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RESUMO

O aumento da incidéncia de sindromes metabdlicas na populacdo tem sido associado a fatores nutricionais
maternos e da prole, como a restricdo proteica materna (RPM) e o alto consumo de produtos com agucares
de adicdo da infancia até a vida adulta. Estudos epidemiol6gicos e experimentais demonstram que ambos
o0s tipos de fatores tém efeitos negativos sobre o sistema genital masculino. Além de efeitos negativos
durante a fase adulta, também ocorrem alteragdes no envelhecimento, como a ocorréncia de carcinoma in
situ. Portanto, torna-se relevante investigar se a RPM modula pardmetros funcionais nos 6rgaos
reprodutivos (prostata, testiculo e epididimo) da prole apds ao consumo de agucar pds-natal na idade adulta
e no envelhecimento. O objetivo deste trabalho foi avaliar se a RPM e consumo pos-natal do agucar afetam
0s 6rgdos reprodutivos (prostata ventral, testiculo e epididimo) e se 0 consumo de aglcar p6s-natal afeta a
morfofisiologia prostatica nos animais adultos repercutindo em possiveis patologias no envelhecimento.
Foram utilizados ratos Sprague Dawley machos nascidos de mées que receberam ragdo normoproteica
(Controle- CTR, 17% proteina) ou hipoproteica (Restri¢cdo Proteica Gestacional e Lactacional- RPGL, 6%
proteina) durante a gestacéo e a lactacdo, no dia pds-natal 21 (DPN- desmame) os machos foram divididos
em 4 grupos e todos passaram a receber a ragdo normoproteica: Controle (CTR): nascidos de méaes CTR
que consumiram agua normal ad libitum; Controle+agtcar (CTR+ACU): consumiram solucio de aglcar a
10% diluida em &gua do DPN 21 ao DPN 90; RPGL.: nascidos de mées RPGL que consumiram agua normal
ad libitum; RPGL+ACU: Nascidos de mies RPGL, que consumiram solugio de agticar do DPN 21 ao DPN
90. Ap6s o DPN 90 todos os animais consumiram agua normal. Os animais foram eutanasiados no DPN
90, onde foram coletadas as prdstatas ventrais, testiculos e epididimos para analises morfofisiélogas e de
contagens espermaticas; além disso para a prostata ventral de ambas as idades (DPN 90 e 540) foi analisado
o perfil proteébmico. Adicionalmente, foram realizados os testes de tolerancia a glicose oral (TTGO) e
analise do perfil metabdlico e sérico dos animais no DPN 90 e 540. Nos testiculos e nos epididimos foram
feitas as analises de contagem espermatica e morfofisiolégicas no DPN 90. As proteinas totais,
triglicerideos, glicose e colesterol total ndo mudaram em ambas as idades. No TTGO, o grupo CTR+ACU
apresentou glicemia maior no tempo de 120 minutos e na area sob a curva (ASC), um aumento significativo
em relacdo ao grupo CTR, o que caracteriza intolerancia a glicose. Para os parametros de peso corpéreo e
distancia ano-genital em ambas as idades foram reduzidas nos grupos RPGL, sendo que a PV ndo
apresentou diferenca no peso. Nas analises de componente principal do perfil proteémico, no DPN 90 os
grupos nao tiveram distribuicao distinta, jaA no DPN 540 tiveram distribuicdo mais distinta entre os grupos,
em especial para o grupo RPGL+ACU. Os grupos que consumiram o aglicar enriqueceram vias relacionadas
a autofagia, metabolismo de glicose desde o DPN 90, persistindo até o envelhecimento, enquanto a RPM
alterou vias relacionadas a proliferacéo celular, ciclo celular e vias de estrogenos. Os termos enriquecidos
em cada idade pelas proteinas diferencialmente expressas podem ter refletido nas alteraces
morfofisioldgicas visualizadas nos grupos tratados (CTR+ACU, RPGL e RPGL+ACU) nos DPNs 90 e 540.
Além disso, no DPN 540 observou-se diferentes lesdes como atrofia inflamatoria, atrofia epitelial, displasia,
além do carcinoma in situ nos animais dos grupos CTR+ACU e RPGL. Para as anélises dos parametros
reprodutivos os animais dos grupos RPGL e RPGL+ACU tiveram uma diminuicio da contagem
espermatica além da diminuicdo do tempo de trénsito no epididimo. Portanto, estas analises nos mostram
que a RPM associada ao consumo de agUcar pds-natal pode potencializar os efeitos na funcédo reprodutiva
e que em especial na prostata ventral estes podem contribuir para o desenvolvimento de lesdes prostaticas.



