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Resumo

Condigdes gestacionais adversas podem acarretar alteragdes morfofuncionais irreversiveis no feto,
fendmeno conhecido como Programacgédo Fetal (PF). A restricdo proteica intrauterina/perinatal
(modelo de PF amplamente conhecido) € responsdvel por baixo peso ao nascimento e
desenvolvimento de desordens metabolicas na vida adulta. A PF também altera os niveis de
horménios esteroides e fatores de crescimento, tais como estrogeno, testosterona, insulina e os IGFs
na prole, sendo estas alteragdes intensificadas quando a restricdo proteica é prolongada na vida pés-
natal. Estes hormonios participam diretamente do desenvolvimento e homeostasia prostaticos, sendo
que o desequilibrio entre eles esta relacionado com o aumento de incidéncia de desordens prostaticas
com o envelhecimento. Neste contexto, objetivou-se investigar os efeitos da exposicdo materna a
dieta hipoproteica, durante os periodos gestacional e lactacional, sobre a prole ratos machos, com
énfase ao desenvolvimento/maturacdo glandular e incidéncia de patologias prostaticas com o
envelhecimento. Para isso, foram utilizados ratos Sprague Dawley machos, nascidos de maes
alimentadas com racdo padrdo (17% de proteina, grupo controle — CTR) ou com racao hipoproteica
(6% de proteina) durante a gestacdo (grupo GLP, do inglés gestational low protein), ou durante a
gestacdo e lactacdo (grupo GLLP, gestational and lactation low protein). A préstata ventral (PV) e o
sangue foram coletados nos dias pds-natal (DPN) 21 e 540. Foram realizadas analises hormonais
séricas, e a PV foi submetida as analises morfologicas/morfométricas, de imunohistoquimica, western
blotting, gPCR nos dois periodos e de protedmica no DPN540. Nossos resultados demonstram baixo
peso ao nascimento dos animais dos grupos GLP e GLLP. Houve atraso no desenvolvimento
prostatico no DPN21 e menor atividade secretora no DPN540. Anélises hormonais evidenciaram um
desequilibrio dos hormoénios testosterona, estrégeno e insulina/IGF-1 nos animais submetidos
restricdo proteica materna, o que resultou em alteracdo das vias moleculares de sinalizacdo
responsivas a estes hormonios nas duas idades analisadas. Destaca-se como resultado inédito a
deteccdo de carcinoma in situ exclusivamente nos animais velhos submetidos a restricdo proteica
materna, fato que foi relacionado ao desequilibrio do ambiente intrauterino/perinatal pela restri¢do
proteica, agravado pela desregulacdo do balanco estrogeno/testosterona em animais velhos. Analises
protedbmicas da PV de animais no DPN540 revelaram o enriquecimento de vias moleculares
reconhecidamente associadas a carcinogénese prostatica, principalmente no grupo GLLP, que
apresentou maior incidéncia e severidade de lesdes. Estes resultados apontam a restricdo proteica
materna como um importante fator de risco para o desenvolvimento do cancer de prostata.

Palavras-chave: Restricdo proteica gestacional e lactacional, programacéo fetal, prostata ventral,
insulina, cancer de prdstata.
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Capitulo 1.

1- INTRODUCAO

1.1 Programacdo Fetal

Evidéncias demonstram que doencas habitualmente consideradas crénicas podem ter origem a
partir de insultos ocorridos durante o periodo intrauterino e neonatal, uma vez que esta fase de
desenvolvimento representa um periodo de alta vulnerabilidade tanto para a gestante como para
embrido/feto (MERICQ et al., 2016). Nesta fase, a exposi¢cdo materna a condigdes estressantes, tais
como drogas, agentes quimicos, dietas ndo balanceadas, radiacdo podem afetar de maneira
irreversivel o desenvolvimento da prole. Os efeitos desencadeados podem variar conforme o tipo,
dose e tempo de exposicdo a tal insulto. As consequéncias sdo diversas, desde baixo peso ao
nascimento, alteragdes no desenvolvimento e maior susceptibilidade a doencas na vida adulta. Tais
efeitos, que ocorrem em resposta ao agente estressor, tem inicio a partir de mudancas na
expressao/regulacdo da expressdo génica de vias de sinalizacdo que atuam durante o periodo de
morfogénese, como as vias de controle de proliferacao/diferenciacdo celular, cuja alteracdo pode
levar a mudanca na quantidade e propor¢éo dos diferentes tipos celulares, o que acarreta alteragdes
morfofisioldgicas e afeta de modo irreversivel o funcionamento dos 6rgaos (QASEM et al., 2012).

Estas respostas adaptativas de um organismo frente a insultos durante o periodo pré e/ou
perinatal sdo coletivamente denominadas de Programacdo Fetal (PF) (BARKER et al., 1989). Um
dos primeiros pesquisadores a demonstrar correlagdo entre insultos maternos durante a gestagéo e o
aumento de casos de doengas nos descendentes foi o epidemiologista inglés David Barker. Em seu
primeiro estudo, Barker e seus colaboradores coletaram dados de recém-nascidos (entre 0s anos de
1911 e 1930) em um hospital na regido de Hertforshire, Inglaterra. O total de mortes por doenca
cardiaca na idade adulta em individuos com baixo peso corpéreo para 1 ano de idade foi 2.7 vezes
maior que individuos com peso considerado normal (Barker et al., 1989). Na década de 1980, Barker
e colaboradores demonstraram correlacéo entre a nutricdo infantil, incidéncia de mortalidade neonatal
e de mortes por doengas cardiacas na idade adulta em regides pobres da Inglaterra e do Pais de Gales
(Barker et al., 1986).

Em um outro estudo, Barker coletou dados de gestantes e recém-nascidos na regido de
Lancashire, Inglaterra, nascidos entre os anos de 1935 e 1944. Analisando dados de peso corp6reo ao
nascimento, peso da placenta, peso corpdreo e pressdao arterial na idade adulta, Barker e seus
colaboradores demonstraram que individuos com baixo peso ao nascimento associado a maior

tamanho de placentas apresentaram maior pressao arterial (Barker et al., 1990). Estes autores
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propuseram que a restricdo de crescimento intrauterino e pds-natal poderia ser um importante fator
de risco para o desenvolvimento de hipertenséo e doencgas cardiacas, dando origem a Hipdtese de
Barker. Inicialmente controversa, esta teoria tem alavancado o interesse médico-cientifico sobre a
PF, além de fomentar a criacdo de uma sociedade internacional, destinada ao estudo desta tematica,
denominada Developmental Origins of Health and Disease (DOHaD) (Schulz, 2010).

Em uma das poucas oportunidades de se avaliar a influéncia de fatores externos sobre o
desenvolvimento humano, Ravelli et al. (1976) demonstraram o impacto da restricdo alimentar sobre
os filhos de mulheres expostas a um periodo de escassez alimentar durante o cerco alemdo a Holanda
ao final da 2% Guerra Mundial (1944-1945), episddio conhecido como Inverno da Fome Holandesa
(Dutch Hunger Winter), onde o consumo alimentar foi limitado a 400-800 calorias/dia, inclusive para
gestantes. Na vida adulta, esses individuos cujas mées sofreram restricdo alimentar, apresentaram
padrdes diferenciados de composicao corporal dependendo da fase da gestacdo em que haviam sido
expostos a desnutricdo materna. Caso a mae tivesse sofrido desnutri¢do durante o Ultimo trimestre da
gestacéo, esse grupo apresentava uma baixa incidéncia de obesidade. No entanto, se a desnutri¢cdo
tivesse ocorrido no primeiro trimestre da gestacdo, a incidéncia de obesidade aumentava
significativamente. Com isso, 0s autores demonstraram que, além do impacto negativo da desnutricao
materna sobre a prole, seus efeitos dependem do periodo gestacional em que o insulto ocorre. Este
evento, embora trdgico, proporcionou condi¢es para melhor entendimento dos efeitos da restri¢éo
alimentar intrauterina sobre a saide humana, sendo fundamental para alicercar o interesse sobre a
DOHaD (Schulz, 2010).

Outros estudos epidemioldgicos sugerem forte associacdo entre o baixo peso ao nascimento e
o0 risco aumentado de obesidade e doencas metabodlicas na vida adulta (BARKER, 2003). Hales &
Barker (1992) propuseram inicialmente que a principal alteracdo adaptativa causada pelo PF com
repercussao sistémica seria o atraso no desenvolvimento/diferenciacdo das células beta-pancreaticas
produtoras de insulina, o que resultaria em alteracGes metabdlicas sistémicas e aumento da incidéncia
de diabetes do tipo 2 na vida adulta. Mais recentemente, tem sido proposto que o aumento da
incidéncia de doencas metabdlicas se d& através de mecanismos genéticos e epigenéticos de
programacao intrauterina. Neste modelo, a placenta € um componente crucial, pois integra a gestante
e 0 embrido/feto, respondendo a sinais ambientais e interferindo no desenvolvimento e crescimento
intrauterino. Esses processos sao mediados em parte pelo aumento da expressédo de fator de
crescimento semelhante a insulina (IGF-I) e do seu receptor (IGF-IR) como um mecanismo
compensatdrio em resposta a restricdo de crescimento fetal, que pode induzir influxo de aminoacidos

e glicose do sangue materno para o feto via placenta. Apds o nascimento, ocorre um periodo de
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aumento da sensibilidade a insulina e de crescimento acelerado da prole. Este padrdo de resposta tem

sido denominado, em inglés, de catch-up growth (Figura 1).

Programacdo fetal
intrauterina

\ 4

| ‘ Crescimento fetal

' Sensibilidade
| a Insulina

f Aminodcidos

1 Niveis de glicose
' Niveis de IGF-1
t Niveis de IGF-1R

Ganho de peso
pos natal

Crescimento acelerado
Cach-up growth

v

Resisténcia
ainsulina

Figura 1. Modelo de programacdo fetal (comunicacgéo pessoal).

Muitos modelos de PF tém sido desenvolvidos na atualidade, principalmente utilizando
modelos roedores. Dentre estes, o oferecimento de dieta hipoproteica as ratas prenhes durante o
periodo gestacional e/ou lactacional, tém sido um dos mais estudados. Com a utilizagdo deste modelo,
varios autores demostraram associacdo de consumo de dieta hipoproteica por ratas prenhes e o baixo
peso ao nascimento, reducdo no crescimento de diferentes érgdos, elevacdo da pressdo sistdlica,
dislipidemia e resisténcia a insulina (COLOMBELLI et al., 2017; FIDALGO et al., 2013; OZANNE,
1999, 2001a; PAULINO-SILVA; COSTA-SILVA, 2016; PINHO et al., 2014; RINALDI et al., 2013;
SENE et al., 2013; VEGA et al., 2016).

Anélises de 6rgdos especificos demonstram que a restricdo proteica materna acarretar em menor
numero de néfrons no rim (HABIB; ZHANG; BAUM, 2011), menor quantidade de células beta e de
ilhotas pancreaticas (DAHRI et al., 1991), proporcao alterada entre os tipos celulares do figado
(BURNS et al., 1997), redugdo no nimero de capilares do ceérebro (BENNIS-TALEB et al., 1999),

menor numero de neurénios reguladores do apetite no hipotdlamo (PLAGEMANN et al., 2000) e de
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alvéolos pulmonares (ZANA-TAIEB et al., 2013), alem de impactar negativamente na via de
sinalizacéo da insulina (NICHOLAS et al., 2013).

1.2 Via de Sinalizacéo da Insulina/IGFs

A via de sinalizagdo da insulina é uma das mais afetadas pela PF. Estudos clinicos e
experimentais tém demonstrado que a desregulacdo deste eixo durante o desenvolvimento
intrauterino esta associada a restricdo de crescimento e desenvolvimento de diabetes tipo 2 na vida
adulta (MURPHY et al., 2006).

A via de sinalizacdo da insulina/IGFs é composta por 3 ligantes: Insulina e os Fatores de
Crescimento Semelhantes a Insulina (IGFs) | e Il. A acdo da insulina é mediada pelo receptor de
insulina (IR) e também pode ser ativado pela ligacdo ao IGF-I e 11, porém com menor afinidade. A
ativacdo do IR leva a um aumento da proliferacdo em células-alvo. Além disso sua ativagdo em
tecidos adultos, tem papel essencialmente metabdlico, controlando o metabolismo de glicose, lipideos
e proteinas. Este ultimo, é ativado exclusivamente pela ligacdo a insulina (DUPONT;
HOLZENBERGER, 2003; SINGH; ALEX; BAST, 2014)

Os IGF-1 e Il também desempenham importante funcdo na regulacdo da proliferacéo,
diferenciacdo e transformacdo celular, além da apoptose, sendo seus efeitos mediados pelos
receptores IGF-IR e IGF-1IR (KOJIMA et al., 2009; LONG; HUYNH; ZHAO, 1998). A insulina e
os IGFs possuem estrutura molecular bastante similar, o que possibilita uma sobreposicdo em suas
vias de sinalizacdo. Assim, os IGFs-1 e Il podem se ligar ao IR, da mesma maneira que a insulina
pode se ligar ao IGF-IR e IGF-1IR (SINGH; ALEX; BAST, 2014) (Figura 2).
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IGFII IGFI Insulin

IGFIR IGFIR:IRA IRA IRB IRA:IRB IRB:IGFIR

s She,IRS1/2 N
RAS PI3K
MEK Akt
Erk1/2 mTOR
Mtogienic effects Metabolic effects

Figura 2. Representacdo esquematica da via de sinalizacdo da Insulina/IGF. Sao observadas 3
moléculas ligantes (insulina, IGF-I1 e IGF-11) e seus receptores (IRA e IRB IGF-IR, IGF-1IR) e
formagcdo de receptores de conformagdo hibrida entre os IGF-IR, IRA e IRB (SINGH; ALEX; BAST,
2014).

A ligacéo destes fatores de crescimento aos seus receptores leva a uma cascata de sinalizagdo
intracelular, como a fosforilacdo da familia dos substratos do receptor da insulina I/11 (IRSI/I1) e 0
Shc (proteina colageno/homdloga- Src). Estes, por sua vez, levam a ativacdo de vias que controlam
tanto os niveis de proliferacao celular (ERK- quinase regulada por sinal extracelular e AKT - proteina
quinase B) como metabolismo tecidual (PI3K, fosfatidilinositol 3 quinase) (SINGH; ALEX; BAST,
2014).

Berends et al. (2013) demonstraram que ratos submetidos a restricdo proteica intrauterina
apresentaram reducdo dos niveis de expressdo proteica de varias proteinas da via insulina/IGF (IRS-
1, PI3K e AKT fosforilados) em tecido adiposo periepididimario, sendo este resultado considerado
um indicador do desenvolvimento de resisténcia a insulina e sindrome metabdlica na idade adulta.
Estes autores ndo observaram variacao nos niveis de expressdo do RNAm e das proteinas totais destas
vias. Resultados similares foram observados por Chen et al. (2009), que demonstraram reducéo
apenas na expressdo da forma fosforilada de AKT e PI3K no mdsculo estriado esquelético de ratos
machos que sofreram restri¢do proteica intrauterina. Em conjunto, estes resultados além de evidenciar
a alteracdo da via insulina/IGF em animais submetidos a restricdo proteica, também reforcam a
necessidade de se avaliar ndo somente a expressdo génica destes alvos, mas também eventos pds-

traducionais, para um melhor entendimento destas vias.
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1.3 Prostata, Programacéo Fetal e Via Insulina/IGF.

Nos ultimos anos tem aumentado o numero de estudos avaliando as funcées reprodutivas em
animais submetidos a restricdo proteica durante a gestacao/lactacdo (COLOMBELLI et al., 2017;
PINHO et al., 2014; RINALDI et al., 2013; RODRIGUEZ-GONZALEZ et al., 2012; ZAMBRANO
et al., 2005). Estes estudos relatam que os animais submetidos a uma gestacdo restrita demonstram
alteracdes como: atraso no tempo de instalacdo da puberdade, menor taxa de fertilidade, reducdo da
distancia ano-genital, alteracdo na concentracdo sérica de testosterona e estradiol, menor expressao
de receptores de androgenos no testiculo e na préstata, mas os efeitos do envelhecimento neste modelo
ainda sdo escassos.

Particularmente, a via de sinalizacdo da Insulina/IGF tem sido diretamente relacionada a
morfofisiologia prostatica (CULIG et al., 1996; RUAN et al., 1999), assim como no desenvolvimento
da hiperplasia prostatica benigna e do cancer de prostata com o envelhecimento (SINGH; ALEX;
BAST, 2014; VIKRAM; JENA, 2011; WU; YU, 2014). O IGF-I é considerado o principal fator de
crescimento que regula positivamente a proliferacdo e a diferenciacdo do compartimento epitelial
prostatico, sendo tdo necessario quanto a testosterona para o desenvolvimento e crescimento
glandular normal (KLEINBERG et al., 2007; RUAN et al., 1999). Na prostata, o estroma é a maior
fonte de IGF-I, que é secretado e se liga ao IGF-IR na membrana plasmatica das células epiteliais,
induzindo a expressdo de genes alvo (OHLSON et al., 2007).

Ruan et al. (1999) demonstraram que camundongos com 44 dias de idade knockout para (IGF-
I/-) apresentaram prostatas com acinos pouco desenvolvidos e com menos ramificagdes ductais.
Ainda, esses autores demonstraram que o tratamento com IGF-I exdgeno foi capaz de reverter
parcialmente os efeitos observados nos animais transgénicos. Em outro experimento, foi demonstrado
gue a administracdo de testosterona a ratos diabéticos (diabetes tipo 1) castrados nao foi suficiente
para recuperar a atrofia glandular induzida pela privagdo androgénica. Entretanto, quando estes
animais foram tratados com testosterona e insulina apds a castragdo, ocorreu completa recuperagéo
glandular (VIKRAM; JENA, 2011). Estes resultados enfatizam a importancia do eixo Insulina/IGF
como indutor do crescimento prostatico (SANTOS et al., 2014).

Além de sua importancia para a fertilidade, nos ultimos anos, a prostata tem despertado grande
interesse meédico-cientifico pela alta incidéncia de doencas, principalmente a hiperplasia prostatica
benigna (HPB) e o céancer de prostata (CaP) em individuos senis (DASGUPTA; SRINIDHI;
VISHWANATHA, 2012; SIEGEL; NAISHADHAM; JEMAL, 2013). Alteragdes morfofuncionais
associadas ao envelhecimento estdo intimamente relacionadas a maior incidéncia de desordens

prostaticas. Estas incluem: diminuicdo do nivel de androgenos (WANG et al., 2017), acimulo de
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danos no DNA (MALINS et al., 2001) e desequilibrio entre os niveis de proliferacdo e morte celular
(BANERJEE; BANERJEE; BROWN, 2000). Além disso, altera¢fes na sensibilidade hormonal e nos
niveis de expressdo de fatores de crescimento, como os do eixo Insulina/IGF estéo relacionados as
caracteristicas hiperproliferativas da prostata de homens idosos (CAMPOS et al., 2010; ER et al.,
2017; QU et al., 2017; RUFFION et al., 2003).

Estudos experimentais demonstraram que a prole feminina de ratas submetidas a restricdo
proteica gestacional e lactacional desenvolveram hiperinsulinémia, resisténcia a insulina e diabetes
tipo 2 aos 21 meses de idade. Estes resultados foram atribuidos a desregulacéo na via de sinalizacao
da insulina induzida pela programacdo fetal por restricdo proteica (BERENDS et al., 2013;
FERNANDEZ-TWINN et al., 2004; OZANNE, 2001b).

Além disso, ja foi demonstrado aumento dos niveis de estradiol circulante em ratas gestantes
alimentadas com uma dieta hipoproteica (BRAZ et al., 2017). Considerando o papel da via da
Insulina/IGF, assim como do estrégeno para o desenvolvimento e manutencdo glandular, estes
resultados evidenciam impacto negativo da restricdo proteica gestacional sobre a prostata. Desta
maneira, a via de sinalizacdo da Insulina/IGF parece um alvo promissor para estudos que visam a
descoberta de agentes terapéuticos para o tratamento de desordens prostaticas (MEINBACH;
LOKESHWAR, 2006; WU et al., 2006).

1.4 Morfofisiologia prostatica.

A prostata € uma glandula exocrina acessoria do sistema genital masculino cujo
desenvolvimento e homeostasia se encontram sob controle androgénico (CUNHA et al., 1985). E
composta por dois compartimentos principais, o epitélio e o estroma, que interagem de forma
reciproca através de diferentes vias de sinaliza¢do (NIETO; RIDER; CRAMER, 2014) . Sua secrecao,
importante para formar o fluido seminal, é composta de fosfatase &cida, &cido citrico, fibrinolisina,
enzimas especificas e outros fatores componentes deste fluido. Esta secrecdo € essencial para o
sucesso reprodutivo, pois influencia a motilidade espermatica e a capacidade dos espermatozoides
em fecundar o ovicito (AUMULLER; SEITZ, 1990).

Além disso, a secrecdo prostatica também participa da formagdo do plug copulatério em
algumas espécies, que atua como uma protecdo contra a superfecundacdo (CUNHA et al., 1987). A
principal proteina secretada pela prdéstata do homem é o antigeno prostatico especifico (PSA),
pertencente a familia das calicreinas. Esta serina protease é importante para a dissolucéo do codgulo
seminal (WANG et al., 2017).

Anatomicamente, a prostata esté localizada no compartimento subperitoneal entre o diafragma

pélvico e a cavidade peritoneal. Esta localizada posterior a sinfise pubica, anterior ao reto e inferior
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a bexiga urinaria. Em condi¢6es normais em um individuo adulto, tem a forma de uma “noz" e pesa
aproximadamente 30-40 gramas e circunda a parte prostatica da uretra (LEE; AKIN-OLUGBADE;
KIRSCHENBAUM, 2011).

A prostata do homem é um 6rgdo dividido em trés conjuntos de glandulas tubulo alveolares,
como descritas a seguir: 1) glandulas da zona central (equivale a 5% da prostata); 2) glandulas da
zona periférica (que corresponde a 70% da préstata e é a regido mais acometida por cancer); 3)
glandulas da zona de transicdo (compreende cerca de 25% do tecido prostatico (Figura 4A).
Externamente, a prdstata é envolvida por uma camada de tecido fibroelastico, conferindo-lhe uma
aparéncia ndo lobulada (ROY-BURMAN et al., 2004; VALKENBURG; WILLIAMS, 2011).

Figura 4. Organizacdo anatbmica da prostata humana (A) e da préstata de roedores (B).
(AARON; FRANCO; HAYWARD, 2016).

A prostata de roedores tem um padréo diferentes da prostata do homem, ela se divide em pares
de lobos, séo eles: ventrais, dorsais, laterais e anteriores (AARON; FRANCO; HAYWARD, 2016)
(Figura 4 B). Apesar das diferencas anatdmicas, tanto a prostata humana como a de roedores é
composta por estruturas tubuloalveolares revestidas por epitélio simples, constituido de células
secretoras, basais e neuroendocrinas, todas apoiadas em uma membrana basal composta
principalmente por laminina e colageno tipo IV (NEMETH; LEE, 1996). O epitélio é sustentado por
estroma formado de células musculares lisas e fibroblastos, além de mastécitos, macrofagos, vasos e
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nervos. Ao redor destas células, existe uma complexa matriz extracelular (MEC) composta por fibras
colégenas, fibras reticulares, fibras do sistema elastico, proteoglicanos e diversas glicoproteinas. O
estroma é denso na prostata humana e mais frouxo nos lobos prostéticos dos roedores (MCNEAL,
1988; NEMETH; LEE, 1996).

No rato, os lobos sdo envoltos por uma capsula de tecido conjuntivo e por tecido adiposo. Os
diferentes lobos prostaticos diferem quanto ao padrdo de ramificagcdo dos ductos (HAYASHI et al.,
1991), padrdo de expressdo génica (TAKEDA et al., 1990) e resposta & hormonios (PRINS et al.,
2006). Além disso cada lobo apresenta caracteristicas histoldgicas préprias como extensas pregas
epiteliais na prostata anterior (PA), dobras epiteliais menores na préstata dorsal (PD) e lateral (PL) e
pregas minimas na prostata ventral (PV), a excecdo da regido distas dos ductos, que apresentam-se
altamente pregueados (CUNHA et al., 1987) (Figura 5).

Seminal
vesicle

deferens

Figura 5. Seccgéo transversal de um trato urogenital normal de um rato macho adulto. (A)
adjacente aos lobos da prostata pode ser visto a uretra e um canal deferente; (B) os diferentes l6bulos
da préstata foram destacados em laranja (Préstata ventral- PV), azul claro (Prostata lateral- PL), verde
(Préstata dorsal- PD) e cinza (Prostata anterior- PA). Coloracdo: Hematoxilina e Eosina (HE)
(OLIVEIRA et al., 2016).
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1.5 Alteracdes prostaticas

A prostata é a glandula acessoéria do sistema genital masculino mais acometida por lesdes com
o0 envelhecimento. Atualmente, o cancer de prostata é a segunda causa de morte relacionada ao cancer
no homem, atrés apenas do cancer de pele ndo-melanoma (SIEGEL; MILLER; JEMAL, 2016). Além
dos andrdgenos, os estrogenos desempenham papel fundamental na homeostase da prostata e também
podem contribuir para o desenvolvimento de doencas (NELLES; HU; PRINS, 2011). Assim,
exposi¢des inadequadas a estrdgenos durante o periodo de desenvolvimento e crescimento prostatico,
pode pré-dispor a glandula a um risco aumentado de desenvolver cancer (PRINS, 2008; PRINS et al.,
2006).

