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Resumo

Os glicocorticoides sdo amplamente utilizados na pratica clinica como agentes
antiinflamatérios e imunossupressores, € estdo entre as drogas utilizadas nos tratamentos de
canceres, como o de prostata. Contudo, seu uso prolongado ou excessivo pode desencadear o
diabetes mellitus tipo 2, caracterizado pela hiperglicemia devido a resisténcia periférica a
insulina. Recente estudo do nosso grupo de pesquisa, utilizando modelo de diminui¢do da
sensibilidade periférica a insulina pela administracdo de dexametasona (DEX, 1 mg/kg, ip)
por 5 dias, demonstrou, na prdstata ventral de ratos, atrofia epitelial e das células musculares
lisas, além de alteracdes de elementos celulares do estroma prostatico, como os fibroblastos.
A partir deste estudo, inimeras perguntas surgiram acerca dos mecanismos de sinalizagdo
presentes no tecido prostatico neste modelo, especialmente em relacdo a insulina. Assim,
neste trabalho investigamos as vias de sinaliza¢do da insulina e a proliferac¢do celular epitelial
na prostata ventral de ratos no modelo de resisténcia a insulina induzida pelo tratamento com
dexametasona, buscando possivel correlacio com a expressio dos receptores de
glicocorticdides (GR) e de andrégenos (AR). A resisténcia a insulina foi induzida em ratos
Wistar machos adultos (n=4) pela administracdo de dexametasona (DEX, 1 mg/kg, ip),
durante 5 dias, enquanto os ratos controles (CTL) receberam solugdo salina. O tratamento
com a dexametasona resultou em diminui¢do significativa no peso corporal, mas nao do peso
prostatico. Redugdes na expressdo das proteinas IRS-1/AKT/mTOR, constituintes da via de
sinalizacdo da insulina, e nos niveis das proteinas AR e GR foram observados nas prostatas de
ratos resistentes a insulina, comparados com o grupo CTL. A frequéncia de células AR-
positivas no epitélio acinar da prostata diminuiu no grupo tratado com DEX. Além disso, a
intensidade da reacdo para este receptor no nucleo celular foi menor neste grupo. O
tratamento com glicocorticéide reduziu a frequéncia de células PCNA-positivas em 30 vezes.
Este estudo sugere que a inibigdo parcial na via IRS-1/AKT/mTOR na prostata de ratos
resistentes a insulina, induzida pelo tratamento com dexametasona estd envolvida, a0 menos
em parte, nas alteragdes morfoldgicas observadas nas prostatas destes animais,

predominantemente a atrofia epitelial e das células musculares lisas.

Palavras-chave: Resisténcia a insulina, sinalizagdo da insulina, dexametasona, prdstata,

proliferacdo celular.



Abstract

Glucocorticoids are widely used in clinical practice as anti-inflammatory and
immunosuppressants agents, and are among the drugs used in treatment of cancers, such as
the prostate. However, excessive or prolonged use can trigger diabetes mellitus type 2,
characterized by hyperglycemia due to peripheral insulin resistance. Recent study of our
research group, using model of decreased peripheral insulin sensitivity by administration of
dexamethasone (DEX, 1 mg / kg, ip) for 5 days, showed, in rat ventral prostate, epithelial
atrophy and of smooth muscle cells, in addition to alterations of cellular elements of the
prostatic stroma, such as fibroblasts. From this study, many questions have arisen about the
signaling mechanisms present in prostate tissue in this model, especially in relation to insulin.
Thus, this study investigated the insulin signaling pathway and epithelial cell proliferation in
the rat prostate in a model of insulin resistance induced by treatment with dexamethasone,
searching for possible correlation with the expression of glucocorticoid (GR) and androgen
(AR) receptors. Insulin resistance was induced in adult male Wistar rats (n=4) by the
administration of dexamethasone (DEX, 1 mg/kg, ip) for 5 days, while the control (CTL) rats
received saline. Dexamethasone treatment resulted in a significant decrease in body weight,
but not of prostatic weight. Reductions in the expression of proteins IRS-1/AKT/mTOR,
constituents of the signaling pathway of insulin, AR and GR levels protein were observed in
the prostate of insulin resistant rats, compared with the CTL group. The frequency of AR-
positive cells in the acinar epithelium of the prostate decreased in the group treated with DEX.
Furthermore, the intensity of reaction for this receptor in the cell nuclei was lower in this
group. The treatment with glucocorticoid reduced the frequency of PCNA-positive cells by
30-fold. This study suggests that the partial inhibition in IRS-1/AKT/mTOR pathway in the
prostate of insulin resistant rats, induced by treatment with dexamethasone is involved, at
least in part, on morphological alterations observed in prostates of these animals,

predominantly epithelial and smooth muscle cells atrophy.

Keywords: Insulin resistance, insulin signaling, dexamethasone, prostate, cell proliferation.
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Introdugcdo

1. Resisténcia a Insulina

A 1nsulina ¢ o hormdnio anabdlico mais conhecido e essencial para a manutengdo da
homeostase de glicose, além do crescimento e diferenciagdo celular. Esse hormoénio ¢
secretado pelas células B das ilhotas pancredticas em resposta ao aumento dos niveis
circulantes de glicose e aminoacidos apds as refei¢des (Carvalheira et al., 2002). A insulina
participa de inimeros processos metabdlicos, entre eles, do controle do metabolismo dos
carboidratos, lipideos e proteinas. Normalmente, a glicemia ¢ controlada através de acdes
opostas de hormodnios como a insulina e o glucagon (Anderson et al., 1994). Apds a ingestio
de alimentos, os niveis de glicose aumentam e a insulina promove a captagdo periférica de
glicose no figado, tecido adiposo e células musculares. Assim, aumenta a sintese protéica e
lipidica, garantindo que a energia esteja armazenada para futura utilizacdo. Em condigdes de
jejum, o glucagon promove a mobilizagdo da energia estocada, principalmente por meio da
producdo hepatica de glicose (Fuchs & Wannmacher, 1992).

A resisténcia a insulina ocorre quando as células-alvo ndo respondem aos niveis
normais de insulina circulante e, portanto, niveis maiores de insulina sdo necessarios para
manter a normoglicemia. Como resultado, mais insulina € produzida pelo pancreas, levando a
hiperinsulinemia. As principais caracteristicas da resisténcia a insulina s3o o aumento da
lipdlise no tecido adiposo, aumento da gliconeogénese no figado e diminui¢do da absorc¢io da
glicose pelo musculo. Ao longo do tempo, a compensagdo de células-beta pancredticas para a
resisténcia a insulina diminui, resultando em declinio progressivo da funcdo dessas células,
levando a instala¢do do diabetes mellitus tipo 2 (Kasuga, 2006). A manutencdo da massa de
células B pancredticas ¢ fundamental para homeostase glicEémica, e sua diminui¢do esta entre
os maiores agravantes para o desequilibrio da homeostase deste substrato. A massa de células-
beta ¢ mantida através do balango entre apoptose e proliferacdo destas células (Bonner-Weir,
2000). Nos ultimos anos, tornou-se evidente que a proliferacdo de células B desempenha o
maior papel no controle da massa de células  no individuo adulto (Dor et al., 2004; Teta et
al., 2007).