ABSTRACT

The increase of metabolic syndromes in our society has been associated with maternal and offspring
nutritional factors, such as the maternal low protein diet (MLP) and the increase of sugar-products
consumption from infancy to adult life. Epidemiologic and experimental researches showed both conditions
have negative effects on the male reproductive system. In addition to affecting adult life, also occurring
alterations in the aging, such as the development of prostate carcinoma in situ. The aim was to evaluate if
the MLP and postnatal sugar consumption impacted the reproductive organs (ventral prostate- VP, testis,
and epididymis) on a postnatal day (PND) 90 and if they cause relevant alterations in the proteomic profile
of VP that reflect in morphophysiological parameters on adult animals, impacting in possible prostatic
pathologies during aging, on PND 540. Male Sprague Dawley rats born from dams fed a control diet (17%
protein) or hypoprotein diet (6% protein) during gestation and lactation periods, on PND 21 were divided
into 4 groups and all started to receive the control diet: Control (CTR): born from CTR dams who consumed
normal water ad libitum; Control+sugar (CTR+SUG): consumed 10% sugar solution diluted in water from
PND 21 to PND 90; GLLP: born from GLLP dams who consumed normal water ad libitum; GLLP+SUG:
Born from GLLP dams, who consumed sugar solution from PND 21 to PND 90. After PND 90 all animals
consumed normal water. The animals were euthanized on PND 90 and 540. On PND 90, the ventral
prostates, testis, and epididymis were collected for morphophysiological, proteomic and sperm count
analyses. The proteomic prolife of VP was analysed in both ages (PND 90 and 540), additionally it was
done the oral glucose tolerant test (OGTT) and the serum metabolic profile. The total proteins, triglycerides,
glucose, and total cholesterol did not have any changes in both ages. The OGTT, the CTR+SUG group
showed higher glycemia in 120 minutes and an increase of area under the curve (AUC) in relation to the
CTR group, which characterize glucose intolerance. Both age the body weight and anogenital distance
(AGD) were reduced in GLLP s groups. The VP weight did not have any change on PND 90, while in the
aging this parameter was reduced in GLLP and GLLP+SUG groups. In the principal component analysis,
on PND 90 the experimental groups had a similar distribution among the groups, in the aging the samples
of each experimental group had a distinct distribution, especially the GLLP+SUG group. Proteins set
enrichment analysis in the groups that consumed sugar showed terms related to the autophagy and glucose
metabolism since PND 90, persisting until the aging, while the MLP diet altered pathways related to cell
cycle, cellular proliferation, and estrogen pathways. The enriched terms in each age by differentially
expressed proteins (DEP) are reflected in the morphophysiological alterations visualized on PND 90 and
540. Since both ages showed variations in the compartment frequency in the epithelium, lumen, and stroma
in CTR+SUG, GLLP, and GLLP+SUG groups and PND 540, the development of some lesions such as
atrophy, dysplasia, and carcinoma in situ. The reproductive parameters analyzed showed morphometric
alterations in the epididymis, a decrease in sperm count in testis and epididymis, and transit spermatic time.
Therefore, these results have shown that the MLP diet associated with postnatal sugar consumption can
enhance the effects in reproductive functions and, especially, in the VP can contribute to the development

of prostatic lesions in aging animals.
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CAPITULO I

1. REVISAO BIBLIOGRAFICA

1.1 Eventos e hipdteses desenvolvimentistas

Nos ultimos anos tem sido observado um aumento exponencial da incidéncia de sindromes
metabdlicas (SM) cada vez mais cedo na populagdo, o que tem sido considerado um problema
global de saude publica que acomete pelo menos 25% dos adultos no mundo (IDF, 2017). A SM
é definida pela presenca de trés ou mais dos seguintes fatores: elevada obesidade abdominal,
intolerancia a glicose, hipertensdo, hiperglicemia, hiperinsulinemia, hiperlipidemia, triglicerideos
elevados e resisténcia a insulina. Sendo a obesidade e a resisténcia a insulina os fatores chaves
(Alberti et al., 2009; Zhu et al., 2019). Estas anormalidades podem levar ao desenvolvimento de
diabetes tipo Il e doencas cardiovasculares na vida adulta, sendo uma das principais causas de
morbidade e mortalidade em paises desenvolvidos e em desenvolvimento (Jobgen et al., 2006;
Lam; Leroith, 2000; Zhu et al., 2019; Sigit et al., 2020). Além destes fatores que podem levar a
SM, condicdes intrauterinas adversas como a exposicao ao estresse, substancias toxicas e nutricao
(desnutricdo e supernutricdo) podem afetar permanentemente o desenvolvimento, a estrutura e o
metabolismo de diferentes 6rgdos do individuo (Ozanne, 2015; Marcianik et al., 21017).

Estudos vem associando a incidéncia de SM com condic¢des adversas durante o periodo de
gestacdo e lactacdo. Famosos eventos historicos como o inverno da fome holandesa (1944)
ajudaram a compreender os efeitos dos insultos maternos ao longo da vida foi um periodo de
escassez de alimentos em uma regido da Holanda no final da 2°Guerra Mundial devido ao cerco
aleméo (Chen et al., 2014; Carpinello et al., 2018) (Figura 1). Smith (1947) demonstrou que 0s
bebés provenientes destas maes que sofreram restricdo alimentar durante a gestacdo apresentaram
menor peso ao hascimento. Dependendo da fase da gestacdo ao qual foram expostos a desnutricao,
os individuos apresentavam padrdes diferenciados de composicdo corporal. Caso a mae tenha
sofrido a restricdo durante os Ultimos trés meses da gestacdo, estes apresentavam baixa incidéncia
de obesidade. No entanto, se a desnutricdo tivesse ocorrido no inicio, primeiros trés meses, a
incidéncia de obesidade aumentava significativamente. Assim, pdde-se verificar que além do
impacto negativo da desnutricdo materna sobre a prole, os efeitos podem variar dependendo do
tempo e do periodo gestacional em que o evento ocorre, uma vez que longos periodos de exposi¢do
causam alteracfes maiores e atingem numeros maiores de 6rgaos e sistemas (Ravelli et al., 1976;
Langley-Evans, 2015).

David Barker e colaboradores, no final da década de 1980, foram os pioneiros a publicar
estudos a partir de eventos epidemioldgicos que correlacionaram o surgimento de doencas cronicas

a insultos sofridos durante o periodo gestacional e na vida pés-natal. Os primeiros estudos

22



36
37
38
39
40
41
42

43
44

45
46

47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62

CAPITULO I

publicados por este pesquisador datam de 1986, e demonstraram correlacdo positiva entre méa
nutrigdo infantil, aumento da incidéncia de mortalidade neonatal e aumento de mortes por doencas
cardiacas na idade adulta, em regides mais pobres da Inglaterra e do Pais de Gales (Barler;
Osmond, 1986). Ja em 1989, foi proposta a Hipotese de Barker, a partir de dados de recém-
nascidos de 1911 e 1930 na regido de Hertforshire-Inglaterra e que apresentavam um baixo peso
corpdreo para a idade, tinham até 2,7 mais chances de morrer em decorréncia de doencas cardiacas
quando comparados a recém-nascidos com peso considerado normal para a idade (Barker et al.,
1989) (Figura 1).

