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RESUMO



Condicdes gestacionais adversas podem acarretar alteracdes morfofuncionais irreversiveis no
embrido/feto, condicdo conhecida como Programacdo Fetal (PF). Dentre os modelos de
estudos sobre PF, a restricdo proteica intrauterina tem sido o mais utilizado. Considerando os
resultados recentes que evidenciaram o atraso no desenvolvimento prostatico de ratos
submetidos a restri¢do proteica intrauterina, além do importante papel do suprimento vascular
para a morfogénese prostatica, 0o objetivo deste trabalho foi investigar os impactos da
programacdo fetal induzida por restri¢cdo proteica materna sobre a prostata ventral da prole de
ratos, com énfase ao processo de angiogénese associado ao desenvolvimento glandular. Para
tanto, foram utilizados ratos Sprague Dawley (n=15/grupo) nascidos de maes alimentadas
com racdo padrdo (grupo controle-CTR, 23% de proteina) ou com racdo hipoproteica (6% de
proteina) durante a gestacdo (grupo RPG), ou durante a gestacdo e lactacdo (grupo RPGL).
Apb6s o periodo experimental, os animais foram pesados, eutanasiados e 0s complexos
urogenitais (CUG) ou lobos prostaticos ventrais (PV) coletados nos dias pds-natal (DPN) 10 e
21, sendo ambos processados para analises histoldgicas e bioquimicas. Nossos resultados
demonstraram reducdo do peso corporeo, da distancia ano-genital, além de atraso no
desenvolvimento prostatico na prole dos animais RPG e RPGL. Este atraso foi relacionado ao
menor indice de proliferacdo e diferenciagdo celulares na prostata dos animais restritos. Além
disso, observamos reducdo no processo de angiogénese prostatico, especialmente na regiao
subepitelial. Este resultado foi associado a diminuicdo na expressdo de AQP-1, VEGF e
VEGFR na prole de animais restritos. Assim, concluimos que a reducdo da
microvascularizagdo prostatica afeta o fluxo bidirecional de moléculas entre o sangue e o
tecido prostatico, contribuindo para o atraso no desenvolvimento da prostata ventral dos

animais submetidos a restricao proteica perinatal.

ABSTRACT



Adverse gestational conditions can result in morphological and metabolic alterations in the
embryo/fetus during development. This condition is known as Fetal Programming (FP). The
maternal protein malnutrition (MPM) during gestation and/or lactation is the most used model
to study the FP. Recent studies have shown that MPM impairs the prostate development of
male pups. It is also known the important role of vascular supply for prostate morphogenesis,
maturation and function. In this sense, the aim of our study was to investigate the impact of
MPM on rat ventral prostate, emphasizing the association between angiogenesis and glandular
development. For this purpose, were used Sprague Dawley male rats (n= 15/group) whose
mothers were fed with control diet (CTR group, 23% protein) or low protein diet (6% protein)
during the gestational (gestational low protein group - GLP) or during gestational and
lactation period (gestational and lactation low protein diet - GLLP). At post-natal day (PND)
10 and 21, the animals were weighed, euthanized and the urogenital complex (UGC) or
ventral prostate lobes (PV) were collected. All UGC and VP were processed for histological
and biochemical analysis. The body weight and ano-genital distance was reduced in GLP and
GLLP in relation to CTR group. It was also observed a delay on prostate development and an
important imbalance between proliferation/differentiation rates in the prostate of GLP and
GLLP animals. The angiogenic process was impaired and the prostate of GLP and GLLP
animals presented lower microvascular density in relation to CTR animals, especially in the
subepithelial region. This result was associated with a decrease in the expression of AQP-1,
VEGF signaling pathway. In conclusion, the reduction of prostate microvascularization
impairs the bidirectional flow of molecules between blood and prostate tissue, and this
reduction contributes to delay on prostate ventral development.
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1 INTRODUCAO

A desnutricdo é um problema mundial que afeta principalmente mulheres em idade
reprodutiva, recém-nascidos e criancas (Morgane et al., 2002). Embora seja apontada como a
causa da mortalidade de mais da metade de criangas menores de 5 anos de idade (UNICEF,
2016), atualmente estima-se que 793 milhGes de pessoas no mundo sejam afetadas pela
desnutricdo (FAO, 2015). Entre a década de 90 e o ano de 2016, houve reducéo de 21,4% no
namero de pessoas desnutridas no mundo, o que corresponde a aproximadamente 200 milhdes
de pessoas (FAO, 2015). Esta diminuicdo foi mais acentuada em paises em desenvolvimento,
com renda média ou baixa que apresentam crescimento econdmico lento e instabilidade
politica (Wu et al., 2012; FAO, 2015). As principais regides afetadas correspondem a parte da
Africa, sudeste da Asia, América Latina, América do Sul e Caribe (FAO, 2015) (Figura 01).

1990-92 2014-16 Nameros
(milhdes)

s 1990-92 2014-16
Regides desenvolvidas 20 15
Sul da Asia 291 281
Africa Subsaariana 176 220
Leste da Asia 295 145
Sudeste da Asia 138 61
América Latina e
Caribe 66 34
Oesteda Asia 8 19
) Norteda Africa 6 B
) Caucasoe Asia
Central 10 6

P Total: 795 milhdes — : k
Total: 1011 milhdes sy Total 1011 795

Figura 01- Gréficos representativos da diminuicdo da desnutricdo em diferentes locais do mundo (Fonte: FAQ,
2015).

e|@|o|e

o

Contudo, a desnutricio monitorada pela Organizacdo das NacgbGes Unidas da
Alimentacdo e Agricultura (FAO) e a prevaléncia de baixo peso em criangas de até 5 anos de
idade, monitoradas pelo Fundo das Nacgdes Unidas para a Infancia (UNICEF) e pela
Organizacdo Mundial da Saide (OMS) nem sempre demonstram 0s motivos reais deste
problema mundial, uma vez que a falta de saneamento basico e doencas associadas também

estdo relacionadas a perda de peso, especialmente em criancas (FAO, 2015).
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1.1 PROGRAMACAO FETAL E RESTRICAO PROTEICA

Durante o periodo de desenvolvimento intrauterino e neonatal, as necessidades
nutricionais materno-fetal e do recém-nascido sdo maiores, pois o embrido/feto em
desenvolvimento é vulneravel as alteracdes nesta fase (Lucas, 1991; Gluckman, Hanson,
2004; Lopes et al., 2016). Portanto, a adocdo de uma dieta inadequada nos periodos da
gestacdo e de lactacdo podem acarretar prejuizos tanto para a gestante como para 0
desenvolvimento da prole (Papathakis et al., 2016).

Dentre os principais fatores que séo alterados devido a uma dieta ndo balanceada estéo
a deficiéncias de glicose, &cidos graxos, micronutrientes (vitaminas e minerais) e aminoacidos
(Wu et al., 2012), que podem induzir a diferentes respostas morfofuncionais adaptativas, tais
como: reducdo do crescimento da placenta e da vascularizagdo, aumento do estresse
oxidativo, alteracdo da sinalizacdo celular, regulacdo da sintese proteica, restricdo do
crescimento do feto, nascimento prematuro e defeitos ao nascimento (Wu et al., 2012; Jahan-
Mihan et al., 2015). Além desses efeitos iniciais os individuos que foram submetidos a
desnutricdo intrauterina podem desenvolver doencas cronicas na vida adulta (Lucas, 1991;
Gluckman, Hanson, 2004). Na literatura estas alteragdes em periodos criticos do
desenvolvimento intrauterino que induzem prejuizo para a prole é denominada de Hipotese de
Barker (Barker et al., 1989).

David Barker foi um grande epidemiologista do seu tempo e o proponente desta
hipdtese (Olsen, 2014). Seus estudos comecaram no inicio do século XX na Inglaterra, cujo
objetivo foi entender o porqué das altas taxas de mortalidade infantil por doencas cardiacas.
Coincidentemente a principal causa de morte nos primordios do século XX era o baixo peso
ao nascimento, assim formulou-se a hipo6tese de que bebés com baixo peso ao nascimento e
que sobrevivem a infancia, podem apresentar maior risco de terem doengas cardiacas na vida
adulta (De Boo, Harding, 2006).

Mais tarde em 1991, Lucas concedeu o termo que € mais utilizado até hoje, que é
“Fetal Programming” ou Programacao Fetal (PF). Inicialmente controversa, sua teoria deu
origem a um grande nimero de estudos sobre as rela¢fes entre insultos ocorridos durante o
periodo gestacional e doencas da vida adulta (Cooper, 2013). A programacdo fetal,
posteriormente denominada “Developmental Origin of Health and Disease” (DOHaD),
estabelece que eventos ocorridos em periodos de rapido crescimento, como o0

desenvolvimento intrauterino sdo “memorizados” pelo organismo em desenvolvimento
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levando a formagdo de um individuo com “fenétipo adaptado” (Langley-Evans, Mc Mullen,
2010).

Assim o0 ambiente encontrado no inicio do desenvolvimento pode determinar a funcao
metabolica e fisiologica ao longo da vida pela remodelacdo de 6rgaos e tecidos, podendo levar
o0 surgimento de sindromes metabolicas (SM) na vida adulta (Langley-evans, 2014). A SM é
um conjunto de doencas que incluem obesidade, hiperglicemia, hiperinsulinemia,
hiperlipidemia, hipertenséo e resisténcia a insulina (Jobgen et al., 2006). Algumas ja foram
descritas em trabalhos com filhotes nascidos de ratas alimentadas com dieta hipoproteica
durante a gestacdo. Estes apresentaram menor peso ao nascer, porém obtiveram rapido ganho
de peso associado a menor expectativa de vida (Barker, 2004; Mc Millen, Robinson, 2005), e
alguns que desenvolveram crescimento pos-natal acelerado (catch-up growth) apresentando
maior propensdo a desenvolver resisténcia a insulina e diabetes tipo Il na idade adulta (Petry
et al., 2001; Hales, Barker, 2013).