Dados da literatura apontam para um componente genético associado a resisténcia a
insulina (Kahn et al., 1996; Froguel & Velho, 2001), porém esta condi¢do fisiopatoldgica
também pode ser causada por fatores adquiridos como obesidade (Holness et al., 2005; Prada

et al., 2005), sedentarismo, gravidez e excesso de hormonios diabetogé€nicos como o0s
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glicocorticdides, glucagon, hormdnio do crescimento, entre outros (Andrews & Walker, 1999;

Kahn, 1994; DeFronzo, 1997).

2. Diabetes mellitus

A resisténcia a insulina esta associada com o diabetes mellitus (DM), uma doenca
prevalente, classificada como uma epidemia pela Organizacdo Mundial de Saude (OMS). A
estimativa da prevaléncia mundial esta em torno de 4% (King et al., 1998; Wild et al., 2004) e,
no Brasil, em 7,6% (Gross et al., 2002). Sua incidéncia vem aumentando de modo alarmante
nos paises em desenvolvimento e estima-se um aumento de 60% da prevaléncia na populagado
adulta acima de 30 anos em 2025 (King et al., 1998), sendo sua maior magnitude na faixa dos
45 aos 64 anos (King et al., 1998; Wild et al., 2004). A Federagdo Internacional de Diabetes
estimou que o gasto mundial com o diabetes para 2010 fosse de U$ 376 bilhdes, sendo que
para 2030 esta estimativa excede os 490 bilhdes de dolares (IDF, 2009). A tabela 1 mostra
que as ultimas diretrizes nacionais e internacionais recomendam a classificagdo do DM em

quatro categorias: DM tipo 1, DM tipo 2, Outros tipos e DM Gestacional (ADA, 2009).

Tabela 1 - Classificacdo Etiologica do Diabetes mellitus

1. Diabetes mellitus tipo 1

A. Mediado imunologicamente

B. Idiopatico

Diabetes auto-imune latente do adulto (LADA)

II. Diabetes mellitus tipo 2

II1. Outros tipos especificos

Defeitos genéticos da fun¢do da célula f (MODY, DNA mitocondrial)

Defeitos genéticos na a¢do da insulina (diabetes lipoatrofico)

Doencas do pancreas exocrino (pancreatite, hemocromatose)

Endocrinopatias (acromegalia, sindrome de Cushing)

Induzido por drogas (hormdnio da tireoide, tiazidicos)

Infecgdes (citomegalovirus, rubéola congénita)

Formas imunologicas incomuns (anticorpos contra receptor da insulina)

Outras sindromes genéticas (sindrome de Down, Turner, Prader Willi)

IV. Diabetes mellitus gestacional

Fonte: Adaptado de Maraschin et al. (2010).
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O DM tipo 1 ¢ responsavel por cerca de 5% a 10% de todos os casos de DM, sendo
subdividido em tipo 1A, tipo 1B e diabetes auto-imune latente do adulto (LADA). De modo
geral, o DM tipo 1 inicia-se antes dos 30 anos de idade, mas pode acometer individuos em
qualquer faixa etdria. Existe destruicao das células  pancredticas e seu tratamento exige o uso
de insulina exogena (Gross et al., 2002). No DM tipo 1A, a destruicdo das células B ¢ de
etiologia autoimune (90% dos casos) e no tipo 1B ndo tem causa conhecida (idiopatico). No
DM tipo LADA também existe destrui¢do autoimune das células B, mas ela é muito mais
lenta e acontece em individuos mais velhos (acima de 30 anos). O fenétipo € peculiar, pois os
pacientes ndo sdo obesos, tém diagnostico de DM em idade compativel com diagnostico de
DM tipo 2, tém sua doenga inicialmente controlada com agentes orais, mas apresentam sinais
de progressiva perda de funcdo da célula B e eventualmente necessitam de insulina, por
definicdo, apos pelo menos seis meses do diagndstico do DM (ADA, 2009).

O DM tipo 2 € responsavel por mais de 90% dos casos de DM, ndo tem componente
autoimune, acontece em geral apds os 30 anos em individuos com historia familiar positiva. O
tratamento em geral envolve dieta e agentes hipoglicemiantes orais, sem necessidade do uso
de insulina, que, se necessario, deve ocorrer pelo menos cinco anos apo6s o diagndstico para
configurar que ndo ha dependéncia como no DM tipo 1 (Skyler et al., 2009). A informagado
genética na histdria familiar tem sido utilizada na avaliag¢do clinica do DM tipo 2. O risco de
desenvolver esse tipo de diabetes ¢ de cerca de 7% na populacdo em geral, cerca de 40% em
filhos com um dos pais com DM tipo 2, e aproximadamente 70% se ambos os pais sdo
afetados (Majithia & Florez, 2009). Além da informacgo genética, cerca de 80% do DM tipo
2 ¢ associado com obesidade e estilo de vida sedentédrio. Estudos tém demonstrado forte
associacdo entre a atividade fisica didria e modificacdo de dieta para reduzir o risco no
desenvolvimento do DM tipo 2 (Venables & Jeukendrup, 2009).

Na categoria “outros tipos de DM”, destaca-se o diabetes da maturidade com inicio na
juventude (MODY), subtipo que acomete individuos abaixo dos 25 anos, ndo obesos, sendo
caracterizado por defeito na secre¢do de insulina. Apresenta heranga autossomica dominante,
envolvendo, portanto, varias geragdes de uma mesma familia (Campagnolo et al., 2005).

O DM gestacional ¢ definido como qualquer grau de intolerancia a glicose com inicio
ou primeiro reconhecimento durante a gravidez. A defini¢do € aplicavel independentemente
se a insulina ou apenas a modifica¢do da dieta for usado para o tratamento ou se a situacao
persistir apds a gravidez. Isso ndo exclui a possibilidade de que a intolerancia a glicose ndo
reconhecida possa ter comegado anterior ou concomitantemente com a gravidez. A DM

gestacional consegue complicar aproximadamente 4% das gestagdes nos EUA, resultando em
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quase 135 mil casos anuais. A prevaléncia pode variar de 1 a 14% das gestagdes, dependendo
da populagdo estudada. A deterioracdo da tolerancia a glicose ocorre normalmente durante a
gravidez, especialmente no terceiro trimestre (ADA, 2009).