Hipotése de Barker Programacdo Fetal Hipotése do DOHaD
1989 1991 2000

—O—0—0

1944-1945 1990 1992
Fome Holandesa Hipotése de Origem Fetal e Hipotése do fenétipo
Infantil de Doencas Adultas econdmico

Figura 1. Linha do tempo com as hipéteses propostas ao longo dos anos.

Portanto, a partir destes dados de tragicos eventos historicos e de dados paramétricos
coletados principalmente das regifes mais pobres da Inglaterra e dos paises de Gales, pode-se
constatar a vulnerabilidade do periodo da gestacéo e lactacdo, e delimitar que condi¢des adversas
nestes periodos podem predispor a prole ao desenvolvimento de doencas cronicas. Em 1990, um
outro estudo de Barker e colaboradores intitulado “The fetal and Infant Origins of Adult Disease”
(FOAD) mostrou uma relacéo entre o crescimento fetal e infantil com doencas cardiovasculares.
A partir de dados de peso corpéreo ao nascimento, peso da placenta, peso na vida adulta e dados
de doengas cardiovasculares e hipertensdo, mostrou que individuos que tiveram um baixo peso ao
nascimento associado com placenta maior, apresentaram maiores propensdes de desenvolver
hipertensdo na vida adulta, assim comecou se a mostrar uma relacdo da programacao pelo ambienta
ndo somente fetal como infantil. (Barker et al., 1990; Negrato; Gomes, 2013) (Figura 1).

Desde entdo, pesquisadores comegaram a demonstrar que danos ocorridos durante o
periodo perinatal (intrauterino e neonatal) podem “programar” respostas da prole ao longo da vida
e influenciar na ocorréncia de doencas quando adultos, condicdo que ficou conhecida

posteriormente como Programacao Fetal (PF) (Lucas, 1991). Outras hipdteses foram criadas para
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entender estes efeitos da ‘programacao’ para além da vida intrauterina, como a hipdtese do
fendtipo econdmico proposta por Hales e Barker (1992), o qual sugere que a mé nutricdo fetal no
inicio da vida pds-natal estimula mecanismos relacionados a economia nutricional do individuo
que afeta o desenvolvimento do pancreas, tornando o mais susceptivel ao desenvolvimento de
diabetes ao longo da vida (Hales; Barker, 2001; Hallows et al., 2012) (Figura 1).

Atualmente, ha a o conceito Development Origins of Health and Disease (DOHaD) que €
definida por um ambiente deletério durante os periodos criticos de desenvolvimento, do qual se
incluem os periodos de pré-concepc¢do, concepcdo (formacdo do espermatozoide e do Gvulo),
gravidez (formacdo do zigoto até o recém-nascido), infancia e adolescéncia que podem causar
alteracOes nas estruturas, funcdes e fendtipos moleculares da prole durante toda a vida (Li et al.,
2017) (Figura 1). Desde os anos 2000, formou-se uma sociedade internacional exclusiva para
estudos com este fim, que conta com instituicdes de pesquisa e de politicas publicas na Europa,
América do Norte e regides do Pacifico, bem como em paises em desenvolvimento (Wadhwa et
al., 2009; Schulz, 2010).

Esta habilidade de um organismo se adaptar ao seu ambiente tem sido relacionada com a
adaptabilidade e a plasticidade das células e dos tecidos (Hochberg et al., 2011; Langley-evans,
2015), estas caracteristicas sdo mais susceptiveis a alteracdes nos periodos mais criticos de
sensibilidade que seriam os primeiros mil dias do individuo, os momentos de pré-concepcao,
concepgdo, gestacdo e lactacdo até o segundo aniversario do individuo (McMillen; Robinson,
2005; Bhutta et al., 2013; Indrio et al., 2017; Beek et al.,2018). Assim, a exposicdo materna a
insultos como estresse, nutricionais, consumo de drogas, exposicdo a agentes quimicos e/ou
hormdnios, podem resultar em alteragdes que podem afetar o funcionamento de 6rgéos e sistemas
da prole (Al-Gubory, 2014; Desai et al., 2015; Ramirez-Lépez et al., 2015; Goldstein et al., 2016;
England et al., 2018; He et al., 2017). Estudos relatam que estas condi¢bes podem impactar a
longevidade e “programar” permanentemente estruturas e fun¢des do organismo, causando baixa
produtividade e disfuncdo metabdlica ao longo da vida do individuo, além de poder acelerar o
envelhecimento pelo encurtamento dos telémeros (Hallows et al., 2012; Tarry-Adkins; Ozanne,
2014; Vaiserman, 2014). J& foram evidenciadas também alteracGes epigenéticas, que s&o
mudancas que ndo alteram a sequéncia de DNA, mas causam mudangas como a metilacdo de DNA,
modificacdes de histonas e miRNAs na funcao dos genes que sdo mitoticamente ou meioticamente
hereditarias (Beek et al., 2018) (Figura 2).
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Os primeiros 1000 dias

Complementacdo da dieta

Placenta / embridao Diversificacdo da dieta
A — 4
: " " Alteracoes epigenéticas
: - miRNAs
@ - Metilagdo de DNA
Desenvolvimento Infancia i 2 anos - Modificagdes de histonas
Concepgao fetal Nascimento (0-12 meses) 1°Infancia

Figura 2. Esquema representativo da importancia dos primeiros 1000 dias de vida e suas possiveis modificacdes
epigenéticas. Adaptado de Beek et al., (2018) e Moholdt et al., (2020).