Muitas teorias vém sendo propostas para explicar como estes eventos influenciam no
desenvolvimento e na relacdo da programacdo com as SM (Jahan-Mihan et al., 2015). O fator
chave destas hipoteses se baseia na plasticidade celular, pois é esta caracteristica que permite
0 embri&o e o feto de responder ao ambiente ao seu redor (Langley-evans, 2014). Outro fator
importante no desenvolvimento e diferenciacdo em resposta a situacdes anormais é a
regulacdo epigenética (Jahan-Mihan, 2012; Ji et al., 2015), caracterizada por mudangas na
expressao génica sem alteracdes sequenciais no DNA (De Boo, Harding, 2006). Além disso
pesquisas recentes indicam que caracteristicas simples como 0 peso ao nascimento tem
relagdes com polimorfismo de gene especifico e doengas (Langley-evans, 2014).

Coincidentemente uma das principais caracteristicas da PF é o baixo peso ao
nascimento da prole. Isto ja foi demonstrado em estudos epidemiol6gicos e experimentais
com dieta deficiente em proteinas oferecidas as mées durante a gestacdo (Glazier et al., 1997;
Rinaldi et al., 2013). As proteinas sdo macromoléculas formadas por uma ou vérias cadeias de
aminoacidos que atuam em muitas funcbes biologicas e nutricionais (Jahan-Mihan et al.,
2015), sdo precursores essenciais na sintese de hormonios, neurotransmissores, 6xido nitrico e
importantes reguladores em vias metabolicas essenciais para o crescimento, desenvolvimento
e reproducdo (Hou et al., 2015). Portanto os periodos mais vulneraveis a deficiéncia materna
de proteinas sdo as fases de periimplatagdo do embrido até a o completo desenvolvimento do

individuo.
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J& existem na literatura diversos estudos epidemioldgicos com restricdo proteica no
periodo gestacional que mostram os diferentes efeitos em diferentes 6rgdos, como: menor
numero de néfrons no rim (Habib et al., 2011), menor quantidade de células beta e de ilhotas
de Langerhans no pancreas (Dahri et al., 1991), proporcao alterada entre os tipos celulares do
figado (Burns et al., 1997), menor nimero de neurdnios que controlam o apetite no
hipotalamo (Plagemann et al., 2001) e menor nimero de alvéolos pulmonares e atraso no seu
desenvolvimento (Zana-Taieb et al., 2013; Farid et al., 2015).

Entretanto a restricdo a um periodo prolongado potencializa os efeitos da PF e afeta
um maior nimero de 6rgdos e sistemas (Langley-evans, 2014). Assim a restricdo proteica
gestacional e lactacional leva a alteragfes no timo, com o retardo do envelhecimento do
sistema imunoldgico central e periférico (Heppollete et al., 2016), neurogénese adulta alterada
levando a deficiéncias cognitivas (Pérez- Garcia et al., 2016), alteracdo do numero de
foliculos ovarianos (Guzméan et al., 2014) e atraso da maturacdo sexual em machos
(Zambrano et al., 2005). Em conjunto, estes dados demonstram que a salde nutricional nas
fases de gestacdo e lactacdo podem ocasionar mudancas permanentes na estrutura e/ou fungéo
de diferentes 6rgdos, sendo as consequéncias observadas em longo prazo.

Além de cada 6rgdo ter o seu periodo critico de desenvolvimento, alguns completam a
sua formacdo somente apds o nascimento (Plageman et al., 2000; Langley-Evans, 2014). Em
roedores um 6rgdo que completa sua formacdo somente ap6s o0 nascimento é a prostata, com a
sua morfogénese completa somente com 30 dias de idade (Hayashi et al.,1991). Portanto as
alteracdes verificadas nos diferentes orgaos afetados estdo também relacionadas ao tempo de

exposicéao e o periodo o qual a restricdo ocorreu (Langley- Evans, 2014).

1.2 PROSTATA: ESTRUTURA E FISIOLOGIA

A restrigdo proteica materna afeta negativamente o funcionamento do sistema genital
masculino da prole. Estudos avaliando o desenvolvimento/ fungédo dos 6rgéos reprodutivos na
prole de ratos machos de maes submetidas a desnutri¢do proteica relatam alteracdo do tempo
de instalacdo da puberdade (Van et al., 2005; Noriega et al., 2009); menor taxa de fertilidade
(Santos et al., 2004; Zambrano et al., 2005); reducédo da distancia ano-genital (Rinaldi et al.,
2013); alteracdo na concentracdo serica de testosterona e estradiol (Teixeira et al., 2007;

Rinaldi et al., 2013), menor expressao de receptores de androgenos no testiculo (Rodriguez-
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Gonzalez et al., 2012) e menor peso do testiculo, epididimo e prostata (Santos et al., 2004;
Rinaldi et al. 2013).

Dentre os érgdos que compdem o sistema genital masculino, pouco sdo os estudos
analisando os efeitos da restricao proteica perinatal (periodo gestacional e lactacional) sobre a
prostata. Essa € uma glandula acessoria essencial para a biologia reprodutiva, cuja fungdo é
produzir o fluido prostatico, que constitui aproximadamente um quarto do fluido seminal
(Verze et al., 2016). Um dos constituintes deste fluido € um complexo proteolitico composto
por fosfatase acida, acido citrico, fibrinolisina, enzimas especificas e agentes
imunossupressores. Todos s&o essenciais para 0 sucesso reprodutivo, pois garantem a
liguefacdo do sémen, motilidade espermatica e protecdo dos espermatozoides contra danos
imunoldgicos causados pelo sistema genital feminino (Aumiller, Seitz, 1990; Maccioni et al.,
2003; Marker et al., 2003; Untergasser et al., 2005; Verze et al., 2016).

A prostata de roedores e humanos sdo anatomicamente diferentes. Em humanos, a
prostata tem morfologia compacta e sem lobos distintos, pesa entre 30g e 50g e situa-se
inferiormente a bexiga urinaria, envolvendo a parte prostatica da uretra. Apresenta-se dividida
em trés zonas: central, de transicdo e periférica (Mc neal, 1983; Roy-Burman et al., 2004; De
Marzo et al., 2007). Estas zonas apresentam origem embrionéria diferente e podem ser
diferenciadas pelo seu aspecto morfoldgico. A zona central tem origem pelo ducto de
Wolffian, e as zonas periféricas e de transicdo do seio urogenital (Lee et al., 2011). Em
roedores, a glandula é composta por quatro lobos distintos: anterior ou glandula de
coagulacdo, dorsal, lateral e ventral (Shirai et al., 2000; Marker et al., 2003). Os lobos
apresentam particularidades quanto a ramificacdo de ductos, producdo de secrecOes proteicas,
caracteristicas morfologicas, resposta androgénica e incidéncia de lesdes (Sugimura et al.,
1986; Lee et al., 2011) (Figuras 2a e b). Na literatura encontra-se descrito a homologia entre
as zonas e 0s lobos prostaticos. O lobo anterior é analogo a zona central da prostata humana, e
a prostata dorsolateral corresponde a zona periférica (Xue et al., 1997; Roy-Burman et al.,
2004).
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Figura 02 a e b- Aparéncia macroscOpica e organizagdo microscopica (Coloracdo H.E.) dos pares de lobos
prostaticos do rato adulto (Adaptado de Marker et al., 2003). AP- Prdstata anterior; DLP- prostata dorsolateral;
VP- préstata ventral.

O epiteélio prostatico é composto basicamente por cinco tipos celulares (Peehl, 2005).
As células epiteliais luminais secretoras, que revestem o lumen dos acinos prostaticos,
responsaveis pela secrecdo de proteinas prostaticas e fluidos; as células epiteliais basais, que
formam uma monocamada descontinua sobre a membrana basal, sendo as principais células
proliferativas do epitélio da prostata; células neuroenddcrinas, em menor quantidade que
secretam uma variedade de fatores de crescimento, que possivelmente atuam no
desenvolvimento e manutengdo da glandula prostatica; as “stem cells’, embora escassas estédo
normalmente localizadas na camada de células basais; e as transit-amplifying cells, sdo células
intermediarias com caracteristicas de células basais ou secretoras (Collins et al., 2001; Marker
et al., 2003; Peehl, 2005) (Figura 03).

Células

Células epiteliais —
e = neuroenddcrinas
luminais secretoras e .

Células epiteliais _
basais

« Células musculares
lisas

Células progenitoras
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Figura 03- Esquema representativo da composicdo dos tipos celulares encontrados na glandula prostéatica.
(Adaptado de Marker et al., 2003).
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A glandula prostatica além de seu epitélio caracteristico apresenta uma camada de
estroma com diferentes funcionalidades. O estroma é densamente vascularizado e inervado,
composto por grande parte de células musculares lisas, dispostas concentricamente em torno
dos acinos (Marker et al., 2003), com funcéo contratil na ejaculacdo (Vilamaior et al., 2005).
Outros tipos celulares também sdo encontrados: fibroblastos, miofibroblastos e matriz
extracelular (laminina, fibras elasticas e coldgeno) (Nieto et al., 2014). Estes componentes do
estroma fibromuscular atuam principalmente na manutencdo da homeostasia celular, ou seja,
direcionando o desenvolvimento, crescimento, manutencdo e diferenciacdo das células
epiteliais, além de auxiliar na integridade estrutural da glandula prostética (Berry et al., 2008;
Lai etal., 2012).

Dentre os fatores necessarios para as células do compartimento epitelial e estromal
desenvolverem suas funcdes (Vilamaior et al., 2000; Berry et al., 2008) estdo os andrégenos.
Estes horménios sdo responsaveis pela masculinizacdo dos tecidos, atuam diretamente no
desenvolvimento de caracteristicas sexuais secundarias e promovem a manutencao dos 6rgaos
dependentes de andrdgenos por toda a vida adulta (Brinkmann, 2011). Na prdstata estes
horménios tém papeis essenciais no desenvolvimento, diferenciacdo dos tipos celulares,
maturacdo e manutencdo do tecido prostatico, agindo de maneira direta ou indireta no estroma
(Berry et al., 2008).