Em modelos roedores, as lesbes prostaticas sao pouco frequentes, para isso sdo necessarias
alteracdes genéticas ou insultos quimicos para iniciar, promover e progredir o desenvolvimento de
lesbes (ABATE-SHEN; SHEN, 2000; CHEN et al., 2005; PYLKKANEN et al., 1993; WANG et al.,
2003). Dentre as alteragdes prostaticas mais importantes podemos descrever a atrofia epitelial,
hipertrofia epitelial, neoplasia intraepitelial prostatica (NIP) e adenocarcinoma in situ (BOSLAND,
1998; SHAPPELL et al., 2004).

A atrofia é uma resposta adaptativa a um ambiente ndo propicio, como baixos niveis de
androgenos. Se caracteriza por diminui¢do da altura do epitélio secretor, devido a perda de contetdo
celular e consequente perda de volume glandular (SHAPPELL et al., 2004). Existem trés tipos de
hiperplasia epitelial, a hiperplasia reativa e mais dois tipos de hiperplasia ndo reativa (funcional e
atipica). A hiperplasia reativa ocorre em associa¢do com infiltrado inflamatdrio, com espessamento
do epitélio dos &cinos prostaticos, passando a ter de duas a trés camadas de células, as células
hiperplasicas se mantem uniformes e a estrutura glandular € mantida (SHAPPELL et al., 2004).

A hiperplasia fisioldgica ou funcional pode ser focal, multifocal ou difusa e acomete a periferia
da glandula prostatica. Tem como caracteristica 0 acumulo de células epiteliais colunares altas,
formando projecBes em direcdo ao limen da glandula, contém células com caracteristicas
morfoldgicas normais, e diferente da hiperplasia reativa, ndo apresenta estratificacdo do epitélio
(SHAPPELL et al., 2004). A hiperplasia atipica ou patoldgica pode ser focal ou multifocal, que
acomete ate trés alvéolos prostéaticos, a lesdo consiste de aumento na celularidade no epitélio secretor,
formando duas ou mais camadas celulares, mas sem obliterar a luz do alvéolo, podem ser observadas
projecdes papilares (SHAPPELL et al., 2004).

As espessas camadas de células podem ter padrdo cribriforme (que possui sua forma semelhante
a do crivo, utensilio perfurado), mas a arquitetura alveolar da glandula e a quantidade de secrecéo no

alvéolo acometido é mantida. Em comparacdo com células epiteliais normais, estas células atipicas
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apresentam perda da polaridade e aumento na proporcdo entre citoplasma/nucleo celular, se
apresentando de forma dilatada. O citoplasma é levemente eosinofilico e o nicleo hipercromatico,
muitas vezes com o nucléolo bastante evidente. As alteracdes morfoldgicas nas células séo pequenas
e figuras de mitose sdo incomuns (SHAPPELL et al., 2004).

Adenocarcinoma in situ, é a lesdo potencialmente precursora do adenocarcinoma invasivo
(BAALBERGEN; HELMERHORST, 2014). Este tumor se desenvolve a partir de uma proliferacéo
epitelial interalveolar, que pode preencher completamente a luz de um ou mais alvéolos prostaticos,
alteracdes na arquitetura alveolar e compressao de tecidos adjacentes sdo caracteristicas deste tipo de
lesdo, ha grande variagdo morfoldgica em lesbes mais severas. As células ndo apresentam polaridade,
tem formato poligonal com seu volume aumentado, o citoplasma tem coloragdo mais eosinofilica que
0 epitélio normal. O nucleo é hipercroméatico com o tamanho aumentado. Figuras mit6ticas sdo
comuns e ndo estdo associadas a processo inflamatério (BOSLAND, 1998; SHAPPELL et al., 2004).

2. Justificativa e relevancia do tema proposto

A prostata é o 6rgao mais frequentemente acometido por neoplasia no homem. Além disso, a
fundamental participacdo da préstata no processo reprodutivo tem motivado estudos sobre a biologia
celular, molecular e endocrinologia desse 6rgdo. Devido as conhecidas alteragdes metabdlicas
causadas pela PF, e a influéncia do ambiente intrauterino sobre a origem de doencas na idade adulta,
acreditamos ser extremamente relevante avaliar os efeitos da PF por restri¢cdo proteica gestacional e
lactacional, sobre o crescimento prostatico e suas repercussdes no envelhecimento da prole submetida
a esta programacdo. Dando especial enfoque na investigacdo das vias de sinalizacdo da insulina/IGF,

e dos niveis hormonais da prole.

3. Objetivos

3.1 Objetivo geral

Este estudo tem por objetivo, investigar os efeitos da PF por restricdo proteica gestacional e
lactacional sobre a histofisiologia do lobo prostatico ventral no crescimento e envelhecimento da
prole masculina de ratos da linhagem Sprague Dawley.

3.2 Objetivos especificos

- Avaliar os efeitos da PF por restricdo proteica na gestacdo/lactacdo sobre os parametros
biométricos da prole no dia p6s-natal (DPN) 21 e 540;
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- Avaliar se os efeitos da PF por restricdo proteica na gestacdo/lactacdo alteram os niveis séricos
de testosterona, estrégeno, IGF-I, IGF-I1 e insulina na prole de machos;

- Avaliar os efeitos da PF por restricdo proteica sobre os pardmetros morfoldgicos e
morfomeétricos do lobo prostatico ventral da prole;

- Investigar se os ratos, filhos de méaes restritas, apresentam alteracdo na expressdo génica e
proteica de moléculas da via de sinaliza¢do da insulina/IGF;

- Avaliar a incidéncia e severidade de lesGes prostaticas nos animais no DPN 540.

- Avaliar a expressao global de proteinas por analise protedbmica.

- Utilizar ferramentas de enriquecimento para comparar dados ja depositados com as nossas

anélises.

4. Resultados

Os resultados obtidos encontram-se descritos nos proximos 2 capitulos (capitulos 2 e 3).
O manuscrito referente ao capitulo 2 encontra-se em andlise pelo Periédio Journal of

Gerontology e o capitulo 3 sera submetido ao Periddico Journal of Proteomic Research.
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Abstract

Although the carcinogenesis is frequently linked to genetic background, exposure to
environmental risk factors has gained attention as the etiologic agent for several types
of cancer. The intrauterine microenvironment has been described as preponderant
factor for offspring health; and maternal exposure to insults have been linked to chronic
disease in aged offspring. Using a model of maternal exposure to low protein diet (LPD;
6% protein), we demonstrated that impairment of offspring rat prostatic growth at post-
natal day (PND) 21 was associated with prostate carcinogenesis in aged offspring. One
possible explanation is that high maternal estrogenic level exposes the offspring to an
altered intrauterine microenvironment, which potentially imprinted prostate cells early
during glandular morphogenesis, increasing cellular sensitivity to estrogen in aged rats.
The accelerated prostate growth, observed at PND 21, associated with imbalance of
estrogen/testosterone ratio and increased circulating IGF-1 in aged rats appears to
contribute with the development of prostatic disorders, especially carcinoma in situ,
which presented focally increase in cell proliferation, blood vessels and androgen receptor
expression. Since less than 1% of Sprague-Dawley rats spontaneously developed
prostate cancer, our study strongly pointed maternal LPD as a potential risk factor for

induction of slow-growing prostate carcinogenesis in aged rat offspring.
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1. Introduction

In last decades, the interest in maternal nutrition during pregnancy, and how it can
impact offspring health has grown (1-4). Clinical and experimental studies have
described the maternal exposure to environmental insults acts as risk factor, predisposing
offspring to develop metabolic diseases throughout life. The initially controversial
“Thrifty phenotype” or “Barker” hypothesis, described by Hales and Barker in 1992 (5)
states that poor fetal and early post-natal nutrition produces permanent changes in
glucose-insulin metabolism. This scenario reflects the impairment of endocrine pancreas
development and accelerated B-cells failure in adult life (5), leading to cardiovascular

diseases (6), insulin resistance and type 2 diabetes (7).

Although the majority of studies on the Barker hypothesis focused on metabolic and
cardiovascular diseases (6), it has been demonstrated maternal LPD promoted impairment
of prostate morphogenesis, growth and secretory activity in young rat offspring (8-11),

with repercussions on the incidence of epithelial dysplasia in these animals with aging

9).

In view of this, Gardner proposed that “Prostatic diseases, including carcinoma, are
to be found in the in utero influences upon the developing prostate ” (12). Although this
hypothesis has attracted enthusiasts, it was not fully explored, perhaps because the
majority of studies on prostate cancer is conducted in sexually mature individuals (13).
Barker et al., (14) also proposed such association between intrauterine environment and
prostate cancer by correlated intercristal diameters (ICD; maximum distance between
the pelvic iliac crests) and incidence of prostate cancer in man born during 1934-1944 in
Helsinki, Finland. As ICD determination during puberty occurs under estrogenic control

(15), qirls with higher ICD possibly presented elevated levels of estrogen. Moreover,
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these authors suggested that estrogenic profile established at puberty may persist
throughout the woman’s reproductive life. High estrogenic levels could initiate prostate
carcinogenesis in utero, as previously proposed for breast and ovarian cancers (16). While
many questions need to be answered, this hypothesis highlighted the fundamental role of

intrauterine period for prostate development and homeostasis throughout life (13,14).

Considering our previous results that demonstrated impairment of prostatic
development associated with hormonal imbalance in offspring born from prenatally dams
fed LPD (9,11), here, we hypothesized that impairment of prostate growth induced by
maternal exposure to LPD is associated with origin of prostatic disorders in older
offspring rats. Our results demonstrated that accelerated prostate growth at approximately
PND 21, associated with an increased estrogen/testosterone ratio observed in aged LPD
offspring can contribute to the slow-growing prostate carcinogenesis in aged rat offspring.
Moreover, exposure to LPD during both gestational and lactational period increases the

incidence and severity of prostatic disorders.

2. Material and Methods

2.1 Animals and experimental design

Adult female (90 days of age, n=36) and male (90 days of age, n=15) Sprague Dawley
rats were obtained from the Central Stock breeder at the State University of Campinas
(Campinas, SP, Brazil). The animals were maintained under controlled temperature
conditions (22 to 25°C), relative humidity (55%), and a 12 hours photoperiod, with free
access to water and chow. All procedures are in accordance with the ethical principles in
Animal Research and the Brazilian legislation established by the Brazilian Council of
Control in Animal Experimentation and approved by the Biosciences Institute/UNESP

Ethics Committee for Animal Experimentation (Protocol #573).
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Virgin female rats were mated overnight with established male breeders and after
confirmation of pregnancy, the rats were fed with isocaloric and normosodic control diet
(17% protein) or low protein diet (6% protein) during gestation or during gestation and
lactation. Thus, pregnant females were distributed into three experimental groups
(n=12/group): Control (CTR): Dams fed normal protein diet; Gestational low protein
(GLP): Dams fed low protein diet during gestation; and Gestational and Lactational low
protein (GLLP): Dams fed low protein diet during gestation and lactation (Figure S 1).
Normal and low protein diets were provided by PragSolugées (PragSolucdes, SP, Brazil,

Table S 4). These diets were used as previously described (9,11).

Maternal and offspring biometric parameters were measured throughout the study. At
PND 21 and 540, male offspring were weighed and euthanized. Blood samples were
collected for biochemical and hormonal analysis and urogenital complex and ventral

prostate (VPs) lobes were collected, weighed, and processed as described below.

2.2 Blood serum analysis

Blood samples (n=12/group) were centrifuged (2400 g for 20 min) and serum stored
at -20°C until use. The serum concentrations of albumin (19-1/250 Labtest, MG, Brazil),
total proteins (99-250 Labtest, MG, Brazil), glucose (177013 Laborlab, MG, Brazil) and
triglycerides (1770290 Laborlab, MG, Brazil) were determined in dams and offspring on
PND 21 and 540 by colorimetric methods using manufacturers’ protocols.

The serum estradiol (dams and offspring) (Monobind®, 4925-300 CA, USA
sensitivity: 6.5 pg/mL) and offspring testosterone (Monobind®, 3725-300A, CA, USA.
sensitivity: 0.038 ng/mL), progesterone (Monobind®, 4825-300, CA, USA, sensitivity:
0.105 ng/mL), IGF-1 (R&D, MG100, MA, USA, sensitivity: 8.4 pg/mL), IGF-2 (Abnova,

KA3322, CA, USA, sensitivity: 5 pg/mL) and insulin (Millipore, EZRMI-13k, MA, USA,
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sensitivity: 0.2 ng/mL) were determined by colorimetric methods using manufacturers’

protocol.

2.3 Histological and morphometric-stereological procedure

The VP lobes from PND 21 and 540 (n = 12/group) were fixed in Methacarn and
processed for morphometric-stereological analysis. The relative proportion of the VP
components (epithelium, stroma and lumen) was determined by stereological analysis
(11,17). The results were expressed as a percentage of each component and a proportion
of the total area analyzed.

2.4 Immunohistochemistry (IH) and Immunofluorescence (1F)

Histological sections of 5um (n= 06/group) were deparaffinized, rehydrated,
quenched in H2O2/methanol solution (for IH) and boiled for 30" in 10 mM sodium citrate
solution for antigen retrieval. Prostatic sections were blocked in 5% nonfat milk in PBS
and incubated with specific primary antibodies overnight at 4°C. Slides were washed in
PBS and incubated for 01 hour at room temperature in either horseradish peroxidase
HRP-conjugated secondary antibody (IH) or Alexa Fluor 488/568-conjugated (IF)
(see Table S 2 for antibody specifications and dilutions used). The slides were washed,
and the IH reaction was developed using 3,3'-Diaminobenzidine (DAB, Sigma),
counterstained for 30 seconds in Hematoxylin or mounted with Vectashield for IF. IH
reactions were analyzed using a Leica DMLB 80 microscope, while imaging from IF
were acquired by scanning confocal microscope TCS SP5 (Leica Microsystems, UK).
2.5 Western blotting

Western blotting was performed as described by Colombelli et al., (11). Briefly, 70 ug
of total protein from each experimental group (n=6/group) was resolved on 8% denaturing
polyacrylamide gel (SDS-PAGE). Protein was trans-blotted onto a nitrocellulose

membrane (Millipore, USA), blocked in 5% non-fat milk and incubated with the specific
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primary antibodies (see Table S 5 for antibody specifications and dilutions used). After
several washes in TBS-T, the blots were incubated with a horseradish peroxidase HRP-
conjugated secondary antibody at room temperature for 1 h. Membranes were developed
using the Chemiluminescent HRP antibody detection ECL reagent (Amersham, USA).
The ECL signals were captured using a CCD camera (ImageQuant LAS 4000 mini®; GE
Healthcare™). The integrated optical densities (IODs) of the targeted protein bands were
measured using ImageJ software (National Institutes of Health, USA). The expression
levels were normalized to B-actin and the normalized results were expressed in fold
change as the meanzSD.
2.6 RT-gPCR

Total RNA was extracted from prostate samples (n=6/group) using TRIzol® Reagent
(ThermoFisher Scientific, USA), according to the manufacturer’s recommendations.
RNA integrity was evaluated through capillary electrophoresis in a 2100 Bioanalyzer
(Agilent, USA), which provided a RNA integrity number (RIN) based on 28S and 18S
ribosomal RNAs. Only samples with a RIN > 7.0 were used. The extracted RNA was
treated with DNase | (Amplification Grade; ThermoFisher Scientific, USA) to eliminate
any possible contaminating genomic DNA from the samples. RNA reverse transcription
was performed using a High Capacity cDNA Archive Kit (ThermoFisher Scientific,
USA) according to the manufacturer’s guidelines.

MRNA expression levels were measured by RT-gPCR using QuantStudio™ 12K Flex
Real-Time PCR System (Thermo Fisher Scientific, USA). All gPCRs performed were
compliant with the Minimum Information for Publication of Quantitative Real-Time PCR
experiments (MIQE) guidelines (18). The cDNA samples from PND 21 animals were
amplified using SYBR® Green Master Mix (ThermoFisher Scientific, USA) and specific

primers were synthesized by Invitrogen (USA) (Supplementary Table S 6). Due to high
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variability using SYBR® Green methods, the samples from PND 540 were amplified
using TagMan® Universal PCR Master Mix and TagMan® Gene Expression Assays
(ThermoFisher Scientific, USA) (Supplementary Table S 7). The relative quantification
of expression was performed by the 2"24¢t method (19) using the DataAssist™ v3.01
software (Thermo Fisher Scientific, USA). According to the expression stability among
all samples, the reference gene Gusb (glucoronidase beta) was used to normalize mRNA
expression of PND 21 samples, and reference genes Purb (purine rich element binding
protein B) and Actb (actin beta) were used to normalize mRNA expression of PND 540
samples.
2.7 Histopathological analysis

Four histological sections (n=12/group) were collected in the range of 200 um and
stained with HE. The histopathological analysis followed the criteria described by Shapell
(20), Bernoulli et al., (21) and Bosland et al., (22). The parameters analyzed were
epithelial atrophy (predominant with more than 5 acini in the gland presenting atrophy),
epithelial atrophy (moderate/discrete, with less than 5 acini in the gland presenting
atrophy), physiological hypertrophy Peripheral hyperplasia, dysplasia, focal hyperplasia,
Prostatic intraepithelial neoplasia (PIN) and carcinoma in situ. An investigator (WRS),

blinded to the experimental groups, analyzed the histological sections.
2.8 Statistical analysis

The statistical analyses (excepted histopathology) were performed using GraphPad
Prism® software (version 5.00, Graph Pad, Inc., San Diego, CA). The results were
submitted to analysis of variance (ANOVA), followed by the "Tukey-Kramer" test. For
histopathological analysis, we used a contingency table followed by Fisher's test, in which
all groups were compared two by two for VP lobes. The results were expressed as

mean+SD and differences were considered statistically significant when p<0.05.
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3. Results

3.1 Maternal LPD induced biometrical and biochemical response in dams

At the end of gestation (gestational day 21, GD 21), dams fed low protein diet
presented low body weight gain, although there are no changes in chow consumption and
number of litter pups. At the end of weaning (post-natal day 21, PND 21), dams from
gestational and lactacional low protein (GLLP) group showed reduced body weight
associated with loss of total body fat mass compared to control (CTR) and gestational low
protein (GLP). Serum concentration of triglycerides, total protein and aloumin were also
lower in dams from GLLP group, while glucose was unchanged in LPD groups compared
to CTR. The serum estrogen concentration was higher GLLP group, compared with CTR

and GLP groups (Table S 1).

3.2 Offspring’s body weight and biochemical parameters follows maternal response

to LPD

At PND 0, 21 and 40, pups from LPD groups were smaller than those from CTR dams.
However, between 180 and 360 days old, the body weight reach the values observed in
CTR offspring. At 540 days, the GLLP offspring showed weight loss (Table 1 and Table
S 3). At PND 21, triglycerides, total protein, albumin and glucose were reduced in LPD
groups, with more expressive results observed in GLLP offspring. These parameters were
completely recovered in LPD offspring at PDN 540, although body weight was reduced

in GLLP group (Table S 2).

3.3 Maternal LPD causes hormonal imbalance in both weaned and aged offspring
The serum insulin, IGF-1 and progesterone were decreased in both LPD groups at PND

21 compared to CTR group. Conversely, the testosterone (17p-hdroxy-4-androsten-3-
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one) in GLP and GLLP and estrogen (17p-estradiol) only in GLLP was increased. At
PND 540, both IGF-1 and estrogen were increased in both LPD groups, while testosterone
was decreased. The insulin and progesterone at PND 540 and IGF-2 and in both age, did

not change (Table 1).

3.4 The androgenic-dependent structures are impaired by maternal LPD

The urogenital complex (UGC) weight, ventral prostate (\VVP) weight and anogenital
distance (AGD) were reduced at PND 21 in both LPD groups compared to CTR. These

parameters were completely recovered at 540 days (Table 1).

3.5 Maternal LPD delays VP growth and impairs secretory function in male

offspring

In both LPD groups at PND 21, there was a delay in glandular growth showing a
reduction in the frequency of glandular components (luminal and epithelial
compartments) (Figure 1 A and B). There is no change in proliferation (Figure 1 A and
C) or apoptotic (Figure 1 D) indexes of epithelial cells. In spite of glandular impairment,
the slightly non-significant reduction in prostatein expression (an androgen-stimulated

secretory protein) in LPD groups (Figure 1 E) was observed.

At PND 540, the epithelial and luminal compartments were reduced (Figures 1 F and
G), as well as prostatein secretion in LPD groups compared to CTR (Figure 1 J). There is

no change in cell proliferation (Figure 1 F and H) or apoptosis (Figure 1 1).

3.6 Potential molecular pathways involved in maternal LPD-induced impairment of

VP growth and secretory function

The androgen receptor (AR) was localized, by immunohistochemistry, mainly in the

nuclei of epithelia cells at PND 21 (Figure 2 A). Interestingly, the AR expression was

39



higher in GLLP group, as determined by qualitative immunohistochemistry, RT-qPCR,

and western blotting (Figures 2 A-C).

There was no change in IR, Pi3K and AKT mRNA expression (Figures 2 D, Fand H,
respectively). At protein levels, in GLLP, the total IR was reduced in spite of no change
in p-IR (Tyr 1662/1663) (Figure 2 E). The total or p-Pi3K (Tyr 467) was unchanged
(Figure 2 G), while total AKT was decreased in both LPD groups, the activation of p-

AKT (Ser 473) was increased (Figure 2 1).

At PND 540, AR expression was decreased in both LPD groups (Figures 2 J-L). IR,
Pi3K and AKT mRNA were reduced (Figures 2 M, O and Q, respectively), although total
proteins expression was unchanged (Figures 2 N, P and R, respectively). The p-IR (Tyr-
1662/1663) in GLLP and p-AKT (Ser-473) in both LPD groups was reduced, while there

Is no change in p-Pi3K (Tyr-467).

3.7 Maternal-LPD increases the incidence prostatic disorders and promotes

carcinogenesis in aged offspring

Histopathological analysis showed an increase in prostatic disorders in LPD aged
offspring. Although some prostatic disorders (frequently found during normal aging
process) have been found in all experimental groups, the incidence and severity were
increased in LPD groups. It was observed: epithelial atrophy, physiological and focal
hyperplasia, epithelial dysplasia, intraepithelial neoplasia (PIN) and carcinoma in situ

(Table 2 and Figure S 2).

Importantly, the carcinoma in situ, the most severe prostatic disorder detected in our
experimental model, was diagnosed only in LPD groups (33% in GLP and 50% in GLLP
group, Table 2, Figure S 3-4 and Figure 3 E). Histologically, it was characterized by the

presence of dysplastic and high proliferative epithelial cells, microacinar structures and
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AR and IGF-1R immunostaining. In the most voluminous carcinoma in situ, an intense
microangiogenesis was observed (Figure 3A-F). The estrogen/androgen ratio is higher in

both aged LPD groups compared to CTR (Figure 3 G).

4. Discussion

Our hypothesize is that the perinatal offspring exposure to high levels of estrogen,
associated with the imbalance of estrogen/testosterone ratio in aged LPD offspring could

explain, at least in part, the high incidence of prostatic lesions in these animals.

Zambrano et al. (23) demonstrated that pregnant rats exposed to LPD presented
increased serum estrogen at gestational day 19. Here, we demonstrated that pregnant rats
fed LPD until the end of lactation presented high levels of estrogen. However, when
exposure to LPD occurs only during gestation, the estrogenic levels were similar to those
from the CTR group. We hypothesize that the normal diet consumption from delivery to
weaning can restore the maternal estrogenic levels, as observed for serum albumin, total
protein and triglycerides. Although we did not quantify maternal hormone at delivery, the
results from Zambrano et al. (23) highlighted the influence of gestational LPD in
disrupting estrogenic homeostasis, which potentially affects prostatic morphogenesis.
These results became more relevant because dams exposed to gestational and lactational
LPD presented persistent augment in maternal estrogen levels, which in turn, lead to
higher offspring’s estrogen levels at PND 21. Consistent with this data, we observed a
reduction of prostate growth in offspring from GLLP group at PND 21, as well as higher

incidence of prostatic disorders in older rats.

In the last decade, several studies demonstrated impairment of rat prostate growth in

offspring submitted to lactational LPD (9-11). In our study, although prostate growth
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remained impaired, we observed an increase in serum testosterone at PND 21, as proposed
by Ramos et al., (2010) and Teixeira et al., (2007) (10,24). On the other hand, Zambrano
et al. (23) showed a reduction in serum testosterone in offspring born to dams fed LPD
during gestation and lactation at the same age. Interestingly, these authors did not show
changes in testosterone levels when dams were fed LPD only during gestation. Thus,
maternal LPD during lactational period appears to affect the establishment of androgenic
status in male offspring. In addition to impairment of prostate growth at PND 21, we
demonstrated high expression of intraprostatic AR mRNA and protein. Moreover, the
epithelial cell proliferation, which was reduced in LPD offspring at PND 10 (11), reached
the values of control groups at PND 21 and was increased at PND 30 (9). The similar
expression of prostatein also reinforces the recovery of prostate secretory function at this
age. Although the accelerated growth restored organ weight, cellular differentiation,

response to stimulatory factors and secretory activity remained impaired.