1.2 DOHabD por restrigao proteica materna

Diversos modelos de DOHaD tém sido desenvolvidos nos ultimos anos para se investigar
0s impactos das alteracbes no ambiente intrauterino sobre a prole. Assim, um dos modelos mais
utilizados de DOHaD ¢ a Restri¢do Proteica Materna (RPM), no qual as ratas sdo submetidas a
uma dieta hipoproteica nos periodos de gestacdo e/ou lactacdo (Rinaldi et al., 2013; Sene et al.,
2013; De Oliveiraetal., 2016; Vega et al., 2016; Colombelli et al., 2017; Zheng et al., 2017; Santos
et al., 2019). Em modelos de roedores, vem sendo demonstrado que a RPM afeta o cuidado
parental materno com a prole, o0 que ocasiona um atraso no desenvolvimento neuroldgico e fisico
dos filhotes, além de estar associada ao baixo peso ao nascimento, reducdo de crescimento de
diferentes 6rgaos, elevacao da pressao sistélica, alteracdo no metabolismo de glicose e lipideo e,
consequentemente, podendo causar a dislipedemia e resisténcia a insulina (Ozanne; Hales, 2004;
Costa-Silva et al., 2009; Falcdo-Tebas et al., 2012; Fidalgo et al., 2013; Leandro et al., 2012; de
Brito Alves et al, 2014, 2016; Ferreira et al., 2016; Paulino-Silva; Costa-Silva, 2016;
Gienatiempo et al., 2020).

Através de diferentes analises em diferentes 6rgédos foi constatado que a RPM também esta
relacionada ao menor namero de néfrons nos rins (Habib et al., 2011; Sene et al., 2013), menor
quantidade de células beta e de ilhotas de Langerhans no pancreas (Dahri et al., 1991;Calzada et
al., 2016), proporcéo alterada entre os tipos celulares do figado, aumento de estresse oxidativo e
fibrose hepatica (Burns et al., 1997; Tarry-Adkins et al., 2017; Vega et al., 2016), menor nimero
de neurdnios que controlam o apetite no hipotalamo (Plagemann et al., 2000) e menor numero de
alvéolos pulmonares e atraso no seu desenvolvimento (Zana-Taieb et al., 2013; Farid et al., 2015).
Além disso, a RPM induz a uma diminuicdo de enzimas anti-oxidantes do coracéo, potencializando

o0 surgimento de doencas cardiacas na vida adulta da prole (Nascimento et al., 2014), e ainda afeta

25


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5110566/#B97
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5110566/#B39
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5110566/#B49
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5110566/#B55
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5110566/#B78
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5110566/#B43
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5110566/#B41
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5110566/#B54
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5110566/#B99
https://www.ncbi.nlm.nih.gov/pubmed/26718412

126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160

CAPITULO I

a atividade de fatores neurotréficos do cérebro, causando um deficit de aprendizado e de memoria
nos roedores neonatos (Marwarha et al., 2017).

Estudos experimentais demonstram que a RPM por um periodo prolongado além do
periodo da gestacdo e lactacdo, o individuo se adapta devido a plasticidade celular e apresenta
menor ganho de peso durante este periodo e vivem por mais tempo (Walker; Ho, 2012). Enquanto
que a RPM somente no periodo de gestacdo e lactacdo, os efeitos sdo potencializados (Langley-
evans, 2015, Colombelli et al., 2017), estes filhotes apresentam menor peso ao nascer, porém
demonstram ganho de peso acelerado associado ao tempo de vida reduzido, constatando que a
nutricdo durante periodos criticos intrauterino e pds-natal tém forte impacto sobre a longevidade
(Barker, 2004; Mcmillen; Robinson, 2005). Além disso, individuos com peso reduzido ao
nascimento e que desenvolvem crescimento pés-natal acelerado (catch-up growth), apresentam
maior predisposicao a desenvolver resisténcia a insulina e diabetes tipo Il na idade adulta (Petry
et al., 2001; Hales; Barker, 2013). Em conjunto, todos estes dados demonstram que a RPM pode
induzir respostas adaptativas que afetam negativamente diferentes érgdos da prole, podendo

influenciar a morfofisiologia sistémica ao longo da vida.

Impactos da restricdo proteica materna no sistema genital masculino

Além de afetar diversos 6rgaos, sabe-se que o sistema genital masculino na prole de ratos
machos submetidos & RPM tem seu desenvolvimento e funcionamento afetados. Este sistema é
composto pelos testiculos, ductos genitais e glandulas sexuais acessorias (Ribeiro et al., 2014;
Picut; Parker, 2017). Os testiculos tém funcdo de producdo dos espermatozoides pelo epitélio
germinativo dos tabulos seminiferos e dos andrégenos pelas células de Leydig (Ribeiro et al, 2014;
O’Donnell et al., 2017). Apods a produgdo dos espermatozoides nos testiculos, estes adquirem a
motilidade e a capacidade de fertilizacao no epididimo. Os epididimos sdo 6rgéos pares, formados
por um tubulo dnico, longo e enovelado, dividido em quatro segmentos principais: segmento
inicial, cabeca, corpo e cauda (Bretom et al., 2016; Belleannée et al., 2012; Joseph et al., 2011).
Cada regido tem funcionalidades diferentes, que s&o recorrentes das diferengas estruturais e
moleculares dos quatro tipos de células: principais, basais, claras e narrow (Breton et al., 2016).
Além disso, estdo entre essas celulas aquelas que formam as jun¢Ges comunicantes, responsaveis
por formar a barreira epididimaria entre 0s vasos sanguineos e o compartimento luminal do
epididimo, que oferece microambiente necessario para a concentragao, maturagéo e estocagem dos
espermatozoides (Robaire; Hinton, 2015; Mita et al., 2011).