Um dos principais androgenos € a testosterona, que atua como pro-horménio na
formacdo de importantes metabdlitos, como o estrogeno e a diidrotestosterona (DHT)
(Wilson, 2011). O DHT na prostata é formado a partir da converséo da testosterona livre pela
enzima 5 a-redutase do tipo Il (Marker et al., 2003; Cunha et al., 1992).

Estes andrégenos atuam via receptor, o receptor de androgenos (AR), que estdo
presentes no mesénquima urogenital e na presenca do ligante, sdo responsaveis por induzir a
proliferacdo epitelial, a formagdo de ductos e a diferenciacdo das células epiteliais que
ocorrem em paralelo ao desenvolvimento do estroma; no estroma, nas células musculares lisas
e nas células epiteliais secretoras, que apds atuarem também no processo de desenvolvimento
da prostata, continuam atuando na sobrevivéncia das células epiteliais prostaticas (Heinlein;
Chang, 2004; Marker et al., 2003; Cunha et al., 1992). E tanto a testosterona, quanto a DHT
podem se ligar ao AR e migrar para o ndcleo das células epiteliais e entdo modular varios
genes influenciando no desenvolvimento e na manutencdo prostatica (Wen et al., 2014,
Taplin; Ho, 2001).
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1.3 PROSTATA: MORFOGENESE

A glandula prostéatica inicia 0 seu desenvolvimento e crescimento ainda no periodo
fetal estando completamente formada somente quando o roedor atingir a maturidade sexual.
Esta glandula se origina a partir do seio urogenital (SUG), que apresenta uma camada de
células epiteliais derivadas da endoderme envolta por uma camada mesenquimal de origem da
mesoderme. O SUG localiza-se na base da bexiga urindria em desenvolvimento, estando
presente em ambos o0s sexos desde do 13° dia de gestagdo de roedores e da 7° semana em
humanos. A estrutura permanece morfologicamente igual até 17.5° gestacdo e 10-12° semana
de gestacdo para humanos, a partir deste periodo comeca o processo de morfogénese
prostatica dependente do andrégeno circulante produzido pelos testiculos fetais (Welsh et al.,
2008; Marker et al., 2003; Cunha et al., 1987).

Além do andrdgeno, o processo de morfogénese da préstata também é dependente de
outros fatores de crescimento que sdo expressos em uma sequéncia espacial e temporal
precisamente coordenada (Cunha et al., 1995; Huang et al., 2009). Os andrdgenos atuam em
AR no mesénquima urogenital (MUG) para induzir a proliferagdo epitelial, formacdo de
ductos e diferenciacdo das células epiteliais (Marker et al., 2003; Cunha et al., 1992). Os
outros componentes pertencem a diferentes familias génicas: como Sonic Hedgehog (Shh),
Proteina Morfogenética Ossea (BMPs), Wingless-Related MMTYV Integration site (Wnt)
(Wilhelm, Koopman, 2006), proteinas da via de sinalizacdo da insulina/IGFs (Reynolds;
Kyprianou, 2006).

Basicamente a morfogénese € dividida em 5 estagios distintos: determinacéo,
brotamento, ramificacdo, diferenciagdo e maturagdo (Prins; Putz, 2008) (Figura 04). A
caracteristica do evento inicial é a presenca de brotos epiteliais sélidos provenientes do
epitélio do SUG no MUG circundante, nas diferentes direcdes: ventral, dorsal e lateral. Ainda
durante o periodo perinatal estes brotos apresentam a caracteristica macica, com a canalizacdo
destas estruturas ocorrendo somente ap0s 0 nascimento do individuo. Conforme estes brotos
vao se desenvolvendo, eles vdo formando cordGes de células epiteliais, e estes comecam a se
ramificar dando um formato que posteriormente originard os lobos prostaticos. Tendo cada

lobo um padrédo de brotamento ductal caracteristico.
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Figura 04- Estagios do desenvolvimento da préstata de rato. (Adaptado de Prins; Putz, 2008).

Além da estimulacdo androgénica, a prostata também necessita de um grande aporte
nutricional e de oxigénio para seu desenvolvimento, crescimento e manutencéo da atividade
secretora (Lissbrant et al., 2001). Wong et al., (2014) analisaram o desenvolvimento da
préstata de camundongos e descreveram uma intima relacdo entre o desenvolvimento dos
brotamentos epiteliais e de vasos abaixo do epitélio glandular. Estes autores demonstraram a
formagdo de uma rede microvascular que envolvia os brotamentos epiteliais e que
acompanhavam a orientacdo proximal-distal dos ductos em animais de 20 dias de idade pés-
natal. Sugerindo que a ramificacdo vascular acompanha o padrdo de ramificacdo do epitélio
glandular em desenvolvimento. Esta intima associacdo entre brotamento epitelial e
vascularizagdo, também foi demonstrada durante o recrescimento glandular induzido por
testosterona em ratos castrados (Justulin et al., 2010).

Devido ao alto indice de proliferacdo endotelial observado na prostata (Lissbrant et al.,
2001) mudangas tanto na organizagdo vascular como no fluxo sanguineo estdo associados as
alteracbes glandulares. Apesar das ceélulas endoteliais ndo expressarem AR, estudos
demonstraram a participagdo indireta dos androgenos na manutencao da estrutura vascular, e
no aumento da expressdo de fatores angiogénicos, tais como VEGF, VEGF-B, PLGF, e FGF-
2, que atuam de forma paracrina, induzindo a proliferacdo endotelial. As células musculares
lisas da parede dos vasos expressam AR e respondem a variagfes hormonais de forma direta
(Prins et al., 1991). Neste sentido, varios estudos demonstraram que a apoptose das células
epiteliais prostaticas ap0s a castracdo é precedida pela diminuicdo do fluxo sanguineo,
apoptose de células endoteliais e regressao vascular (Shabsigh et al., 1999; Johansson et al.,
2005). Da mesma forma, o recrescimento glandular induzido por testosterona em animais
castrados é precedido por um aumento de proliferacdo das células endoteliais, recomposicao

vascular e aumento do fluxo sanguineo.
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O recrescimento vascular em animais castrados acompanha a reorganizagdo tanto do
epitélio glandular como do estroma, compartimentos responsaveis pela producéo de fatores
angiogénicos que atuam de forma paracrina nas células endoteliais. Esta cooperacao entre 0s
constituintes glandulares pode ser demonstrada pela inibicdo do VEGF por anticorpos
especificos que impedem o recrescimento glandular em animais castrados (Lissbrant et al.,
2004).

Estudos enfocando o papel da restricdo proteica materna sobre os niveis hormonais
séricos demonstram aumento das taxas de estradiol, corticosterona e testosterona maternos ao
final da gestacdo (Zambrano et al., 2005). Além disso, j& foi evidenciado que a desnutrigdo
proteica materna promove diminui¢do dos niveis de andrégenos na prole de machos (Ramos
et al., 2010; Rinaldi et al., 2013), atraso no desenvolvimento da prostata (Rinaldi et al., 2013)
e baixa expressao de AR (Zambrano et al., 2005). Em conjunto, estes resultados demonstram
que a desnutricdo proteica altera a sinalizacdo androgénica, resultando em prejuizo para a
morfogénese, diferenciacdo, crescimento e maturacao prostatica (Marker et al., 2003).

1.4 DESENVOLVIMENTO VASCULAR

Estudos comprovam que o suprimento de nutrientes e oxigénio sdo essenciais para o
desenvolvimento intrauterino e que alteracGes nestes parametros limitam o crescimento fetal
(Barker, 1997). O processo inicial do desenvolvimento vascular, denominado vasculogénese,
se inicia antes do batimento do coracdo (Hrouda et al., 2003). Este processo comeca a partir
da diferenciacdo de células progenitoras mesodermais, os hemangioblastos/angioblastos em
células endoteliais. Estas se associam e formam redes de estruturas capilares vasculares
primitivas revestidas por endotélio (Figura 05- a). Nesta fase, principalmente por regulacao
génica, os capilares ja sdo predestinados a serem venosos ou arteriais. Nas artérias ocorre a
atuacdo dos genes Notch e Epinefrina B2, e nas veias dos genes Ephb4 e o Fator de
transcricdo COUP 1l (COUPTFII) (Figura 05- d). Além dos fatores locais, presséo arterial e
fluxo sanguineo atuam neste processo mais tardiamente (Pardali et al., 2010).

24



(a) Hemangioblastos (b) #™\ VEGF () Pericitos (A
\

A i Artéria
3 \\ ~__ C.Musculares
3 / i N lisas # \ Notch
< \ - TGFp EphrinB2
- Y o7 PN Ang2 L ,/’ .

.,
=" Brotamento \ Veia

/ A ol
£ 0 0 \ ; |
- = N
g .' Plexo capilar \ Invaginagio 3 - TGFp @thm

primario - PDGF-BB
Mesoderme Formagso do PDOF-BS ':-fo COUPTFII
tubo "‘_"/'
Estabilizagdo Especificagido de
Vasculogénese Angiogénese do vaso artéria/ vaso

Figura 05- Processo de vasculogénese e angiogénese. a- Vasculogénese, células precurssoras mesodermais
(hemangioblasto) se diferenciam em células endoteliais e formam a rede capilar vascular primario. b-
Angiogénese, a partir da rede capilar ocorre o brotamento para formacdo de novos vasos a partir de vasos pre
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Remodelamento final dos vasos, com a sinalizacdo de fatores genéticos na especificacdo de &rteria e veia.
(Adaptado de Pardali, etal., 2012).

Uma vez que tenha o plexo capilar formado, o processo de angiogénese é responsavel
pelo crescimento, ramificacdo e maturacdo destas estruturas (Hrouda et al., 2003; Ruhrberg,
2003). A angiogénese é fundamental no desenvolvimento do embrido, pois sdo 0s vasos que
permitem o transporte do sangue para fornecer o oxigénio para as células, e as moléculas de
sinalizacdo para a morfogénese, o desenvolvimento e crescimento dos 6rgdos (Carmeliet,
2005). Este processo € altamente complexo e é regulado por fatores de crescimento e
moléculas de adesdo celular, que atuam nas células endoteliais e nas células murais (células
musculares lisas e pericitos) (Ferrara; Kerbel, 2005; Pardali et al., 2010).