In our study, serum testosterone and prostatic AR expression were reduced in offspring
at PND 540. Although serum IGF-1 was increased in these animals, the prostate
downstream signaling pathway was decreased. Feres et al., (25) demonstrated previously
that rat offspring submitted to gestational LPD presented decreased liver expression of
both total and p-insulin receptor (IR) and its substrate (IRS-1). In another study, perinatal
exposure to LPD decreased the downstream activation of inulin/IGF-1 signaling (IGF-
1R, AKT and its phosphorylated forms) in the adrenal gland of sheep (26). Considering
the importance of androgen and insulin/IGF-1 for prostatic homeostasis, the decrease in
these hormones and growth-factor can reduce prostate secretion and negatively impact
reproductive performance in offspring born to maternal LPD with aging, as observed by

Zambrano’s group (23,27).
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The most surprising result of our study was the histopathological detection of prostate
carcinoma in situ in aged LPD offspring. We suggest that increased estrogen/testosterone
ratio in LPD offspring could be related to the prostatic disorders. Although the estrogenic
levels normally increase during perinatal period, it declines during post-natal life (28).
The abnormal maintenance of high levels of estrogen throughout life has been associated
with increased risk of prostate cancer in offspring born from pregnant rats exposed to
estrogenic compounds (EC) (13,29-33). One possible explanation is that EC imprinted
prostate cells early during glandular morphogenesis, resulting in a programming memory
that increased cellular sensitivity to estrogen in aged rats. Thus, we considered the
imbalance of estrogen/testosterone ratio associated with aging process as the “second
insult” (the first was maternal exposure to LPD) that potentially triggered the onset of
prostatic lesions (34-37).

Moreover, in addition to the involvement of steroids hormones in prostatic disorders,
other hormones and growth-factors were also involved in these processes. IGF-1 has been
considered a key protein related to increase of cell proliferation and reduction of apoptosis
in prostate cancer (38). High levels of circulating IGF-1 has been associated to activation
of the PI3BK/AKT pathway, that contributes to maintain prostate cancer growth (39,40).
Although we demonstrated reduction in IGF-1circulating levels in LPD offspring at PND
21, the values were higher in both LPD group on PND 540. We observed high levels of
IGF-1R in blood vessels located in areas of prostate carcinoma in situ, demonstrating that
IGF-1 signaling may contribute to carcinogenesis by stimulating angiogenesis and
consequently, increasing the blood flow in the areas of prostate carcinoma in situ.

There are few studies correlating maternal diet and incidence of prostatic lesions in
aged rats. Rinaldi et al. (9) demonstrated an increase in the incidence of epithelial

dysplasia in the LPD offspring rat (360 days old). Benesh et al., (41) demonstrate that
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hyperproliferation in mice prostate offspring born to dams exposed to high fat diet
(HFD) was associated with activation of AKT and down regulation of PTEN signaling
pathways. Pytlowanciv et al. (42) also observed high epithelial proliferation in the rat VP

offspring (19 weeks old) born to dams exposed to gestational and lactational HFD and
correlated this result with downregulation of AR and upregulation of estrogen receptor

alpha (ERa) and PPARy (Peroxisome Proliferator-Activated Receptor Gamma), and
concluded that maternal HFD can be considered a risk factor for prostate disorders.

Although some prostatic disorders were detected in the prostate from the CTR group,
the incidence and severity were higher in those from LPD groups. Curiously,
histopathological analysis detected carcinoma in situ only in LPD offspring, with 33%
incidence in GLP and 50% incidence in GLLP groups. This finding is important because
less than 1% of Sprague Dawley rats spontaneously develop prostate cancer (43).
Moreover, all carcinoma in situ was observed in the intermediate/distal regions of VP,
which comprise the majority of hormonal responsive acini in the VP (44). These results
support our hypothesis that estrogen/testosterone imbalance could be associated with

prostate carcinogenesis in aged LPD offspring.

The progressive epithelial cells instability, such as observed in epithelial dysplasia,
PIN and carcinoma in situ demonstrated that prostatic carcinogenesis in aged LPD
offspring resembles the classic model of human prostate tumor progression. Thus, we

hypothesize that, hormonal imbalance, in association with the advanced age of these

animals, promoted a permissive microenvironment to slow-growing prostatic
tumorigenesis, as observed for prostate cancer progression during aging in human

(45).
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5. Conclusion

In summary, we demonstrated strong association between impairment of
prostate morphogenesis and incidence of prostatic disorders in aged rat offspring. The
altered intrauterine microenvironment appears to program offspring prostate cells, which
respond to the imbalance of hormones in older rats, leading to a slow-growing prostatic
carcinogenesis. While this result needs to be confirmed in humans, we showed that
maternal dietary patterns acts as an important risk factor for rat offspring prostate cancer

outcomes.
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Tables and Figures

Table 1: Biometric and hormonal parameters of male offspring at PND 21 and 540.

PND 21 PND 540
Parameters CTR GLP GLLP CTR GLP GLLP
Body weight (g) 39.30+¢6.99A  32.73+0.73%8  22.13+3.94C  428.25+49.61A 418.60+37.26" 376.81+30.458
AGD (mm) 10.68+2.54"  8.84+1.688 7.63+1.628 25.413.99 26.54+4.08 25.01+4.50
Absolute VP weight (mg) ~ 3.20+0.797 2.65+0.568 1.44+0.38° 0.62+0.20 0.69+0.19 0.65+0.22
Relative VP weight 1.15+0.29A 0.96+0.188 0.78+0.15¢ 1.4420.37 1.66+0.47 1.73+0.60
Absolute UGC weight (mg)  11.11+1.48~ 8.46+2.078 5.6+0.47¢ - - -
Relative UGC Weight 2.98+0.52 3.080.51 3.12+0.45 - - -
Insulin (ng/ml) 1.73+0.43 0.55+0.148 0.26+0.058 0.35+0.13 0.39+0.06 0.35+0.09
IGF-1 (pg/ml) 512.30¢65.54  373.70¢57.31B 175.30+23.81C 459.40+54.80" 759.40+65.488 709.10+85.728
Progesterone (ng/ml) 19.98+2.93A  1250+1.908  11.69+1.508  8.24+2.10 8.96+1.78 10.2241.77
Testosterone (ng/ml) 0.72+0.11A 2.28+0.238 1.84+0.298 5.08+1.64A 0.72+0.208 0.87+0.228
Estrogen (pg/ml) 15.69+1.06"  14.07+3.74°  20.32+3.18%  14.64+1.68"  3151+2.668  3527+2.098
IGF-2 (pg/ml) 344.80+84.72  327.20+72.54  292.70+30.57  170.90+58.86  178.80+39.58  139.70+34.29
The urogenital complex comprehends part of the urethra, the empty urinary bladder, the pairs of

prostatic lobes (ventral, lateral, dorsal and anterior) and the seminal vesicles. Data expressed as
meanzSD. Different letters represent statistical difference among groups when p <0.05.
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Table 2: Histopathological analysis and incidence of prostatic disorders in VP

offspring at PND 540.

Groups
Parameters CTR GLP GLLP
Epithelial atrophy (predominant) 83.334 16.678 8.338
Epithelial atrophy (moderate/discrete) 25.00  75.008  91.67°
Moderate peripheral physiologic hypertrophy 75.00 75.00 83.33
Atypical hyperplasia (dysplasia) 16.67 41.67 41.67
Focal hyperplasia 25.00 41.67 50.00
Prostatic intraepithelial neoplasia (PIN) 8.33 25.00 33.33
Carcinoma in situ 0.00* 33.33%  50.00°

PIN = Prostatic intraepithelial neoplasia. Data expressed as mean and standard
deviation. Different letters represent statistical difference between groups when p

<0.05.
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Figure 1. Representative histological sections VP lobes from the CTR, GLP and GLLP groups at PND 21 and
540, stained with hematoxylin—eosin or Ki 67 immunohistochemistry (A and F); B and G: Stereological
quantification of VP compartments, demonstrating reduction in glandular lumen associated with increased
stromal compartment in GLP and GLLP groups. Western blotting analysis of BAK (D and 1) and prostatein (E
and J). Data are expressed as mean+SD. * means statistically difference among experimental groups with P <

0.05. Ep: epithelium; S: stroma; L: lumen. Scale bar: 200um.
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Figure 2. Immunohistochemistry, RT-qPCR and western blotting analysis of VP from all experimental groups
at PND 21 and 540. A and J: immunohistochemistry for AR. Note the positive reaction in epithelial nuclei; B and
K: RT-gPCR quantification of AR; C and L: Representative western blotting quantification of AR expression; D
and M: RT-gPCR quantification of IR; E and N: Representative western blotting quantification of IR and p-IR
expression; F and O: RT-qPCR quantification of Pi3K; G and P: Representative western blotting quantification
of Pi3K and p-Pi3K expression; H and Q: RT-qPCR quantification of AKT; N and R: Representative western
blotting quantification of AKT and p-AKT expression. Data are expressed as mean+SD. * means statistically

difference among experimental groups with P < 0.05.
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Figure 3. A: Representative histological section of PND 540 VP from CTR, GLP and GLLP groups stained
with Hematoxylin-eosin demonstrating progressive magnification of normal acini in CTR and carcinoma in situ
in GLP and GLLP groups; B: Confocal microscopy showing smooth muscle a-actin in blood vessel (red), Ki 67
proliferating cells (green) and epithelial nuclei (blue) in an area of carcinoma in situ; C: Carcinoma in situ showing
epithelial nuclei stained with AR (green); D: IGF-1R detection (green) in blood vessels associated to the areas of
carcinoma in situ; E: Quantification of carcinoma in situ incidence among experimental groups; F: Quantification
of Ki67 proliferating cells in areas of normal acini and in areas of carcinoma in situ; G:Determination of
estrogen/testosterone ratio among experimental groups. In A, filled arrows points normal epithelial cells nuclei
and dashed arrows identifies dysplastic nuclei of epithelial cells; white circle demonstrates microacinar
organization of epithelial cells. In B, white circles points cell proliferation and dashed circles means blood vessels.
In C, white filled circles microacinar organization or epithelial cells. Data are expressed as mean£SD. * means
statistically difference among experimental groups with P < 0.05. Scale bar: In A, Imm, 300um and 5um,

respectively. In B, 20um and 10pum in the insert.
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Supplementary Figu

re and Tables:

Table S 1: Biochemical parameters of Dams throughout experimental period.

Gestation (n= 36)

Lactation (n= 36)

Parameters CTR GLP CTR GLP GLLP
Body weight Day 1 (g) 232.53+25.28  234.92+14.11 238.75£26.50 235.78+20.67 231.50+24.56
Body weight Day 21 (g)  368.04+£16.49” 342.18+15.688  236.76+17.93* 224.03+18.83* 193.73+13.008
Body weight variation (g) 135.50+18.28” 106.65+20.628 -1.99#15.40~  -11.74+12.37A -36.14+14.858
Chow consumption (g)  393.68+27.92  429.01+36.93  677.80+84.05* 550.26+93.918 372.54+85.35C
Relative chow intake 1.2420.40 1.4020.25 2.78+0.544 2.550.314 1.940.508
Water intake (I) 0.660.08 0.610.27 1.3120.164 1.25+0.14~ 1.01+0.098
Body weight fat (g) - - 8.53+0.467 8.13+0.307 7.17+0.958
Albumin - - 2.82+0.257 2.75%0.247 1.81£0.418
Total proteins - - 7.18+1.12A 6.48+0.36" 5.37+0.678
Triglycerides - - 109.0£35.574  79.53+19.47A8  59.26+35.198
Glucose - - 133.9448.59  106.4+5.98 103.443.75
Estrogen - - 9.07+4.07 8.7843.93 20.5845.32

Data expressed as meantSD. Different letters represent statistical difference among

groups when p <0.05.
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Table S 2: Biochemical parameters.
Groups  Albumin  Total proteins Triglycerides Glucose

CTR  2.15+0.64"%  4.45+0.74% 173.3+8357" 152.6+24.74"

o GLP  159+0.47%  3.43+0.56% 150.0+24.3"B 135.3+23.29"8
“ GLLP 1.611+0.37® 3.42+0.64® 100.6+26.16% 93.2+47.55°
CTR  2.09+0.32 6.75%+ 1.41 144.9+105.6  183.0+ 54.29
PN(I)D GLP  1.92+0.38 6.51+ 0.63 157.1492.49  185.3+61.68
54

GLLP 2.25+0.41 6.25+0.51  96.24+57.46  168.1+42.00

Data expressed as mean and standard deviation, different letters represent statistical
difference between groups when p <0.05.

Table S 3: Body weight variation.

Postnatal day

Groups 0 21 40 180 360 540
CTR 6.62+0.41" 39.30+6.99" 87.29+5.40" 387.51+18.84 486.58+24.51 428.25+49.61*

GLP 6.03+0.54% 32.73+9.73% 72.73+557% 361.44+34.13 461.26+42.71 418.60+37.26"

GLLP 5.83+0.55% 22.13+3.94° 68.12+4.14% 359.10+31.68 451.88+37.18 376.81+30.458

Data expressed as mean and standard deviation, different letters represent statistical difference

between groups when p <0.05.
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Table S 4. Composition of the standard or Normoprotein (AIN-76A) and Low protein diet
(AIN-93)

Control diet Low protein diet **
Ingredients (17% of protein) g/Kg (6% of protein) g/Kg
Casein (84% protein) 202 71.5
Starch 397 480
Dextrin 130.5 159
Sucrose 100 121
L-cystine 3 1
Fiber of pH 101 or pH 102 50 50
(microcellulose)
Soy oil 70 70
Mixture of salts AIN93G** 35 35%**
Mixture of vitamins AIN93G** 10 10
Choline hydrochloride or Choline 2.5 2.5

bitartrate

*To know the detailed composition of the salt and vitamin mix, see REEVES et al., 1993. The diet is elaborated by the
company PragSolugdes (PragSolugdes, Jad, SP, Brazil).

**Diets were supplemented with L-Cystine as sulfur amino acid.* Vitamin and mineral mixtures were
formulated to meet the American Institute of Nutrition AIN-93G recommendation for rodent diets (Reeves
etal., 1993).

***Potassium phosphate, monobasic, was added to the salt mix of this diet to maintain phosphorus at the
levels found in the control casein diet (3 g/kg of diet) and the calcium: phosphorus ratio has been kept at
1.3/in both diets.
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Table S 5. Specification for antibodies used in western-blot and immunohistochemistry
(IHC) experiments.

Name Company Cat. number Dilution
IHC/WB

AR (N-20) Santa cruz sc-816 R 1:100/1:1000

Insulin Ra (N-20) Santa cruz sc-710 R 1:1000

p-Insulin RB (Tyr 1162/1163) Santa cruz sc-25103 G 1:500

IGF-IRa (N-20) Santa cruz sc-712 R 1:200

Pl 3-kinase C2p (H-300) Santa cruz sc-134766 R 1:1000

p-PI 3kinase p85a (Tyr 467) Santa cruz sc-293115R 1:500

Akt123 (H-136) Santa cruz sc-8312 R 1:1000

p-Akt123 (Ser 473) Santa cruz sc-7985 R 1:500

PCNA (PC10) Santa cruz sc-56 M 1:1000

Bak (G-23) Santa cruz sc-832 R 1:1000

Prostateina AbDsorotec ~ 7821-1009 1:1000

Actin (C-11) Santa cruz sc-1615 G 1:800

a-Actin Santa cruz sc-32251 1:200

Kl 67 Abcam ab16667 1:100

goat anti-rabbit 1gG-HRP Santa cruz sc-2030 1:100/1:2000

bovine anti-goat 1I9G-HRP Santa cruz sc-2378 1:100/1:2000

Goat Anti-Mouse 1gG H&L (HRP) Abcam ab6789 1:200/1:5000

Goat Anti-Rabbit Alexa Fluor 488 Abcam ab150077 1:300

Goat Anti-Mouse Alexa Fluor 568 Abcam ab175473 1:300

Table S 6: Specification for Primers used for gRT-PCR.

Gene symbol  Access number  Primer Amplicon (pb)
AAGCCTACAAAGTCAGCTCG

G| NM_001082477 GGTCTTGTTTCCTGCACTTC 166
AACCTTCCAGCCTTTTCCTGT

GF-I NM_001150162.1 GCACCAACATCGACTTCCCC 105
AGGGCTCTCTCCAGGAAACT

IR NM_017071.2 TGGCAATATTTGATGGGACATC 125
TCTCTCCCTCTGGTCTTGGG

PISK NM_053923.1  ccACCTTCTCAAGACGGCAT 81
GCCTCTTCGAGCTCATCCTC

AKT NM_033230.2 TTCTTGAGCAGTCCAGCCAG o
AGGATCCACCTCGCATGTTC

GUSB NM_017015.2 1 CAGTGGTGACTGGTTCGT 148
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Table S 7. Specification for Tagman assays used for RT-qPCR.

Gene symbol  Assay ID

IGF-1 (Rn00710306_m1)

IGF-2 (Rn01454518 m1)

IR (Rn00690703_m1)

AKT (Rn00583646_m1)

PI3K (Rn01644964 m1)

AR (Rn00560747_m1)

GUSB (Rn00566655_m1)

ACTB (Rn00667869_m1)

PURB (Rn01443265 s1)
GDO Gestation GD21 Laqatlon
O m—(l) (CTR PND 21)
@ 2 ——\ (GLP PND 540)
@ s AN (GLLP PND 21)
@ <> Pr——\ (GLLP PND 540)

PND O PND 21 PND 540

.MatingQBirth mmmm Standard chow I:l Hypoproteic chow .Weaning A Eutanasia

GD = Gestacional day, PND = Postnatal day, CTR = Control group, RPG = Offspring with gestational
protein restriction, RPGL= Offspring with protein restriction during pregnancy and lactation.

Figure S1: Schematic view of experimental design.
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Figure S 2: Representative histopathological disorders of the VP. A: Normal prostate; B:
Epithelial atrophy; C: Physiologic hyperplasia; D: Epithelial dysplasia; E: intraepithelial

neoplasia (PIN); F: Carcinoma in situ. Scale bar: 100um.
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Figure S 3: Representative histopathological analysis of the VP lesions in GLP offspring.

The incidence of carcinoma in situ was 33% (04 from 12 animals, A-D). Scale bar: 100um.
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Figure S 4: Representative histopathological analysis of the VP lesions in GLLP offspring.

The incidence of carcinoma in situ was 50% (06 from 12 animals, A-F). Scale bar: 100um.
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Resumo

Evidéncias epidemiolédgicas demonstram que doencas cronicas podem ter origem a partir de insultos
sofridos durante o desenvolvimento intrauterino, condi¢do conhecida como Programacéo Fetal (PF).
Apesar disso, 0s mecanismos moleculares envolvidos neste processo sdo pouco conhecidos. O
avanco de tecnologias de sequenciamento em larga escala baseadas na combinacdo de “omas”
(transcriptoma, MicroRNoma e proteoma) utilizando ferramentas de enriquecimento de dados, tem
possibilitado uma visdo integrativa global de mecanismos moleculares relacionados ao
desenvolvimento e envelhecimento. Considerando o papel da restri¢do proteica materna (RPM) em
alterar o crescimento e aumentar a incidéncia de lesdes prostaticas na prole de ratos, o objetivo deste
trabalho foi analisar a expressdo global de proteinas da prdstata de ratos que sofreram RPM visando
identificar as vias moleculares envolvidas no desenvolvimento das lesbes prostaticas. Para isso,
foram utilizados ratos machos da linhagem Sprague Dawley nascidos de maes alimentadas com ragédo
padrdo (17% de proteina) ou com racdo hipoproteica (6% proteina) durante a gestacdo ou durante a
gestacao e lactacdo. Os animais foram eutanasiados no dia p6s-natal (DPN) 540 e a prostata ventral
(PV) coletada e imediatamente congelada. Foi analisado o perfil global de expressdo de proteinas
(proteoma) por espectrometria de massas (LC-Ms/Ms). Foram identificadas 378 proteinas apds
andlises dos digestos tripticos no spectometro de massas. Os resultados de expressao global
de proteinas foram utilizados em anélises de enriquecimento em bancos de dados. O perfil
das proteinas mais expressas (up) apresentaram caracteristicas que remetem a atividade
celular aumentada, como sinalizacdo celular e sintese proteica, ja as analises com as
proteinas menos expressas (down) mostraram diminuicdo de adesao celular, e mecanismos
de invasdo celular, mecanismos esses que podem ser relacionadas com atividade tumoral.
Além disso, as proteinas up do grupo GLLP ao serem confrontadas com outro banco de
dados, mostram perfil de proteinas presentes em tecidos tratados com estrogeno. Assim as
analises protedmicas nos possibilitaram uma visdo mais ampla dos processos biolégicos que

ocorreram nos animais submetidos a RPM.

68



1. Introducéo

Evidéncias epidemioldgicas e experimentais demonstram que doencas historicamente
consideradas cronicas, podem ter origem a partir de insultos sofridos durante o periodo
gestacional. A manutencdo de condi¢cdes adequadas durante o desenvolvimento intrauterino,
periodo de alta vulnerabilidade, é de fundamental importancia tanto para a gestante como
para 0 embrido/feto em desenvolvimento (MERICQ et al., 2016). A associacdo entre
alteragBes no periodo gestacional e doengas na vida adulta foi descrita ha varias décadas
atras. David Barker, epidemiologista inglés em seu primeiro estudo coletou dados de recém-
nascidos (entre os anos de 1911 e 1930) em um hospital na regido de Hertforshire, Inglaterra,
deste estudo Barker conseguiu identificar que criancas abaixo do peso necessario para a
idade, tinham 2,7 mais chances de desenvolverem doencas cardiacas, quando comparadas a
criangcas com peso considerado adequado para a idade (BARKER et al., 1989).

Grande parte do conhecimento sobre os efeitos da programacéo fetal deriva de estudos
utilizando-se modelos animais, especialmente roedores. Diversos modelos de programacao
fetal tém sido desenvolvidos nos Gltimos anos para se investigar os impactos de alteragdes
no ambiente intrauterino sobre a prole. Neste contexto, um dos modelos mais utilizados é o
consumo de dieta hipoproteica oferecida as ratas durante a gestacdo e/ou lactacao
(CAMARGO et al., 2017; CEZAR DE OLIVEIRA et al.,, 2016; OZANNE; HALES;
HALES, 1999; PETRY et al., 2001; PINHO et al., 2014; SENE et al., 2013) Vaérios autores
demonstraram que o consumo de racdo hipoproteica esta associado ao baixo peso ao
nascimento, reducdo de crescimento de diferentes 6rgdos, elevacdo da pressdo sistolica,
dislipidemia e resisténcia a insulina em modelos de roedores (DE BRITO ALVES et al.,
2016; FALCAO-TEBAS etal., 2012; FIDALGO et al., 2013; LEANDRO et al., 2012; LIMA
et al., 2015; OZANNE; HALES, 2004; PAULINO-SILVA; COSTA-SILVA, 2016).

A maioria dos estudos sobre programacdo fetal tem focado os efeitos sobre
metabolismo, sendo escassos 0s estudos sobre as fungbes reprodutivas em animais
submetidos a restricdo proteica materna. Entretanto, ja foi demonstrado que a prole de ratos
machos submetidos & RPM apresentam reducdo da distancia ano-genital ao nascimento
(marcador de diferenciacéo sexual determinado pelo exposicdo intrauterina a testosterona)
(COLOMBELLLI et al., 2017; RINALDI et al., 2013a); reducdo no tempo de instalagéo da
puberdade (NORIEGA et al., 2009; VAN WEISSENBRUCH et al., 2005); menor taxa de
fertilidade (SANTOS et al., 2004; ZAMBRANO et al., 2005); alteracdo na concentracdo
sérica de testosterona nos periodos pds-natal (COLOMBELLI et al., 2017; RODRIGUEZ-
GONZALEZ et al., 2012), puberdade (ZAMBRANO et al., 2005) ou adulto (RODRIGUEZ-

69



GONZALEZ et al., 2012, 2015), além de reducéo de di-hidrotestosterona nos dias pos natais
(DPN) 30, 120 e 360 (RINALDI et al., 2013), alteragdes hormonais como estas podem
desencadear alteragdes morfofuncionais em 6rgdo hormonio responsivos, como a préstata.

A glandula prostatica compdem o sistema genital masculino e tem seu desenvolvimento
e fisiologia, controlados por androgenos (CUNHA, 1985). Sua secre¢do é composta por um
complexo proteolitico, com fosfatase 4cida, acido citrico, fibrinolisina, enzimas especificas,
agentes imunossupressores e outros fatores componentes do fluido seminal (MARKER et
al., 2003). A secrecdo € importante para o0 sucesso reprodutivo pois esta envolvida na
motilidade espermatica, liquefacdo do ejaculado e protecdo imunologica dos
espermatozoides contra o sistema imunoldgico do sistema genital feminino (AUMULLER;
SEITZ, 1990; MACCIONI; CABEZAS; RIVERO, 2003).

A morfogénese da glandula prostéatica se inicia por volta do 18° dia de gestacdo em ratos
e entre a 9-10% semana em humanos, desta maneira o periodo intrauterino e perinatal é de
fundamental importancia para o seu desenvolvimento (WELSH et al., 2008). Nos roedores
a prostata ndo estda totalmente desenvolvida ao nascimento, a maior parte do
desenvolvimento ocorre durante os primeiros 15 dias de vida poés-natal (TIMMS; MOHS;
DIDIO, 1994). Desta maneira transtornos ocorridos neste periodo, altamente vulneravel do
desenvolvimento prostatico, podem levar a maior susceptibilidade ao desenvolvimento de
doencas prostaticas com o envelhecimento.