Apesar da classificacdo do DM definir essas e outras categorias por meio de
caracteristicas peculiares, pode existir sobreposi¢do de quadros clinicos, principalmente no
DM que se inicia no adulto jovem. Muitas vezes ¢ dificil distinguir um subtipo de outro com
base em dados clinicos apenas, principalmente o DM tipo 1 do MODY e do DM tipo 2 de
inicio precoce, sendo este cada vez mais frequente devido ao aumento da prevaléncia de
obesidade e sindrome metabolica nas sociedades ocidentais (Reinehr et al., 2006).

Assim, por diminuirem a qualidade e a expectativa de vida de milhdes de individuos
afetados, o DM forma uma das maiores causas de morbidade e mortalidade em seres humanos.
Dentre as inimeras consequéncias, o DM pode causar doengas cardiovasculares, derrames
cerebrais, cegueira, disfungdes renais e amputagdes (Spellman, 2007). Disfun¢des nas células
B como diminui¢do da sintese e/ou secrec¢do de insulina e redu¢@o da massa deste tipo celular,
devido ao aumento de apoptose ¢ defeitos na regeneragdo, sdo componentes cruciais no
desenvolvimento dessa doenca (Eizirik & Mandrup-Poulsen, 2001; Mathis et al., 2001;
Rhodes, 2005).

3. Glicocorticoides

Os hormonios glicocorticdides (GC) sdo produzidos no cortex adrenal sob o controle
do eixo hipotdlamo-hipofise-adrenal, e t€ém varios efeitos importantes em diferentes sistemas
fisiologicos, como a regulacdo do balanco hidrico, pressdo arterial, fungdo imune e no
metabolismo. Sdo amplamente utilizados na pratica clinica como agentes antiinflamatorios e
imunossupressores, além de estarem entre as inimeras drogas que exercem atuagdo direta ou
indireta sobre a secrecdo de insulina (Saklatvala, 2002). O excesso de GC resulta na
resisténcia a insulina (Amatruda et al., 1985) por diminuir a a¢do da insulina em suprimir a
producdo hepatica de glicose e estimular a utilizacdo de glicose periférica (Pagano et al.,
1983).

Os GC podem potencialmente inibir a captacdo de glicose em uma ou mais etapas ao
longo da via de sinalizagdo. Além de serem utilizados experimentalmente para inducdo de
resisténcia a insulina tanto in vivo (Saad et al., 1993; Severino et al., 2002; Rafacho et al.,
2009) quanto in vitro (Burén et al., 2002; Ruzzin et al., 2005) e seus efeitos sobre os tecidos
periféricos insulino-dependentes como o tecido muscular, adiposo e hepatico sdo bem

conhecidos (Saad et al., 1993; Burén et al., 2002, 2008; Ruzzin et al., 2005).
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A resisténcia a insulina nesses tecidos periféricos observada em ratos tratados com
dexametasona in vivo parece ser mediada por mecanismos pods-receptores. Em figado e
musculo de ratos tratados com dexametasona por 5 dias (1 mg/kg) a expressao da proteina IR
(receptor de insulina) ndo apresentou alteragdes significativas. Ja os niveis das proteinas IRS-
1 (substratos do receptor de insulina 1) e PI3K (fosfatidilinositol 3-quinase) mostraram-se
aumentados no figado e diminuidos no musculo desses animais (Saad et al., 1993). Em tecido
adiposo de ratos submetidos ao mesmo protocolo de administracdo de dexametasona, houve
redu¢do nos conteudos das proteinas IRS-1 e IRS-2 e aumento de IRS-3 (Caperuto et al.,
2006). J& em ratos tratados por 11 dias com dexametasona (1 mg/kg) foi demonstrado reducao
dos niveis da proteina AKT (serina treonina quinase) em musculo e tecido adiposo (Burén et
al., 2008). Os efeitos dos GC no metabolismo podem ser particularmente dependentes da dose,

do tempo de administrag@o e do tipo e idade do animal (Sasson & Amsterdam, 2002).

4. Sinalizaciao Intracelular da Insulina

A insulina exerce importantes efeitos metabdlicos ¢ mitogénicos mediados por seu
receptor, presente em praticamente todos os tecidos de vertebrados (Kahn, 1985). Os
receptores exercem basicamente trés fungdes: reconhecem e se ligam a insulina com alta
especificidade, transmitem um sinal que resulta na ativag¢do/inativagdo de vias metabdlicas
intracelulares, e sdo posteriormente endocitados juntamente com o hormoénio ligado, com
subsequente degradagdo, armazenamento ou reciclagem das subunidades do receptor (Felig &
Bergman, 1995; Genuth, 1998). O receptor de insulina, uma glicoproteina transmembrana
com atividade tirosina quinase intrinseca, sofre autofosforilagdo rapida e, em seguida,

fosforila os IRSs (Figura 1) (Cheatham & Kahn, 1995).
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Figura 1. Principais vias de sinalizag@o ativadas pelo receptor de insulina. Fonte: Godsland
(2010).

Os IRS-1 e 2 s3o expressos em diversos tecidos em ratos, como figado, musculo
esquelético, coracgdo, cérebro, rim, pulmao, baco, testiculo (Sun et al., 1995). O IRS-1
encontra-se duas vezes mais concentrado na membrana plasmatica que o IRS-2, que esta duas
vezes mais concentrado no citosol (Sesti et al., 2001). O IRS-3 ¢ abundante em tecido adiposo,
tendo sido encontrado em outros tecidos, como pulmao e coragdo (Sciacchitano & Taylor,
1997). Ja o IRS-4 ¢é pouco expresso em ratos, e sua caracterizagdo foi realizada em células
embriondrias de rim humano (Lavan et al., 1997) e pode ser encontrado em tecido tiredideo,
hipofise, ovario e fibroblastos (Sesti et al., 2001). As funcdes bioldgicas dos IRSs tém sido
alvo de inimeros estudos através da producdo de camundongos geneticamente modificados.
Camundongos knockout para IRS-1 apresentam resisténcia a insulina e retardo de crescimento,
mas ndo s3o hiperglicémicos (Araki et al., 1994). Camundongos knockout para IRS-2
apresentam hiperglicemia acentuada, devido a diversas anormalidades na a¢@o da insulina nos
tecidos periféricos e faléncia da atividade secretéria das células B, além de redugdo

significativa da massa destas células (Withers et al., 1998). No entanto, camundongos
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knockout para IRS-3 e 4 tém crescimento e metabolismo de glicose quase normais (Fantin et
al., 2000).