Novos vasos sanguineos sdo formados, primeiramente, através da expansao do plexo
vascular e pelo brotamento angiogénico (Carmeliete, 2005). Para ter os grandes vasos, com
ramificacOes ou ndo, o processo pode ocorrer de duas maneiras: pela fusdo ponta-ponta dos
brotos epiteliais ou pela invaginagdo do endotélio vascular (Figura 05-b) (Pardali et al., 2010).
O processo final ocorre pela maturacdo dos vasos sanguineos, através dos pericitos, que
recobrem os capilares, oferecendo suporte estrutural e protecdo das células endoteliais; células
musculares lisas, que conferem propriedade vasomotora para 0s vasos; e deposi¢cdo de matriz
extracelular, que contribui para a estabilizacdo do vaso (Figura 05- c).

O estabelecimento de um suprimento sanguineo adequado € essencial tanto para o
desenvolvimento embrionario como também para a homeostasia tecidual (Folkman, 1995).
Vérias familias génicas participam da regulacdo do processo de angiogénese, entre elas o fator
de crescimento fibroblastico-alfa e beta (FGF-a, FGF-p), fator de crescimento transformante-
alfa (TGF-a, TGF-B), fator de crescimento de hepatocitos (HGF), fator de necrose tumoral-
alfa e beta (TNF-a e TNF- B), angiogenina (ANG) e interleucina-8 (IL-8), fator de
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estimulagdo de coldnia de granulécito (G-CSF) além da familia do fator de crescimento do
endotélio vascular (VEGF) (Risau, 1997; Hrouda et al., 2003).

A superfamilia génica dos VEGFs inclui VEGF-A ou simplesmente VEGF, o VEGF-
B, VEGF-C, VEGF-D e o fator de crescimento placentario (PLGF) (Goel, Mercurio, 2013).
Dentre estes, 0 VEGF-A ¢ reconhecido como indutor especifico de proliferacdo de células
endoteliais (Ferrara, Henzel, 2012; Leung et al, 1989), funcionalmente atua na diferenciagéo e
expansdo dos angioblastos, expansao angiogénica do plexo capilar primitivo, sobrevivéncia,
polarizacdo e luminizacdo das células endoteliais, e por fim atua na formacao e na funcéo dos
vasos sanguineos (Bautch, 2012; Bry et al., 2014).

O VEGF-A tem peso molecular de 34 a 42 kDa, € um homodimero, com dois
mondmeros idénticos ligados por uma ponte dissulfeto, ela pode ser encontrada em pelo
menos 5 isoformas (Taimeh et al., 2013), que sdo originadas através de splices alternativos
dos exons 6 e 7. Tendo os exons 1, 5 e 8 conservados em sua estrutura (Figura 06) (Hoeben et
al., 2004; Bautch, 2012). Por exemplo, a isoforma do VEGF 121 é uma das mais encontrados,
o0 VEGF 165 e o VEGF 189 (associado a matriz extracelular) ja é mais escasso (Figura 06).
Portanto, a sinalizacdo do VEGF € regulada a partir da identificacdo das isoformas dos
diferentes splices (Bautch, 2012).

Figura 06- llustracdo do Splicing alternativo do VEGF-A. Mostrando a parte estrutural da molécula, com os
seus exons, 0 qual os exons 1, 5 e 8 sdo conservados e 0s 6 e 7 sdo 0s que diferem de uma isoforma para outra na
molécula de VEGF-A (Adaptado de Bautch, 2012).

Os VEGFs podem se associar a trés diferentes receptores para VEGF (VEGFRL, 2 e 3)
com diferentes graus de afinidade. Especificamente, o VEGF-A possui maior afinidade de
ligacdo ao VEGFR-2 (conhecido como KDR em humanos ou Flk-1 em camundongos). A
ativacdo desta via, que estd demonstrada na Figura 07, induz o aumento da migracdo e
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proliferacdo de células endoteliais e permeabilidade vascular (Shibuya, 2013), sendo de
fundamental importancia tanto para as fases iniciais de desenvolvimento embrionario, como
para o0 crescimento poés-natal (Ferarra et al., 2003). Estudos clinicos e experimentais
demonstraram a terapia anti-angiogénica como uma forma promissora de tratamento para

pacientes com cancer (Takahashi, Nishioka, 2011).
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Figura 07- A ligacdo do fator de crescimento endotelial vascular (VEGF) ao seu receptor (VEGF-R)
desencadeia uma cascata de sinalizacdo intracelular, levando a fosforilacdo da Kinase reguladora de sinal
extracelular (ERK) e proliferagdo de células endoteliais. (Adaptado de Rini; Small, 2005).

Os processos de sintese e secrecdo do VEGF, em diferentes 6rgdos, sdo eventos
complexos e altamente regulados. Entre os fatores que influenciam esta via, um dos mais
relevantes é o Fator Indutor de Hipdxia-1 alfa (HIF-1a), que é considerado o maior indutor da
expressao de VEGF-A (Dor et al., 2001; Semensa, 2003). Em condicdo de hipdxia, ocorre
aumento da expresséo do HIF-1a, que migra para o nucleo e leva a indugdo da transcri¢ao de
VEGF-A. Por outro lado, em condicdes de normoxia, 0 HIF-la ¢ hidroxilado ¢
posteriormente degradado no proteassomo. Além do HIF-1a, 0 VEGF é ainda regulado por
alguns outros fatores como PDGF-BB, TGF-, FGF-2 e interleucinas 1 e 6, alguns dos quais
podem agir sinergeticamente pela regulacdo da hipoxia (Ferrara et al., 2003).

Outra proteina que ¢ afetada pela concentracdo de oxigénio e atua de maneira indireta
na angiogénese € a aquaporina do tipo 1 (Kaneko, 2008). Esta proteina de canal aquoso
pertence a uma classe de proteinas de canal de membrana integral, as aquaporinas. Estas
foram descritas no inicio dos anos 90 por Peter Agre na membrana de eritrocitos,
primeiramente chamada de ‘“channel-like integral protein of 28 kDa” (CHIP28) (Carbrey,
Agre, 2009; Agre, 2006).
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ApOs a descoberta nos eritrocitos algumas pesquisas foram realizadas no anfibio
Xenopus laevis. Neste estudo os pesquisadores testaram a expressdo de CHIP 28 nos o6citos
de Xenopus, devido a baixa permeabilidade da agua. Quando estas estruturas expressaram a
proteina, os odcitos sofreram osmose excessiva e ficaram tdrgidos, enquanto que as amostras
controle ndo tiveram nenhuma alteragdo significativa. Portanto, a partir deste experimento
ficou estabelecido que CHIP 28 é uma proteina de canal aquoso. E assim com este estudo
Peter Agre e colaboradores ganharam o Prémio Nobel de Quimica de 2003 (Carbrey, Agre,
2009; Agre, 2006).

As pesquisas continuaram e devido a grande quantidade de homologos descobertos
ainda na década de 90, Agre alterou 0 nome de CHIP 28 para Aquaporina (AQP). Portanto as
AQPs sdo uma superfamilia presente de forma escassa nas plantas e anfibios e com pelo
menos 10 isoformas em mamiferos (Verkman, 2002). Estas isoformas apresentam diferentes
funcdes fisioldgicas, ndo transportando somente agua, mas também diversos tipos de
moléculas. Por exemplo, as AQPs 1, 2, 4, 5 e 8 sdo mais seletivas a 4gua, enquanto que as
AQPs 3, 7, 9 e 10 sdo as chamadas aquagliceroporinas, que transportam glicerol, ureia e
outros pequenos solutos. Ja as AQPs 7 e 9 além de fazerem o transporte de glicerol e ureia
fazem também de metabdlitos toxicos. Algumas apresentam caracteristica exclusivas, como a
AQP 6, Unica a transportar anions e nitrato e a AQP 1, que transporta moléculas gasosas, 0
dioxido de carbono (CO.) e o 6xido nitrico (ON) (Carbrey, Agre, 2009).

Embora tenha uma grande variedade de AQPs estas possuem uma estrutura padrao.
Sdo poros neutros, com transporte bidirecional, de acordo com o gradiente osmotico, sem
gasto de energia (Huebert et al., 2011; Agre 2006; Verkman, 2002). E uma proteina tetramera
de membrana, de 30 kDa, formada por 4 subunidades monomeéricas, com ambas as
extremidades N e C terminais no lado citoplasmatico (Figura 08- a e b). As caracteristicas
estruturais internas também influenciam na funcionalidade das AQPs, a presenca do poro
aquoso facilita o transporte de agua, que preveni a conducéo de prétons agindo diretamente na
manutencdo do gradiente osmotico (Verkman et al., 2014).
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Figura 08- Esquema representativo da estrutura da Aquaporina (AQP1). Em a- tem a estrutura tetrdmera
formada por 4 subunidades monoméricas. Em b ilustracdo estrutural da AQP1 na membrana. (Adaptado de
Verkman et al., 2014).

Por apresentarem varias isoformas as AQPs sdo amplamente expressas no corpo,
principalmente por tipos celulares gue estdo envolvidos em algum transporte de fluido, assim
encontram-se essas moléculas em tipos celulares dos mais comuns, como as células epiteliais
e endoteliais, até nas células do tecido adiposo (Verkman et al., 2014). Como esta
superfamilia de proteinas de canais aquosos estdo expressas em muitos 6rgaos sao descritas
varias fungdes. As AQPs atuam na secrecdo de fluidos epiteliais, como da saliva e do humor
aquoso (Zhang et al., 2002; Song, Verkamn; 2001; Ma et al. 1999); no transporte de &gua com
acao direta na absorc¢do, por exemplo, na absorcéo de agua pelos glomérulos renais (Ma et al.,
1998). No sistema nervoso central, em especial a AQP4, que atua no transporte de agua no
cérebro, mais especificamente na permeacdo de agua na barreira hematoencefélica, na
neuroexcitacdo, pela captura de potassio, e na migracdo dos astrocitos apés injuria (Verkman
etal., 2014).