Nos ultimos anos, a préstata tem despertado grande interesse médico-cientifico pela alta
incidéncia de doencas, principalmente a hiperplasia prostatica benigna (HPB) e o cancer de
préstata (CaP) (DASGUPTA; SRINIDHI; VISHWANATHA, 2012; SIEGEL;
NAISHADHAM; JEMAL, 2013). No Brasil, o Instituto Nacional do Cancer (INCA)
estimou um namero de 61.200 novos casos de CaP para 2016, com aproximadamente 13 mil
mortes. Apesar da etiologia complexa do CaP, estudos em modelos animais apontam que
exposicédo a insultos durante o desenvolvimento intrauterino predispdem a glandula a maior
incidéncia de lesdes na idade adulta. Dentre estes, destacam-se aumento de prostatites e
displasias epiteliais seguido de exposicéo gestacional a dieta hipoproteica (RINALDI et al.,
2013a), aumento de hipertrofia glandular ap6s exposicdo gestacional e lactacional a dieta
hiperlipidica (PYTLOWANCIV et al., 2016) e desenvolvimento de lesdes prostaticas em
animais adultos expostos a bisfenol A ou estradiol no periodo perinatal (CHEONG et al.,
2016b; LIMA et al., 2015; NELLES; HU; PRINS, 2011).

Considerando resultados anteriores do nosso grupo de pesquisa 0s quais demonstraram

gue a RPM atrasa o desenvolvimento prostatico em animais jovens, e aumenta a incidéncia
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de lesdes prostaticas no envelhecimento (COLOMBELLI et al., 2017; RINALDI et al.,
2013). Assim, consideramos importante investigar de forma global as vias de sinalizagdo
que estdo alteradas nos animais restritos e que podem estar relacionadas com o processo de

carcinogénese.

2. Material e métodos

Foram utilizados ratos Sprague Dawley, machos adultos fornecidos pelo Centro de
Bioterismo da Universidade Estadual de Campinas, Campinas, SP. Os animais foram
mantidos no Biotério do Departamento de Morfologia, em caixas de polietileno, dois animais
por caixa, com substrato de maravalha autoclavada, em condi¢Ges controladas de
luminosidade e temperatura média de 25° C, sendo fornecida agua filtrada e racdo ad libitum.
Os procedimentos experimentais estdo de acordo com os Principios Eticos na
Experimentagdo Animal adotado pelo Colégio Brasileiro de Experimentacdo Animal
(COBEA) e foram aprovados pela Comissdo de Etica na Experimentacdo Animal do
Instituto de Biociéncias de Botucatu (CEEA-573).

Apds acasalamento e constatacdo da prenhes, 12 ratas foram colocadas em gaiolas
individuais e foram alimentadas com racdo padréo para ratos (grupo controle CTR, n=3,
17% de proteina) ou com racdo hipoproteica durante toda a gestacdo (grupo restricao
proteica na gestacdo GLP, n=3, 6% de proteina) ou durante toda a gestacdo e lactacdo (grupo
restricdo proteica na gestacdo e lactacdo GLLP, n=3, 6% de proteina). As dietas eram
isocaloricas e normossaddicas (0,20%) a racdo utilizada foi a AIN-93 modificada, de acordo
com (REEVES; NIELSEN; FAHEY, 1993), Os animais foram eutanasiados por perda de
consciéncia utilizando anestésico (ketamina e xilasina) seguido por decapitacdo, no DPN
540. O lobo prostatico ventral foi coletado e imediatamente congelado em nitrogénio liquido

e armazenado em freezer -80 até 0 momento do uso.

2.1 Shotgun
Apds serem dissecadas e imediatamente congeladas trés PVs de cada grupo
experimental no DPN 540 foram submetidas a extracdo proteica utilizando tampéo de
extragéo (Tris 0,01 M, PMSF 5 mM, inibidor de protease 1%, DTT 65 mM, uréia 8 M) e
quantificadas utilizando método de Bradford (BRADFORD, 1976), foram subdivididas em
aliquotas de 50 pg/50 pL (concentragdo 1 pg/ul), posteriormente foi adicionado 10 pl de

bicarbonato de aménio (NHsHCO3) 50 mM. Na sequéncia foi adicionado 25 ul de solugédo
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surfactante 0,2% e a amostra incubada por 60 minutos a 37°C, em seguida da reducéo das
pontes de sulfeto com 2,5 pl ditiotreitol (DTT) a 100mM incubados durante 40 minutos a
37°C. A carbamidometila¢ao foi realizada com 2,5 pl de iodoacetamida (IAA) a 300mM,
incubados durante 30 minutos a temperatura ambiente e protegido da luz. Em seguida, as
amostras foram submetidas a digestdo proteolitica na presenca da enzima tripsina 0,05
pug/ul, solubilizada em bicarbonato de amonio 50 mM, as amostras foram incubadas
overnight a 37°C, posteriormente as amostras foram incubadas com 10 pL. TFA 5% por 90
minutos a 37°C. As amostras foram centrifugadas a 14.000 rpm a 6°C, por 30 minutos. Apos
esta etapa, as amostras foram dessalinizadas utilizando-se colunas Sep-Pak Vac C18 (Waters
Manchester, UK), reduzidas em concentrador e mantidas a 20°C até o momento da analise
por espectrometria de massas.

A andlise dos peptideos tripticos foi realizada no sistema nanoACQUITY UPLC
(Waters, Milliford, USA) acoplado ao espectrometro de massas Xevo Q-TOF G2 (Waters,
Milliford, USA). Para tanto, o sistema UPLC nanoACQUITY foi equipado com uma coluna
do tipo HSS T3 (Acquity UPLC HSS T3 column 75 mm x 150 mm; 1,8 um, Waters),
previamente equilibrada com 7% da fase movel B (100% ACN + 0,1 % é&cido formico). Os
peptideos foram separados através de um gradiente linear de 7-85 % de fase mével B durante
70 min com fluxo de 0,35 pL/min e a temperatura da coluna mantida a 45°C. O MS foi
operado em modo ion positivo, com o tempo de aquisicdo de dados de 75 min. Os dados
obtidos foram processados através do software ProteinLynx GlobalServer (PLGS) versdo
3.03 (Waters, Milliford, USA). A identificacdo das proteinas foi obtida através do algoritmo
de contagem de ions incorporado ao software. Os dados obtidos foram buscados no banco
de dados da espécie Rattus norvegicus baixado do catalogo do UniProt (Universal Protein
Resource) em dezembro de 2017.

A identificacdo dos componentes celulares, funcdes e processos bioldgicos foi realizada
através dos bancos de dados Gene Ontology (http://geneontology.org/) e Protein Annotation
Through Evolutionary Relationship (PANTHER) (http://pantherdb.org). Além do “gene

expression omnibus (GEO)” utilizando a ferramenta “Ligand Perturbations from GEO up”
do Enrichr (http://amp.pharm.mssm.edu/Enrichr/ ) e as redes de integracGes entre proteinas
foram obtida pelo software STRING (http://string-db.org/).

Para a identificacdo das proteinas diferencialmente expressas entre 0S grupos
experimentais serdo utilizadas tréplicas biologicas. Os resultados foram comparados

utilizando o teste de t de Student’s. Foram considerados diferentes valores com P<0,05.
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3. Resultados

Foram identificadas 378 proteinas e os resultados das analises dos digestos tripticos sao
observados na figura 1A. Dentre as proteinas identificadas, a maioria s&o comuns aos 3
grupos experimentais (203 proteinas ou 53,7%). Foram observadas altera¢fes na abundancia
das proteinas nos grupos submetidos a restri¢do proteica, sendo 8 (2,1%) proteinas somente
identificadas no grupo GLP e 52 (13,75%) somente identificadas ao grupo GLLP, além de
outras 62 serem identificadas somente no grupo CTR.

Além da alteracdo do namero de proteinas identificadas em cada grupo experimental,
0s grupos GLP e GLLP apresentaram alteracdes na abundancia entre as proteinas. Entre elas
tem-se 65 proteinas menos expressas (down) e 72 proteinas mais expressas (up) no grupo
GLP e 59 menos expressas e 72 mais expressas no grupo GLLP (Figura 1B).

Proteinas agrupadas por processos bioldgicos

A ferramenta “Gene ontology (PANTHER) foi utilizada para identificar os processos
biolégicos mais enriquecidos relacionadas as proteinas aqui identificadas. As proteinas up
nos grupos restritos apresentaram enriquecimento para os processos bioldgicos ligados a
resposta das células a estimulos, sinalizacdo celular, transducédo de sinal, migracdo celular e
silenciamento génico.

Nas proteinas down, os processos bioldgicos enriquecidos tiveram relagdo com
regulacao negativa de atividade catalitica, expressdo génica, funcdes moleculares, regulacao

no do tamanho e didmetro de vasos e morte celular (figura 2).

Proteinas agrupadas por fun¢des moleculares

As proteinas up tiveram enriquecidas funcdes moleculares ligadas a atividade de
enzimas antioxidantes, ligacdo de GDP e ligacdo a angiostatina, a qual esta relacionada ao
desenvolvimento e manutencgdo de vasos sanguineos (figura 3).

Dentre as proteinas down, as funcdes enriquecidas foram, constituicdo estrutural do

citoesqueleto, ligagdo & moléculas de adeséo celular e inibigdo da atividade enzimatica.
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Proteinas agrupadas por componentes celulares.

Os componentes enriquecidos para as proteinas up nos grupos restritos tem relacéo a
maquinaria de sintese e direcionamento de proteinas, como reticulo endoplasmatico,
complexo de golgi, compartimento intermediario reticulo-golgi, transporte e secrecdo de
vesiculas.

Além disso foram enriquecidos componentes relacionados a motilidade celular e em
processos de invasao tumoral. Interessantemente, os componentes celulares relacionados as
proteinas menos reguladas sdo adesdo celular e citoesqueleto além de complexo de

empacotamento de DNA (figura 4).

Proteinas agrupadas por via de sinalizacéo

Na anélise de enriquecimento para as vias de sinalizacdo foi possivel observar que as
vias mais enriquecidas de proteinas up, foram relacionadas ao ciclo e controle do ciclo
celular, além de vias relacionadas a apoptose, principalmente no grupo GLP. Além disso
vias de estresse oxidativo também tiveram destagque nos dois grupos restritos.

Dentre as vias de sinalizacdo relacionadas as proteinas down destacam-se as envolvidas
em processos de juncdo celular, biogénese e manutencdo de organelas, além de apresentar
clara alteracdo da via de sinaliza¢do “Hedgehog”, pois os processos de sinalizagdo, ativagao

e desativacdo da via estdo enriquecidos (Figura 5).

Restrigdo proteica materna gestacional e lactacional estimula via de sinalizagéo

oncogénica.

Dentre as alteragdes identificadas no perfil protedmico causadas pela RPM, as que mais
chamam a atencdo sdo as proteinas exclusivas encontradas no grupo GLLP (Tabela 1).
Dentre elas pode-se identificar 32 proteinas relacionadas a familia de proteinas Ras (Rat
Sarcoma), como RAB1A (RAB1A member Ras oncogene family), Rab-3D (GTP-binding
protein Rab-3D) e Rab-35 (Ras-related protein Rab-35). Estas proteinas tém papel crucial
na regulacao do crescimento, migracao e sobrevivéncia. Alem disso, em analises utilizando
a ferramenta string, os dados de enriquecimento indicam que estas proteinas tém interacao
direta entre elas e desempenham processos bioldgicos, fungdes moleculares e estdo presentes

em componentes celulares comuns (figuras 6, 7 e 8).
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Restricdo proteica materna, gera perfil proteico semelhante a de tecido submetido

ao tratamento com estrogeno.

Ao utilizar as proteinas up do grupo GLLP, na ferramenta Ligand Perturbations from
GEO up, do Enrichr, obtivemos enriquecimento com estudos utilizando tratamento
hormonal. Dos 9 estudos mais relevantes na andlise, 8 utilizaram estrégenos como
tratamento, ou seja, o perfil das proteinas up do grupo GLLP se assemelha ao perfil proteico

de tecidos submetidos ao tratamento estrogénico.

4. Discussao

Modelos experimentais com carcinogénese prostatica induzida tem sido extensamente
estudado nos ultimos anos (GRABOWSKA et al., 2014; IHNATOVYCH; SIELSKI;
HOFMANN, 2014; WANG et al., 2015). Mapear as vias de sinalizacdo que orquestram o
desenvolvimento dessa doenca se faz necessario para melhor entender os seus mecanismos.
Nesse sentido, analises de larga escala como a anélise protedmica, tem sido utilizada para
elucidar estas questfes (BILEN et al., 2017; FUJIMOTO et al., 2009; ZHANG et al., 2011).

Em recente trabalho de nosso grupo de pesquisa, foi demonstrado que a RPM foi capaz
de induzir a carcinogénese prostatica em animais no DPN 540 (SANTOS et al., dados ainda
ndo publicados) e o desenvolvimento destas lesdes foi relacionado ao desequilibrio hormonal
tanto nas maes como na prole. Sabendo que menos de 1% dos animais experimentais da
linhagem Sprague dawley desenvolvem cancer de préstata espontaneamente (NAKAZAWA
etal., 2001), foi realizada a analise protedmica, afim de elucidar os mecanismos que levaram

ao processo de carcinogénese prostatica.

O resultado mais surpreendente desta analise, foi a identificacdo de proteinas da familia
Ras no grupo GLLP. Esta familia de proteinas tem funcdes reguladoras importantes no
crescimento, migracdo e sobrevivéncia celular, desta maneira a expressdo elevada de
algumas dessas proteinas, tem sido relatada em varios tipos de cancer, incluindo cancer
colorretal (THOMAS et al., 2014), glioma (BAO et al., 2014), hepatocarcinoma (XU et al.,
2015) e cancer de préstata (ABD ELMAGEED et al., 2014).

As mutacGes somaticas que promovem ganho de fungdo em genes Ras foram as
primeiras alteracbes genéticas especificas identificadas em cancer humano héa cerca de 3

décadas atrés. As proteinas Ras-GTP funcionam como ferramentas moleculares binarias que

75



controlam as redes de sinalizacao intracelular. As vias de sinalizacdo reguladas por Ras
controlam processos como a integridade do citoesqueleto de actina, proliferagéo,
diferenciacio, adesdo, migragéo celular e apoptose (FERNANDEZ-MEDARDE; SANTOS,
2011). Ras ativa varias vias de sinalizacdo, entre elas estdo a via da proteina MAPK, esta
propaga sinais que resultam na transcri¢cdo de genes envolvidos no crescimento e divisdo
celular (NAN et al., 2015) e a via PI3BK/AKT/mTOR, que estimula a sintese proteica e o
crescimento celular, e inibe a apoptose (CASTELLANO; DOWNWARD, 2011). Nesse
sentido, o enriquecimento de processos bioldgicos como “rab protein signal transduction”,
“signaling”, “signal transduction” e de fun¢des moleculares “GTPase activity” e “GTP-
biding” nas proteinas mais expressas do grupo GLLP, vao de encontro as informagdes

contidas na literatura, sendo essa uma das possiveis vias de sinalizacdo alteradas no

desenvolvimento de carcinoma in situ nos animais submetidos a RPM.

Outro dado bastante importante foi o enriquecimento utilizando a ferramenta Ligand
Perturbations from GEO up que compara os dados com experimentos desenvolvidos com
diferentes tipos de tratamento, apds a anélise a ferramenta apontou que o perfil de proteinas
mais diferencialmente expressas no grupo GLLP se assemelha com estudos de tratamento
hormonal, entre os nove estudos mais enriquecidos oito sdo tratamentos com o horménio
estrdgeno.

A regulacdo do estrogénio tem sido considerado como um dos fatores de risco
associados ao desenvolvimento da hiperplasia prostatica benigna (HPB) e do céancer de
prostata (BOSLAND, 2000; HARKONEN; MAKELA, 2004). Os estrogenos séricos sio
conhecidos por aumentar durante o envelhecimento, ao passo que os androgenos tém sua
concentracdo diminuida (DOMONKOS et al., 2017). SANTOS e colaboradores (dados
ainda néo publicados), observaram que animais submetidos a RPM apresentam proporgdes
aumentadas de estrogeno/testosterona séricas, e ao envelhecimento desenvolvem céancer
prostatico. Desta maneira, a via de sinalizacdo estrogénica € também uma das possiveis
responsaveis pelo desenvolvmento de cancer de prostata nos animais submetidos a restri¢éo

proteica.
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Conclusao
A analise protedmica gerou grande quantidade de dados, que junto com as analises

de enriquecimento auxiliaram a entender 0os mecanismos que levaram a carcinogénese
prostatica nos animais restritos. A deteccdo de proteinas da familia Ras, uma classica
familia oncogénica norteara novas investigacoes, a fim de compreender por completo 0s

mecanismos da carcinogénese prostatica induzida por restricdo proteica materna.
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Figura 1 A. Proteinas identificadas ap6s as amostras serem submetidas ao espectrometro
de massas. B. Proteinas exclusivas, mais reguladas (up) e menos reguladas (down) nos

grupos GLP e GLLP.
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GLP GLLP GLP

GLLP

GO Term p-value p-value
Biological Process GLP GLLP
cellular response to chemical stimulus (go:0070887) 1.25E-04 | 4.44E-05
chromatin silencing (go:0006342) 6.03E-10 |[1.30E-14
gene silencing (go:0016458) 5.31E-11 |1.73E-07
glutathione metabolic process (go:0006749) 1.37E-08 | 3.49E-05
negative regulation of gene expression, epigenetic (go:0045814) 1.27E-09 |3.85E-14
positive regulation of nuclease activity (go:0032075) 1.35E-04
rab protein signal transduction (go:0032482) 5.13E-07
regulation of gene expression, epigenetic (go:0040029) 8.66E-07 |[5.81E-10
signal transduction (go:0007165) 2.92E-04
signaling (go0:0023052) 1.79E-04
tissue migration (go:0090130) 2.70E-04
cell-cell adhesion (GO:0098609) 4.79E-05
cellular component organization (GO:0016043) 1.59E-08
hemostasis (GO:0007599) 1.30E-06

negative regulation of catalytic activity (go:0043086) 8.59E-06
negative regulation of endopeptidase activity (go:0010951) 4.02E-05

negative regulation of molecular function (go0:0044092) 2.74E-05
protein refolding (GO:0042026) 1.16E-10

regulation of blood vessel diameter (go:0097746) 1.89E-04

regulation of blood vessel size (go:0050880) 2.59E-04
regulation of cell death (go:0010941) 1.98E-04

tissue homeostasis (G0:0001894) 1.16E-04

Figura 2. Processos bioldgicos alterados nos grupos GLP e GLLP. Diagrama de Venn
indica componentes exclusivos e comuns entre 0S grupos experimentais.




GLP

GLLP GLP

GLLP

GO Term GLP GLLP
Molecular function -value -value
angiostatin binding (G0:0043532) 1.64E-04
disulfide oxidoreductase activity (GO:0015036) 1.95E-08
GDP binding (G0:0019003) 3.18E-08 |5.79E-06
glutathione binding (G0:0043295) 1.95E-04
glutathione peroxidase activity (GO:0004602) 1.70E-08 |2.79E-06
glutathione transferase activity (GO:0004364) 5.40E-04
glyceraldehyde-3-phosphate dehydrogenase (NAD(P)+)
(phosphorylating) activity (GO:0043891) 2.05E-06
glyceraldehyde-3-phosphate dehydrogenase (NAD+)
(phosphorylating) activity (GO:0004365) 3.38E-05
GTP-dependent protein binding (GO:0030742) 1.96E-06
oxidoreductase activity (GO:0016491) 1.44E-10 |2.73E-04
oxidoreductase activity, acting on peroxide as acceptor (GO:0016684) | 3.63E-05 |2.08E-06
eptide disulfide oxidoreductase activity (GO:0015037 3.69E-09 |2.32E-04
structural constituent of cytoskeleton (GO:0005200) 4.41E-14 |3.81E-13
peptidase regulator activity (GO:0061134) 2.64E-04
heme binding (GO:0020037) 5.77E-04
enzyme inhibitor activity (GO:0004857) 2.56E-04 |5.59E-06
cell adhesion molecule binding (GO:0050839) 1.70E-04

Figura 3. Funcdes moleculares alteradas nos grupos GLP e GLLP. Diagrama de Venn
indica fungdes exclusivas e comuns entre 0s grupos experimentais.
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GLP GLLP GLP

GLLP

GO Term p-value p-value
Cellular component GLP GLLP
cell projection (GO:0042995) 2.17E-03
cell tip (GO:0051286) 2.58E-03
endoplasmic reticulum chaperone complex (GO:0034663) 452E-05 |2.76E-06
endoplasmic reticulum lumen (GO:0005788) 9.36E-06
endoplasmic reticulum-Golgi intermediate compartment

(G0O:0005793) 1.21E-04
Golgi apparatus (GO:0005794) 2.14E-03
insulin-responsive compartment (GO:0032593) 1.10E-06
podosome (G0O:0002102) 1.45E-03
secretory vesicle (GO:0099503) 2.71E-10
transport vesicle (GO:0030133 1.99E-07
cell-substrate adherents junction (GO:0005924) 1.36E-07 |4.67E-04
cell-substrate junction (GO:0030055) 1.56E-07 |4.99E-04
DNA packaging complex (G0O:0044815) 1.38E-12 |3.38E-13
focal adhesion (GO:0005925) 1.19E-07 |4.36E-04
intermediate filament (GO:0005882) 2.54E-04

intermediate filament cytoskeleton (GO:0045111) 7.55E-04

microtubule (GO:0005874) 1.63E-05 |2.22E-06
microtubule cytoskeleton (GO:0015630) 3.30E-04

Figura 4. Componentes celulares alteradas nos grupos GLP e GLLP. Diagrama de Venn
indica componentes exclusivas e comuns entre 0s grupos experimentais.
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GLP GLLP

GLP

GLLP

Pathway GLP GLLP
GO Term -value -value
Activation of BAD and translocation to mitochondria (R-RNO-111447) 2.10E-12

Apoptosis (R-RNO-109581) 4.55E-07

Cell Cycle (R-RNO-1640170) 5.39E-04

Cell Cycle Checkpoints (R-RN0O-69620) 1.55E-05

Cellular responses to stress (R-RNO-2262752) 4.29E-04 | 1.02E-04
Chk1/Chk2(Cds1) mediated inactivation of Cyclin B:Cdk1 complex (R-RNO-

75035) 1.33E-12
Detoxification of Reactive Oxygen Species (R-RNO-3299685) 3.45E-05

G2/M Checkpoints (R-RNO-69481) 3.87E-06

G2/M DNA damage checkpoint (R-RNO-69473) 4.53E-08

Glutathione conjugation (R-RNO-156590) 1.19E-05 |3.88E-05
HSF1-dependent transactivation (R-RNO-3371571) 6.72E-04
Intrinsic Pathway for Apoptosis (R-RNO-109606) 2.35E-09

Metabolism (R-RNO-1430728) 1.24E-03
Programmed Cell Death (R-RNO-5357801) 6.37E-07
Translocation of GLUT4 to the plasma membrane (R-RNO-1445148 1.44E-07 |7.03E-12
Gap junction degradation (R-RNO-190873) 4.18E-04
Gap junction trafficking (R-RNO-190828) 6.62E-04
Hedgehog 'off' state (R-RNO-5610787) 6.70E-06 | 7.28E-06
Hedgehog 'on’ state (R-RNO-5632684) 6.00E-06 | 6.63E-06
Hemostasis (R-RNO-109582) 1.08E-06 |3.25E-07
Organelle biogenesis and maintenance (R-RNO-1852241) 2.57E-05 |6.88E-05
Signaling by Hedgehog (R-RNO-5358351) 3.14E-05 | 2.74E-05

Figura5. Vias de sinalizacdo alteradas nos grupos GLP e GLLP. Diagrama de Venn indica
vias de sinalizacdo alteradas exclusivas e comuns entre 0s grupos experimentais.
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Rab3b
Rab3c

Rab35
Rab3a
Rab3d
Biological Process (GO)
pathway ID pathway description count in gene set  false discovery rate
(0:0032482  Rab protein signal transduction 18 7.52¢33 @
G0:0006886 intracellular protein transport 19 225¢17 @
G0:0034613  cellular protein localization 20 322¢15 @
G0:0006904  vesicle docking involved in exocytosis 10 443e15 ()
60:0009306  protein secretion 1 34214 @

Figura 6. Interacdo entre as proteinas Ras no grupo GLLP e processos biolégicos comuns aos

quais elas participam.
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Molecular Function (GO)

pathway ID pathway description

G0:0003924 GTPase activity

G0:0005525 GTP binding

G0:0032561  guanyl ribonucleotide binding

G0:0016787  hydrolase activity

G0:0035639  purine ribonucleoside triphosphate binding

Rab3b
Rab3c

Rab35
Rab3a

Rab3d

count in gene set  false discovery rate

18 68223 @
18 281e18 @
17 12916 @
23 312e11 &
21 1.06e-10 @

Figura 7. Interagdo entre as proteinas Ras no grupo GLLP e fungdes moleculares que elas

desempenham em comum.