As glandulas sexuais acessorias que incluem a vesicula seminal, glandula bulbouretral e a

préstata sdo responsaveis pela secrecdo dos diferentes componentes do fluido seminal (Verze et
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al., 2016). A glandula prostatica é essencial para a fertilidade masculina que secreta
aproximadamente 30% do liquido seminal, e tem como funcdo liquefazer o sémen, ativar a
motilidade espermatica e protecdo dos espermatozoides contra danos imunoldgicos causados pelo
sistema genital feminino (Zenzmaier, et al., 2008). Esta € altamente susceptivel a transformacdes
oncogeénicas como a prostatite, hiperplasia prostatica benigna (HPB) e cancer de prostata (CaP),
apresentando significativamente mais chances de desenvolver alguma patologia do que as outras
glandulas sexuais acessorias (Verze et al., 2016; Toivanen; Shen, 2017).

Em humanos a prostata esta localizada abaixo da bexiga e ao redor da uretra, € composto
por um sistema de ductos ramificados e acinos, que histologicamente sdo formados por um epitélio
pseudoestratificado apoiado sobre uma membrana basal envolto por um estroma fibromuscular
(Verze et al., 2016; Toivanen; Shen, 2017; Rebello et al., 2021). Anatomicamente € um 6érgdo
compacto dividido em zonas central, de transicdo e periférica, e regides fibromuscular e
periuretral, sendo revestido externamente por uma capsula fibrosa (Figura 3). A zona de transicao
circunda a uretra proximal e os ductos ejaculatorios, é a menor regido, representando apenas 10%
do volume total da prostata, e normalmente corresponde o lugar onde se desenvolve o HPB
(McNeal 1978; Timms; Hofkamp, 2011). A zona central circunda os ductos ejaculatérios e se
projeta sobre a base da bexiga urinaria, constituindo aproximadamente 20% do volume da préstata.
Finalmente a zona periférica representa 70% do tecido glandular prostatico, sendo o lugar mais
comum de desenvolvimento de neoplasmas (McNeal 1981).

S
Py Bexiga Urinaria
« \\‘
) = 7 £ )
,y’ Zona Central yi £
Vesicula - - 2 ;
Regiao da glandula periuretral-
Seminal 9 9 P
Zona de transigao — ~— — /

Regido fibromuscular

Zona periférica

Ducto ejaculatério

Uretra
Figura 3. Imagem ilustrativa da estrutura anatdmica da glandula prostatica humana com a divisdo
das zonas e regifes. Adaptado de Rebello et al., (2021).

Diferentemente, a préstata de roedores € dividida em 4 lobos distintos: anterior ou glandula

de coagulacdo, dorsal, lateral e ventral (Shirai et al., 2000; Marker et al., 2003), cada qual com
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suas particularidades quanto a ramificacdo de ductos, producdo de secrecdao proteica, resposta

androgénica e incidéncia de lesdes (Cunha et al., 1985; Lee et al., 2011) (Figura 4).

Préstata anterior

Ducto deferente

Vesicula
seminal

b ¢

t '
AT 4

%

Prostata \.
dorsal

b

Prostata

anterior

Prostata
ventral

Prostata .
dorsal P réstata

Prostata lateral

lateral

= Uretra Prostata ventral

Figura 4. Imagem ilustrativa da estrutura macroscépica e organizagdo microscopica (Coloracdo hematoxilia-
eosina) dos pares de lobos prostaticos de rato adulto. AP- Prdstata anterior; DLP- prostata dorsolateral; VP-
préstata ventral. Adaptado de Marker et al., (2003).

Ha também diferencas entre a prostata de humanos e roedores na histologia relacionada a
arquitetura dos compartimentos estromais e epiteliais. Basicamente o epitélio prostatico é
constituido por 5 tipos celulares: células epiteliais luminais secretoras revestem o limen dos acinos
prostaticos e sdo responsaveis pela secrecdo de proteinas prostaticas e fluidos; as células epiteliais
basais formam uma monocamada descontinua sobre a membrana basal, sendo as principais células
proliferativas do epitélio prostatico; células neuroenddcrinas, em menor quantidade secretam uma
variedade de fatores de crescimento, que possivelmente atuam no desenvolvimento e manutencéo
da glandula prostatica; as “stem cells’, embora escassas estdo normalmente localizadas na camada
das células basais; e as células intermediérias com caracteristicas de células basais ou secretoras
(Marker et al., 2003; Peehl, 2005; Toivanen; Shen, 2017) (Figura 5). Apesar de apresentarem 0s
mesmos tipos celulares e possivelmente terem a mesma fungdo em ambas as espécies (humanos e
roedores) estas apresentam variages na disposi¢cdo e nas propor¢des. Em humanos, as células
basais em cortes histoldgicos estdo dispostas em camada continua e Gnica, mas em roedores estas
células podem entrar em contato uma com as outras pelas projecdes citoplasmaticas (Hayward et
al., 1996). Assim, ha uma proporcao de 1:1 de células basais para células luminais na préstata de

humanos, enquanto que em roedores a proporcao é de 1:7 (EI-Alfy et al., 2000).
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Célula  Célula Célula Célula
luminal basal intermedidria Neuroenddcrina
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Figura 5. Esquema representativo dos tipos celulares encontrados na prostata adulta. Adaptado de Rebello et
al., (2021).