Ja as aquagliceroproteinas, suas funcdes ainda ndo séo totalmente conhecidas. Porém
sabe-se que a AQP 3 ¢é expressa na camada basal de proliferacdo de queratindcitos, sendo
responsaveis pela hidratacdo e elasticidade (Verkamn et al., 2014). E as AQP7 e AQP9 que
estdo expressas respectivamente nos adipécitos e nos hepatdcitos, estdo relacionadas ao
metabolismo adiposo, podendo atuar na regulacdo metabodlica da diabetes e da obesidade
(Maeda et al., 2009).

Outra funcdo das AQPs é a migracdo celular, principalmente a AQP1, que estimula a
entrada de agua para a formacdo dos lamelipddios na dire¢cdo dos movimentos celulares
(Verkman et al., 2014). Esta funcionalidade esta associada com o processo de angiogénese.
Em pesquisas com cultura celular de tumores em crescimento de células provenientes de ratos
Knockout para AQP1, cresceram mais devagar e apresentaram menor quantidade de vasos,

além da migracdo mais lenta nas células endoteliais, mostrando que estas alteracdes estdo
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relacionadas com a falta de vasos e de angiogénese nestes tumores (Saadoun et al., 2005).
Interessantemente, a AQP1 encontra-se fortemente expressa em microvasos de tumores que
estdo proliferando em seres humanos (Saadoun et al., 2002), em tumores cerebrais malignos
de ratos (Endo et al., 1999), em microvasos de medula 6ssea no mieloma mdaltiplo humano
(Vacca et al., 2001), e em microvasos com proliferacdo nas membras corioalantoide dos
embrides de galinha (Ribatti et al., 2002). Assim pode se dizer que a AQP1 estimula a
migracao das células endoteliais, que estas atraem os fatores de inducao de angiogénese.

A AQP1 atua juntamente com o VEGF de maneira indireta na formacéao e funcdo dos
microvasos. Na prostata, a AQP1 localiza-se nos vasos e no musculo liso que circunda a
glandula (Jung et al., 2012). Ja o VEGF esta na regido apical das células epiteliais secretoras,
nos capilares e nos vasos (Favaro; Cagnon, 2010). Coincidentemente tanto as expressdes do
VEGF quanto da AQP1 sédo reguladas pelo mesmo fator, a baixa concentracdo de oxigénio,
assim em condicBes de hipdxia ambos sdo estimulados (Tie et al., 2012). Contudo ainda néo
se sabe bem ao certo a acdo do VEGF no estroma da préstata, porém em outros tecidos, o
VEGF induz a expressdo de proteases intersticiais e de colagenases, que degradam a matriz

extracelular contribuindo na formacao de novos vasos.

1.4.1 Desenvolvimento vascular e restricao proteica

Nos ultimos anos, diversos trabalhos relacionaram a incidéncia de doencas
cardiovasculares ao comprometimento no padrdo de desenvolvimento cardiovascular e de
fluxo sanguineo em individuos adultos que foram submetidos a restricdo proteica durante a
gestacdo (Szosta-Wegierek, 2014).

Neste contexto, modelos experimentais de restricdo proteica gestacional e/ou
lactacional demonstraram, em ratos, reducdo no numero de vasos do cérebro, duodeno
(Bennis-Taleb et al., 1999) e pancreas (Snoeck et al., 1990); reducdo no numero de vasos e
suas ramificacdes no mesenterio e medula renal (Khorram et al., 2007). Estes tltimos autores
descreveram que celulas endoteliais isoladas de aorta de ratos submetidos a desnutricdo
intrauterina, quando mantidas em cultura, apresentaram menor capacidade proliferativa e
geraram vasos menores quando comparadas a animais controle. Estes resultados foram

associados a diminuigdo na expressao de fatores angiogénicos.
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2 JUSTIFICATIVA E RELEVANCIA DO TEMA

Vaérios efeitos da restricdo proteica perinatal ja foram descritos. Como a redugdo dos
niveis séricos androgénicos e atraso do desenvolvimento e maturagéo prostatica (Pinho et al.,
2013; Rinaldi et al., 2013; Ibrahim et al., 2014). Contudo além da estimulacdo androgénica, a
formacdo de uma rede vascular, capaz de suprir de nutrientes e oxigénio, é fundamental para o
desenvolvimento normal, crescimento e fisiologia glandular.

Estudos experimentais demonstraram que as proles de animais cujas mdes foram
submetidas a restricdo proteica gestacional apresentaram reducdo no numero de vasos do
cérebro, duodeno (Bennis-Taleb et al., 1999) e péancreas (Snoeck et al., 1990); reducdo no
nimero de vasos e suas ramificacdes no mesentério e medula renal (Khorram et al., 2007),
resultados associados a reducdo da capacidade funcional destes 6rgdos. Considerando que, em
ratos, o desenvolvimento prostatico se inicia tardiamente no periodo fetal e se continua apés o
nascimento, é importante caracterizar o processo de angiogénese na prostata ventral da prole
de ratos e associar mudancas no padrdo de distribuicdo vascular a alteracdes da morfogénese e

maturacao prostaticas decorrentes da restri¢ao proteica perinatal.
3 OBJETIVOS
Investigar os impactos da restricdo proteica materna durante o periodo gestacional e

lactacional sobre o processo de angiogénese na préstata ventral de ratos, associando possiveis

alteracdes vasculares as mudancas na morfogénese e maturacao glandular.
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ABSTRACT
The impairment of offspring prostate development and growth has been demonstrated in
model of maternal protein malnutrition (MPM). Moreover, some studies have shown
reduction of angiogenesis in brain and lung in offspring of protein restricted dams. The aim of
our study is to verify whether MPM (gestational and lactational periods) alters angiogenesis
in the ventral prostate (VP) of males offspring. Male Sprague Dawley rats born of mothers
that received normal diet (23% of protein) (Control Group-CTR) or low protein diet (6% of
protein) during the gestational (GLP group), or during the gestational and lactational (GLLP
group) were weighted and euthanized at post natal day (PND) 10 and 21. The urogenital
complex (UGC) or VP lobes were harvested and processed for morphological,
immunohistochemical and western blot analyses. The body weight, UGC and VP weights
were reduced in restricted groups compared to age-matched CTR. Luminal and epithelial
compartments of VP were smaller in restricted groups compared to CTR. It was observed a
reduction of cell proliferation (Ki67), androgen receptor (AR), basal cell (p63) and smooth
muscle a-actin expression at PDN10 in both restricted groups. The microvascular density
decreased in restricted groups, especially in the subepithelial localization. This result was
associated with reduction in the VP expression of aquaporin-1 (AQP-1), VEGF and its
receptor (VEGF-R). In summary, the MPM induced impairment in VP microvascular
angiogenesis through downregulation of AQP-1 and VEGF signaling. This reduction
impaired bidirectional exchanges between blood vessels and prostate tissues contributing to a

delay in cellular differentiation and prostate growth in male offspring.
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INTRODUCTION

Malnutrition is a worldwide problem, affecting especially developing countries.
Among population, pregnant and newborns are the most affected by undernutrition, leading to
important risks for increased morbidity and mortality in newborn infants (Gao et al., 2012).
Maternal undernutriton, which results in increased risk for offspring developing chronic
diseases, has been defined as developmental origins of adult disease, also called “Barker
hypothesis” (Barker et al., 1989). It states that insults during intrauterine life can result in
permanent changes in physiology and metabolism (Barker 1995; 1998; Godfrey & Barker,
2000; Charles et al., 2016). However, the molecular mechanisms underlying increase in
diseases late in life are still unclear (Davis et al., 2016). Thus, animal models of early growth
restriction have been developed in an attempt to elucidate the relationship between
intrauterine malnutrition and adult diseases. Among the experimental models, dams fed with
low protein diet is one of the most studied (Ozane & Hales, 1999; Ozane, 2001; Rinaldi et al.,
2013; Sene et al., 2013; Pinho et al., 2014; Oliveira et al., 2016; Vega et al., 2016). The
protein malnutrition model is characterized by an imbalance between the supply of nutrients
and body demand responsible for ensuring the proper functioning of the body (Antiwi, 2008).

Although the effects of maternal protein malnutrition (MPM) have been first described
in cardiorespiratory system, in the last decade, experimental models have demonstrated that
MPM also affects offspring reproductive parameters, such as decrease reproductive capacity
in adult rat female offspring (Guzman et al. 2006; 2014) or reduction in testosterone levels
(Ramos et al., 2010; Rinaldi et al., 2013; Pinho et al., 2014) and reproductive capacity in rat
male offspring (Rodriguez-Gonzélez et al., 2014).

Considering that prostate gland produces part of seminal fluid, essential for
reproductive biology, it has been hypothesized that prostatic development and secretory
function could be affected by MPM. Ramos et al. (2010) demonstrated delay in dorsal
prostate development in rat offspring of dams fed low protein diet during lactation.
Afterward, other authors demonstrated delay in prostate morphogenesis at PND1 (Pinho et al.,
2014) or maturation at PND30 and 120 in offspring from dams fed low protein diet during
gestation (Rinaldi et al., 2013).

In spite of prostatic dependence of androgen for development and maintenance (Cunha
et al., 1987), other factors such as cytokines, adhesion molecules and growth factors are

important for development, maturation and maintenance of glandular function (Timms et al.
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1994; Prins & Putz, 2008). Another key factor is the nutritional support and oxygen supplied
by blood vessels (Wong et al., 2014). They are also responsible to delivery signaling
molecules for the prostate morphogenesis (Carmeliet, 2005). The development of microvessel
network and the growth/elongation of the prostatic buds during glandular morphogenesis are
intimately associated (Wong et al.,, 2014). Among the regulatory genes involved in
angiogenesis and vasculogenesis process is the vascular endothelial growth factor (VEGF)
and its receptor VEGFR (Ferrara et al., 2003).