83



pathway ID

G0:0016023
G0:0005768
G0:0030141
G0:0030659
G0:0030667

Rab3b

Rab3c
Rab35
Rab3a
Rab3d
Cellular Component (GO)
pathway description count in gene set  false discovery rate
cytoplasmic membrane-bounded vesicle 20 517¢13 @
endosome 17 53813 @
secretory granule 13 37812 @
cytoplasmic vesicle membrane 1 1.26e09 (3
secretory granule membrane 7 21908 @

Figura 8. Interacdo entre as proteinas Ras no grupo GLLP e componentes celulares onde elas

Se concentram.
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Protein disulfide-isomerase
Tropomyosin alpha-4 chain

Histone H2A

Malate dehydrogenase mitochondrial
78 kDa glucose-regulated protein

605 acidic ribosomal protein

Histone H2A

Histone H2A.

Histone H2A type 2-A

Tropomyosin beta chain

ATP synthase subunit alpha mitochondrial

Proteinas do grupo GLLP

Protein disulfide-isomerase
Calreticulin
Tropomyosin 1 alpha isoform CRAh

Ligand Perturbations

Figura 9. Analise do Enrichr, apresentando os estudos identificados com as proteinas

diferencialmente expressas do grupo GLLP.

85



Tabela 1. Proteinas da Familia RAS, exclusivas do grupo GLLP.

Gene GLLP:
Accession name Description CTR_P
Q5U316 Rab35 |Ras-related protein Rab-35 OS=Rattus norvegicus GN=Rab35 PE=1 SV=1 GLLP
P70550 Rab8b |Ras-related protein Rab-8B OS=Rattus norvegicus GN=Rab8b PE=1 SV=1 GLLP
Q6NYB7 Rab1lA |Ras-related protein Rab-1A OS=Rattus norvegicus GN=Rab1A PE=1 SV=3 GLLP
P10536 Rablb |Ras-related protein Rab-1B OS=Rattus norvegicus GN=Rab1lb PE=1 SV=1 GLLP
P35281 Rab10 |Ras-related protein Rab-10 OS=Rattus norvegicus GN=Rab10 PE=1 SV=1 GLLP
P35280 Rab8a Ras-related protein Rab-8A OS=Rattus norvegicus GN=Rab8a PE=1 SV=2 GLLP
P35289 Rab15 |Ras-related protein Rab-15 OS=Rattus norvegicus GN=Rab15 PE=2 SV=1 GLLP
AOA1BOGWR3 | Rab14 |Ras-related protein Rab-14 OS=Rattus norvegicus GN=Rab14 PE=1 SV=1 GLLP
P05714 Rab4a Ras-related protein Rab-4A OS=Rattus norvegicus GN=Rab4a PE=1 SV=3 GLLP
P63012 Rab3a Ras-related protein Rab-3A OS=Rattus norvegicus GN=Rab3a PE=1 SV=1 GLLP
Q53B90 Rab43 |Ras-related protein Rab-43 OS=Rattus norvegicus GN=Rab43 PE=2 SV=1 GLLP
P51156 Rab26 |Ras-related protein Rab-26 OS=Rattus norvegicus GN=Rab26 PE=2 SV=2 GLLP
P51146 Rab4b |Ras-related protein Rab-4B OS=Rattus norvegicus GN=Rab4b PE=2 SV=1 GLLP
Q63942 Rab3d | GTP-binding protein Rab-3D OS=Rattus norvegicus GN=Rab3d PE=1 SV=2 GLLP
Q63941 Rab3b |Ras-related protein Rab-3B OS=Rattus norvegicus GN=Rab3b PE=1 SV=2 GLLP
P61107 Rab14 |Ras-related protein Rab-14 OS=Rattus norvegicus GN=Rab14 PE=1 SV=3 GLLP
P35284 Rab12 |Ras-related protein Rab-12 OS=Rattus norvegicus GN=Rab12 PE=1 SV=2 GLLP
D4A376 Rab12 |Ras-related protein Rab-12 OS=Rattus norvegicus GN=Rab12 PE=1 SV=3 GLLP
P62824 Rab3c Ras-related protein Rab-3C OS=Rattus norvegicus GN=Rab3c PE=1 SV=1 GLLP
Q9wWVB1 Rabb6a Ras-related protein Rab-6A OS=Rattus norvegicus GN=Rab6a PE=1 SV=2 GLLP
P35286 Rab13 |Ras-related protein Rab-13 OS=Rattus norvegicus GN=Rab13 PE=1 SV=2 GLLP
RAB1A_member RAS oncogene family OS=Rattus norvegicus GN=Rabla PE=1
AOA0G2K235 |Rabla |Sv=1 GLLP
RAB1A_member RAS oncogene family OS=Rattus norvegicus GN=Rabla PE=1
E9PU16 Rabla |SV=2 GLLP
LOC100
G3V6HO 363782 | RAB1B_ member RAS oncogene family-like OS=Rattus norvegicus GLLP
RAB30_ member RAS oncogene family OS=Rattus norvegicus GN=Rab30 PE=1
AOAOG2JTT4 |Rab30 |Sv=1 GLLP
RAB14_member RAS oncogene family OS=Rattus norvegicus GN=Rab14 PE=1
BOBMWO Rabl14 |Sv=1 GLLP
RAB10_ member RAS oncogene family OS=Rattus norvegicus GN=Rab10 PE=1
Q5RKJ9 Rabl10 |[Sv=1 GLLP
RAB37_ member RAS oncogene family OS=Rattus norvegicus GN=Rab37 PE=4
D4A0G7 Rab37 |Sv=1 GLLP
RAB39 _member RAS oncogene family OS=Rattus norvegicus GN=Rab39a PE=4
D3ZZP2 Rab39a |Sv=1 GLLP
RAB6B_ member RAS oncogene family OS=Rattus norvegicus GN=Rab6b PE=4
F1LVC3 Rab6b |Sv=2 GLLP
RAB6B_ member RAS oncogene family OS=Rattus norvegicus GN=Rab6b PE=4
AOA0G2JT78 |Rab6b |Sv=1 GLLP
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RAB42_ member RAS oncogene family OS=Rattus norvegicus GN=Rab42 PE=4
AOAO0G2K201 |Rab42 Sv=1 GLLP
RAB33B_ member RAS oncogene family OS=Rattus norvegicus GN=Rab33b
F1LW77 Rab33b |PE=1SV GLLP
Tabela 2. Proteinas identificadas CTR x GLP.
GLP: |GLP
CTR_ |:CTR
Accession Description Ratio P Unique
P70623 Fatty acid-binding protein_adipocyte OS=Rattus norvegicus GN=Fabp4 PE=1 SV=3 CTR |CTR |CTR
AO0A0G2K896 | Similar to RIKEN cDNA 1300017J02 OS=Rattus norvegicus GN=RGD1310507 PE=1SV=1 |CTR |CTR |CTR
MORBQ5 Histone H2B OS=Rattus norvegicus GN=Hist3h2bb PE=3 SV=1 CTR |CTR |CTR
Q4QQV0 Tubulin beta chain OS=Rattus norvegicus GN=Tubb6 PE=1 SV=1 CTR |CTR |CTR
AO0A0G2JXK5 | Serine protease inhibitor OS=Rattus norvegicus GN=L0C299282 PE=1 SV=1 CTR |CTR |CTR
P11030 Acyl-CoA-binding protein OS=Rattus norvegicus GN=Dbi PE=1 SV=3 CTR |CTR |CTR
P85108 Tubulin beta-2A chain OS=Rattus norvegicus GN=Tubb2a PE=1 SV=1 CTR |CTR |CTR
AO0A0G2K4Q4 | ADP-ribosylation factor 3 OS=Rattus norvegicus GN=Arf3 PE=3 SV=1 CTR |CTR |CTR
P01048 T-kininogen 1 OS=Rattus norvegicus GN=Mapl PE=1 SV=2 CTR |CTR |CTR
P01836 Ig kappa chain C region_ A allele OS=Rattus norvegicus PE=1 SV=1 CTR |CTR |CTR
P01835 Ig kappa chain C region B allele OS=Rattus norvegicus PE=1 SV=1 CTR |CTR |CTR
AO0A0G2JXI19 Histone H2B OS=Rattus norvegicus GN=Hist1h2bo PE=3 SV=1 CTR |CTR |CTR
Q00715 Histone H2B type 1 OS=Rattus norvegicus PE=1 SV=2 CTR |CTR |CTR
G3Vv8B3 Histone H2B OS=Rattus norvegicus GN=Histlh2bg PE=3 SV=1 CTR |CTR |CTR
F1LPQ6 Immunoglobulin heavy constant mu OS=Rattus norvegicus GN=Ighm PE=4 SV=2 CTR |CTR |CTR
P01026 Complement C3 OS=Rattus norvegicus GN=C3 PE=1 SV=3 CTR |CTR |CTR
AOA0G2K9H8 | ADP-ribosylation factor 3 OS=Rattus norvegicus GN=Arf3 PE=3 SV=1 CTR |CTR |CTR
Q5RKI1 Eukaryotic initiation factor 4A-11 OS=Rattus norvegicus GN=Eif4a2 PE=1 SV=1 CTR |CTR |CTR
D3ZLY9 Histone H2B OS=Rattus norvegicus GN=Hist1h2bh PE=3 S\VV=2 CTR _|CTR |CTR
P09117 Fructose-bisphosphate aldolase C OS=Rattus norvegicus GN=Aldoc PE=1 SV=3 CTR |CTR |CTR
Q6IFZ5 Keratin 76 OS=Rattus norvegicus GN=Krt76 PE=2 SV=1 CTR |CTR |CTR
P14141 Carbonic anhydrase 3 OS=Rattus norvegicus GN=Ca3 PE=1 SV=3 CTR |CTR |CTR
Q3B8Q2 Eukaryotic initiation factor 4A-111 OS=Rattus norvegicus GN=Eif4a3 PE=1 SV=1 CTR |CTR |CTR
Q6TXF3 Acyl-CoA-binding protein OS=Rattus norvegicus GN=Dbi PE=1 SV=1 CTR |CTR |CTR
F1LMO05 Serine protease inhibitor OS=Rattus norvegicus GN=L0C299282 PE=1 SV=1 CTR |CTR |CTR
1 2-dihydroxy-3-keto-5-methylthiopentene dioxygenase OS=Rattus norvegicus GN=Adil
Q562C9 PE=2 Sv=1 CTR |[CTR |CTR
QI9R0T3 DnaJ homolog subfamily C member 3 OS=Rattus norvegicus GN=Dnajc3 PE=1 SV=3 CTR |CTR |CTR
AOAO0G2JXEO | Histone H2B OS=Rattus norvegicus GN=LOC102549061 PE=3 SV=1 CTR |[CTR |CTR
A0A0G2JVQ5 | Kininogen 1 OS=Rattus norvegicus GN=Kngl PE=1 SV=1 CTR |CTR |CTR
MORBJ7 Complement C3 OS=Rattus norvegicus GN=C3 PE=1 SV=1 CTR |CTR |CTR
Q6P3V8 Eukaryotic translation initiation factor 4A1 OS=Rattus norvegicus GN=Eif4al PE=1 SV=1 CTR |CTR |CTR
P61206 ADP-ribosylation factor 3 OS=Rattus norvegicus GN=Arf3 PE=2 S\V=2 CTR |CTR |CTR
P14480 Fibrinogen beta chain OS=Rattus norvegicus GN=Fgh PE=1 SV=4 CTR |CTR |CTR
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A0A0G2K3Q6 | Fructose-bisphosphate aldolase OS=Rattus norvegicus GN=Aldoc PE=1 SV=1 CTR |CTR |CTR
A0A0G2JV81 | ADP-ribosylation factor 3 OS=Rattus norvegicus GN=Arf3 PE=3 SV=1 CTR |CTR |CTR
G3V7C6 Tubulin beta chain OS=Rattus norvegicus GN=Tubb4b PE=1 SV=2 CTR |CTR |CTR
A0A0G2JV65 | 14-3-3 protein zeta/delta OS=Rattus norvegicus GN=Ywhaz PE=1 SV=1 CTR |CTR |CTR
D3ZNH4 Histone H2B OS=Rattus norvegicus GN=Hist1h2bo PE=3 SV=1 CTR _|CTR |CTR
P05544 Serine protease inhibitor A3L OS=Rattus norvegicus GN=Serpina3l PE=1 SV=3 CTR |CTR |CTR
B4F7C2 Tubulin beta chain OS=Rattus norvegicus GN=Tubb4a PE=1 S\VV=1 CTR |CTR |CTR
AOAO0G2KAY3 | Kininogen 1 OS=Rattus norvegicus GN=Kngl PE=1 SV=1 CTR _|CTR |CTR
P62963 Profilin-1 OS=Rattus norvegicus GN=Pfnl PE=1 S\V=2 CTR |CTR |CTR
MORBF1 Complement C3 OS=Rattus norvegicus GN=C3 PE=1 SV=1 CTR _|CTR |CTR
AO0A0G2K9YO0 | Immunoglobulin heavy constant mu OS=Rattus norvegicus GN=Ighm PE=4 SV=1 CTR |CTR |CTR
G3V8R1 Nucleobindin 2_isoform CRA b OS=Rattus norvegicus GN=Nuch2 PE=1 SV=1 CTR |CTR |CTR
E9PST1 Similar to RIKEN cDNA 1300017J02 OS=Rattus norvegicus GN=RGD1310507 PE=1 SV=3 |CTR |CTR |CTR
P02680 Fibrinogen gamma chain OS=Rattus norvegicus GN=Fgg PE=1 SV=3 CTR |CTR |CTR
Q3KRES Tubulin beta-2B chain OS=Rattus norvegicus GN=Tubb2b PE=1 SV=1 CTR |CTR |CTR
Q4QRB4 Tubulin beta-3 chain OS=Rattus norvegicus GN=Tubb3 PE=1 SV=1 CTR |CTR |CTR
F7EUK4 Kininogen 1 OS=Rattus norvegicus GN=Kngl PE=1 SV=2 CTR _|CTR |CTR
AO0A0G2K8B7 | Eukaryotic initiation factor 4A-11 OS=Rattus norvegicus GN=Eif4a2 PE=1 SV=1 CTR |CTR |CTR
D3ZNZ9 Histone H2B OS=Rattus norvegicus GN=Hist3h2ba PE=3 SV=1 CTR |CTR |CTR
Q61G05 Keratin_type Il cytoskeletal 75 OS=Rattus norvegicus GN=Krt75 PE=3 SV=2 CTR |CTR |CTR
AOAO0G2K1T8 | Serine protease inhibitor OS=Rattus norvegicus GN=L0C299282 PE=1 SV=1 CTR |CTR |CTR
P69897 Tubulin beta-5 chain OS=Rattus norvegicus GN=Tubb5 PE=1 SV=1 CTR |CTR |CTR
AO0A096MJIL6 | Phosphoglycerate kinase 1 (Fragment) OS=Rattus norvegicus GN=Pgkl PE=1 SV=1 CTR |CTR |CTR
MOR6Y8 Phosphoglycerate kinase OS=Rattus norvegicus PE=3 SV=1 CTR |CTR |CTR
F1LN61 Immunoglobulin heavy constant mu OS=Rattus norvegicus GN=Ighm PE=4 SVV=3 CTR |CTR |CTR
MOR4L7 Histone H2B OS=Rattus norvegicus GN=Histlh2bl PE=3 SV=1 CTR |CTR |CTR
AOA0G2JYKO | Serine protease inhibitor OS=Rattus norvegicus GN=L0C299282 PE=1 SV=1 CTR |CTR |CTR
Q9J185 Nucleobindin-2 OS=Rattus norvegicus GN=Nucbh2 PE=1 SV=1 CTR |CTR |CTR
AQOAQH2UHHS5 | Keratin _type Il cytoskeletal 75 OS=Rattus norvegicus GN=Krt75 PE=1 SV=1 CTR |CTR |CTR
AOA0G2K586 | Fatty acid-binding protein_ adipocyte OS=Rattus norvegicus GN=Fabp4 PE=1 SV=1 CTR |CTR |CTR
P84083 ADP-ribosylation factor 5 OS=Rattus norvegicus GN=Arf5 PE=1 SV=2 CTR |CTR |CTR
P84082 ADP-ribosylation factor 2 OS=Rattus norvegicus GN=Arf2 PE=2 SV=1 CTR |CTR |CTR
D4A817 Histone H2B OS=Rattus norvegicus GN=Hist2h2be PE=3 SV=3 CTR |CTR |CTR
G3V9aC7 Histone H2B OS=Rattus norvegicus GN=Histlh2bk PE=3 SV=1 CTR |CTR |CTR
Q5XFV4 Fabp4 protein OS=Rattus norvegicus GN=Fabp4 PE=1 SV=1 CTR |CTR |CTR
P61751 ADP-ribosylation factor 4 OS=Rattus norvegicus GN=Arf4 PE=2 S\V=2 CTR |CTR |CTR
DnaJ homolog subfamily C member 3 (Fragment) OS=Rattus norvegicus GN=Dnajc3 PE=1
AOAIW2Q6P6 | SV=1 CTR CTR |CTR
P84079 ADP-ribosylation factor 1 OS=Rattus norvegicus GN=Arfl PE=1 SV=2 CTR |CTR |CTR
Q6PI9T8 Tubulin beta-4B chain OS=Rattus norvegicus GN=Tubb4b PE=1 SV=1 CTR |CTR |CTR
Similar to  glyceraldehyde-3-phosphate  dehydrogenase = OS=Rattus  norvegicus
Q498M9 GN=L0C303448 PE=1 SV=1 CTR CTR |CTR
P63102 14-3-3 protein zeta/delta OS=Rattus norvegicus GN=Ywhaz PE=1 SV=1 CTR |CTR |CTR
G3V8H3 Glutathione S-transferase OS=Rattus norvegicus GN=Gstm3 PE=3 SV=1 CTR |CTR |CTR
AO0A0G2KA54 | Kininogen 1 OS=Rattus norvegicus GN=Kngl PE=1 SV=1 CTR |CTR |CTR
D3ZWM5 Histone H2B OS=Rattus norvegicus GN=Hist1h2bd PE=3 SV=2 CTR |CTR |CTR
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AQA0G2JVA8 | Type Il keratin Kb15 OS=Rattus norvegicus GN=Kb15 PE=3 SV=1 CTR |CTR |CTR
P08932 T-kininogen 2 OS=Rattus norvegicus PE=1 SV=2 CTR |CTR |CTR
P20759 Ig gamma-1 chain C region OS=Rattus norvegicus PE=1 S\V=1 CTR |CTR |CTR
P19945 60S acidic ribosomal protein PO OS=Rattus norvegicus GN=Rplp0 PE=1 S\VV=2 GLP |GLP |GLP
MORC20 Cystatin OS=Rattus norvegicus PE=3 SV=2 GLP |GLP |GLP
PA4T727 Carbonyl reductase [NADPH] 1 OS=Rattus norvegicus GN=Cbrl PE=1 SV=2 GLP |GLP |GLP
Similar to 60S acidic ribosomal protein P2 OS=Rattus norvegicus GN=LOC498555 PE=3
D4A4D5 Sv=1 GLP |GLP |GLP
pP19527 Neurofilament light polypeptide OS=Rattus norvegicus GN=Nefl PE=1 SV=3 GLP |GLP |GLP
P00759 Tonin OS=Rattus norvegicus GN=KIlk2 PE=1 SV=1 GLP GLP |GLP
Q80VT8 S100 calcium-binding protein OS=Rattus norvegicus GN=S100vp PE=2 SV=1 GLP |GLP |GLP
AOAIW2Q6E9 | Moesin OS=Rattus norvegicus GN=Msn PE=1 SV=1 GLP GLP |GLP
D3ZN03 Ribosomal protein P2-like OS=Rattus norvegicus GN=LOC100362751 PE=1 SV=1 GLP |GLP |GLP
P02401 60S acidic ribosomal protein P2 OS=Rattus norvegicus GN=Rplp2 PE=1 S\V=2 GLP |GLP |GLP
AOAO0G2KO0I1 | Spermatogenesis-associated 5 OS=Rattus norvegicus GN=Spata5 PE=1 SV=1 GLP GLP |GLP
AO0A096MK30 | Moesin OS=Rattus norvegicus GN=Msn PE=1 SV=1 GLP GLP |GLP
MOR3X6 Carbonyl reductase [NADPH] 1 OS=Rattus norvegicus GN=Cbrl PE=1 SV=1 GLP |GLP |GLP
P51886 Lumican OS=Rattus norvegicus GN=Lum PE=1 SV=1 GLP GLP |GLP
AQA0G2K658 | Carbonyl reductase [NADPH] 1 OS=Rattus norvegicus GN=LOC102556347 PE=1 SV=1 GLP |GLP |GLP
A0A096MJ24 | Carbonyl reductase [NADPH] 1 OS=Rattus norvegicus GN=Chrl PE=1 SV=1 GLP GLP |GLP
Katanin p60 ATPase-containing subunit A-like 2 OS=Rattus norvegicus GN=Katnal2 PE=3
FIM5A4 Sv=3 GLP |GLP |GLP
035763 Moesin OS=Rattus norvegicus GN=Msn PE=1 SV=3 GLP |GLP |GLP
A0A0G2JSV2 | Carbonyl reductase [NADPH] 1 OS=Rattus norvegicus GN=Chrl PE=1 SV=1 GLP GLP |GLP
D3Z2JT4 60S acidic ribosomal protein PO OS=Rattus norvegicus GN=RGD1564469 PE=3 SV=3 GLP GLP |GLP
Spermatogenesis associated 5 (Predicted) isoform CRA_a OS=Rattus norvegicus GN=Spata5
DA4A6TL PE=1Sv=1 GLP GLP
AOA0G2K7Y9 | Spermine-binding protein-like OS=Rattus norvegicus GN=Shpl PE=4 SV=1 2,435 1
F1LNH4 Kallikrein 1-related peptidase C12 OS=Rattus norvegicus GN=Klk1c12 PE=3 SV=1 1,954 1
P02091 Hemoglobin subunit beta-1 OS=Rattus norvegicus GN=Hbb PE=1 SV=3 1,209 1
A0A0G2JSQ4 | Tropomyosin 1 _alpha_ isoform CRA p OS=Rattus norvegicus GN=Tpm1 PE=1 SV=1 1,632 1
Q62669 Globin al OS=Rattus norvegicus GN=LOC103694855 PE=1 SV=1 12,06 1
Q4FZT6 Histone H2A type 3 OS=Rattus norvegicus PE=2 SV=3 1,197 1
Q00728 Histone H2A type 4 OS=Rattus norvegicus PE=2 SV=2 1,221 1
Q618Q6 Histone H2A OS=Rattus norvegicus GN=Hist1h2af PE=3 SV=1 1,209 1
A0A0G2JX00 | Kallikrein 1 OS=Rattus norvegicus GN=Klk1c9 PE=3 SV=1 1,935 1
MORDZ8 Prostatic glandular kallikrein-6-like OS=Rattus norvegicus GN=LOC103690048 PE=3 SV=1 1,954 1
Similar to S100 calcium-binding protein_ ventral prostate OS=Rattus norvegicus
D3Z9U8 GN=RGD1562234 PE=4 SV=1 1,174 1
Q92322 Tropomyosin 1 _alpha_isoform CRA_a OS=Rattus norvegicus GN=Tpm1 PE=1 SV=1 1,649 1
D3ZVK7 Histone H2A OS=Rattus norvegicus GN=Hist1lh2ak PE=3 SV=1 1,197 1
A0A0G2J790 | Spermine-binding protein-like OS=Rattus norvegicus GN=Shpl PE=4 SV=1 2,435 1
AQ0A0G2K797 | Kallikrein 1-related peptidase C6 OS=Rattus norvegicus GN=Klk1c6 PE=3 SV=1 1,954 1
POCCO09 Histone H2A type 2-A OS=Rattus norvegicus GN=Hist2h2aa3 PE=1 SV=1 1,221 1
G3Vv983 Glutathione S-transferase OS=Rattus norvegicus GN=Gstm1 PE=1 SV=2 1,786 1
P02780 Secretoglobin family 2A member 2 OS=Rattus norvegicus GN=Scgh2a2 PE=1 SV=1 1,649 1
P08010 Glutathione S-transferase Mu 2 OS=Rattus norvegicus GN=Gstm2 PE=1 SV=2 1,391 1