Uma das principais moléculas ativadas pelas proteinas IRSs ¢ a PI3K, importante na
regulagdo da mitogénese, diferenciagdo celular e para o processo de translocacdo do GLUT4
(Folli et al., 1992; Saad et al., 1993; Shepherd et al., 1995). A PI3K foi originalmente
identificada como dimero composto de uma subunidade catalitica (p110) e uma subunidade
regulatoria (p85) (Backer et al., 1992). A via de sinalizacdo iniciada apds a ativagdo da PI3K
também ¢ importante para a prevencdo de apoptose. A AKT destaca-se como uma das
principais proteinas alvo da PI3K para esse efeito (Carvalheira et al., 2003; Thirone et al.,
2004). Além disso, a AKT tem papel fundamental na regulacdo de diversos processos
bioldgicos, incluindo proliferacdo, diferenciacio celular e metabolismo intermediario (Chen et
al., 2001). E uma serina treonina quinase composta por trés isoformas: AKT1, AKT2 e AKT3,
com grande similaridade entre elas (Zhang et al., 2006). Mais recentemente, a atenc¢do foi
direcionada para um diferente ramo da via PI3K/AKT, o da mTOR (alvo da rapamicina em
mamiferos). Ela ¢ descrita como controladora central do crescimento e proliferagdo celular,
permitindo o progresso da fase G1 para S do ciclo celular. Crescente evidéncia sugere que sua
desregulagdo estd associada a doencas humanas, incluindo cancer e diabetes (Sabatini, 2006).
A mTOR controla diretamente a translacdo de proteinas através da fosforilacdo da p70°°%, a
qual ativa a sintese de proteinas (Thomas & Hall, 1997).

Além da ativacdo da PI3K, uma contribui¢do da via da proteina quinase ativada por
mitégeno (MAPK), principalmente pela ativagcdo da quinase reguladora do sinal extracelular
(ERK), para proliferacdo celular, prote¢do contra a morte celular e a expressdo génica tem
sido observada, embora sua importancia ndo esteja completamente esclarecida (Briaud et al.,
2003; Lawrence et al., 2005). Proteinas fosfatases e fosfolipidios fosfatases modulam a
intensidade e a duragdo dos sinais de insulina. Dependendo do local do tecido, a desregulagao
destes mecanismos de sinalizagdo pode evoluir para a resisténcia a insulina, hiperinsulinemia,

intolerancia a glicose e metabolismo lipidico desregulado (White, 2003).

5. Estrutura Prostatica

A prostata, glandula sexual acessoria do aparelho reprodutor masculino, € responsavel
pela producdo da maior fracdo do fluido seminal. O grande interesse em se compreender a
biologia desta glandula deve-se a alta incidéncia de doencas prostaticas, como o
adenocarcinoma e a hiperplasia prostatica benigna nos homens (Marker et al., 2003). O cancer

de prostata ja supera o cancer de pulmdo como o tipo de cadncer mais comumente
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diagnosticado em homens que vivem nos Estados Unidos e é a segunda principal causa de
morte por cancer (Ross & Kantoff, 2007).

A morfogénese da prdstata de humanos e roedores ocorre de maneira analoga: os lobos
compdem arranjos circunferenciais ao redor da uretra prostdtica e apresentam caracteristicas
particulares de ramificag¢do de ductos e produgdo de secre¢des protéicas. Em um mesmo lobo,
os ductos prostaticos apresentam heterogeneidade regional quanto ao tipo celular, sintese e
producdo de proteinas, além de distintas respostas a hormonios (Marker et al., 2003; Cunha et
al., 2004). Morfologicamente, a prostata humana de um adulto ¢ mais compacta, sem
distingdo entre seus lobos. Este tipo de organizagdo determina o aparecimento de trés zonas
diferentes: periférica, central e de transi¢do (Figura 2A) (McNeal, 1983).

A zona periférica constitui cerca de 70% da massa prostatica e estd localizada na face
lateral e posterior da prostata, ao redor da zona central e de transicdo. A zona central,
representada por aproximadamente 25% da massa do tecido, envolve o ducto ejaculatorio,
compreendendo o espaco de onde o ducto se conecta com a uretra. J4 a zona de transi¢do, com
apenas 5% da massa prostatica, esta localizada ao redor da uretra proximal, sendo contornada

totalmente pelas zonas central e periférica (Roy-Burman et al., 2004).

A B

aejaculatory

anterior

lateral

vantral 2 rmim

Figura 2. (A) Divisdes morfoldgicas da prostata humana (McNeal, 1983) e (B) da prostata de
rato (Thomson & Marker, 2006).

Nos roedores observa-se um complexo prostatico formado por quatro pares de lobos,
os quais drenam suas secre¢des por meio de ductos para a uretra e sdo designados, segundo a

sua posicdo, como anterior, ventral, lateral e dorsal (Figura 2B) (Jesik et al., 1982). Uma

18



consideravel heterogeneidade ¢ observada quanto a sensibilidade androgénica entre os
diferentes lobos prostaticos, sendo o lobo ventral o que apresenta resposta mais semelhante a
prostata humana (Prins et al., 1992).

A prostata é composta por uma parte epitelial e outra estromal que em conjunto
formam os tibulos secretores e 4cinos da glandula (McNeal, 1988). A figura 3 mostra que o
epitélio ¢ constituido predominantemente por células luminais secretoras, incluindo também
em frequéncia intermedidria as células basais proliferativas € um pequeno nimero de células
neuroenddcrinas (Di Sant’Agenese, 1991; Singh et al., 2006). Este epitélio ¢ sustentado pelo
estroma, composto principalmente por células musculares lisas e fibroblastos, além de
mastocitos, macrofagos, nervos e vasos sanguineos (Marker et al., 2003). Ao redor destas
células estromais, existe a complexa matriz extracelular composta principalmente de fibras

colagenas, fibras reticulares, fibras do sistema elastico, proteoglicanos e diversas

glicoproteinas (Vilamaior et al., 2000).

CELULA EPITELIAL BASAL CELULA NEUROENDOCRINA
LUMINAL SECRETORA
CELULA EPITELIAL BASAL LUMEN CELULA MUSCULAR LISA
LAMINA BASAL CELULA CANDIDATA A

CELULA TRONCO

Figura 3. Diagrama do corte transversal de um acino prostatico. As setas indicam os tipos
celulares que estdo presentes. Adaptado de Marker et al. (2003).

6. Fisiologia da Prostata

O desenvolvimento e crescimento normal da prostata dependem de interagdes criticas
entre as células epiteliais e o estroma, moduladas principalmente por andrégenos (Cunha et al.,
2003). Os hormonios androgénicos sdo essenciais para a diferenciac¢do celular, manutenc¢do da
morfologia e funcdo secretoria da prostata (Davies & Eaton, 1991), além de manter a
funcionalidade da glandula durante a vida adulta (Thomson, 2001). A acdo destes hormdnios,
que também regulam as agdes co-dependentes das interagdes epitélio-estroma, € mediada via

receptores hormonais especificos (Cunha et al., 1985; Hsing et al., 2002). Desse modo, os
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processos bioldgicos que ocorrem nas células epiteliais sd@o controlados indiretamente por
mediadores dependentes de androgenos de origem estromal (Hayward & Cunha, 2000).