Although endothelial cells do not express AR, studies have demonstrated the indirect
involvement of androgens in the maintenance of vascular structure, and increased expression
of angiogenic factors such as VEGF, VEGF-B, PLGF, and FGF-2 which act in a paracrine,
inducing direct endothelial proliferation (Prins et al., 1991). In this context, experimental
models of MPM during gestational and/or lactational periods demonstrated reduction in the
number of vessels in the brain, duodenum (Bennis-Taleb et al., 1999) and pancreas (Snoeck et
al., 1990) in rats. It is also reported reduction in the number of vessels and their branches in
the mesentery and kidney medulla (Khorram et al., 2007).

Considering the importance of nutritional support and oxygen supplied by blood
vessels for prostate morphogenesis, maturation and maintenance, in this study, we assessed
whether a reduction of maternal protein intake impacts the process of angiogenesis in the
ventral prostate of male rat offspring. We also related the changes in vascular morphogenesis

to the prostate development.

MATERIALS AND METHODS

Animals and experimental design

In our experiment we used an established low protein diet (Rinaldi et al., 2013, Sene et
al., 2013, Pinho et al., 2014), provided by PragSolucdes (PragSolugdes, SP, Brazil). All
procedures described in this study were approved by the Biosciences Institute/UNESP Ethics
Committee for Animal Experimentation (Protocol number 670). Briefly, adult female (90
days of age, n=30) and male (90 days of age, n=10) Sprague Dawley rats were obtained from
the Central Stock breeder at the State University of Campinas-UNICAMP (Campinas, SP,
Brazil). The animals were maintained under controlled temperature conditions (22 to 25°C),

relative humidity (55 %), and a 12 hr photo period with free access to water and chow.
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Virgin female rats were mated overnight with established male breeders and after
confirmation of mating, pregnant rats were housed individually in standard rat cages an were
given ad libitum access to an isocaloric and normosodic normal diet (23% protein) or low
protein diet (6% protein) during gestation or during gestation and lactation. To maximizing
lactation performance, litters were reduced to eight pups at PND1: four males and four
females (Fischbeck & Rasmussen; 1987, Rinaldi et al., 2013). Thus, the dams were divided
into three experimental groups: Control (CTR) fed normal protein diet; Gestational low
protein (GLP) fed low protein diet during gestation; and Gestational and Lactational protein
(GLLP) fed low protein diet during gestation and lactation.

Maternal body weight was determined at the beginning of gestation (GD1) and at the
end of gestational period (GD21). The difference between body weight at GD21 and GD1 was
used to demonstrate the maternal body weight variation. Food intake of the dams and pups
were measured throughout the experimental period. To calculate the relative food intake, the
value of ingested food was divided by the rat body weight. The male offspring ano-genital
distance (AGD) was determined using a digital caliper (Digimess®, Brazil) on PND1, 10 and
21. On PND 10 and 21, male rats from CTR, GLP and GLLP groups (n = 15/group) were
weighed, euthanized using sodium pentobarbital anesthesia (60 mg/kg, i.p.) followed by
decapitation. Blood samples were collected from ruptured cervical vessels. At PND10, the
urogenital complex (UGC, urethra, seminal vesicles and prostatic lobes) were dissected out
and weighted. In the groups of 21 days old, the ventral prostatic lobes (VP) were removed,
weighted and processed as described below. As the rodent prostate development initiates at
the end of gestational period and persists after delivery, the ingestion of low protein diet
during pregnancy and lactation impacts the period of intense prostate development (Prins &
Putz, 2008).

Histological procedure

Samples of the UGC of PND10 and VP of PND21 from different experimental groups
(n =5/group) were fixed in metacarn (70% methanol + 20% chloroform + 10% acetic acid)
and after 4 hours, the samples were dehydrated in ascendant series of ethanol, diaphanized in
xylene and embedded in Paraplast (Sigma Co, Saint Louis, MO). Sections of Sum were
produced in rotary microtome, collected in silanized slides and stored until the time of use.
The slides were stained with hematoxylin-eosin (HE) for morphological and stereological
analyses. The sections were analyzed in a Leica DMLB 80 microscope connected to a Leica
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DC300FX camera. The digitalized images were analyzed using Leica Q-win software Version
3 for Windows.

The relative proportion of the prostate components (epithelium, stroma and lumen)
was determined by stereological analysis (Weibel et al. 1966). Random measurements were
performed in 5 different fields (40X) and from five different individual prostatic lobe
sections. The relative values were determined by counting the coincident points of the test
grid and dividing them by the total number of points. The results were expressed as a

percentage of each component as a proportion of total area analyzed.

Determination of ki67, AR, and p63 indexes at PND10

In order to determine whether MPM interferes with molecular markers of cellular
differentiation, we developed immunohistochemical analysis of Ki67, AR, p63 and a-actin in
VP lobes at PND10 (n=5/group). Histological sections were subjected to antigen retrieval in
pressure cooker with 10 mM sodium citrate buffer pH 6.0 for 30 minutes. The slides were
immersed in a solution containing 3% hydrogen peroxide diluted in methanol to block
endogen peroxidase for 10 min. Then, the sections were washed in PBS followed by 3% milk
diluted in PBS to block unspecific protein-protein interactions. The slides were incubated
overnight at 4°C with the follow primary antibodies: monoclonal anti-Ki-67 (diluted 1:150;
ab16667-Abcam); polyclonal anti-androgen receptor (AR, 1:100; sc816-Santa Cruz®); rabbit
monoclonal anti-p63 (1:200; 5849 Bio SB), and mouse monoclonal a-actin (1:100, sc32251-
Santa Cruz®), all diluted in 1% BSA in PBS. The sections were washed 3X in PBS for 5
minutes and incubated with the specific secondary antibodies marked with peroxidase at room
temperature. The reactions were developed using diaminobenzidine (DAB) and
counterstained with hematoxylin. Ki67, AR and p63 indexes were expressed as percentage

positive cells of the total cells counted. The results were expressed as mean + SD.

Determination of microvascular density (MVD) and VEGF signaling molecules

The MVD was determined in five histological sections of five VP lobes (40x) at
PND10 and PND21 immunostained for monoclonal anti-aquaporin 1 (AQP-1, 1:100, AB
2219-Millipore), a water channel protein strongly expressed in most microvascular
endothelial cells (Verkman, 2002). The MVD was determined by stereological analysis
(Weibel et al. 1966). Data are expressed as percentage of microvessel per total area analyzed.

The prostatic localization of VEGF and VEGFR, a central molecular signaling involved in the
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angiogenic process was also investigated. The slides of VP from all experimental groups at
PND10 and PND21 were processed for immunohistochemistry (as described above) by using
the primary antibody anti-VEGF (1:100; sc152-Santa Cruz®) and VEGFR (1:100; sc6251-
Santa Cruz®).

Western blotting

Frozen samples of VP lobes (n=5/group) from all experimental groups at DPN10 and
PND21 were homogenized in extraction buffer (50 mM Tris-HCI, 0.25 % Triton-X 100),
centrifuged and the total protein was determined as proposed by Bradford (1976). A total of
35ug were analyzed by electrophoresis using SDS-PAGE gel. Protein was trans-blot onto the
nitrocellulose membrane (Millipore, USA). Blots were blocked in 5% nonfat milk diluted in
PBS, incubated with the follow primary antibodies: anti-VEGF (1:1000; sc152-Santa Cruz®);
anti-VEGFR (1:1000; sc6251-Santa Cruz®) anti-aquaporin-1 (1:1000; AB 2219-Millipore).
The blots were washed in PBS and incubated with specific secondary antibody for 1 hour.
After washing with PBS again, the reactions were detected using ECL kit (Amersham, USA).
The substrate was removed from the membranes, and 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 Image J, which was
downloaded from the NIH website (http://rsb.info.nih.gov.ij/). The expression levels were
normalized to the B-actin (1:800; sc1615-Santa Cruz®) and the normalized results were

expressed as the mean£SD.

Gelatin zymography

The gelatinolitic activity of MMP-2 was determined by gelatin-zymography as
proposed by Justulin et al. (2010). Briefly, a total of 28 pg of protein from different
experimental groups (n=5/group) were load in 8% polyacrylamide gels co-polymerized with
0.1% gelatin (Merck). After electrophoresis, the gels were washed twice in 2.5% Triton X-
100. Then, the gels were washed in 50 mM Tris-HCI pH 8.0. Gels were incubated overnight
in the activation buffer (50 mM Tris—HCI, 5 mM CaCl,). After that, the gels were stained
with Coomassie brilliant blue R-250 and de-stained with 20% methanol and 10% acetic acid.
The clear bands of MMP-2 were quantified by densitometric analysis using Image J
downloaded from the NIH website (http://rsb.info.nih.gov.ij/). The values were expressed as
the mean£SD.
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Statistical analysis

The statistical analyzes were performed using GraphPad Prism® software (version
5.00, Graph Pad, Inc., San Diego, CA). To compare the CTR and GLP dams groups, we used
the "t" test with Welch correction. The other results were submitted to analysis of variance -
ANOVA, followed by "Tukey-Kramer." The results were expressed as meanzSD and
statistically significant differences were considered when p<0.05.

RESULTS

Reproductive parameters of dams and pups at PNDO

There is no difference between dams body weight at the GD1. At the end of
gestational period, both maternal body weight and weight gain were lower in restricted group
compared to CTR. The absolute and relative food consumption did not differ between
experimental groups (Table 1). These parameters were also evaluated at the end of lactation.
The maternal body weight and weight gain were lower in GLLP compared to the CTR and
GLP groups. The maternal absolute food consumption was reduced in both restricted groups,
with significant differences detected between all groups (CTR>GLP>GLLP). The relative
food consumption was lower only in GLLP group than the other age-matched groups (Table
2). The litter size, gestational length and male/female ratio did not differ between
experimental groups (data not shown). The male pups born to undernourished dams showed
low birth weight, as well as DAG compared to the CTR (Table 3).

Biometric parameters of male pups at PND10 and 21

The absolute measures of body weight, DAG, UGC and VP weights were significantly
lower in GLP and GLLP groups compared to the age-matched CTR groups in both age (Table
4). These differences were more evident in the GLLP compared to the other groups
(CTR>GLP>GLLP). Only the VP relative weight remained significantly lower in both
restricted groups compared to age-matched CTR group (Table 4).