89



P08009 Glutathione S-transferase Yb-3 OS=Rattus norvegicus GN=Gstm3 PE=1 S\V=2 1,391 1
Q5BK56 Glutathione S-transferase OS=Rattus norvegicus GN=Gstm4 PE=1 SV=1 1,377 1
P22283 Cystatin-related protein 2 OS=Rattus norvegicus GN=Crp2 PE=2 SV=1 1,185 1
P22282 Cystatin-related protein 1 OS=Rattus norvegicus GN=Andpro PE=1 SV=1 3,819 1
P04905 Glutathione S-transferase Mu 1 OS=Rattus norvegicus GN=Gstml1 PE=1 SV=2 1,682 1
Elongation factor 1-alpha 1 pseudogene OS=Rattus norvegicus GN=LOC103691939 PE=1
F1M6C2 Sv=1 3,19 1
P08723 Prostatic spermine-binding protein OS=Rattus norvegicus GN=Shp PE=1 SV=1 2,293 1
PO7647 Submandibular glandular kallikrein-9 OS=Rattus norvegicus GN=KIk9 PE=1 SV=1 1,935 1
Q64598 Histone H2A type 1-F OS=Rattus norvegicus PE=3 SV=3 1,234 1
P11232 Thioredoxin OS=Rattus norvegicus GN=Txn PE=1 SV=2 2,293 1
AQ0A0G2JTWY | Hemoglobin beta adult major chain OS=Rattus norvegicus GN=Hbb-b1 PE=1 SV=1 12,06 1
D4ACV3 Histone H2A OS=Rattus norvegicus GN=Hist2h2ac PE=3 S\V=2 1,209 1
POC170 Histone H2A type 1-E OS=Rattus norvegicus PE=1 S\V=2 1,209 1
POC169 Histone H2A type 1-C OS=Rattus norvegicus PE=1 SV=2 1,221 1
P04785 Protein disulfide-isomerase OS=Rattus norvegicus GN=P4hb PE=1 SV=2 1,174 1
W4VSR8 Kallikrein 1-related peptidase C6 OS=Rattus norvegicus GN=KIk1c6 PE=3 S\V=2 1,954 1
AO0A0G2JTU6 | Prostatic spermine-binding protein OS=Rattus norvegicus GN=Shp PE=4 SV=1 2,316 1
P02262 Histone H2A type 1 OS=Rattus norvegicus PE=1 SV=2 1,197 1
MORDM4 Histone H2A OS=Rattus norvegicus GN=LOC680322 PE=3 SV=1 1,221 1
Similar  to  glyceraldehyde-3-phosphate  dehydrogenase = OS=Rattus  norvegicus
F1LUV3 GN=L0C291543 PE=1 SVV=3 1,768 1
AQ0A0G2JSZ5 | Protein disulfide-isomerase A6 OS=Rattus norvegicus GN=Pdia6 PE=1 SV=1 1,139 1
P36376 Glandular kallikrein-12_ submandibular/renal OS=Rattus norvegicus GN=KIlk12 PE=2 SV=1 1,974 1
P36375 Glandular kallikrein-10 OS=Rattus norvegicus GN=KIk10 PE=1 SV=2 1,954 1
P36374 Prostatic glandular kallikrein-6 OS=Rattus norvegicus GN=KIk6 PE=3 SV=1 1,974 1
P36373 Glandular kallikrein-7_ submandibular/renal OS=Rattus norvegicus GN=KIKk7 PE=1 SV=1 1,974 1
P01946 Hemoglobin subunit alpha-1/2 OS=Rattus norvegicus GN=Hbal PE=1 SV=3 1,221 1
A0A0G2JSW3 | Globin a4 OS=Rattus norvegicus GN=Hbb PE=1 SV=1 1,209 1
G3V9C0 Histone H2A OS=Rattus norvegicus GN=Hist1h2ac PE=3 SV=1 1,209 1
P11517 Hemoglobin subunit beta-2 OS=Rattus norvegicus PE=1 S\V=2 1,162 1
A0A0G2JSV6 | Globin c2 OS=Rattus norvegicus GN=Hba-a2 PE=1 SV=1 1,234 1
AQ0A0G2JSU6 | Cystatin OS=Rattus norvegicus GN=Andpro PE=3 SV=1 3,857 1
G3V8H1 Kallikrein 1 OS=Rattus norvegicus GN=KIk1 PE=3 SV=1 1,954 1
ADA0G2K4U2 | Glutathione S-transferase Mu 2 OS=Rattus norvegicus GN=Gstm7 PE=1 SV=1 1,462 1
G3Vv8G8 Kallikrein 1-related peptidase C8 OS=Rattus norvegicus GN=Klk1c8 PE=3 SV=1 1,954 1
AQOA0G2K6G1 | Kallikrein 1 OS=Rattus norvegicus GN=Klk1c9 PE=3 SV=1 1,974 1
088752 Epsilon 1 globin OS=Rattus norvegicus GN=Hbel PE=1 SV=1 1,174 1
MORCL5 Histone H2A OS=Rattus norvegicus GN=LOC100910554 PE=1 SV=1 1,209 1
AQAL40TAFO0 | RCG62531 isoform CRA g OS=Rattus norvegicus GN=Tpm3 PE=1 SV=1 1,665 0,99
Glyceraldehyde-3-phosphate dehydrogenase OS=Rattus norvegicus GN=RGD1562758 PE=1
E9PTV9 Sv=2 1,507 0,99
AQUMVS Histone H2A.J OS=Rattus norvegicus GN=H2afj PE=2 S\V=1 1,209 0,99
Q63610 Tropomyosin alpha-3 chain OS=Rattus norvegicus GN=Tpm3 PE=1 SV=2 1,665| 0,99
Q63607 Alpha-tropomyosin 3 OS=Rattus norvegicus GN=Tpm1 PE=1 SV=1 1,632 0,99
P04692 Tropomyosin alpha-1 chain OS=Rattus norvegicus GN=Tpm1 PE=1 SV=3 1,616| 0,99
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AQ0A0G2JX64 | Tropomyosin 1 _alpha_isoform CRA i OS=Rattus norvegicus GN=Tpm1 PE=1 SV=1 1,632 0,99
A0A0G2JXJ9 Keratin_type | cytoskeletal 14 OS=Rattus norvegicus GN=Krt14 PE=1 SV=1 1,916| 0,98
P09495 Tropomyosin alpha-4 chain OS=Rattus norvegicus GN=Tpm4 PE=1 SV=3 1,553| 0,98
Q91XN6 Tropomyosin 1 alpha isoform CRA h OS=Rattus norvegicus GN=Tpm1 PE=1 SV=1 1,568| 0,98
AOAO0G2KT7F7 | Tropomyosin alpha-1 chain OS=Rattus norvegicus GN=Tpm1 PE=1 SV=1 1649 0,98
AOAO0AOMYO09 | Endoplasmin OS=Rattus norvegicus GN=Hsp90b1 PE=1 SV=1 1,507| 0,97
A0A0G2K414 | Endoplasmin OS=Rattus norvegicus GN=Hsp90b1 PE=1 SV=1 1,492| 0,97
Q9R063 Peroxiredoxin-5_mitochondrial OS=Rattus norvegicus GN=Prdx5 PE=1 SV=1 1,139 0,97
Q63081 Protein disulfide-isomerase A6 OS=Rattus norvegicus GN=Pdia6 PE=1 S\VV=2 1,105| 0,96
AO0A0G2JSS8 Peroxiredoxin 5_isoform CRA ¢ OS=Rattus norvegicus GN=Prdx5 PE=1 SV=1 1,116| 0,91
D3ZXP3 Histone H2A OS=Rattus norvegicus GN=H2afx PE=1 SV=1 1,083 0,88
AOAOAOMXW3 | Histone H2A OS=Rattus norvegicus GN=H2afz PE=3 SV=1 1,094 0,87
Q08290 Calponin-1 OS=Rattus norvegicus GN=Cnnl PE=1 SV=1 1,477| 0,86
P53534 Glycogen phosphorylase brain form (Fragment) OS=Rattus norvegicus GN=Pygh PE=1 S\V=3 1,03| 0,85
G3V8R3 Globin el OS=Rattus norvegicus GN=Hbz PE=3 SV=1 1,15 0,8
POCOS7 Histone H2A.Z OS=Rattus norvegicus GN=H2afz PE=1 SV=2 1,073 0,8
D4AECO Histone H2A OS=Rattus norvegicus GN=H2afv PE=3 SV=1 1,073 0,8
Q63910 Alpha globin OS=Rattus norvegicus GN=Hba-a3 PE=1 S\V=2 1,15| 0,79
D3ZWEOQ Histone H2A OS=Rattus norvegicus GN=Hist2h2ab PE=3 SV=1 1,062| 0,78
Q66HDO Endoplasmin OS=Rattus norvegicus GN=Hsp90b1 PE=1 S\V=2 1,116| 0,78
MOR6X5 Histone H2A OS=Rattus norvegicus PE=3 SV=2 1,363 0,78
P04636 Malate dehydrogenase mitochondrial OS=Rattus norvegicus GN=Mdh2 PE=1 SV=2 1,094 0,76
G3V6Y6 Alpha-1 4 glucan phosphorylase OS=Rattus norvegicus GN=Pygh PE=1 SV=2 1,02| 0,75
P19944 60S acidic ribosomal protein P1 OS=Rattus norvegicus GN=Rplpl PE=3 SV=1 1,094 0,74
F1M927 Ribosomal protein S27a_ pseudogene 5 OS=Rattus norvegicus GN=Rps27a-ps5 PE=4 SVV=2 1,094 0,74
P58775 Tropomyosin beta chain OS=Rattus norvegicus GN=Tpm2 PE=1 SV=1 1,051 0,71
F1LP0O5 ATP synthase subunit alpha OS=Rattus norvegicus GN=Atp5al PE=1 SV=1 1,094| 0,66
P82995 Heat shock protein HSP 90-alpha OS=Rattus norvegicus GN=Hsp90aal PE=1 SV=3 1,041| 0,63
P34058 Heat shock protein HSP 90-beta OS=Rattus norvegicus GN=Hsp90abhl PE=1 SV=4 1,062| 0,63
Q63279 Keratin_type | cytoskeletal 19 OS=Rattus norvegicus GN=Krt19 PE=1 SV=2 1,051 0,61
P18418 Calreticulin OS=Rattus norvegicus GN=Calr PE=1 SV=1 1,01 0,61
Q6P725 Desmin OS=Rattus norvegicus GN=Des PE=1 SV=1 1,041 0,58
P04797 Glyceraldehyde-3-phosphate dehydrogenase OS=Rattus norvegicus GN=Gapdh PE=1 SV=3 1,01 0,57
P15999 ATP synthase subunit alpha_ mitochondrial OS=Rattus norvegicus GN=Atp5al PE=1 S\VV=2 1,083| 0,55
F1M5A1 Calreticulin 4 OS=Rattus norvegicus GN=Calr4 PE=1 SV=2 1,051 0,51
P31000 Vimentin OS=Rattus norvegicus GN=Vim PE=1 SV=2 0,99 0,5
P62632 Elongation factor 1-alpha 2 OS=Rattus norvegicus GN=Eefla2 PE=1 SV=1 1 0,5
Q5XHZ0 Heat shock protein 75 kDa_ mitochondrial OS=Rattus norvegicus GN=Trapl PE=1 SV=1 0,99| 0,48
G3V8C3 Vimentin OS=Rattus norvegicus GN=Vim PE=1 SV=1 0,97| 0,44
Q5BJY9 Keratin_type | cytoskeletal 18 OS=Rattus norvegicus GN=Krt18 PE=1 SV=3 0,99| 044
P48675 Desmin OS=Rattus norvegicus GN=Des PE=1 SV=2 098] 044
Glyceraldehyde-3-phosphate dehydrogenase OS=Rattus norvegicus GN=Gapdh-ps2 PE=1
D3ZGY4 Sv=1 0,98 0,44
P09812 Glycogen phosphorylase _muscle form OS=Rattus norvegicus GN=Pygm PE=1 SV=5 0,99| 0,43
D3ZYM6 Calreticulin 4 OS=Rattus norvegicus GN=Calr4 PE=1 SV=2 0,961| 042
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F1LM19 Alpha-2-HS-glycoprotein OS=Rattus norvegicus GN=Ahsg PE=1 SV=3 0,91 041
P24090 Alpha-2-HS-glycoprotein OS=Rattus norvegicus GN=Ahsg PE=1 S\V=2 0,923| 041
Glyceraldehyde-3-phosphate dehydrogenase OS=Rattus norvegicus GN=L0OC108351137
MOR590 PE=3 SV=1 098] 041
E9PTN6 Glyceraldehyde-3-phosphate dehydrogenase OS=Rattus norvegicus PE=3 S\V=1 0,98| 041
P21807 Peripherin OS=Rattus norvegicus GN=Prph PE=1 SV=1 0,787 0,39
P47875 Cysteine and glycine-rich protein 1 OS=Rattus norvegicus GN=Csrpl PE=1 SVV=2 0,932 0,37
G3Vv6D3 ATP synthase subunit beta OS=Rattus norvegicus GN=Atp5b PE=1 SV=1 0,942 0,35
P06761 78 kDa glucose-regulated protein OS=Rattus norvegicus GN=Hspab PE=1 SV=1 0,98| 034
AQ0A0G2K793 | Heat shock protein HSP 90-beta OS=Rattus norvegicus GN=Hsp90ab1 PE=1 SV=1 0,961 0,31
D3ZVQ8 Glutathione S-transferase  mu 6-like OS=Rattus norvegicus GN=Gstm6 PE=4 SV=3 0,896 0,3
F1LZI1 Similar to heat shock protein 8 OS=Rattus norvegicus GN=LOC680121 PE=3 SV=2 0,861 0,29
P10719 ATP synthase subunit beta_mitochondrial OS=Rattus norvegicus GN=Atp5b PE=1 S\V=2 0,878| 0,27
AQ0A0G2JZ73 | Alpha-1-antiproteinase OS=Rattus norvegicus GN=Serpinal PE=1 SV=1 0,869| 0,27
Glutathione S-transferase_ mu 6 (Predicted)  isoform CRA a OS=Rattus norvegicus
AQA0G2K6L4 | GN=Gstm6l PE=1 SV=1 0,869 0,27
P07632 Superoxide dismutase [Cu-Zn] OS=Rattus norvegicus GN=Sod1 PE=1 SV=2 0,827| 0,26
F1M7P4 Peripherin OS=Rattus norvegicus GN=Prph PE=1 SV=1 0,771 0,26
B1WBQ8 Glyceraldehyde-3-phosphate dehydrogenase OS=Rattus norvegicus GN=Gapdhs PE=1 SV=1 0,852 0,25
A0A0G2JZ09 Glutathione S-transferase mu 6-like OS=Rattus norvegicus GN=Gstm6él PE=1 SV=1 0,861| 0,25
P17475 Alpha-1-antiproteinase OS=Rattus norvegicus GN=Serpinal PE=1 SV=2 0,869| 0,25
Q5BKC3 Park7 protein OS=Rattus norvegicus GN=Park7 PE=1 SV=1 0,923| 0,24
AQA0G2K2G8 | Tropomyosin alpha-4 chain OS=Rattus norvegicus GN=Tpm4 PE=1 SV=1 0,595| 0,24
Keratin complex 2_ basic_ gene 7_ isoform CRA_a OS=Rattus norvegicus GN=Krt7 PE=1
G3Vv712 Sv=1 0,698| 0,22
Q61G12 Keratin_ type Il cytoskeletal 7 OS=Rattus norvegicus GN=Krt7 PE=3 SV=1 0,67| 0,22
P15399 Probasin OS=Rattus norvegicus GN=Pbsn PE=1 SV=1 0,942 0,22
AQ0A0G2JY31 | Alpha-1-antiproteinase OS=Rattus norvegicus GN=Serpinal PE=1 SV=1 0,852| 0,22
F1LXL7 Glutathione S-transferase_ mu 6-like OS=Rattus norvegicus GN=Gstm6l PE=4 SV=3 0,852 0,2
AQAQH2UHMY7 | Tubulin alpha chain OS=Rattus norvegicus GN=LOC100909441 PE=3 SVV=1 0,852 0,2
Q971B2 Glutathione S-transferase Mu 5 OS=Rattus norvegicus GN=Gstm5 PE=1 SV=3 0,827 0,19
MOR660 Glyceraldehyde-3-phosphate dehydrogenase OS=Rattus norvegicus PE=1 S\V=1 0,896| 0,19
088767 Protein DJ-1 OS=Rattus norvegicus GN=Park7 PE=1 SV=1 0,905| 0,19
POCG51 Polyubiquitin-B OS=Rattus norvegicus GN=Ubb PE=1 SV=1 0,932 0,17
FILML2 Polyubiquitin-C OS=Rattus norvegicus GN=Ubc PE=4 SV=1 0,923| 0,15
Glyceraldehyde-3-phosphate  dehydrogenase_ testis-specific ~ OS=Rattus  norvegicus
Q9ESV6 GN=Gapdhs PE=1 SV=1 0,811| 0,15
G3v8Vv3 Alpha-1_4 glucan phosphorylase OS=Rattus norvegicus GN=Pygm PE=1 SV=1 0,99| 0,15
P62986 Ubiquitin-60S ribosomal protein L40 OS=Rattus norvegicus GN=Uba52 PE=1 SV=2 0,923| 0,14
P09811 Glycogen phosphorylase _liver form OS=Rattus norvegicus GN=Pygl PE=1 SV=5 0,97| 014
P62982 Ubiquitin-40S ribosomal protein S27a OS=Rattus norvegicus GN=Rps27a PE=1 S\V=2 0,932 0,13
Q63429 Polyubiquitin-C OS=Rattus norvegicus GN=Ubc PE=1 SV=1 0,923| 0,13
P04906 Glutathione S-transferase P OS=Rattus norvegicus GN=Gstpl PE=1 SV=2 0,684 0,1
Q6AYZ1 Tubulin alpha-1C chain OS=Rattus norvegicus GN=Tubalc PE=1 SV=1 0,811] 0,09
P46462 Transitional endoplasmic reticulum ATPase OS=Rattus norvegicus GN=Vcp PE=1 SV=3 0,878| 0,08
P68370 Tubulin alpha-1A chain OS=Rattus norvegicus GN=Tubala PE=1 SV=1 0,756| 0,08
F1LUG9 Ubiquitin B pseudogene 4 OS=Rattus norvegicus GN=Ubbp4 PE=4 SV=3 0,914| 0,08

92




Q6P9V9 Tubulin alpha-1B chain OS=Rattus norvegicus GN=Tubalb PE=1 SV=1 0,771| 0,06
Q68FR8 Tubulin alpha-3 chain OS=Rattus norvegicus GN=Tuba3a PE=2 SV=1 0,741| 0,06
MOR5V7 Murinoglobulin-2 OS=Rattus norvegicus GN=Mug2 PE=1 SV=2 0,787| 0,05
PODMW1 Heat shock 70 kDa protein 1B OS=Rattus norvegicus GN=Hspalb PE=2 SV=1 0,787| 0,05
P12346 Serotransferrin OS=Rattus norvegicus GN=Tf PE=1 SV=3 0,896| 0,05
AO0A0G2QC06 | Serotransferrin OS=Rattus norvegicus GN=Tf PE=1 SV=1 0,896| 0,05
Q6IE52 Murinoglobulin-2 OS=Rattus norvegicus GN=Mug2 PE=1 SV=1 0,779 0,04
P55063 Heat shock 70 kDa protein 1-like OS=Rattus norvegicus GN=Hspall PE=2 S\V=2 0,779 0,04
AO0A0G2JWKT7 | Transgelin OS=Rattus norvegicus GN=Tagln PE=1 SV=1 0,852| 0,04
PODMWO Heat shock 70 kDa protein 1A OS=Rattus norvegicus GN=Hspala PE=2 SV=1 0,779| 0,04
P04764 Alpha-enolase OS=Rattus norvegicus GN=Enol PE=1 S\V=4 0,756| 0,03
D3ZRN3 Actin_ beta-like 2 OS=Rattus norvegicus GN=Acthl2 PE=1 SV=1 0,905| 0,02
AOAOH2UHXS5 | Neprilysin OS=Rattus norvegicus GN=Mme PE=4 SV=1 0,625| 0,02
P31232 Transgelin OS=Rattus norvegicus GN=Tagln PE=1 SV=2 0,861| 0,02
G3VvaJl Alpha-1-inhibitor 11l OS=Rattus norvegicus GN=LOC297568 PE=1 SV=3 0,741 0,02
P10111 Peptidyl-prolyl cis-trans isomerase A OS=Rattus norvegicus GN=Ppia PE=1 SV=2 0,748| 0,02
B1WC26 N-acetylneuraminate synthase OS=Rattus norvegicus GN=Nans PE=1 SV=1 0,691 0,01
P00762 Anionic trypsin-1 OS=Rattus norvegicus GN=Prss1 PE=1 SV=1 0,664| 0,01
P05065 Fructose-bisphosphate aldolase A OS=Rattus norvegicus GN=Aldoa PE=1 S\V=2 0,533| 0,01
MOR8M9 Heat shock cognate 71 kDa protein OS=Rattus norvegicus GN=Hspa8 PE=3 SV=2 0,795| 0,01
Q5XIF6 Tubulin alpha-4A chain OS=Rattus norvegicus GN=Tubad4a PE=1 SV=1 0,631| 0,01
Q6AY07 Fructose-bisphosphate aldolase OS=Rattus norvegicus GN=Aldoart2 PE=2 SV=1 0,517 0,01
Q10758 Keratin_ type Il cytoskeletal 8 OS=Rattus norvegicus GN=Krt8 PE=1 SV=3 0,852| 0,01
AOA0G2K926 | Alpha-1-inhibitor 111 OS=Rattus norvegicus GN=LOC297568 PE=1 SV=1 0,638 0
AOAO0G2K2E4 | Peptidyl-prolyl cis-trans isomerase OS=Rattus norvegicus GN=LOC100911252 PE=3 SV=1 0,726 0
P62738 Actin_ aortic smooth muscle OS=Rattus norvegicus GN=Acta2 PE=2 SV=1 0,914 0
P63018 Heat shock cognate 71 kDa protein OS=Rattus norvegicus GN=Hspa8 PE=1 SV=1 0,748 0
AO0A0G2K4ME6 | Actin_ aortic smooth muscle OS=Rattus norvegicus GN=Acta2 PE=3 SV=1 0,905 0
B5DEI2 Amine oxidase OS=Rattus norvegicus GN=Laol PE=2 SV=1 0,436 0
P02782 Prostatic steroid-binding protein C1 OS=Rattus norvegicus GN=Psbpcl PE=1 SV=1 0,445 0
P02781 Prostatic steroid-binding protein C2 OS=Rattus norvegicus GN=Psbpc2 PE=1 SV=1 0,914 0
AOAO0G2JUWT | Alpha-1-inhibitor 111 OS=Rattus norvegicus GN=Mugl PE=1 SV=1 0,631 0
P62630 Elongation factor 1-alpha 1 OS=Rattus norvegicus GN=Eeflal PE=2 SV=1 0,698 0
P02770 Serum albumin OS=Rattus norvegicus GN=AIb PE=1 S\VV=2 0,861 0
P05964 Protein S100-A6 OS=Rattus norvegicus GN=5S100a6 PE=1 S\V=3 0,677 0
CD55 molecule_ decay accelerating factor for complement OS=Rattus norvegicus GN=Cd55
AOA0G2QC50 |PE=1Sv=1 0,625 0
P02769 Serum albumin OS=Bos taurus GN=ALB PE=1 SV=4 0,748 0
P63269 Actin_ gamma-enteric smooth muscle OS=Rattus norvegicus GN=Actg2 PE=2 SV=1 0,905 0
B2GV72 Carbonyl reductase 3 OS=Rattus norvegicus GN=Cbr3 PE=1 SV=1 0,763 0
MORCZ9 Peptidyl-prolyl cis-trans isomerase OS=Rattus norvegicus GN=Ppial4g PE=1 SV=2 0,44 0
AOAQH2UHRS | Prostatic steroid-binding protein C2 OS=Rattus norvegicus GN=Psbpc2 PE=4 SV=1 0,914 0
D4AA52 Alpha-1-inhibitor 111 OS=Rattus norvegicus GN=Mugl PE=1 SV=3 0,631 0
P63259 Actin_ cytoplasmic 2 OS=Rattus norvegicus GN=Actgl PE=1 SV=1 0,827 0
AO0A0G2JSH5 | Serum albumin OS=Rattus norvegicus GN=Alb PE=1 SV=1 0,835 0
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AOAQG2JUTO | Heat shock-related 70 kDa protein 2 OS=Rattus norvegicus GN=Hspa2 PE=1 SV=1 0,756 0
P14046 Alpha-1-inhibitor 3 OS=Rattus norvegicus GN=A1i3 PE=1 SV=1 0,625 0
D4A4S3 Heat shock cognate 71 kDa protein OS=Rattus norvegicus GN=Hspa8 PE=3 SV=3 0,787 0
P11598 Protein disulfide-isomerase A3 OS=Rattus norvegicus GN=Pdia3 PE=1 S\VV=2 0,887 0
D4AGE3 Alpha-1-inhibitor 111 OS=Rattus norvegicus GN=Mugl PE=1 SV=2 0,638 0
P68136 Actin_ alpha skeletal muscle OS=Rattus norvegicus GN=Actal PE=1 S\V=1 0,942 0
AO0A0G2K3K2 | Actin_cytoplasmic 1 OS=Rattus norvegicus GN=Actb PE=1 SV=1 0,827 0
AOAO0G2JUP5 | Alpha-1-inhibitor 111 OS=Rattus norvegicus GN=Mugl PE=1 SV=1 0,741 0
AO0AQH2UHMS5 | Protein disulfide-isomerase OS=Rattus norvegicus GN=Pdia3 PE=1 SV=1 0,896 0
AOAO0G2K4C9 | Prostatic spermine-binding protein OS=Rattus norvegicus GN=Shp PE=4 SV=1 0,878 0
ZAYNXT7 Cystatin OS=Rattus norvegicus GN=P22k15 PE=3 SV=2 0,577 0
P20059 Hemopexin OS=Rattus norvegicus GN=Hpx PE=1 SV=3 0,705 0
Q03626 Murinoglobulin-1 OS=Rattus norvegicus GN=Mugl PE=2 SV=1 0,625 0
P68035 Actin_alpha cardiac muscle 1 OS=Rattus norvegicus GN=Actcl PE=2 SV=1 0,914 0
Q63041 Alpha-1-macroglobulin OS=Rattus norvegicus GN=Alm PE=1 SV=1 0,756 0
P60711 Actin_ cytoplasmic 1 OS=Rattus norvegicus GN=Acth PE=1 SV=1 0,819 0
AQA0G2K1P0 | Peptidyl-prolyl cis-trans isomerase OS=Rattus norvegicus GN=Ppia PE=1 SV=1 0,726 0
AO0A0G2K176 | Prostatic spermine-binding protein OS=Rattus norvegicus GN=Shp PE=4 SV=1 0,878 0
P14659 Heat shock-related 70 kDa protein 2 OS=Rattus norvegicus GN=Hspa2 PE=1 SV=2 0,748 0
P07861 Neprilysin OS=Rattus norvegicus GN=Mme PE=1 S\VV=2 0,6 0
P20761 Ig gamma-2B chain C region OS=Rattus norvegicus GN=Igh-1a PE=1 SV=1 0,463 0
P20760 Ig gamma-2A chain C region OS=Rattus norvegicus GN=Igg-2a PE=1 SV=1 0,571 0
MOR757 Elongation factor 1-alpha OS=Rattus norvegicus GN=LOC100360413 PE=3 SV=1 0,691 0
Tabela 3. Proteinas identificadas CTR x GLLP.
GLLP: | GLLFP:
CTR_ CTR
Accession Description Ratio _P Unique
Similar to RIKEN cDNA 1300017J02 OS=Rattus norvegicus GN=RGD1310507 PE=1