O receptor de androgenos (AR) ¢ um membro da familia dos receptores nucleares,
funcionando como fator de transcrigdo ativado por ligante. O AR € responsavel pela mediagdo
dos efeitos fisioldgicos dos androgenos por meio da sua ligacdo a sequéncias de DNA
especificas, influenciando a transcricdo de genes responsivos a androgenos (Gelmann, 2002).
Na prostata, este receptor estad entre os fatores de transcri¢do cuja atividade € influenciada pela
cascata de transducdo de sinal, por meio da fosforilagdo direta do AR ou através da
fosforilagdo de correguladores do AR. A falha da intera¢do normal entre a transdugdo de sinal
e a transativagdo do AR podem contribuir para a progressdo do cancer de prostata (Heilen &
Chang, 2004).

Estudos tém demonstrado que varios hormonios ndo-androgénicos, como o estrogeno,
prolactina, insulina e glicocorticoides também podem interferir na homeostase prostatica
(Bodker et al., 1999; Reiter, 1999; Ribeiro et al., 2008). Estudos epidemiologicos associam
altos niveis de insulina no sangue com o aumento do risco de cancer de prostata (Lehrer et al.,
2002; Barnard et al., 2002). Webber (1981), baseado em seus trabalhos com epitélio
prostatico in vitro, sugeriu que a insulina ¢ estritamente necessaria para a manutencdo da
glandula, alterando a permeabilidade celular, aumentando a captagdo de aminoécidos e
estimulando a sintese de DNA, RNA ¢ proteinas. Também tem sido demonstrado que o
diabetes promove reducdo 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., 2000).

Tendo em vista que a homeostase prostatica depende de uma variedade de fatores
esteroides e ndo-esterdides, e o fato de que a prostata humana é alvo de uma série de doencas
como a hiperplasia prostatica benigna e o cancer (King et al., 2006), o estudo de mecanismos
fisioldgicos presentes na prdstata se faz importante para um melhor entendimento do

funcionamento desta glandula e das situagdes patofisiologicas de interesse clinico.
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Justificativa

Nosso grupo de pesquisa tem caracterizado um interessante modelo de indugdo de
resisténcia periférica a insulina em ratos pelo tratamento com dexametasona (1 mg/kg) por 5
dias. Juntamente com outros dados da literatura, observam-se além da instalacdo de franca
resisténcia a insulina, alteracdes na morfologia e fungdo das células B pancreaticas que, frente
ao novo estado, hipertrofiam e passam a ser mais responsivas a diversos estimuladores da
secrecdo de insulina, com aumento desta secrecdo e consequente instalacdo de
hiperinsulinemia (Ogawa et al., 1992; Andrews et al., 1999; Rafacho et al., 2008; Rafacho et
al., 2009).

A partir deste modelo, investigamos as altera¢cdes morfoldgicas ocorridas na prdstata
ventral de ratos resistentes a insulina. O tratamento com a dexametasona resultou em atrofia
epitelial e das células musculares lisas, além de alteracdes de elementos celulares do estroma
prostatico, como os fibroblastos. Alteracdes mitocondriais também foram observadas nas
células musculares lisas. Sabe-se que os glicocorticdides tém importante fung¢do no
metabolismo e funcionamento de tecidos periféricos, e este estudo revelou que isto também se
aplica a prostata (Ribeiro et al., 2008). Deste trabalho, inimeras perguntas surgiram acerca
dos mecanismos de sinalizagdo presentes no tecido prostatico neste modelo, especialmente em

relagdo a insulina.
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Objetivos

Geral
Avaliar a expressdo de proteinas da via de sinalizacdo de insulina e a proliferagao
celular epitelial em prostata de ratos em um modelo de resisténcia a insulina induzida por

dexametasona.

Especificos

» Determinar o conteudo de proteinas envolvidas na via de sinalizagdo de insulina na
prostata (IR, IRS-1, PI3K, AKT, p-AKT, mTOR, p70°°%, ERK e p-ERK).

» Determinar o conteudo das proteinas AR e GR na prostata.

» Avaliar a freqiiéncia de células AR- e PCNA-positivas no epitélio acinar prostatico.
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Resultados

Os resultados obtidos durante a realizacdo deste trabalho estdo apresentados a seguir

sob a forma de um artigo submetido:
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Abstract

We investigated the insulin-signaling pathway and epithelial cell proliferation in the rat
prostate in a model of insulin resistance, induced by dexamethasone, and correlated these with the
expression of glucocorticoid (GR) and androgen (AR) receptors. Insulin resistance was induced in
adult male Wistar rats by injection of dexamethasone-phosphate (DEX; 1 mg/kg, i.p.) for 5 days,
whereas control (CTL) rats received saline. Rats were weighed daily and, following treatment, the
ventral prostates were removed, weighed and prepared for immunoblotting or immunocytochemical
reactions. Dexamethasone treatment resulted in a significant decrease in body weight, but not of
prostatic weight. Reductions in the insulin-signaling pathway IRS-1/AKT/mTOR, AR and GR levels
were observed in the prostate of dexamethasone-treated rats, compared with the CTL group. IR
and ERK protein expressions were similar in both groups; p-ERK levels increased, but not
significantly, in DEX rats and PI3K, p70 and p-AKT protein content showed a tendency towards
reduction in the prostate of insulin-resistant rats, although this was not significant. The frequency of
AR-positive cells in the acinar epithelium of the prostate decreased in the glucocorticoid-treated
group, in addition, the intensity of the reaction for this receptor in the cell nuclei was lower in this
group. Furthermore, the treatment with dexamethasone reduced the frequency of PCNA-positive
cells by 30-fold. This investigation shows that downregulation in the IRS-1/AKT/mTOR pathway in
the prostate of dexamethasone-treated rats induces a reduction in the initial steps of insulin action,

which affects the signaling pathway involved in the stimulation of epithelial cell proliferation.

Keywords: insulin resistance, insulin signaling, prostate, dexamethasone, cell proliferation.
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Introduction

Insulin resistance is a disorder in which target cells fail to respond to normal levels of
circulating insulin. An increased metabolic demand for insulin in several tissues commonly
precedes the development of hyperglycemia. In the course of time, B cell compensation for insulin
resistance fails, resulting in a progressive decline of B cell function that leads to type 2 diabetes
(Kasuga, 2006). Recently, it was demonstrated that the administration of dexamethasone, a
synthetic glucocorticoid, for 5 days in adult rats induces hyperinsulinemia and insulin resistance in
a dose-dependent fashion (Rafacho et al., 2008).

