cells. According to Cross et al. (2008) there is a loss or a marked
reduction of B-DG expression in the vast majority of human cancers. Raz (2004) showed that
reduced DG expression caused loss of function leading to aberrant cell-extracellular matrix
interaction, resulting in an increase of invasion properties. This author suggested that the DG is a
positive element towards tumorigenesis in the epithelial cells. Also, other results suggested that the
lack of DG could have early effects on carcinogenesis events, much more than neoplasia
transformation (Sgambato et al., 2003; Sgambato & Brancaccio, 2005).

Thus, the results demonstrated an inverse relationship between the distribution of the
dystroglycan receptors (0t and ) and laminin in relation to the IGF-I and the antigen Ki-67
receptors, pointing towards an increase of the proliferative process, which certainly interrupted
glandular dynamics, weakening the cell-cell and extracellular cell-matrix interaction, which is a
harmful factor to the organizational stability of the ventral lobe of the prostate, pointing to the

pathogenesis of the organ. In addition to this, it was concluded that the structural and molecular
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changes verified in the mdx mice positively signaled the relevance of this rodent in prostate
morfophysiological studies. Finally, it can be pointed out that the relationship between steroid
hormones and IGF-I can be an alternative for new therapies for prostate diseases and that new
studies are necessary.
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FIGURE LEGENDS

Figures 1a, 1b, 1c, 1d and 1e: Photomicrographs of the secretory epithelium of the ventral lobe of
the prostate from the control group.

1a: Folded prostatic acini. Secretory epithelium (EP) with columnar and basal cells. Lumen (L).
Stroma (St) with thin and short collagen fibers. Hematoxylin-eosin.

1b: Secretory cells with nucleoli (Nu) and basal cells (arrow). Lumen (L). Stroma (St).
Hematoxylin-eosin.

1c: Secretory epithelium (EP) with colummar and basal cells. Lumen (L). Collagen fibers (col) in
the prostatic stroma, placed underlying the epithelium, very often. Masson’s trichrome.

1d: Reticular fibers (rf) underlying the epithelium (EP). Lumen (L). Stroma (St). Ammoniacal
silver.

1e: Elastic fibers (ef) underlying the epithelium (EP). Lumen (L). Stroma (St). Weigert's Resorcin-

Fucsin.

Figures 1f, 1g, 1h, 1i and 1j: Photomicrographs of the secretory epithelium of the ventral lobe of
the prostate from the mdx group.

1f: Acini showing poorly folded mucosa and intra-luminal secretion (L). Secretory epithelium (EP)
with atrophied cells. Hypertrophied stroma (St). Inflammatory cells (arrow) in the prostatic stroma.
Hematoxylin-eosin.

1g: Nuclei of the epithelial cells occupying a large area in the cellular cytoplasm with one or two
nucleoli (Nu). Prostatic intraepithelial neoplasia (PIN) with increased nuclei. Lumen (L). Stroma
(St). Hematoxylin-eosin.

1h: Prostatic epithelium (EP) with cuboidal cells intermingled with basal cells. Prostatic
intraepithelial neoplasia (arrow). Lumen (L). Stroma compounded by large amount of collagen

fibers (col). Masson's trichrome.
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1i: Increased reticular fibers (rf), distributed in all the stromal area (St). Epithelium (EP). Lumen
(L). Ammoniacal silver.
1j: Increased elastic fibers (ef), distributed in all the stromal area. Epithelium (EP). Lumen (L).

Weigert's Resorcin-Fucsin.

Figures 2a, 2b, 2¢ and 2d: Electronmicrographs of the ventral lobe of the prostate from the control
group.

2a: Simple epithelium with tall columnar cells. Basal nuclei (N) with nitid nucleoli (Nu). Secretory
vesicles (Vs). Microvilli (Mv) cover the cellular surface. Lumen (L). Stroma (St).

2b: Apical region. Secretory vesicles (Vs). Lumen (L). Short and scattered microvilli (Mv).

2c: Supranuclear region. Rough endoplasmic reticulum cisternae (RER) and paralell and flattened
Golgi complex cisternae (arrows) with secretory vesicles (Vs). Cellular nuclei (N).

2d: Secretory epithelium with basal nuclei (N). Basal epithelial cell (Be). Rough endoplasmic
reticulum (RER). Mitochondria (M). Basal lamina (arrow). Stroma (St) with collagen fibers (col)

underlying and smooth muscle cells (smc).