AOAO0G2K896 [Sv=1 CTR CTR |CTR
Q4QQV0 Tubulin beta chain OS=Rattus norvegicus GN=Tubb6 PE=1 SV=1 CTR CTR |CTR
P85108 Tubulin beta-2A chain OS=Rattus norvegicus GN=Tubb2a PE=1 SV=1 CTR CTR |CTR
P00762 Anionic trypsin-1 OS=Rattus norvegicus GN=Prss1 PE=1 SV=1 CTR CTR |CTR
A0A0G2K477 | Immunoglobulin heavy constant mu OS=Rattus norvegicus GN=Ighm PE=4 SV=1 CTR CTR |CTR
P09117 Fructose-bisphosphate aldolase C OS=Rattus norvegicus GN=Aldoc PE=1 SV=3 CTR CTR |CTR
MORBJ7 Complement C3 OS=Rattus norvegicus GN=C3 PE=1 SV=1 CTR CTR |CTR
A0A0G2K3Q6 | Fructose-bisphosphate aldolase OS=Rattus norvegicus GN=Aldoc PE=1 SV=1 CTR CTR |CTR
G3V7C6 Tubulin beta chain OS=Rattus norvegicus GN=Tubb4b PE=1 SV=2 CTR CTR |CTR
A0A0G2K765 | Zinc finger protein 606 OS=Rattus norvegicus GN=Zfp606 PE=4 SV=1 CTR CTR |CTR
MORCZ9 Peptidyl-prolyl cis-trans isomerase OS=Rattus norvegicus GN=Ppial4g PE=1 SV=2 CTR CTR |CTR
AOAQG2KO0I1 | Spermatogenesis-associated 5 OS=Rattus norvegicus GN=Spata5 PE=1 SV=1 CTR CTR |CTR
B4F7C2 Tubulin beta chain OS=Rattus norvegicus GN=Tubb4a PE=1 SV=1 CTR CTR |CTR
MORBF1 Complement C3 OS=Rattus norvegicus GN=C3 PE=1 SV=1 CTR CTR |CTR
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Similar to RIKEN ¢cDNA 1300017J02 OS=Rattus norvegicus GN=RGD1310507 PE=1
E9PST1 Sv=3 CTR CTR |CTR
P07632 Superoxide dismutase [Cu-Zn] OS=Rattus norvegicus GN=Sod1 PE=1 SV=2 CTR CTR |CTR
P02680 Fibrinogen gamma chain OS=Rattus norvegicus GN=Fgg PE=1 SV=3 CTR CTR |CTR
Q3KRES Tubulin beta-2B chain OS=Rattus norvegicus GN=Tubb2b PE=1 SV=1 CTR CTR |CTR
Q4QRB4 Tubulin beta-3 chain OS=Rattus norvegicus GN=Tubb3 PE=1 SV=1 CTR CTR |CTR
P47875 Cysteine and glycine-rich protein 1 OS=Rattus norvegicus GN=Csrpl PE=1 SV=2 CTR CTR |CTR
P69897 Tubulin beta-5 chain OS=Rattus norvegicus GN=Tubb5 PE=1 SV=1 CTR CTR |CTR
P0O7150 Annexin Al OS=Rattus norvegicus GN=Anxal PE=1 S\V=2 CTR CTR |CTR
Katanin p60 ATPase-containing subunit A-like 2 OS=Rattus norvegicus GN=Katnal2 PE=3
FIM5A4 Sv=3 CTR CTR |CTR
Q6AY07 Fructose-bisphosphate aldolase OS=Rattus norvegicus GN=Aldoart2 PE=2 SV=1 CTR CTR |CTR
Q6PI9T8 Tubulin beta-4B chain OS=Rattus norvegicus GN=Tubb4b PE=1 SV=1 CTR CTR |CTR
G3V8H6 RCG27439 OS=Rattus norvegicus GN=Zfp606 PE=4 S\V=1 CTR CTR |CTR
Spermatogenesis associated 5 (Predicted) isoform CRA_a OS=Rattus norvegicus
D4A6T1 GN=Spata5 PE=1 SV=1 CTR CTR |CTR
AO0A1BOGWRS3 | Ras-related protein Rab-14 (Fragment) OS=Rattus norvegicus GN=Rab14 PE=1 SV=1 GLLP GLLP |GLLP
P19945 60S acidic ribosomal protein PO OS=Rattus norvegicus GN=Rplp0 PE=1 S\VV=2 GLLP GLLP |GLLP
RAB39_ member RAS oncogene family (Predicted) OS=Rattus norvegicus GN=Rab39a
D32ZP2 PE=4 SVv=1 GLLP GLLP |GLLP
P47727 Carbonyl reductase [NADPH] 1 OS=Rattus norvegicus GN=Chrl PE=1 SV=2 GLLP GLLP |GLLP
P05714 Ras-related protein Rab-4A OS=Rattus norvegicus GN=Rab4a PE=1 SV=3 GLLP GLLP |GLLP
P19527 Neurofilament light polypeptide OS=Rattus norvegicus GN=Nefl PE=1 S\V=3 GLLP GLLP |GLLP
P63012 Ras-related protein Rab-3A OS=Rattus norvegicus GN=Rabh3a PE=1 SV=1 GLLP GLLP |GLLP
Q5RKJ9 RAB10 member RAS oncogene family OS=Rattus norvegicus GN=Rab10 PE=1 SV=1 GLLP GLLP |GLLP
P70550 Ras-related protein Rab-8B OS=Rattus norvegicus GN=Rabh8b PE=1 SV=1 GLLP GLLP |GLLP
Q53B90 Ras-related protein Rab-43 OS=Rattus norvegicus GN=Rab43 PE=2 SV=1 GLLP GLLP |GLLP
ATP synthase subunit alpha_ mitochondrial OS=Rattus norvegicus GN=Atp5al PE=1
P15999 Sv=2 GLLP GLLP |GLLP
QIWVB1 Ras-related protein Rab-6A OS=Rattus norvegicus GN=Rab6a PE=1 SV=2 GLLP GLLP |GLLP
Q6NYB7 Ras-related protein Rab-1A OS=Rattus norvegicus GN=Rab1A PE=1 SV=3 GLLP GLLP |GLLP
F1LVC3 RAB6B_ member RAS oncogene family OS=Rattus norvegicus GN=Rab6b PE=4 SV=2 |GLLP GLLP |GLLP
P62260 14-3-3 protein epsilon OS=Rattus norvegicus GN=Ywhae PE=1 SV=1 GLLP GLLP |GLLP
Q80VT8 S100 calcium-binding protein OS=Rattus norvegicus GN=S100vp PE=2 SV=1 GLLP GLLP |GLLP
E9PU16 RAB1A_member RAS oncogene family OS=Rattus norvegicus GN=Rabla PE=1 SV=2 |GLLP GLLP |GLLP
RAB1B_ member RAS oncogene family-like OS=Rattus norvegicus GN=LOC100363782
G3V6HO0 PE=4 SV=1 GLLP GLLP |GLLP
F1LW77 RAB33B_ member RAS oncogene family OS=Rattus norvegicus GN=Rab33b PE=1 SV=2 | GLLP GLLP |GLLP
P51156 Ras-related protein Rab-26 OS=Rattus norvegicus GN=Rab26 PE=2 SV=2 GLLP GLLP |GLLP
P51146 Ras-related protein Rab-4B OS=Rattus norvegicus GN=Rah4bh PE=2 SV=1 GLLP GLLP |GLLP
F1LP0O5 ATP synthase subunit alpha OS=Rattus norvegicus GN=Atp5al PE=1 SV=1 GLLP GLLP |GLLP
AOAQOH2UHPY | RCG39700 isoform CRA d OS=Rattus norvegicus GN=Rab6a PE=1 SV=1 GLLP GLLP |GLLP
MOR3X6 Carbonyl reductase [NADPH] 1 OS=Rattus norvegicus GN=Cbrl PE=1 SV=1 GLLP GLLP |GLLP
Q63942 GTP-binding protein Rab-3D OS=Rattus norvegicus GN=Rab3d PE=1 S\VV=2 GLLP GLLP |GLLP
Q63941 Ras-related protein Rab-3B OS=Rattus norvegicus GN=Rab3bh PE=1 SV=2 GLLP GLLP |GLLP
P61107 Ras-related protein Rab-14 OS=Rattus norvegicus GN=Rab14 PE=1 SV=3 GLLP GLLP |GLLP
P10536 Ras-related protein Rab-1B OS=Rattus norvegicus GN=Rabh1b PE=1 SV=1 GLLP GLLP |GLLP
F1LWJ6 Myosin 111B OS=Rattus norvegicus GN=Myo3b PE=4 SV=3 GLLP GLLP |GLLP
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P27139 Carbonic anhydrase 2 OS=Rattus norvegicus GN=Ca2 PE=1 SV=2 GLLP GLLP |GLLP
Q5U316 Ras-related protein Rab-35 OS=Rattus norvegicus GN=Rab35 PE=1 SV=1 GLLP GLLP |GLLP
AO0AQG2K658 | Carbonyl reductase [NADPH] 1 OS=Rattus norvegicus GN=LOC102556347 PE=1 SV=1 |GLLP GLLP |GLLP
A0A0G2JTT4 | RAB30_ member RAS oncogene family OS=Rattus norvegicus GN=Rab30 PE=1 SV=1 GLLP GLLP |GLLP
BOBMWO RAB14 member RAS oncogene family OS=Rattus norvegicus GN=Rab14 PE=1 SV=1 GLLP GLLP |GLLP
MOR6X5 Histone H2A OS=Rattus norvegicus PE=3 S\V=2 GLLP GLLP |GLLP
A0A0G2K235 |RABIA member RAS oncogene family OS=Rattus norvegicus GN=Rabla PE=1 SV=1 |GLLP GLLP |GLLP
A0AQ96MJ24 | Carbonyl reductase [NADPH] 1 OS=Rattus norvegicus GN=Cbrl PE=1 SV=1 GLLP GLLP |GLLP
P35289 Ras-related protein Rab-15 OS=Rattus norvegicus GN=Rab15 PE=2 SV=1 GLLP GLLP |GLLP
P35286 Ras-related protein Rab-13 OS=Rattus norvegicus GN=Rab13 PE=1 SV=2 GLLP GLLP |GLLP
P35284 Ras-related protein Rab-12 OS=Rattus norvegicus GN=Rab12 PE=1 SV=2 GLLP GLLP |GLLP
P35281 Ras-related protein Rab-10 OS=Rattus norvegicus GN=Rab10 PE=1 SV=1 GLLP GLLP |GLLP
P35280 Ras-related protein Rab-8A OS=Rattus norvegicus GN=Rah8a PE=1 S\V=2 GLLP GLLP |GLLP
AO0A0G2JT78 RAB6B_member RAS oncogene family OS=Rattus norvegicus GN=Rab6b PE=4 S\VV=1 |GLLP GLLP |GLLP
D4A376 Ras-related protein Rab-12 OS=Rattus norvegicus GN=Rab12 PE=1 SV=3 GLLP GLLP |GLLP
A0A0G2JSV2 | Carbonyl reductase [NADPH] 1 OS=Rattus norvegicus GN=Chrl PE=1 SV=1 GLLP GLLP |GLLP
BOBN47 Glutathione S-transferase OS=Rattus norvegicus GN=Gstm6 PE=1 SV=1 GLLP GLLP |GLLP
P62824 Ras-related protein Rab-3C OS=Rattus norvegicus GN=Rab3c PE=1 SV=1 GLLP GLLP |GLLP
AO0A0G2K201 | RAB42 member RAS oncogene family OS=Rattus norvegicus GN=Rab42 PE=4 SV=1 GLLP GLLP |GLLP
D32JT4 60S acidic ribosomal protein PO OS=Rattus norvegicus GN=RGD1564469 PE=3 SV=3 GLLP GLLP |GLLP
D4A0G7 RAB37 member RAS oncogene family OS=Rattus norvegicus GN=Rah37 PE=4 SV=1 GLLP GLLP |GLLP
AQA0G2K7Y9 | Spermine-binding protein-like OS=Rattus norvegicus GN=Shpl PE=4 SV=1 2,974274 1
AODA0G2JSS8 Peroxiredoxin 5 isoform CRA ¢ OS=Rattus norvegicus GN=Prdx5 PE=1 SV=1 1,29693 1
P06761 78 kDa glucose-regulated protein OS=Rattus norvegicus GN=Hspa5 PE=1 SV=1 1,2586 1
F1LNH4 Kallikrein 1-related peptidase C12 OS=Rattus norvegicus GN=Klk1c12 PE=3 SV=1 1,584074 1
Q62669 Globin al OS=Rattus norvegicus GN=LOC103694855 PE=1 SV=1 6,753089 1
QAFZT6 Histone H2A type 3 OS=Rattus norvegicus PE=2 SV=3 1,197217 1
Q00728 Histone H2A type 4 OS=Rattus norvegicus PE=2 SV=2 1,20925 1
P09495 Tropomyosin alpha-4 chain OS=Rattus norvegicus GN=Tpm4 PE=1 SV=3 1,491825 1
Q618Q6 Histone H2A OS=Rattus norvegicus GN=Hist1h2af PE=3 SV=1 1,197217 1
A0A0G2JX00 | Kallikrein 1 OS=Rattus norvegicus GN=Klk1c9 PE=3 SV=1 1,537258 1
Prostatic glandular Kkallikrein-6-like OS=Rattus norvegicus GN=LOC103690048 PE=3
MORDZ8 Sv=1 1,336427 1
Similar to S100 calcium-binding protein_ ventral prostate OS=Rattus norvegicus
D379U8 GN=RGD1562234 PE=4 SV=1 1,284025 1
Q92372 Tropomyosin 1 _alpha_isoform CRA_a OS=Rattus norvegicus GN=Tpm1 PE=1 SV=1 1,462285 1
D3ZVK7 Histone H2A OS=Rattus norvegicus GN=Hist1h2ak PE=3 SV=1 1,20925 1
A0A0G2J290 | Spermine-binding protein-like OS=Rattus norvegicus GN=Shpl PE=4 SV=1 2,94468 1
AQ0A0G2K797 | Kallikrein 1-related peptidase C6 OS=Rattus norvegicus GN=Klk1c6 PE=3 SV=1 1,584074 1
POCCO09 Histone H2A type 2-A OS=Rattus norvegicus GN=Hist2h2aa3 PE=1 SV=1 1,197217 1
AQUMVS Histone H2A.J OS=Rattus norvegicus GN=H2afj PE=2 SV=1 1,20925 1
P02781 Prostatic steroid-binding protein C2 OS=Rattus norvegicus GN=Pshpc2 PE=1 SV=1 1,161834 1
P02780 Secretoglobin family 2A member 2 OS=Rattus norvegicus GN=Scgh2a2 PE=1 SV=1 1,336427 1
P08010 Glutathione S-transferase Mu 2 OS=Rattus norvegicus GN=Gstm2 PE=1 SV=2 1,934792 1
P08009 Glutathione S-transferase Yb-3 OS=Rattus norvegicus GN=Gstm3 PE=1 S\V=2 1,822119 1
Q5BK56 Glutathione S-transferase OS=Rattus norvegicus GN=Gstm4 PE=1 SV=1 1,822119 1
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pP22282 Cystatin-related protein 1 OS=Rattus norvegicus GN=Andpro PE=1 SV=1 2,013753 1
Q63617 Hypoxia up-regulated protein 1 OS=Rattus norvegicus GN=Hyoul PE=1 SVV=1 15,79984 1
Q63607 Alpha-tropomyosin 3 OS=Rattus norvegicus GN=Tpm1 PE=1 SV=1 1,506818 1
Q9R063 Peroxiredoxin-5_mitochondrial OS=Rattus norvegicus GN=Prdx5 PE=1 SV=1 1,309964 1
P08723 Prostatic spermine-binding protein OS=Rattus norvegicus GN=Shp PE=1 SV=1 2,886371 1
P0O7647 Submandibular glandular kallikrein-9 OS=Rattus norvegicus GN=KIk9 PE=1 SV=1 1,568312 1
Q64598 Histone H2A type 1-F OS=Rattus norvegicus PE=3 SV=3 1,20925 1
P11232 Thioredoxin OS=Rattus norvegicus GN=Txn PE=1 SVV=2 1,877611
A0A0G2JTWY9 | Hemoglobin beta adult major chain OS=Rattus norvegicus GN=Hbb-b1 PE=1 SV=1 6,553505
D4ACV3 Histone H2A OS=Rattus norvegicus GN=Hist2h2ac PE=3 SV=2 1,197217
POC170 Histone H2A type 1-E OS=Rattus norvegicus PE=1 S\V=2 1,20925
POC169 Histone H2A type 1-C OS=Rattus norvegicus PE=1 SV=2 1,20925
W4VSR8 Kallikrein 1-related peptidase C6 OS=Rattus norvegicus GN=KIlk1c6 PE=3 SV=2 1,584074
AO0A0G2K4C9 | Prostatic spermine-binding protein OS=Rattus norvegicus GN=Shp PE=4 SV=1 2,886371
AQ0A0G2JTUG | Prostatic spermine-binding protein OS=Rattus norvegicus GN=Shp PE=4 SV=1 2,91538
P02262 Histone H2A type 1 OS=Rattus norvegicus PE=1 SV=2 1,185305
P15399 Probasin OS=Rattus norvegicus GN=Pbsnh PE=1 SVV=1 4,854956
MORDM4 Histone H2A OS=Rattus norvegicus GN=LOC680322 PE=3 SV=1 1,197217
Glandular kallikrein-12_ submandibular/renal OS=Rattus norvegicus GN=KIk12 PE=2
P36376 sv=1 1,599994 1
P36375 Glandular kallikrein-10 OS=Rattus norvegicus GN=KIk10 PE=1 SV=2 1,584074 1
P36374 Prostatic glandular kallikrein-6 OS=Rattus norvegicus GN=KIk6 PE=3 S\V=1 1,390968 1
P36373 Glandular kallikrein-7_ submandibular/renal OS=Rattus norvegicus GN=KIk7 PE=1 SV=1 | 1,462285 1
P04692 Tropomyosin alpha-1 chain OS=Rattus norvegicus GN=Tpm1 PE=1 SV=3 1,476981 1
G3V9C0 Histone H2A OS=Rattus norvegicus GN=Hist1h2ac PE=3 SV=1 1,185305 1
AOA0G2K176 | Prostatic spermine-binding protein OS=Rattus norvegicus GN=Shp PE=4 SV=1 2,886371 1
A0A0G2JSU6 | Cystatin OS=Rattus norvegicus GN=Andpro PE=3 SV=1 4,572225 1
G3V8H1 Kallikrein 1 OS=Rattus norvegicus GN=KIk1 PE=3 SV=1 1,336427 1
ADA0G2K4U2 | Glutathione S-transferase Mu 2 OS=Rattus norvegicus GN=Gstm7 PE=1 SV=1 1,993716 1
G3Vv8G8 Kallikrein 1-related peptidase C8 OS=Rattus norvegicus GN=Klk1c8 PE=3 SV=1 1,377128 1
AQDA0G2K6G1 | Kallikrein 1 OS=Rattus norvegicus GN=KIlk1c9 PE=3 SV=1 1,476981 1
MORCL5 Histone H2A OS=Rattus norvegicus GN=L0OC100910554 PE=1 SV=1 1,197217 1
A0A0G2JSQ4 | Tropomyosin 1 _alpha_isoform CRA p OS=Rattus norvegicus GN=Tpml PE=1 SV=1 1,476981| 0,99 ‘
Q91XN6 Tropomyosin 1 _alpha_isoform CRA h OS=Rattus norvegicus GN=Tpm1 PE=1 SV=1 1537258 | 0,99 ‘
P18418 Calreticulin OS=Rattus norvegicus GN=Calr PE=1 SV=1 1,233678| 0,99 ‘
Q63610 Tropomyosin alpha-3 chain OS=Rattus norvegicus GN=Tpm3 PE=1 S\VV=2 1,462285| 0,99 ‘
A0A0G2JSZ5 | Protein disulfide-isomerase A6 OS=Rattus norvegicus GN=Pdia6 PE=1 SV=1 1,161834| 0,99 ‘
AOAO0G2KT7F7 | Tropomyosin alpha-1 chain OS=Rattus norvegicus GN=Tpml PE=1 SV=1 1,476981| 0,99 ‘
AQ0A0G2JX64 | Tropomyosin 1 _alpha_ isoform CRA i OS=Rattus norvegicus GN=Tpml PE=1 SV=1 1,491825| 0,99 ‘
AOA0G2K2G8 | Tropomyosin alpha-4 chain OS=Rattus norvegicus GN=Tpm4 PE=1 SV=1 1,491825| 0,99 ‘
Glyceraldehyde-3-phosphate dehydrogenase OS=Rattus norvegicus GN=RGD1562758
E9PTVY PE=1SV=2 1,698932| 0,98
A0A0G2JZ09 | Glutathione S-transferase  mu 6-like OS=Rattus norvegicus GN=Gstm6l PE=1 SV=1 1,284025| 0,98 ‘
Q63081 Protein disulfide-isomerase A6 OS=Rattus norvegicus GN=Pdia6 PE=1 S\V=2 1,138828| 0,98 ‘
Similar to glyceraldehyde-3-phosphate  dehydrogenase = OS=Rattus norvegicus
F1LUV3 GN=L0C291543 PE=1 SV=3 1,506818| 0,98
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P58775 Tropomyosin beta chain OS=Rattus norvegicus GN=Tpm2 PE=1 SV=1 1,476981| 0,98
Glutathione S-transferase_ mu 6 (Predicted) isoform CRA_a OS=Rattus norvegicus
AOAO0G2K6L4 | GN=Gstm6l PE=1 SV=1 1,29693| 0,97
P04636 Malate dehydrogenase mitochondrial OS=Rattus norvegicus GN=Mdh2 PE=1 SV=2 1,377128| 0,96
P04785 Protein disulfide-isomerase OS=Rattus norvegicus GN=P4hb PE=1 S\VV=2 1,185305| 0,96
D3ZVQ8 Glutathione S-transferase  mu 6-like OS=Rattus norvegicus GN=Gstm6 PE=4 SV=3 1,2586| 0,95
AQAL40TAFO0 | RCG62531 isoform CRA g OS=Rattus norvegicus GN=Tpm3 PE=1 SV=1 1,390968| 0,94
Glycogen phosphorylase_ brain form (Fragment) OS=Rattus norvegicus GN=Pygb PE=1
P53534 SVv=3 1,030455| 0,93
Q66HDO Endoplasmin OS=Rattus norvegicus GN=Hsp90b1 PE=1 S\V=2 1,271249| 0,92
MOR757 Elongation factor 1-alpha OS=Rattus norvegicus GN=LOC100360413 PE=3 SV=1 1,127497| 0,91
P62630 Elongation factor 1-alpha 1 OS=Rattus norvegicus GN=Eeflal PE=2 SV=1 1,127497 0,9
Q9z1B2 Glutathione S-transferase Mu 5 OS=Rattus norvegicus GN=Gstm5 PE=1 SV=3 1,284025| 0,89
AOAOAOMYO09 | Endoplasmin OS=Rattus norvegicus GN=Hsp90b1 PE=1 SV=1 1,185305| 0,89
P34058 Heat shock protein HSP 90-beta OS=Rattus norvegicus GN=Hsp90abl PE=1 S\V=4 1,094174| 0,87
F1LXL7 Glutathione S-transferase mu 6-like OS=Rattus norvegicus GN=Gstm6l PE=4 SV=3 1271249 0,87
P62632 Elongation factor 1-alpha 2 OS=Rattus norvegicus GN=Eefla2 PE=1 SV=1 1,116278| 0,86
G3V8R3 Globin el OS=Rattus norvegicus GN=Hbz PE=3 SV=1 1,246077| 0,85
G3V6Y6 Alpha-1 4 glucan phosphorylase OS=Rattus norvegicus GN=Pygh PE=1 SV=2 1,020201| 0,85
AO0A0G2K414 | Endoplasmin OS=Rattus norvegicus GN=Hsp90b1 PE=1 SV=1 1,150274| 0,82
Q63910 Alpha globin OS=Rattus norvegicus GN=Hba-a3 PE=1 SV=2 1,185305 0,8
B1WC26 N-acetylneuraminate synthase OS=Rattus norvegicus GN=Nans PE=1 SV=1 1,083287| 0,79
A0A0G2JXJ9 Keratin_type | cytoskeletal 14 OS=Rattus norvegicus GN=Krt14 PE=1 SV=1 1,271249| 0,79
Ribosomal protein S27a_ pseudogene 5 OS=Rattus norvegicus GN=Rps27a-ps5 PE=4
F1M927 SvV=2 1,105171 0,78
P82995 Heat shock protein HSP 90-alpha OS=Rattus norvegicus GN=Hsp90aal PE=1 SV=3 1,083287| 0,76
P09811 Glycogen phosphorylase _liver form OS=Rattus norvegicus GN=Pygl PE=1 SV=5 1,01005| 0,68
PODMWO Heat shock 70 kDa protein 1A OS=Rattus norvegicus GN=Hspala PE=2 SV=1 1,040811| 0,66
PODMW1 Heat shock 70 kDa protein 1B OS=Rattus norvegicus GN=Hspalb PE=2 SV=1 1,030455| 0,64
P62963 Profilin-1 OS=Rattus norvegicus GN=Pfnl PE=1 SV=2 1,051271| 0,63
Q00729 Histone H2B type 1-A OS=Rattus norvegicus GN=Histlh2ba PE=1 SV=2 0,951229| 0,62
P62738 Actin_ aortic smooth muscle OS=Rattus norvegicus GN=Acta2 PE=2 SV=1 1| 058
P68136 Actin_ alpha skeletal muscle OS=Rattus norvegicus GN=Actal PE=1 SV=1 1,01005| 0,58
P55063 Heat shock 70 kDa protein 1-like OS=Rattus norvegicus GN=Hspall PE=2 SV=2 1,020201| 0,57
D3ZXP3 Histone H2A OS=Rattus norvegicus GN=H2afx PE=1 SV=1 1,01005| 0,57
G3Vv6D3 ATP synthase subunit beta OS=Rattus norvegicus GN=Atp5b PE=1 SV=1 1,040811| 0,57
P68035 Actin_ alpha cardiac muscle 1 OS=Rattus norvegicus GN=Actcl PE=2 SV=1 1| 057
Q5XHZ0 Heat shock protein 75 kDa_ mitochondrial OS=Rattus norvegicus GN=Trapl PE=1 SV=1 |1,020201| 0,56
D3ZYM6 Calreticulin 4 OS=Rattus norvegicus GN=Calr4 PE=1 SV=2 1,051271| 0,56
F1M5A1 Calreticulin 4 OS=Rattus norvegicus GN=Calr4 PE=1 SV=2 1,051271| 0,55
P63018 Heat shock cognate 71 kDa protein OS=Rattus norvegicus GN=Hspa8 PE=1 SV=1 1,01005| 0,53
Q5BKC3 Park7 protein OS=Rattus norvegicus GN=Park7 PE=1 SV=1 1| 0,52
P09812 Glycogen phosphorylase _muscle form OS=Rattus norvegicus GN=Pygm PE=1 SV=5 1| 051
MOR8M9 Heat shock cognate 71 kDa protein OS=Rattus norvegicus GN=Hspa8 PE=3 SV=2 1 0,5
088767 Protein DJ-1 OS=Rattus norvegicus GN=Park7 PE=1 SV=1 1,020201 0,5
P10719 ATP synthase subunit beta_ mitochondrial OS=Rattus norvegicus GN=Atp5b PE=1 SV=2 |0,980199| 0,49
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POCO0S7 Histone H2A.Z OS=Rattus norvegicus GN=H2afz PE=1 S\VV=2 0,99005| 0,48
D4AECO Histone H2A OS=Rattus norvegicus GN=H2afv PE=3 SV=1 0,99005 0,47
AOAOAOMXW3 | Histone H2A OS=Rattus norvegicus GN=H2afz PE=3 SV=1 0,99005| 0,46
P63269 Actin_ gamma-enteric smooth muscle OS=Rattus norvegicus GN=Actg2 PE=2 SV=1 1| 0,46
D3ZWEO Histone H2A OS=Rattus norvegicus GN=Hist2h2ab PE=3 SV=1 0,99005| 0,42
A0A0G2K793 | Heat shock protein HSP 90-beta OS=Rattus norvegicus GN=Hsp90ab1 PE=1 SV=1 0,980199| 0,41
AO0A0G2K4M6 | Actin_ aortic smooth muscle OS=Rattus norvegicus GN=Acta2 PE=3 SV=1 1 0,4
G3v8Vv3 Alpha-1 4 glucan phosphorylase OS=Rattus norvegicus GN=Pygm PE=1 SV=1 1| 039
Q63279 Keratin_type | cytoskeletal 19 OS=Rattus norvegicus GN=Krt19 PE=1 S\V=2 0,923116| 0,38
P20059 Hemopexin OS=Rattus norvegicus GN=Hpx PE=1 SV=3 0,960789| 0,37
P19944 60S acidic ribosomal protein P1 OS=Rattus norvegicus GN=Rplpl PE=3 S\V=1 0,941765 0,3
Glyceraldehyde-3-phosphate dehydrogenase OS=Rattus norvegicus GN=Gapdh-ps2 PE=1
D3ZGY4 Sv=1 0,88692| 0,27
Glyceraldehyde-3-phosphate  dehydrogenase  testis-specific OS=Rattus norvegicus
Q9ESV6 GN=Gapdhs PE=1 SV=1 0,860708| 0,19
Q6P136 Hyoul protein OS=Rattus norvegicus GN=Hyoul PE=1 SV=1 0,748264| 0,18
F1LUG9 Ubiquitin B pseudogene 4 OS=Rattus norvegicus GN=Ubbp4 PE=4 SV=3 0,941765| 0,18
Q63429 Polyubiquitin-C OS=Rattus norvegicus GN=Ubc PE=1 SV=1 0,951229| 0,17
P62986 Ubiquitin-60S ribosomal protein L40 OS=Rattus norvegicus GN=Uba52 PE=1 SV=2 0,941765| 0,16
Glyceraldehyde-3-phosphate dehydrogenase OS=Rattus norvegicus GN=Gapdhs PE=1
B1WBQS8 sv=1 0,843665| 0,15
AOAOH2UHRS8 | Prostatic steroid-binding protein C2 OS=Rattus norvegicus GN=Psbpc2 PE=4 SV=1 0,970446| 0,15
F1LZI1 Similar to heat shock protein 8 OS=Rattus norvegicus GN=LOC680121 PE=3 SV=2 0,802519| 0,15
B5DEI2 Amine oxidase OS=Rattus norvegicus GN=Laol PE=2 SV=1 0,491644| 0,14
P62982 Ubiquitin-40S ribosomal protein S27a OS=Rattus norvegicus GN=Rps27a PE=1 S\VV=2 0,932394| 0,14
E9PTNG6 Glyceraldehyde-3-phosphate dehydrogenase OS=Rattus norvegicus PE=3 S\V=1 0,83527| 0,14
Glyceraldehyde-3-phosphate dehydrogenase OS=Rattus norvegicus GN=LOC108351137
MOR590 PE=3 Sv=1 0,843665| 0,13
FILML2 Polyubiquitin-C OS=Rattus norvegicus GN=Ubc PE=4 SV=1 0,932394| 0,12
P04764 Alpha-enolase OS=Rattus norvegicus GN=Enol PE=1 SV=4 0,88692| 0,11
POCG51 Polyubiquitin-B OS=Rattus norvegicus GN=Ubb PE=1 SV=1 0,932394 0,1
P14659 Heat shock-related 70 kDa protein 2 OS=Rattus norvegicus GN=Hspa2 PE=1 S\VV=2 0,895834| 0,09
P46462 Transitional endoplasmic reticulum ATPase OS=Rattus norvegicus GN=Vcp PE=1 SV=3 |0,895834| 0,08
G3V9aC7 Histone H2B OS=Rattus norvegicus GN=Histlh2bk PE=3 SV=1 0,763379| 0,08
P20761 Ig gamma-2B chain C region OS=Rattus norvegicus GN=Igh-1la PE=1 SVV=1 0,571209| 0,07
AOA0G2JUTO | Heat shock-related 70 kDa protein 2 OS=Rattus norvegicus GN=Hspa2 PE=1 SV=1 0,88692| 0,06
MOR660 Glyceraldehyde-3-phosphate dehydrogenase OS=Rattus norvegicus PE=1 S\V=1 0,771052| 0,05
Glyceraldehyde-3-phosphate dehydrogenase OS=Rattus norvegicus GN=Gapdh PE=1
P04797 Sv=3 0,794534| 0,05
Q00715 Histone H2B type 1 OS=Rattus norvegicus PE=1 SV=2 0,726149| 0,04
D4A4S3 Heat shock cognate 71 kDa protein OS=Rattus norvegicus GN=Hspa8 PE=3 SV=3 0,895834| 0,04
P12346 Serotransferrin OS=Rattus norvegicus GN=Tf PE=1 SV=3 0,895834| 0,03
AOA0G2QC06 | Serotransferrin OS=Rattus norvegicus GN=Tf PE=1 SV=1 0,895834| 0,03
CD55 molecule_ decay accelerating factor for complement OS=Rattus norvegicus
AOA0G2QC50 | GN=Cd55 PE=1 SV=1 0,802519| 0,02
P60711 Actin_ cytoplasmic 1 OS=Rattus norvegicus GN=Actbh PE=1 SV=1 0,951229| 0,02
D3ZRN3 Actin_ beta-like 2 OS=Rattus norvegicus GN=Acthl2 PE=1 SV=1 0,913931| 0,01
P01026 Complement C3 OS=Rattus norvegicus GN=C3 PE=1 SV=3 0,582748| 0,01
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P63259 Actin_ cytoplasmic 2 OS=Rattus norvegicus GN=Actgl PE=1 SV=1 0,951229| 0,01
D3ZNZ9 Histone H2B OS=Rattus norvegicus GN=Hist3h2ba PE=3 SV=1 0,718924| 0,01
Q6IES2 Murinoglobulin-2 OS=Rattus norvegicus GN=Mug2 PE=1 SV=1 0,486752 0
MORBQ5 Histone H2B OS=Rattus norvegicus GN=Hist3h2bb PE=3 SV=1 0,71177 0
P02091 Hemoglobin subunit beta-1 OS=Rattus norvegicus GN=Hbb PE=1 SV=3 0,895834 0
AOA0G2K926 | Alpha-1-inhibitor 111 OS=Rattus norvegicus GN=LOC297568 PE=1 SV=1 0,40657 0
Peptidyl-prolyl cis-trans isomerase OS=Rattus norvegicus GN=L0OC100911252 PE=3
AOAO0G2K2E4 [Sv=1 0,559898 0
MOR5V7 Murinoglobulin-2 OS=Rattus norvegicus GN=Mug2 PE=1 SV=2 0,472367 0
A0A0G2JXI9 Histone H2B OS=Rattus norvegicus GN=Hist1h2bo PE=3 SV=1 0,718924 0
G3Vv8B3 Histone H2B OS=Rattus norvegicus GN=Histlh2bg PE=3 SV=1 0,71177 0
F1LPQG6 Immunoglobulin heavy constant mu OS=Rattus norvegicus GN=Ighm PE=4 S\VV=2 0,332871 0
D3ZLY9 Histone H2B OS=Rattus norvegicus GN=Histlh2bh PE=3 SV=2 0,71177 0
Q5BJY9 Keratin_type | cytoskeletal 18 OS=Rattus norvegicus GN=Krt18 PE=1 SV=3 0,718924 0
AOAO0G2JXEO | Histone H2B OS=Rattus norvegicus GN=LOC102549061 PE=3 SV=1 0,718924 0
AO0A0G2JWKT7 | Transgelin OS=Rattus norvegicus GN=Tagln PE=1 SV=1 0,718924 0
P02782 Prostatic steroid-binding protein C1 OS=Rattus norvegicus GN=Pshpcl PE=1 SV=1 0,496585 0
AO0A0G2JUWY | Alpha-1-inhibitor 111 OS=Rattus norvegicus GN=Mugl PE=1 SV=1 0,472367 0
P02770 Serum albumin OS=Rattus norvegicus GN=Alb PE=1 S\VV=2 0,71177 0
P05964 Protein S100-A6 OS=Rattus norvegicus GN=S100a6 PE=1 SV=3 0,740818 0
P02769 Serum albumin OS=Bos taurus GN=ALB PE=1 SV=4 0,398519 0
B2GV72 Carbonyl reductase 3 OS=Rattus norvegicus GN=Cbhr3 PE=1 SV=1 0,860708 0
D3ZNH4 Histone H2B OS=Rattus norvegicus GN=Hist1h2bo PE=3 SV=1 0,71177 0
P31232 Transgelin OS=Rattus norvegicus GN=Tagln PE=1 SV=2 0,71177 0
D4AA52 Alpha-1-inhibitor 111 OS=Rattus norvegicus GN=Mugl PE=1 SV=3 0,410656 0
AQ0A0G2JSH5 | Serum albumin OS=Rattus norvegicus GN=Alb PE=1 SV=1 0,733447 0
P22283 Cystatin-related protein 2 OS=Rattus norvegicus GN=Crp2 PE=2 SV=1 0,554327 0
Elongation factor 1-alpha 1 pseudogene OS=Rattus norvegicus GN=L0OC103691939 PE=1
FIM6C2 sv=1 0,402524 0
P14046 Alpha-1-inhibitor 3 OS=Rattus norvegicus GN=A1i3 PE=1 SV=1 0,427415 0
AOAO0G2K9YO0 | Immunoglobulin heavy constant mu OS=Rattus norvegicus GN=Ighm PE=4 SV=1 0,319819 0
RAGNK3 Thioredoxin OS=Rattus norvegicus GN=Txnl PE=1 SV=1 0,625002 0
P11598 Protein disulfide-isomerase A3 OS=Rattus norvegicus GN=Pdia3 PE=1 S\VV=2 0,88692 0
D4A6E3 Alpha-1-inhibitor 111 OS=Rattus norvegicus GN=Mugl PE=1 SV=2 0,472367 0
AOAO0G2K3K2 | Actin_ cytoplasmic 1 OS=Rattus norvegicus GN=Actb PE=1 SV=1 0,951229 0
G3VvaJ1 Alpha-1-inhibitor 111 OS=Rattus norvegicus GN=LOC297568 PE=1 SV=3 0,516851 0
AQ0A0G2JUPS | Alpha-1-inhibitor 111 OS=Rattus norvegicus GN=Mugl PE=1 SV=1 0,496585 0
AQAQH2UHMS5 | Protein disulfide-isomerase OS=Rattus norvegicus GN=Pdia3 PE=1 SV=1 0,895834 0
ZAYNX7 Cystatin OS=Rattus norvegicus GN=P22k15 PE=3 SV=2 0,554327 0
P10111 Peptidyl-prolyl cis-trans isomerase A OS=Rattus norvegicus GN=Ppia PE=1 S\VV=2 0,559898 0
F1LN61 Immunoglobulin heavy constant mu OS=Rattus norvegicus GN=Ighm PE=4 SV=3 0,310367 0
MOR4L7 Histone H2B OS=Rattus norvegicus GN=Hist1h2bl PE=3 SV=1 0,71177 0
P01946 Hemoglohin subunit alpha-1/2 OS=Rattus norvegicus GN=Hbal PE=1 SV=3 0,778801 0
Q03626 Murinoglobulin-1 OS=Rattus norvegicus GN=Mugl PE=2 SV=1 0,477114 0
A0A0G2JSW3 | Globin a4 OS=Rattus norvegicus GN=Hbb PE=1 SV=1 0,88692 0
Q63041 Alpha-1-macroglobulin OS=Rattus norvegicus GN=Alm PE=1 SV=1 0,612626 0