Morphology and morphometric analyzes of the ventral prostate at PND10 and PDN21

In both ages, the prostatic lobes from restricted groups demonstrated an evident delay
in glandular development and growth compared to the age-matched CTR groups. The VP
lobes from restricted groups at PND10 showed impairment in cellular polarization and acinar
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luminization. This aspect was more evident at the distal region of ductal tips in the GLLP
group (Figure 1). Although the glandular growth progressed throughout the experimental
period, the delay in glandular maturation persisted until PND21 in restricted groups. It was
also observed an decrease in luminal area and an increase in stromal compartment (Figure 1).

These results were confirmed by morphometric-stereological analyzes (Table 4).

Determination of Ki67, AR, p63 and a-actin expression

The Kki67 positive cells were detected in both epithelial and stromal compartments.
However, the number of ki67 positive cells was reduced in the restricted groups compared to
CTR group (Figure 2). The AR expression was detected in both epithelial and stromal cells.
In the CTR group, the positive cells were detected mainly in the nucleus of epithelial cells,
but stromal cells also demonstrated positive reaction of AR. On the other hand, in restricted
groups, the number of positive epithelial cells was markedly reduced and a great number of
positive nuclei were seen in the stromal compartment (Figure 2). The immunostaining for
protein p63, a molecular marker of basal cells, demonstrated an increase of basal cells number
in the restricted groups compared to the CTR group (Figure 2). The intensity of a-actin
immunoreaction was visually reduced in GLP and GLLP groups. This result suggests a delay
in the differentiation of muscle cells in the VP of restricted offspring (Figure 2). The
determination of Ki67, AR and p63 indexes confirmed the results observed in the

immunohistochemistry reaction (Figure 2).

Determination of AQP-1, VEGF, VEGFR expression and microvascular density (MVD)

The MPM reduced the expression of VEGF in VP of offspring in both age (PND10
and PDN21), with significant differences observed in the GLLP groups compared to the age-
matched groups (Figure 3). The VEGF-R expression also decreased in the restricted groups,
with statically difference between all experimental groups (GLLP<GLP<CTR) (Figure 4).
The immunoreaction for AQP-1, used to visualize the VP microvasculature, demonstrated an
evident reduction in blood supply, mainly in the subepithelial capillaries in restricted group
compared to CTR at PND 10 (Figure 5). This reduction persisted until PND21, although
without statically differences in relation to the CTR. The determination of MVD confirmed

the results of immunohistochemistry (Table 4).
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Gelatin Zymography

The endothelial cell migration requires a coordinate remodeling of the vascular
basement membrane and the extracellular matrix (ECM) to allow microvascular sprouting
(Rundhaug, 2005). Thus, the gelatinolytic activity of MMPs was quantified by gelatin-
zymography in the VP to correlate the extracellular matrix (ECM) remodeling to the growth
of vascular network. At PND10, the activity of inter and active bands of MMP-2 was reduced
compared to the CTR, whereas at PND21, only the active form remained decreased that age-
matched CTR (Figure 6). There is no detectable activity of MMP-9 in the VP in both ages.

DISCUSSION

The novelty of our study is to demonstrate the impairment of subepithelial
angiogenesis in the offspring rat ventral prostate from protein malnourished dams through
downregulation of VEGFA signaling pathway, AQP1 and MMP2. We believed that decrease
in microvascular density is related to the impairment of cellular differentiation and
impairment of prostate morphogenesis and growth.

A large number of clinical and experimental studies demonstrated the negative impact
of intrauterine malnutrition on the offspring metabolomic, leading to the development of
metabolic syndrome, type 2 diabetes and cardiovascular diseases with aging (Barker et al.,
1989; Langley-Evans & Sculley, 2006; Barker & Thornburg, 2013; Dearden & Ozanne, 2014;
Tarry-Adkins & Ozanne 2014; Hivert et al., 2015; Thornburg et al., 2015; Charles et al.,
2016). Among experimental model of fetal programming, a protein restricted diet offered to
pregnant rats has been the most used (Ozanne 2001, Zambranno et al., 2014). According
Benevenga et al. (1995) the amount of protein required to maintain the normal reproductive
performance in Sprague-Dawley pregnant rats is 12% in diet. We used a normosodic and
isocaloric low protein diet composed of 6% protein in restricted groups compared to 16%
protein in control group. The efficacy of this diet in inducing offspring low birth weight, a
clinical evidence of fetal programming, was confirmed early by Rinaldi et al. (2013) and
Pinho et al. (2014). In our experiment, we also found a decreased body weight at birth and
reduced AGD in male offspring. The maternal body weight gain during gestational or
gestational and lactational periods was lower in undernourished dams compared to CTR
dams. Other authors already demonstrated the nutritional status of the mother during gestation

and lactation is essential to the normal growth and development in humans and experimental
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animals (Barker, 1998; Ozanne 2001; Zambrano et al., 2005; Rinaldi et al., 2013; Pinheiro et
al., 2013; Pinho et al., 2014).

With regard to reproductive parameters, it has been demonstrated that MPM delays
sexual maturation and decreases reproductive capacity in adult rat female offspring (Guzman
et al. 2006; 2014). In male, it was observed reduction in ano-genital distance, testosterone
levels (Ramos et al., 2010; Rinaldi et al., 2013; Pinho et al., 2014) and in reproductive
capacity (Rodriguez-Gonzalez et al., 2014). Although the negative effects of MPM on
offspring reproduction has been described, the impact of maternal protein restriction on the
pups prostate has gained attention only in the last five or six years. The first authors to
highlighted the result of maternal protein restriction on prostate was Ramos et al. (2010),
which demonstrated reduction in glandular compartment of dorsal prostate lobe in offspring
rat of dams fed low protein diet during lactation. Afterward, other authors demonstrated delay
in prostate morphogenesis at PND1 (Pinho et al., 2014) or maturation at PND30 and 120 in
offspring from dams fed low protein diet during gestation (Rinaldi et al., 2013). These results
have been associated with a reduction in cellular proliferation and differentiation influenced
by decreased in testosterone and DHT serum levels in the male offspring (Rinaldi et al., 2013;
Pinho et al., 2014). Here, we also demonstrated reduction in AGD, serum testosterone levels,
cellular proliferation and differentiation and highlighted the reduction of microvascular
anigogenesis as a new event involved with impairment of prostate morphogenesis and growth
in restricted offspring.

Although prostate development and secretory function depend on androgen
stimulation, a plethora of cytokines, adhesion molecules, growth factors and nutrients and
oxygen (supplied by blood vessels) are also essential for maintenance of prostatic growth and
function. Wong et al. (2014) suggested there is coordinate spatial and temporal distribution of
vascular network and branch tips of prostatic ducts since the early phase of development in
mice. In our study, we demonstrated the distribution of a great network of subepithelial
capillaries in CTR and a significant reduction of microvascular density, mainly at the
subepithelial region in offspring from restricted dams. This result was also confirmed by the
calculation of MVD/Stromal ratio, which demonstrated that even the stromal compartiment
had increased in VP of restricted animals and the stromal vasculature was reduced. We
associated these changes to the impairment of glandular morphogenesis in these animals. Our

proposal is supported by other studies which demonstrated reduction in angiogenic process in
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pups born to low protein fed dams, such as in the brain, duodenum (Bennis-Taleb et al.,
1999), pancreas (Snoeck et al., 1990) and kidney medulla (Khorram et al., 2007).

In order to elucidate a possible pathway involved in the reduction of microvascular
density in restricted pups, we investigated the VEGFA and VEGFR2 protein expression in the
VP offspring. Both VEGFA and VEFR2 were downregulated in VP from restricted offspring,
especially in GLLP group. The VEGFA belongs to the Platelet-derived growth factor receptor
(PDGF) supergene family, which also includes VEGFB, VEGFC, VEGFD, VEGFE, VEGFF
and Placenta Growth Factor (PIGF) (Ferrara et al., 2003). Among that, VEGFA is found to be
the most important member of proangiogenic factor that induces endothelial cell proliferation,
sprouting, migration and tube formation (Tammela et al., 2005). The VEGFA signaling is
mediated by the specific receptors, VEGFR1 and 2. The VEGFR2 regulates the endothelial
mitogenic activity of VEGFA, whereas VEGFRL1 acts as a negative regulator of VEGFR2
(Cebe-Suarez et al., 2006). Thus, the reduction of VEGFA and VEGFR?2 in protein restricted
offspring can be associated with decrease in microvascular density and delay in VP
development. Similar results were observed by Liu et al., (2014) which described that
downregulation of VEGF signaling plays a central role in the impairment of lung
development in offspring of maternal protein restricted dams.

Although the recognized importance of VEGF for angiogenic process, it has been
demonstrated that VEGF also exerts a central role in mammary gland differentiation and milk
production, since inactivation of VEGF impairs mammary gland alveologenesis and epithelial
differentiation during lactation and administration of recombinant VEGF reversed this effect
(Rossiter et al., 2007). Here, we also observed impairment in cellular differentiation and
proliferation in restricted groups, as demonstrated increase in p63 positive basal cells,
reduction in AR positive luminal cells and for the immunostaining of stromal a-actin. The
reduction of cellular differentiation markers was also demonstrated for Pinho et al, (2014) in
restricted offspring at PND1. Taken together, our results demonstrated that reduction in
microvascular density, mainly in the subepitheial region can lead to an ineffective diffusion of
hormones, growth factors and oxygen, resulting in decreased stimulatory molecules related to
cellular differentiation and glandular morphogenesis.

In addition to VEGF signaling, it has been demonstrated the central role of AQP1 as
the inductor of angiogenesis in both normal and pathologic condition (Saadoun et al., 2005).
AQP1 belongs to a family of proteins expressed on the plasma membrane of cells involved in
fluid transport (Sha et al., 2011). AQP1 expressed in various organs and cells (microvascular
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endothelial cells, kidney, central nervous system, eye, lacrimal and salivary glands,
respiratory apparatus, gastrointestinal tract, hepatobiliary compartments, female and male
reproductive system).The increase in AQP1 expression has been associated with stimulation
of endothelial cell proliferation, migration and angiogenesis (Clapp & de la Escalera, 2006).
AQP1 is strongly expressed in most microvasculature endothelial cells (Au et al., 2008; Kim
& Jung, 2011) and it can be used as a molecular marker for vascular microstructure. We
believe that decrease of AQPL in restricted groups may be associated with reduction in
microvascular density through downregulation of endothelial cell proliferation and migration
in the ventral prostate.