A préstata, assim como o testiculo e epididimo, tem o inicio do processo de organogénese
e crescimento ainda no periodo fetal, estando completamente formada somente quando individuo
atingir a maturidade sexual. E essencial a presenca de andrégenos tanto para a morfogénese quanto
para a homeostasia do 6rgdo adulto (Cunha et al., 1985; Aumdiller, Seitz, 1990; Maccioni et al.,
2003; Marker et al., 2003; Untergasser et al., 2005; Verze et al., 2016). Basicamente 0 processo
de formacdo é dividida em 5 estagios: determinacdo, brotamento, ramificacdo, diferenciacdo e
maturacdo (Prins; Putz, 2008) (Figura 6). Na primeira fase, no processo de organogénese a prostata
se origina a partir do seio urogenital (SUG), que apresenta uma camada de células epiteliais
derivadas da endoderme envolta por uma camada de mesénquima do seio urogenital (MUG). O
SUG localiza-se na base da bexiga urindria em desenvolvimento, estando presente em ambos 0s
sexos desde do 13° dia de gestacéo de roedores e da 7° semana em humanos (Hynes; Fraher, 2004).
A estrutura permanece morfologicamente igual até 17.5° dia de 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 (Kellokumpu-Lehtinen et al.,
1980; Cunha et al., 1987; Marker et al., 2003; Welsh et al., 2008). Apos ser determinada de fato a
formacdo da prostata, os brotos epiteliais solidos provenientes do epitélio do SUG no MUG
circundante, crescem e se ramificam nas diferentes direcdes: ventral, dorsal e lateral. Ainda
durante o periodo perinatal estes brotos apresentam a caracteristica macica, com a canalizacao
destas estruturas ocorrendo somente ap0s 0 nascimento do individuo. Conforme estes brotos vao
se desenvolvendo, eles vdo formando cord@es de células epiteliais, e estes comecam a se ramificar
dando um formato que posteriormente originara os lobos prostaticos distintos dos roedores ou as
diferentes zonas prostaticas para 0s humanos. Tendo cada lobo um padréo de brotamento ductal
caracteristico (Cunha et al., 1987; Timms, 2008; Toivanen; Shen, 2017).
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Além do andrdgeno, o processo de morfogénese da prostata também é dependente de outros
fatores de crescimento que s&o expressos em uma sequéncia espacial e temporal precisamente
coordenada (Cunha et al., 1985). Os androgenos atuam em AR no mesénquima urogenital (MUG)
para induzir a proliferacdo epitelial, formacdo de ductos e diferenciacdo das células epiteliais
(Marker et al., 2003). Os outros componentes pertencem a diferentes familias génicas: como Sonic
Hedgehog (Shh), Proteina Morfogenética Ossea (BMPs), Wingless-Related MMTV Integration
site (Wnt) (Wilhelm et al., 2006), proteinas da via de sinalizacdo da insulina/IGFs (Reynolds;
Kyprianou, 2006).

< Lf\
Q—\q S\ u)
Morfogénese da Y Q) Q\\j OJ l%} )0
prostata (o N ! J)h

,"’ / | b 83 o
[ — el —

Ramificacao e canalizacao

Brotamento citodiferenciacaio Maturacao
g dos ductos
Desenvolvimento |
Desenvolvimento
da prostata de FETAL NEONATAL
ratos

Figura 6. Esquema da morfogénese da préstata representando os estagios de desenvolvimento, linha do tempo
e comparac0es entre ratos e adultos. Adaptado de Scarano et al., (2018) e Prins; Putz, (2008).

Portanto, para o desenvolvimento destes trés 6rgdos (testiculo, epididimo e prostata) que
completam o processo de morfogénese somente apds 0 nascimento, 0s insultos que ocorrem no
periodo critico de formagdo e desenvolvimento sdo decisivos para a sua funcionalidade com a
maturidade sexual. A maioria dos estudos experimentais sobre DOHaD avaliam os efeitos sobre o
metabolismo, sendo que as pesquisas que avaliam as fung¢des reprodutivas em animais submetidos
a restricdo proteica (RP) durante a gestacdo/lactacdo se intensificaram na ultima década (Langley-
Evans, 2015; Picut; Parcker, 2017). Neste contexto, estudos demonstraram que a RP durante a
gestacdo e/ou lactacdo € responsavel pelo atraso do tempo de instalacdo da puberdade e,
consequentemente, da maturacdo sexual (Van Weissenbruch et al., 2005; Zambrano et al., 2005;
Noriega et al., 2009), menor taxa de fertilidade, (Santos et al., 2004; Zambrano et al., 2005),
reducdo da distancia ano-genital (Rinaldi et al., 2013; Zambrano et al., 2005); alteracdo na

concentracdo sérica de testosterona e estradiol (Villanova Teixeira et al., 2007; Rinaldi et al., 2013;
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Colombelli et al., 2017), menor peso do testiculo, epididimo e préstata (Santos et al., 2004; Rinaldi
et al. 2013; Gombar; Ramos, 2013), diminuicdo da expressdo de receptores de andrégenos,
quantidade de células de Sertoli e na qualidade espermatica no testiculo (Rodrigues-Gonzales et
al., 2014; Toledo et al., 2011), aumento do estresse oxidativo no testiculo e epididimo (Toledo et
al., 2011; Rodrigues-Gonzales et al., 2014) e alteracdo no movimento do fluido e na formacéo de
vasos no epididimo, afetando o desenvolvimento (Cavariani et al., 2019; Arrighi et al., 2010).