Clinical and experimental studies demonstrate the deleterious effects of diabetes on the
genital system, which is associated mainly with erectile dysfunction and infetility (Jackson &
Hutson, 1984; Scarano et al., 2006). Experimentally induced diabetes impairs spermatogenesis,
which can be accompanied by decreases in the weights of reproductive organs, such as the
prostate, and a reduction in serum testosterone levels (Seethalakshmi et al., 1987; Saito et al.,
1996). Prostate atrophy, induced by diabetes, was accompanied by lower cell proliferation and
higher apoptotic rates in acinar epithelium (Arcolino et al., 2010). Androgens are probably the main
trophic factor in the prostatic acinar epithelium, being fundamental for normal cellular proliferation
and differentiation and also for malign transformation (Cunha et al., 1992; Marker et al., 2003; Yan
& Brown, 2008; Yuan & Balk, 2009). Thus, while mounting evidence has implicated testosterone
withdrawal and AR signaling in the prostate modifications induced by diabetes, the understanding
of the cellular mechanisms underlying these alterations is incomplete and their putative interactions
with impaired insulin actions are unknown (Cagnon et al., 2000). Furthermore, most experimental
studies concerning the response of the prostate to diabetes are based on experimental protocols of
type 1 diabetes and knowledge of the effect of the more common type 2 diabetes and insulin
resistance on this gland are still incipient (Ribeiro et al., 2008; Vikran et al., 2010a). In rat ventral
prostate, dexamethasone treatment resulted in epithelial and smooth muscle cell atrophy and
alterations in fibroblasts. Mitochondrial changes have also been detected in the prostatic smooth
muscle cells, indicating possible deleterious effects of glucocorticoid (Ribeiro et al., 2008).

Insulin exerts important metabolic and cellular mitogenic effects mediated through the

insulin receptor (IR) that is present in virtually all vertebrate tissues (Kahn, 1985). IR, a
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transmembrane glycoprotein with intrinsic tyrosine kinase activity, undergoes rapid
autophosphorylation and subsequently phosphorylates intracellular protein substrates, including
IRS-1 and IRS-2 (Cheatham & Kahn, 1995). Phosphorylated IRS acts as a protein scaffold that
activates the phosphatidylinositol 3-kinase (PI3K) (Yenush & White, 1997). Downstream from PI3K,
the serine threonine kinase (AKT), is activated playing a pivotal role in the regulation of various
biological processes, including apoptosis, proliferation, differentiation, and intermediary metabolism
(Downward, 1998; Chen et al., 2001). AKT phosphorylates many proteins with essential
physiological roles, including Rheb (Inoki et al., 2003). Rheb leads to the activation of the
mammalian target of rapamycin (mTOR) pathway, which phosphorylates the p70°%, which is
important for protein synthesis. The mTOR pathway is a key regulator of cell growth and
proliferation, and increasing evidence suggests that its deregulation is associated with human
diseases, including cancer and diabetes (Ueno et al. 2005; Sabatini, 2006). Besides PI3K
activation, a contribution of mitogen-activated protein kinase (MAPK) pathway, especially
extracellular signal-regulated kinase (ERK) activation, to proliferation, protection against cell death
and gene expression has been observed although its significance is not completely understood
(Briaud et al., 2003; Lawrence et al., 2005). Protein and phospholipid phosphatases modulate the
strength and duration of insulin signals. Depending upon the tissue site, dysregulation of these
heterologous signaling mechanisms can progress to glucose intolerance, hyperinsulinemia,
dysregulated lipid metabolism, and insulin resistance (White, 2003).

Much is known about the glucose metabolism and the insulin signaling pathway in insulin-
responsive tissues such as muscle, fat, and liver (Saad et al., 1992; Paéz-Espinosa et al., 1998),
although studies show that insulin plays an important role in the metabolism and functioning of the
prostate, the downstream signaling pathways in the gland are practically unknown. Thus, we
investigated the insulin signaling pathway and epithelial cell proliferation in the rat prostate in a

model of decreased insulin sensitivity induced by dexamethasone.

Materials and methods
Materials

Dexamethasone-phosphate (Decadron) was from Aché (Campinas, SP, Brazil). SDS-PAGE
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and western blotting were performed using Bio-Rad systems (Hercules, CA, USA), and all
chemicals used were from Rio-Rad and from Sigma (St. Louis, MO). Anti-IRa (sc-710), anti-IRS-1
(sc-560), anti-AKT (sc-8312), anti-phospho-AKT Ser473 (sc-7985-R), anti-p70 S6K (sc-8418), anti-
phospho-ERK (sc-7383), anti-AR (sc-816), anti-GR (sc-1004) and anti-PCNA (sc-56) were from
Santa Cruz Biotechnology (Santa Cruz, CA). Anti-mTOR (7C10) was from Cell Signaling
Technology (Beverly, MA). Anti-PI3K, subunit p85, (06-195) and anti-ERK (06-182) were from

Upstate (Lake Placid, NY). Anti-beta-actin (ab8227) was from Abcam (Cambridge, MA).

Animals and dexamethasone treatment

Adult male Wistar rats (320-420 g) obtained from the UNESP-Sao Paulo State University
Animal Care Unit, Campus of Botucatu, were kept at 22+2°C on a 12h light/dark cycle. The rats
had free access to food and water. The experimental group (DEX) received daily injections of
dexamethasone-phosphate (1 mg/kg body weight, dissolved in saline, intraperitoneally for 5 days),
whereas control (CTL) rats received saline (1 ml/kg body weight intraperitoneally for 5 days). Rats
were weighed daily. Following treatment, animals of both groups were anaesthetized by CO,
inhalation and killed by decapitation. The ventral prostates were removed and weighed.
Experiments with animals were approved by the institutional UNESP Committee for Ethics in

Animal Experimentation and conform to the Guide for the Care and Use of Laboratory Animals.

Protein extraction and immunoblotting

Fragments of ventral prostate were homogenized for 15 seconds at the maximum speed in
ice-cold cell lysis buffer (Cell Signaling). The samples were centrifuged for 15 minutes at 4°C and
the supernatants were removed. Protein concentration from total cell lysate was determined by the
RCDC method (reducing agent compatible and detergent compatible assay), according to the
manufacturer (Bio-Rad). Protein obtained from prostate (150 ug) was used for each experiment.
Electrotransfer of proteins from the gel to nitrocellulose membrane was performed for 90 min at
120 V (constant) in a Bio-Rad miniature transfer apparatus (Mini-Protean) with 0.02% SDS and
20% methanol. After blocking at room temperature for 2 hours in Tris buffer salt tween (TBST) dry

skimmed milk, membranes containing prostatic cell lysates were washed in TBST and incubated
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overnight with the appropriate primary antibodies. After washing in TBST, membranes were
incubated with the appropriate secondary antibody. Antibody binding was detected by enhanced
SuperSignal West Pico Chemiluminescent Substrate (Pierce, Rockford, IL), as described by the
manufacturer. Blots were scanned and the densitometry of protein bands was determined by pixels
intensity using Scion Image software (Scion Corporation, Frederick, MD). The protein content

values were corrected by expression of B-actin, used as a control blot.