The angiogenic progression requires a coordinate remodeling of the vascular basement
membrane and the extracellular matrix (ECM) to allow endothelial cells migration and
sprouting (Rundhaug, 2005). The matrix metalloproteinases (MMPs) are a family of zinc-
dependent endopeptidases that degrade virtually all components of the ECM. The MMPs are
synthesized as inactive zymogens that need to be proteolytically cleaved to be active. Among
the MMPs members, a number of studies have pointed to the essential role of MMP2 and 9
(also named as gelatinases A and B, respectively) in the onset of angiogenesis (Gioia et al.,
2009). Although Bruni-Cardoso et al., (2010) demonstrated that MMP-2 contributes to the
prostate development by inducing epithelial growth and morphogenesis, it has been
demonstrated that MMP-2 activation is stimulated by VEGFA in the endothelial cells of in
vivo (Wary et al., 2003) and in vitro model of vessel formation (Burbridge et al., 2002). Thus,
the reduced gelatinolytic activity of MMP2, mainly observed in the active form in restricted
offspring groups can be related to the downregulation of VEGFA expression. We believe
these results contributed to the impairment of prostate morphogenesis and reduction of
microvascular sprouting in the ventral prostate of the restricted animals.

In summary, our results have shown a delay in prostate development and an important
unbalance between proliferation/differentiation rates in the prostate of GLP and GLLP
animals. The angiogenesis process was impaired and the prostate of GLP and GLLP animals
presented lower microvascular density in relation to CTR animals, especially in subepithelial
region. This might be responsible to alter bidirectional flow of molecules between blood and

prostate tissue, contributing to delay of the prostate development (Figure 7).
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CONCLUSION

In conclusion, to our knowledge, this is the first study demonstrating that MPM
impairs prostatic microvascular angiogenesis in male offspring. We propose that reduction in
microvasculature is associated with delay in cellular proliferation and differentiation,
contributing to the impairment of prostate morphogenesis and growth. Whether these changes
persist during aging need to be investigated, but it is possible that impairment of prostatic
angiogenesis can be responsible, at least in part, for unbalance in prostate homeostasis in the
adulthood.
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Legends of Figures:

Figure 1. Representative sections of the ventral prostate lobes (VP) stained with
hematoxylin—eosin. (CTR) control rats; rats whose mother were submitted to gestational low
protein diet (GLP) or gestational plus lactational low protein diet (GLLP); PND: post-natal

day; ep: epitheliaum; s: stroma; i: lumen.

Figure 2. Immunohistochemistry reaction against Ki67, AR, p63 and smooth muscle actin in
VP from CTR, GLP and GLLP groups at PND10. Filled arrow: positive epithelial nuclei;
dashed arrow: negative epithelial nuclei; Arrowhead: positive stromal nuclei; dashed circle:
mitosis. Graphics represent percentage of positive cells for each marker in the VP from all
experimental groups (n=5/group). Data were expressed as mean+SD. Different letters mean

statically differences, with p<0.05.

Figure 3. Immunohistochemistry reaction against VEGFA in the VP from CTR, GLP and
GLLP groups at PND10 and PND21. Graphics represent western blotting quantification of
VEGFA expression (n=5/group). Data were expressed as mean+SD. Different letters mean

statically differences, with p<0.05.

Figure 4. Immunohistochemistry reaction against VEGFR in the VP from CTR, GLP and
GLLP groups at PND10 and PND21. Graphics represent western blotting quantification of
VEGFR expression (n=5/group). Data were expressed as meantSD. Different letters mean

statically differences, with p<0.05.

Figure 5. Immunohistochemistry reaction against AQP-1 in the VP from CTR, GLP and
GLLP groups at PND10 and PND21. Graphics represent western blotting quantification of
AQP-1 expression (n=5/group). Data were expressed as meantSD. Different letters mean
statically differences, with p<0.05.

Figure 6. Representative gelatin-zymography in the VP (n=5/group) from CTR, GLP and
GLLP groups at PN10 and PND21. Graphics represent the densitometric quantification of
gelatinolytic activity all bands of MMP2. Data were expressed as mean+SD. Asterisks mean
statistically differences compared to CTR, with p<0.05.
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Figure 7. lllustration of the ventral prostate acini from offspring rats whose mothers were fed
with control or low protein diet during pregnancy. Observe the reduction of
microvascularization in prostate of restricted animals, especially in subepithelial region. This
might be responsible to alter bidirectional flow of molecules between blood and prostate

tissue, contributing to delay the prostate development.
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Table 1. Biometric parameters of pregnant rats

Gestational Period
Dams Parameters

CTR GLP
Body weight GD 1 (g) 232.53 + 25.28 237.84 + 20.08
Body weight GD 21 (g) 368.04 +16.49A 34297 +17.428
Body weight variation (g) 135.50 +18.28 A 102.44 +28.75B
Food consumption (g) 393.68 +27.92 429.00 + 35.54
Food consumption/body weight 1.24+0.40 1.29 +0.27

Data are expressed as meantSD. Different letters demonstrate statistically
difference between experimental groups. GD: Gestational Day; CTR: Control
group; GLP: Gestational Low Protein group.
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Table 2. Biometric parameters of lactational period of rats

Lactational Period

Dams Parameters

CTR GLP GLLP
Body weight PND 1 (g) 238.75 + 26.50 235.78 + 20.68 231.50 + 24.56
Body weight PND 21 (g) 236.76 +17.93 A 224.03+18.834 193.73+13.00 B
Body weight variation (g) 1.99 £15.40 A 11.74 +£12.374A 36.14+14.85B
Food consumption (g) 677.80 +£84.05 A 550.26 +93.918 37254 +85.35°€
Food consumption/body weight 2.78+0.54 4 255+0.314 1.94+0.508

Data are expressed as mean+SD. Different letters demonstrate statistically difference between experimental
groups. CTR: Control group; GLP: Gestational Low Protein group; GLLP: Gestational and Lactational Low

Protein group; PND: Post Natal Day.
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Table 3. Male offspring biometric data at PNDO

Experimental Groups

Parameters
CTR GLP GLLP
Biometric Data (n=12)
Body weight (g) 7.23+0.81A 5.83+0.96 8 5.79+0.888
AGD (mm) 2.84+0.42A 2.62+0.28°B 251+0.338
AGD relative 0.39+0.054 0.46+0.11 8 0.45+0.08 B

Values expressed as mean + standard deviation. Different superscript letters indicate
significant differences among experimental (p<0.05). AGD: Ano-Genital Distance;

CTR: Control Group; GLP: Gestational Low Protein group; GLLP: Gestational and
Lactational Low Protein group.
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Table 4. Biometric and morphological-stereological parameters of ventral prostate of rat from different experimental groups.

Parameters

Experimental Groups

CTR (PND10) GLP GLLP CTR (PND21) GLP GLLP
Biometric Data (n=12)
Body weight (g) 24.34+2.234 18.85+2.70° 1084+198°  3925+937A  27.72+6.82°  20.03+3.87°
AGD (mm) 6.84+0.64 A 6.37+0.73° 512+057¢  1069+254A 85741558  7.25+107°
AGD relative 0.28 +0.035 A 0.33+0.033° 0.48+0.08° 027+004A  033+006%°  041+006°
VP absolute weight (n = 8) (mg) 413+1.65 2,60 +0.83 1.68+0.69 © 3202+795% 265145608  14.40+387°
VP relative weight 0.16 +0.06 0.13+0.03 0.15 + 0.06 116 £0294  096+018°  0.79+0.15°
UGC absolute weight (mg) 65.84+1823%  44.09+7.01° 2327+379¢  11120+14.83% 84.65+20.76° 67.81+1547°
UGC relative weight 2.16 +0.61 2,60 £0.31 2.25+0.36 2,98 +0.52 3.08+0.51 2.25+0.34
Relative  frequency
Compar‘tment
Epithelium 52.53+6.614 47.94+857° 46.17 +8.67° 3571+745°  4545+9089°  48.05+7.538
Lumen 2.77+2.307 1.44+150°® 1.41+1.42° 4546+1247» 3050+6.16° 25.40+8.96°
Stroma 44,69 + 6.45° 50.51 + 8.89° 52.32 +9.48° 19794635  2682+7.21°  20.63+7.20°
MVD 1476 +2.83 A 9.77+2.768 9.54 +3,02° 1077 +4.19 8.70+2.23 8.89 + 158
MVD/ Stroma ratio 0.30+0.074 0.15+0.04 0.17 +0.06 ® 082+0477  046+023°  042+015°

Values expressed as mean + standard deviation. Different superscript letters indicate significant differences among experimental
(p<0.05). AGD: Ano-Genital Distance; CTR: Control group; GLP: Gestational Low Protein group; GLLP: Gestational and
Lactational Low Protein group; MVD: Microvascular Density; PND: post-natal day; VP: ventral prostate; UGC: Urogenital

Complex.
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Certificado

Certificamos que o Protocolo n® 670-CEUA, sobre
“Impacto da Programacdo Fetal por Restri¢io Proteica
Gestacional ¢ Lactacional sobre o Desenvolvimento
Vascular na Préstata Ventral de Ratos”, sob a
responsabilidade de Luis Antdnio Justulin Junior, estd de
acordo com a legislagio vigente (Lei 11.794/2008 e
Decreto 6.899/2009), com as resolugdes normativas
apliciveis & luz dos Principios Eticos na Experimentagdo
Animal elaborados pela Sociedade Brasileira de Ciéncia
em Animais de Laboratério (SBCAL/COBEA), ¢ foi
aprovado “Ad referendum” da COMISSAO DE ETICA NO
USO DE ANIMAIS (CEUA), nesta data.
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