Especificamente para a prostata, estudos em modelos de RPM revelaram que o
desenvolvimento e maturagdo prostatica sdo afetados pela restricdo proteica gestacional desde o
inicio da vida. Pinho et al. (2014) observou atraso no desenvolvimento prostatico na prole de
animais j& no dia pos-natal (DPN) 1, demonstrando reducdo do indice proliferativo das células
luminais e reducdo da imunomarcacdo do receptor de andrdgeno (AR). Resultados similares foram
visualizados por estudos ja publicados do nosso grupo de pesquisa por Rinaldi et al., 2013,
Colombelli et al. (2017) e Santos et al., (2019) com prostatas ventrais no DPN 10, 21 e 35.
Observou-se reducao do processo de angiogénese prostatica, o que pode ter ocasionado uma menor
troca de fatores de crescimento, nutrientes e hormonios entre 0s vasos e 0s compartimentos
epitelial e estromal, impactando negativamente o desenvolvimento, maturacdo e funcao secretora
glandular. Adicionalmente, tivemos alteracdes nas vias de AKT, desequilibrio entre os eventos de
proliferacdo e diferenciacdo das células prostaticas (Colombelli et al., 2017), além da formacéo de
carcinoma in situ em ratos envelhecidos (Santos et al., 2019) (Figura 4).

1.3 Consumo de acUcares de adicao

Além do cuidado com a dieta materna, nos ultimos anos tem aumentado a preocupacéo
com a dieta ao longo da vida, desde a infancia até a vida adulta, uma vez que vém crescendo o
consumo de alimentos acucarados e bebidas adocadas artificialmente que contém ‘“‘agticares de
adicdo” (Yarmolinsky et al., 2016). De acordo com a Organizacdo Mundial da Saiude (OMS), o
consumo de ‘“agucares de adicdo”, ou seja, carboidratos simples que sdo adicionados
artificialmente durante o processamento industrial dos alimentos, devem ser ndo mais que 10% do
total de calorias diarias, uma vez que a quantidade superior a 10% pode levar ao aumento de
obesidade e doencas relacionadas ao metabolismo (Makarem et al., 2018), que sdo importantes
fatores de risco para o cancer. O Brasil € 0 5° maior consumidor de acucar no mundo, com
consumo de 50% a mais do que o recomendado pela Organizagdo Mundial da Saude (OMS), o
que levou a um acordo entre o Ministério da Saude e a industria alimenticia para diminuir o agtcar
em alguns produtos até 2022 (MS, 2018; USDA, 2020).
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O aumento do consumo de produtos com carboidratos simples foi associado a elevagédo de
consumo de alimentos processados (IPEA, 2012). Dentre os produtos mais consumidos, que
contém agUcar de adicdo, destacam-se os refrigerantes, que apresentam baixo valor nutricional e
causam 0 mesmo sentimento de saciedade que comidas solidas, assim, o seu alto consumo esta
associado ao aumento de ingestdo energética total e, consequentemente, 0 aumento da prevaléncia
de sobrepeso, aléem do desenvolvimento de SMs (Figura 5) (Gambaro, et al.; 2018). Os
mecanismos que ligam o consumo de “agucares de adi¢cdo” ao aumento da incidéncia de doencas
incluem a corrosdo do esmalte dentario por &cidos resultantes do metabolismo dos agucares por
bactérias, o comprometimento da auto-regulacdo do balanco energético, desenvolvimento de
resisténcia a insulina, aumento da concentracao de triglicerideos, diminui¢do da concentracdo da
lipoproteina de alta densidade circulante, aumento da massa de tecido adiposo abdominal, que
caracteriza obesidades, e alteracdes no padrédo de secrecédo do tecido adiposo (Wozniak et al., 2009;
Zubiria et al., 2013; Gambaro et al., 2018). Além disso, o consumo e¢levado de “agucares de
adi¢ao” pode ser associado a uma diminui¢do no teor de proteinas e de micronutrientes na dieta

(Levy etal., 2012).

Exposicao
intrauterina
adversa

Impacta as células germinativas
Metilagao de DNA

Impacta o desenvolvimento
(Incluindo células
germinativas

5

ncRNAs
Outros sinais epigenéticos / W S———

Doengas metabdlicas na : fator'es ;

prole adulta ‘ ambientais pos-
Obesidade natais

Intoleréncia a glicose

Secregdo de insulina afetada
Desreguladores transcricionais

Figura 7. Imagem demonstrando a importancia dos estudos de condi¢des intrauterinas adversas associadas a
um ambiente pos-natal desfavoravel. Adaptado de Sales et al. (2017).

Foi demonstrado que uma dieta materna com alta quantidade de agucares é responsavel por
disfuncGes no tecido adiposo da prole, e esté relacionada a alteracBes epigenéticas associadas ao

aumento da pressdo arterial na prole de ratos idosos (Wu et al., 2016), além de aumentar a chance
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do desenvolvimento de doencas cronicas, como a diabetes (Alzamendi et al., 2016). Ja se sabe que,
em adultos, a diabetes interfere negativamente nos parametros reprodutivos. Estudos demonstram
que disfungdes sexuais e reprodutivas, incluindo impoténcia, reducdo da libido, prejuizo da
espermatogénese e infertilidade, diminuicdo da qualidade espermatica, sdo decorrentes de
alteracdes nos testiculos e glandulas sexuais acessorias (Kolodny et al., 1974; Handselman et al.,
1985; Vignon et al., 1991; Niven et al., 1995; Baccetti et al., 2002; Park et al., 2003). Em animais
experimentais, tem sido observada alteracdo no ciclo estral, anovulacéo, reducdo em nimero de
recrutamento folicular, diminuicdo da esteroidogénese e atrofia ovariana associados ao diabetes
(Jhonson; Sidman, 1979; Murray et al., 1981; Steger et al., 1989; King; Rohrbach, 1990; Steger;
Kienast, 1990; Altay et al., 2003; Scarano et al., 2006). Estes dados corroboram com estudos

anteriores que demonstram danos testiculares causados pelo diabetes.