Immunocytochemical reactions

Prostatic fragments were fixed by immersion in metacarn and embedded in paraffin.
Histological sections were submitted to antigen retrieval in citrate buffer, pH 6.0, for 20 min and
treated for a further 30 min in 3% H.O, in methanol to block endogenous peroxidases. Sections
were treated for 15 min with a background sniper blocker to eliminate non-specific binding (Biocare
Medical, Concord, CA). Sequentially, slides were incubated with the following primary antibodies,
diluted 1:100 in 1% BSA: rabbit anti-androgen receptor (overnight, at 4°C) and mouse anti-PCNA
(1 h, at 37°C). AR detections were performed with biotinilated secondary anti-rabbit antibody, for
45 min, followed by the ABC Staining System (sc-2018, Santa Cruz Biotechnology), according to
the manufacturer’s instructions. Anti-PCNA was detected by Polymer conjugated to peroxidase
(Novolink Polymer; Novocastra, Norwell, MA), for 45 min. The reactions were revealed with
diaminobenzidine (0.03% in TBS) and sections were stained with haematoxylin. Negative controls
were obtained by omission of the primary antibody. Slides were observed using a Zeiss-Jenamed
light microscope (Jena, Germany) coupled with a camera and a semi-automatic image analysis

system (Image-Pro Plus Media Cybernetics version 4.5 for Windows software, Bethesda, MD).

Quantitative and statistical analysis

The quantification of PCNA- and AR-positive cells in the acinar epithelium of the ventral
prostate was performed by using 20 microscopic randomly selected fields at 200x. Three rats were
employed, resulting in 60 fields per group. The immunoreaction index was calculated as the
number of positive nuclei in the epithelial cells divided by the total number of epithelial cell nuclei

counted, expressed as a percentage. Statistical comparisons between data from the DEX and CTL
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groups were performed using the unpaired Student’s t-test. Values of P<0.05 were considered

statistically significant and results are expressed as means = SE.

Results

Biometric parameters

Table 1 represents the mean values of body weight and prostatic weight of the control and
dexamethasone-treated groups. The body weight of DEX animals was reduced significantly by
20% when compared with the controls (P<0.05, n=4). However, the prostatic weight did not differ

significantly between groups.

Insulin signaling in the prostate of insulin-resistant rats

Western blotting experiments were performed to determine modification in the insulin
signaling pathway in the prostate of insulin-resistant rats. Insulin receptor (IR) protein expression
was similar in the prostate of control and dexa-treated rats (CTL 0.89+0.24 vs. DEX 0.91+0.05, Fig.
1A). IRS-1 protein content was significantly reduced in the DEX group (CTL 1.08+0.09 vs. DEX
0.83+0.04, P<0.05, Fig. 1B). A marginal, but not significant, reduction in the phosphatidylinositol 3-
kinase (PI3K) protein expression, p85 regulatory subunit, was observed in the prostate of dexa-
induced animals (CTL 0.68+0.13 vs. DEX 0.57+0.04, Fig. 1C).

AKT protein levels were reduced significantly in the DEX group (CTL 0.98%£0.05 vs. DEX
0.79+0.04, P<0.05, Fig. 2A), but this reduction was not significant in the phospho-AKT (CTL
0.63+0.09 vs. DEX 0.52+0.15, Fig. 2B). mTOR protein content was significantly reduced in the
prostate of dexa-treated animals (CTL 0.61+0.13 vs. DEX 0.24+0.07, P<0.05, Fig. 2C). Although
not significantly different, towards a reduction in p70°® was noticed in the DEX group, compared
with the CTL group (CTL 0.90+0.15 vs. DEX 0.63+0.17, Fig. 2D).

In both groups, the ERK protein expression was similar (0.92+0.06 for CTL and 0.92+0.05
for DEX animals, Fig. 3A). The levels of p-ERK increased, but not significantly, in dexa-treated rats

(CTL 0.60+0.13 vs. DEX 0.91+0.13, Fig. 3B).
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Treatment with dexamethasone decreased GR and AR expression
A significant reduction in glucocorticoid receptor (GR, CTL 1.30+0.15 vs. DEX 0.66%0.21,
P<0.05, Fig. 4A) and androgen receptor (AR, CTL 1.81+0.26 vs. DEX 0.57+0.18, P<0.05, Fig. 4B)

protein expression was observed in the prostate of DEX animals.

Immunocytochemical analysis

Immunocytochemical methods were used to detect proliferation of cell nuclear antigen
(PCNA) and androgen receptor (AR). The frequency of PCNA-positive cells in the acinar
epithelium of the prostate decreased 30-fold in the dexamethasone-treated group, when compared
with controls (CTL 5.40+0.64% vs. DEX 0.18+0.05%; P<0.001; Fig. 5A-B and 7A). Although
treatment with dexamethasone has caused only a small reduction in the frequency of AR-positive
cells in the rat prostate, the intensity of staining in each nucleus decreased sharply, in particular in

the intermediate gland region (CTL 97.71£1.09% vs. DEX 88.64+1.82%; P<0.05; Fig. 6 and 7B).

Discussion

The effects of glucocorticoids in vivo include both impaired insulin-dependent glucose
uptake in the periphery and enhanced gluconeogenesis in the liver (Rizza et al., 1982; Rooney et
al.,, 1994). We have recently demonstrated that peripheral insulin resistance has been confirmed
by the high levels of glucose and fast serum insulin measured in dexamethasone-treated rats
(Rafacho et al., 2009). In addition, glucocorticoids oppose other actions of insulin, including its
effect on central appetite reduction (Chavez et al., 1997). In this study, animals in the DEX group
demonstrated reduced body weight, probably due to the action of insulin’s anorexigenic effects in
the hypothalamus (Wood et al., 1979; Santos et al., 2007). Nevertheless, the prostatic weight did
not differ between groups.

A previous investigation reported that glucocorticoid-induced insulin resistance led to
epithelial and smooth muscle cell atrophy in the rat ventral prostate and structural alterations in
fibroblasts and mitochondria (Ribeiro et al., 2008). A novel set of experiments based on this model
of hyperinsulinemia now examines the insulin-signaling pathway in this gland. Our results show

that, after treatment with dexamethasone, there was no change in insulin receptor levels, however

8
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a significant reduction in the expression of IRS-1 could be observed in the rat prostate. This is in
agreement with other studies, such as in the muscle of dexamethasone treated rats (Saad et al.,
1993; Rojas et al., 2003). Additionally, a significant decrease in AKT content was observed in the
prostate of insulin-resistant rats. The decrease in the IR/IRS/PIBK/AKT pathway could also be
demonstrated in the liver and muscle of hyperinsulinaemic rats (Ueno et al., 2005) and in adipocyte
cells incubated with dexamethasone (Burén et al., 2002).