Figures 2e, 2f, 2g, 2h and 2i: Electronmicrographs of the ventral lobe of the prostate from the mdx
group.

2e: Atrophied epithelium with cuboidal cells intermingled with basal cells (Bc). Irregular nuclei (N)
with nucleoli (Nu). Secretory vesicles (Vs). Vacuolization of the cytoplasm (asterisks). Lumen (L).
Stroma (St). Inset: Occurrence of apoptotic nuclei (arrows) in the secretory epithelium.

2f: Apical region. Discontinuity of microvilli. Rare secretory vesicles (Vs) with flocullent and low
electrondensity secretion. Nuclei of the epithelial cell (N). Lumen (L).

2g: Supranuclear region. Nuclei (N). Dilated Golgi cisternae (arrows). Secretory vesicles (Vs).

Mitochondria (M) with ruptured cristae. Lumen (L).
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2h: Nuclei (N) of the secretory cell. Digestory vacuoles (asterisks) in the cytoplasm. Mitochondria
(M). Hypertrophied stroma with collagen fibers (col) distributed in both underlying the epithelium
and intermingled with smooth muscle cells (smc) and fibroblast (fb). Smooth muscle cells (smc),
showing spinous aspect (arrow) and secretory vesicles (V).

2i: Prostatic intraepitelial neoplasia (PIN). Prostatic stroma (St).

Figure 3a: Ventral lobe of the prostate. Ki-67 Immunolocalization from the control group: Weak
Ki-67 immunoreactivity (arrows) in the secretory epithelial cells (EP) and stromal cells (St).
Lumen (L).

Figure 3b: Ventral lobe of the prostate. Detection of apoptotic cell from the control group: Weak
DNA fragmentation (arrows) in the secretory epithelial cells (EP). Stroma (St). Lumen (L).

Figure 3c: Ventral lobe of the prostate. Ki-67 Immunolocalization from the mdx group: Strong Ki-
67 immunoreactivity (arrows) in the secretory epithelial cells (EP) and stromal cells (St). Lumen
L).

Figure 3d: Ventral lobe of the prostate. Detection of apoptotic cell from the mdx group: Strong
DNA fragmentation (arrows) in the secretory epithelial cells (EP). Stroma (St). Lumen (L).

Figure 3e: Percentage of immunolabeled Ki-67 and apoptotic index of the ventral lobe of the
prostate. Inset: Secretory epithelial cell (EP) with apoptotic nuclei (arrow). Stroma (St). Lumen (L).

X1000.

Figure 4a: Ventral lobe of the prostate. a-DG immunolocalization from the control group: Strong
a-DG immunoreactivity (arrows) in the secretory epithelium (EP) and smooth muscle cells. Stroma
(St). Lumen (L).

Figure 4b: Ventral lobe of the prostate. B-DG immunolocalization from the control group: Intense
B-DG immunoreactivity (arrows) in the periacinal prostatic stroma. Epithelium (Ep). Stroma (St).

Lumen (L).
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Figure 4c: Ventral lobe of the prostate. Laminin a3 immunolocalization from the control group:
Intense laminin a3 (arrows) in the basement membrane of the prostatic epithelium (EP). Stroma
(St). Lumen (L).

Figure 4d: Ventral lobe of the prostate. IGF-IRa immunolocalization from the control group: Weak
IGF-IRa (arrows) immunoreactivity in the prostatic stroma (St) Secretory epithelium (EP). Lumen
L).

Figure 4e: Ventral lobe of the prostate. a-DG immunolocalization from the mdx group: Weak a-
DG immunoreactivity (arrows) in the secretory epithelium (EP) and smooth muscle cells. Stroma
(St). Lumen (L).

Figure 4f: Ventral lobe of the prostate. B-DG immunolocalization from the mdx group: Weak 3-DG
immunoreactivity (arrows) in the periacinal prostatic stroma. Epithelium (Ep). Stroma (St). Lumen
L).

Figure 4g: Ventral lobe of the prostate. Laminin a3 immunolocalization from the mdx group: Weak
laminin a3 (arrows) in the basement membrane of the prostatic epithelium (EP). Stroma (St).
Lumen (L).

Figure 4h: Ventral lobe of the prostate. IGF-IRa. immunolocalization from the mdx group: Intense

IGF-IRa (arrows) immunoreactivity in the prostatic stroma (St) Secretory epithelium (EP). Lumen

L).