100



D4A817 Histone H2B OS=Rattus norvegicus GN=Hist2h2be PE=3 SV=3 0,718924 0
P11517 Hemoglohin subunit beta-2 OS=Rattus norvegicus PE=1 S\V=2 0,826959 0
AOA0G2JSV6 | Glohin c2 OS=Rattus norvegicus GN=Hba-a2 PE=1 SV=1 0,794534 0
AOA0G2K1P0 | Peptidyl-prolyl cis-trans isomerase OS=Rattus norvegicus GN=Ppia PE=1 SV=1 0,554327 0
Q10758 Keratin_ type Il cytoskeletal 8 OS=Rattus norvegicus GN=Krt8 PE=1 SV=3 0,802519 0
D3ZWM5 Histone H2B OS=Rattus norvegicus GN=Histlh2bd PE=3 SV=2 0,726149 0
P20760 Ig gamma-2A chain C region OS=Rattus norvegicus GN=Igg-2a PE=1 SV=1 0,600496 0
P20759 Ig gamma-1 chain C region OS=Rattus norvegicus PE=1 SV=1 0,336216 0
088752 Epsilon 1 globin OS=Rattus norvegicus GN=Hbel PE=1 SV=1 0,83527 0

5. Referencias.

ABD ELMAGEED, Z. Y. et al. Neoplastic Reprogramming of Patient-Derived Adipose
Stem Cells by Prostate Cancer Cell-Associated Exosomes. STEM CELLS, v. 32, n. 4, p.
983-997, abr. 2014.

AUMULLER, G.; SEITZ, J. Protein secretion and secretory processes in male accessory
sex glands. International review of cytology, v. 121, p. 127-231, 1990.

BAO, Z.-S. et al. Prognostic Value of a Nine-Gene Signature in Glioma Patients Based on
MRNA Expression Profiling. CNS Neuroscience & Therapeutics, v. 20, n. 2, p. 112-118,
fev. 2014.

BARKER, D. J. P. et al. WEIGHT IN INFANCY AND DEATH FROM ISCHAEMIC
HEART DISEASE. The Lancet, v. 334, n. 8663, p. 577-580, 9 set. 1989.

BILEN, M. A. et al. Proteomics Profiling of Exosomes from Primary Mouse Osteoblasts
under Proliferation versus Mineralization Conditions and Characterization of Their Uptake
into Prostate Cancer Cells. Journal of Proteome Research, v. 16, n. 8, p. 2709-2728, 4
ago. 2017.

BOSLAND, M. C. The role of steroid hormones in prostate carcinogenesis. Journal of the
National Cancer Institute. Monographs, n. 27, p. 39-66, 2000.

BRADFORD, M. M. A rapid and sensitive method for the quantitation of microgram
quantities of protein using the principle of protein dye binding. Analytical Biochemistry,
V. 72, p. 248-254, 1976.

CAMARGO, A. C. L. L. et al. Streptozotocin-Induced Maternal Hyperglycemia Increases
the Expression of Antioxidant Enzymes and Mast Cell Number in Offspring Rat Ventral
Prostate. v. 300, n. 2, p. 291-299, fev. 2017.

CASTELLANO, E.;: DOWNWARD, J. RAS Interaction with PI3K: More Than Just
Another Effector Pathway. Genes & cancer, v. 2, n. 3, p. 261-74, mar. 2011.

CEZAR DE OLIVEIRA, J. et al. Protein-restriction During the Last Third of Pregnancy
Malprograms the Neuroendocrine Axes to Induce Metabolic Syndrome in Adult Male Rat
Offspring. Endocrinology, p. en20151883, 2016.

COLOMBELLLI, K. T. et al. Impairment of microvascular angiogenesis is associated with
delay in prostatic development in rat offspring of maternal protein malnutrition. General

101



and Comparative Endocrinology, v. 246, p. 258-269, 15 maio 2017.

CUNHA, G. R. Mesenchymal-epithelial interactions during androgen-induced
development of the prostate. Progress in clinical and biological research, v. 171, p. 15—
24, 1985.

DOMONKQOS, E. et al. Sex differences and sex hormones in anxiety-like behavior of aging
rats. Hormones and Behavior, v. 93, p. 159-165, 1 jul. 2017.

FERNANDEZ-MEDARDE, A.; SANTOS, E. Ras in cancer and developmental diseases.
Genes & cancer, v. 2, n. 3, p. 344-58, mar. 2011.

FUJIMOTO, N. et al. Identification of rat prostatic secreted proteins using mass
spectrometric analysis and androgen-dependent mMRNA expression. Journal of andrology,
v. 30, n. 6, p. 66978, 2009.

GRABOWSKA, M. M. et al. Mouse models of prostate cancer: picking the best model for
the question. Cancer and Metastasis Reviews, v. 33, n. 2-3, p. 377-397, 23 set. 2014.

HARKONEN, P. L.; MAKELA, S. I. Role of estrogens in development of prostate cancer.
The Journal of Steroid Biochemistry and Molecular Biology, v. 92, n. 4, p. 297-305,
nov. 2004.

IHNATOVYCH, I.; SIELSKI, N. L.; HOFMANN, W. A. Selective Expression of Myosin
IC Isoform A in Mouse and Human Cell Lines and Mouse Prostate Cancer Tissues. PL0S
ONE, v. 9,n. 9, p. 108609, 26 set. 2014.

MACCIONI, M.; CABEZAS, L. E.; RIVERO, V. E. Effect of prostatein, the major protein
produced by the rat ventral prostate, on phagocytic cell functions. American Journal of
Reproductive Immunology, v. 50, n. 6, p. 473-480, dez. 2003.

MARKER, P. C. et al. Hormonal, cellular, and molecular control of prostatic development.
Developmental biology, v. 253, n. 2, p. 165-74, 15 jan. 2003.

MERICQ, V. et al. Long-term metabolic risk among children born premature or small for
gestational age. Nature Reviews Endocrinology, v. 13, n. 1, p. 50-62, 19 ago. 2016.

NAKAZAWA, M. et al. Spontaneous neoplastic lesions in aged Sprague-Dawley rats.
Experimental animals / Japanese Association for Laboratory Animal Science, v. 50,
n. 2, p. 99-103, abr. 2001.

NAN, X. et al. Ras-GTP dimers activate the Mitogen-Activated Protein Kinase (MAPK)
pathway. Proceedings of the National Academy of Sciences of the United States of
America, v. 112, n. 26, p. 7996-8001, 30 jun. 2015.

OZANNE, S. E.; HALES, C. N.; HALES, P. C. N. The long-term consequences of intra-
uterine protein malnutrition for glucose metabolism. Proceedings of the Nutrition
Society, v. 58, p. 615-619, 1999.

PETRY, C. J. et al. Diabetes in old male offspring of rat dams fed a reduced protein diet.
International journal of experimental diabetes research, v. 2, n. 2, p. 139-43, 2001.

PINHO, C. F. et al. Gestational protein restriction delays prostate morphogenesis in male
rats. Reproduction, Fertility and Development, v. 26, n. 7, ago. 2014.

102



REEVES; NIELSEN, F. H.; FAHEY, G. C. AIN-93 Purified Diets for Laboratory Rodents:
Final Report of the American Institute of Nutrition Ad Hoc Writing Committee on the
Reformulation of the AIN-76A Rodent Diet. The Journal of nutrition, v. 123, n. 11, p.
1939-1951, nov. 1993.

RINALDI, J. C. et al. Implications of intrauterine protein malnutrition on prostate growth,
maturation and aging. Life Sciences, v. 92, n. 13, p. 763-774, 19 abr. 2013.

SANTOS et al. Maternal low protein diet impairs prostate growth and induces prostate
carcinogenesis in aged offspring rats (dados ainda ndo publicados).

SENE, L. D. B. et al. Involvement of renal corpuscle microRNA expression on epithelial-
to-mesenchymal transition in maternal low protein diet in adult programmed rats. PloS
one, v. 8, n. 8, p. 71310, 2013.

THOMAS, J. D. et al. Rab1A Is an mTORCL1 Activator and a Colorectal Oncogene.
Cancer Cell, v. 26, n. 5, p. 754-769, 10 nov. 2014.

TIMMS, B. G.; MOHS, T. J.; DIDIO, L. J. Ductal budding and branching patterns in the
developing prostate. The Journal of urology, v. 151, n. 5, p. 1427-32, 1994.

WANG, Z. et al. Loss of ATF3 promotes Akt activation and prostate cancer development
in a Pten knockout mouse model. Oncogene, v. 34, n. 38, p. 4975-4984, 22 set. 2015.

WELSH, M. et al. Identification in rats of a programming window for reproductive tract
masculinization, disruption of which leads to hypospadias and cryptorchidism. Journal of
Clinical Investigation, v. 118, n. 4, p. 1479-1490, 1 abr. 2008.

XU, B.-H. et al. Aberrant amino acid signaling promotes growth and metastasis of
hepatocellular carcinomas through Rab1A-dependent activation of mMTORC1 by RablA.
Oncotarget, v. 6, n. 25, p. 20813-28, 28 ago. 2015.

ZHANG, J. et al. Mouse Prostate Proteomes Are Differentially Altered by Supranutritional
Intake of Four Selenium Compounds. Nutrition and Cancer, v. 63, n. 5, p. 778-789, jul.
2011.

103