A major downstream target of AKT is mammalian target of rapamycin (mTOR), which has
key roles in cell survival, growth, protein synthesis, cellular metabolism and angiogenesis (Garcia
& Danielpour, 2008). Our findings showed that, after treatment with dexamethasone, there was a
drastic reduction in mTOR expression in the ventral prostate. The downregulation in AKT/mTOR
signaling in the prostate explains the reduction in cell proliferation detected in the gland of this
model of insulin resistance. Current estimations suggest that PISK/AKT/mTOR signaling is
upregulated in 30-50% of prostate cancers. Multiple inhibitors of this pathway have been
developed and are being assessed, with attention focusing on mTOR inhibition (Morgan et al.,
2009). In prostate cancer cells, mTOR and p70°* are downstream of PI3K and AKT in regulating
G cell cycle progression. PI3K transmits the mitogenic signal through AKT, mTOR to p70°%
suggesting that the PI3K/AKT/mTOR/ p70°% signaling pathway could serve as a target for
therapeutic intervention in prostate cancer (Gao et al., 2003). Additional in vivo studies with lower
doses of dexamethasone may provide new information about its antiproliferative effects on prostate
cells and its potential use in the treatment of proliferative prostate disorders.

Besides the reduction in the insulin-signaling pathway, we also noticed a significant
decrease in the expression of glucocorticoid receptors (GR) and androgen (AR) in the prostate of
rats treated with dexamethasone. Glucocorticoids can inhibit androgen signaling, since the GR and
AR inhibit the transcriptional activity of each other in cultured cells (Chen et al., 1997). A study in
the prostate cancer cell lines, DU145 and PC-3, showed a dose-dependent decreased level of GR
after treatment with dexamethasone, where this reduction was more evident in PC-3 cells than in
DU145 cells. These results support the hypothesis that dexamethasone inhibits the growth of
prostate cancer cells through intrinsic GRs (Nishimura et al., 2001). As regards to the androgen

receptor, a recent study demonstrated that the inhibition of the PI3SK pathway activates AR
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signaling. Despite the increase in AR signaling, which has proliferative effects, PI3K pathway
inhibition has antiproliferative effects, suggesting that the PI3K pathway is dominant over AR
signaling in prostate cancer cells (Kaarbo et al., 2010).

Experimental evidence has shown the association between insulin resistance, caused by
the excess of fat in feeding, and prostate enlargement (Cai et al., 2001; Escobar et al., 2009;
Vikram et al., 2010a). Furthermore, clinical trials have indicated a positive correlation between
insulin resistance and higher risk of benign prostatic hyperplasia (BPH), which has been reinforced
by experimental data (Kasturi et al., 2006; Vikram et al., 2010b). In this context, the decrease in
prostatic cell proliferation observed after dexamethasone-induced insulin resistance may appear
contradictory. However, previous experiments from our laboratory in which rat insulin resistance
was induced by high-fat diet also led to the downregulation of IRS-1, AKT and AR in the rat ventral
prostate, however PI3K and cell proliferation were increased (unpublished data). According to
Escobar et al. (2009), dietary saturated fat influences prostate growth and proliferation via
peroxysome-proliferator-activated receptor gamma and upregulation of AR. On the other hand, in
dexamethasone-induced insulin resistance, there is a downregulation of GR and AR in the
prostate, as well as of IRS-1/AKT/mTOR.

Thus, the present results indicate the occurrence of a specific signaling mechanism in
dexamethasone- and high-fat dietary induced insulin resistance. We have demonstrated, for the
first time, a downregulation in the IRS-1/AKT/mTOR pathway in the prostate of dexamethasone-
treated rats that induces a reduction in the initial steps of insulin action, in turn affecting the

signaling pathway involved in the stimulation of epithelial cell proliferation in the prostate.
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Figure Legends

Figure 1. Protein content of A, insulin receptor a (IRa); B, insulin receptor substrate-1 (IRS-1); and
C, phosphoinositide 3-kinase (PI3K) in the ventral prostate of rats treated with saline (CTL) and
dexamethasone (DEX). Data are reported as means + SE. *P<0.05 compared to control (Student’s

t-test), n=4.

Figure 2. Protein expression of A, serine-threonine protein kinase (AKT); B, phosphorylated serine-
threonine protein kinase (pAkt); C, mammalian target of rapamycin (mTOR); D, ribosomal protein
S6 kinase (p70°%) in the ventral prostate of rats treated with saline (CTL) and dexamethasone

(DEX). Data are reported as means + SE. *P<0.05 compared to control (Student’s t-test), n=4.

Figure 3. Protein content of A, extracellular signal-regulated kinase (ERK); and B, phosphorylated
extracellular signal-regulated kinase (p-ERK) in the ventral prostate of rats treated with saline
(CTL) and dexamethasone (DEX). Data are reported as means + SE, P>0.05 (Student’s t-test),

n=4.

Figure 4. Protein expression of A, glucocorticoid receptor (GR); and B, androgen receptor (AR) in
the ventral prostate of rats treated with saline (CTL) and dexamethasone (DEX). Data are reported

as means * SE. *P<0.05 compared to control (Student’s t-test), n=4.

Figure 5. PCNA immunocytochemistry of the intermediate region of the ventral prostate of control
rats (A) or rats treated with dexamethasone (B). PCNA-positive cells are indicated by arrowheads.
Note that proliferation in the prostate epithelium decreases significantly in the dexamethasone

group (B). Scale bar: 20 pm.

Figure 6. Immunocytochemistry for AR in the ventral prostate of control rats (A-C) or rats treated
with dexamethasone (D-F). Distal region (A, B, D and E) and intermediate region of the acini (C
and F). Note the reduction in the staining of the androgen receptor in the prostate epithelium of the

dexa-treated group and the decreasing intensity of nuclear staining for this receptor after treatment
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with dexamethasone. Scale bars = 100um for A and D; 20um for B, C, E and F.

Figure 7. Relative frequency (%) of immunoreactions for PCNA-positive cells (A) and AR-positive

©CoOoO~NOUOIA,WNPE

cells (B). Data are reported as means + SE. *P<0.05 compared to control (Student’s t-test).
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Table 1. Mean values of body and prostatic weight of control and dex-treated groups
CTL DEX
Body weight (g) 396.25+18.3 317.5+24.5*
Prostatic weight (mg) 0.527+0.013 0.510+0.028

Data are mean + SE. *Significantly different from control, P<0.05, n=4.
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Conclusoes

A resisténcia a insulina induzida pelo tratamento com dexametasona causa na prdstata
ventral de ratos:

» Redugdo na expressdo da via de sinalizag¢@o da insulina IRS-1/AKT/mTOR

» Reducdo na expressao das proteinas AR e GR

» Redugio na freqiiéncia de células AR- e PCNA-positivas no epitélio acinar prostatico

Assim, o tratamento com dexametasona afeta a via de sinalizagdo envolvida na

estimulacdo da proliferagdo celular epitelial prostatica.
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