Figure 5: Representative Western Blotting and semiquantitative determination of prostate ventral
lobe extracts in the two experimental groups. The a-DG, B-DG, laminin a-3 and IGF-IRa protein

were indentified in the blots. B-Actin was used as the endogenous control.
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Table 1: Mean and standard deviation of the nuclear, cytoplasmatic, epithelial, luminal and
stromal areas (um?®) and epithelial height (um) of the ventral lobe of mice from two experimental
groups.

Groups
Variants Control Mdx

Nuclear Area 27714 a 17.0 +2.5b
Cytoplasmatic Area 127.7+12.0a 447+83b

Epithelial Height 236+0.1a 93+1.8b
Epithelial Area 1341 +17,7a 99.8+56b
Stromal Area 156.9+17.7a 191.1+57b
Luminal Area 152.7+9.2 a 63.2+145b

Two averages, followed by the same small letter are not different from each other (P > 0.05) Tukey’s test.

Table 2: Inmunolabeled antigen intensity of the two different experimental groups in the prostate

Groups
Antigens Control Mdx
IGFR-1 + +++
a-DG +++ +
B-DG +++ +
Laminin a3 +++ +

Intense (+++), Moderate (++), Weak (+)

Table 3: Serum total testosterone (ng/mL) and estradiol (pg/mL) concentrations of mice in the two
experimental groups.

Groups
Variants Control Mdx
Testosterone 96+0.6a 3.8+x22b
Estradiol 257+1.1a 443 +126b

Two averages, followed by the same small letter are not different from each other (P > 0.05) Tukey’s test.
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5-CONCLUSOES

1-) O camundongo mdx apresentou desequilibrio dos hormoénios esterdides, o que
certamente foi fator deflaglador das alteragdes na prostata.

2-) O camundongo mdx apresentou alteracdes estruturais tanto no epitélio como no estroma
da préstata, comprometendo a homeostase glandular e, provavelmente o processo
reprodutivo do animal.

3-) A ocorréncia simultinea de células inflamatérias, neoplasia intraepitelial prostitica bem
como hipertrofia estromal, além do desequilibrio entre os processos de apoptose e
proliferagc@o celular, indicaram a préstata do camundongo mdx como sendo susceptivel ao
desenvolvimento de patologias malignas.

4-) A diminui¢ao de moléculas estruturais como a a-DG, B-DG e laminina a-3 indicaram
enfraquecimento da interacdo célula-matriz extracelular, o que certamente é fator
prejudicial a estabilidade organizacional do lobo ventral da préstata colocando esse 6rgdo
como susceptivel ao desenvolvimento de patologias malignas.

5) O desequilibrio dos hormonios esterdides e o aumento do IGF-IR podem ser alternativas

para novas terapias de doencas prostaticas.
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Tabela 1- Média e desvio padrdo da variag@o de peso corporeo (Pf-Pi) (g), do consumo de ragdo (g) e

de liquido (ml) nos dois grupos experimentais

Variavel Controle Mdx
Variagdo peso (g) 6,5+1,7a 7,2+1,4a
Peso ragdo (g) 9,7+1,1a 10,1+1,2a
Agua (ml) 11,1+1,1a 11,9+1,9a

A tabela 1 mostrou que os animais do grupo controle e os do grupo mdx ingeriram quantidades

médias didrias de ragcdo variando de 9,7 a 10,1 g, sendo esses valores estatisticamente iguais.

Também, ambos os grupos ingeriram quantidades médias diarias de dgua variando de 11,1 a 11,9 ml,

ndo sendo essa diferenca estatisticamente significante.

A variagdo média do peso corpdreo entre os grupos controle e mdx foi de 6,5 a 7,2 sendo que esta

ndo representou diferenca estatisticamente significante (tabela 1).

Tabela 2- Média e desvio padrio do peso dos Orgdos corpdreos nos dois grupos

experimentais
Variavel Controle Mdx
Peso testiculo (g) 0,20+0,009a 0,1540,005b
Vesicula seminal (g) 0,30+0,04a 0,19+0,04b
Glandula coaguladora (g) 0,05+0,007a 0,02+0,003b
Complexo prostatico (g) 0,52+0,084a 0,5+0,071a
Volume prostético (cm3) 0,1a 0,1a

A tabela 2 mostrou que os pesos dos testiculos, vesiculas seminais e glandulas coaguladoras

apresentaram-se estatisticamente maiores no grupo controles em relacdo aqueles verificados nos
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animais do grupo mdx. Contudo, o complexo prostatico, embora tenha sido numericamente maior

no grupo controle, ndo representou diferenca estatisticamente significante.
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