1.4 Restri¢do proteica materna e o consumo de “agucares de adi¢ao” associados aos impactos

na idade reprodutiva e no envelhecimento

Mundialmente, vem aumentando a idade média da populacdo desde de 1980. Para 2050,
estipula-se que o numero de idosos seja de aproximadamente 2 bilhdes. Em paises em
desenvolvimento, este aumento esta relacionado com a melhoria das condi¢des de vida e reducdo
da taxa de mortalidade ao nascimento e durante a infancia, além da diminuicdo de mortalidade por
doencas infecciosas. Em paises desenvolvidos, o aumento continuo € devido a reducdo da taxa de
mortalidade dos idosos (WHO, 2016). O envelhecimento € um conjunto de alteragdes em
diferentes sistemas que podem alterar os fatores epigenéticos, encurtamento de teldmeros, danos
de DNA e disfuncBes mitocondriais que podem causar a diminuicdo da capacidade de combater
infeccdes e de resposta a vacinacdo e aumentar a incidéncia de cancer (Dominguez; Barbagallo
2016; Akha, 2018; Mc Hugh; Gil. 2018). O envelhecimento também contribui e é considerado
fator de risco para o desenvolvimento de doencas cronicas, tais como: isquemia, aterosclerose,
sarcopenia, osteoporose, cancer, diabetes, doencas cardiacas e doengas neurodegenerativas
(Garcia-Velazquez; Arias, 2017). Apesar da complexidade inerente ao desenvolvimento destas
doengas, estudos demonstram que o status nutricional durante periodos criticos de
desenvolvimento tem forte impacto sobre a longevidade.

Portanto, tanto o consumo de agUcar, quanto a RPM estdo fortemente ligados ao aumento
da incidéncia de doencas crénicas na populagdo em geral, como o ganho de peso, a obesidade,
diabetes tipo 2, hipertenséo e doencas cardiovasculares, condi¢des consideradas como fatores de

risco para o desenvolvimento de alguns tipos de cancer. Estudos recentes do nosso grupo, em ratos
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velhos (DPN 540), demonstraram que a RPM por si sO aumenta a incidéncia de alteracfes
prostaticas e o desenvolvimento de carcinoma in situ (Santos et al., 2019).

H& muito tempo sabe-se da relagdo do cancer com a inflamac&o, porém o desenvolvimento
de um ambiente cancerigeno também esta ligado com o consumo de agucar. Otto Warburg, em
1920, estudou o metabolismo das células no céancer, e notou que células cancerigenas se
aglutinavam em uma maior quantidade para consumir o agUcar, ou seja, celulas cancerigenas
consumiam mais glicose que células normais, este efeito ficou conhecido como o “efeito de
Warburg” (Kutchera et al.; 2020). Este é discutido em muitos tipos de cancer, inclusive no cancer
de proéstata (CaP), que € o segundo cancer mais frequente entre os homens, ficando atras apenas
do cancer de pele, e sendo a quinta causa principal de morte entre o sexo masculino (Bray et al.,
2018). Sabe-se que as células modificam o metabolismo de energia que € baixo em células
prostaticas normais e aumentam o metabolismo, alterando os processos catabdlicos e anabdlicos
(Cutruzzolaetal., 2017). Além disso, estudos epidemioldgicos tém apresentado uma relacédo direta
do alto consumo de produtos com alta quantidade de aglcares com o aumento da incidéncia de
SMs, o qual consequentemente, contribui na incidéncia, agressividade e mortalidade do CaP
(Caliskan et al. 2019; Makaren et al., 2018; Miles et al., 2018).

2. JUSTIFICATIVA

Considerando-se o aumento do consumo de “acucar de adi¢do”, especialmente
influenciado pela ingestdo de refrigerantes pelas criancas/adolescentes em idade escolar, associado
a importancia da manutengdo do ambiente intrauterino normal para o desenvolvimento da prole, é
relevante investigar se 0 microambiente intrauterino alterado pela RPM “programa” a prole a
responder diferentemente a exposi¢do pos-natal ao agucar refinado (forma mais consumida de
acucar no mundo). Foram avaliados neste estudo dois aspectos de extrema relevancia

socioecondémica:

1. Alteracdo dos parametros reprodutivos em animais adultos jovens submetidos a RPM associado
ao consumo de agUcar. Esta analise se justifica em funcdo do aumento crescente do nimero de
individuos com dificuldades de reproducdo, associado ao aumento de recursos destinados a
reproducéo assistida.

2. Histopatologia da préstata de ratos velhos submetidos & RPM associado ao consumo de agucar.
Uma vez que em resultados ja publicados pelo nosso grupo de pesquisa demonstraram que a RPM

pode levar ao desenvolvimento de um carcinoma in situ na prostata no envelhecimento.
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3. OBJETIVOS

3.1 Objetivos Gerais

1) Avaliar os efeitos da restricdo proteica materna associado ao consumo de agucar pos-natal pela
andlise de expressdo global de proteinas (proteoma) da prostata ventral de ratos machos da
linhagem Sprague Dawley nos dias pos-natais 90 (adultos jovens) e 540 (velhos) e associar as

proteinas diferencialmente expressas as alteraces funcionais visualizadas na prostata ventral.

2) Analisar os efeitos da restricdo proteica materna nos periodos de gestacdo e lactacdo e o
consumo de agucar pos-natal nos parametros funcionais dos 6rgdos reprodutivos (prostata,

testiculo e epididimo) de ratos machos adultos Sprague Dawley com 90 dias de idade.

3.2 Objetivos especificos

1) Caracterizar o proteoma da préstata ventral de animais adultos e velhos e correlacionar com os

parametros funcionais da glandula.

2) Comparar os resultados do proteoma dos animais adultos com os animais velhos pra verificar

se as alteracOes da idade adulta persistiram até o envelhecimento.

3) Analisar parametros funcionais reprodutivos basicos como a morfologia e a contagem
espermatica dos 6rgaos reprodutivos (prostata ventral, testiculo e epididimo) dos animais no dia

pos-natal 90.

4. RESULTADOS

Os resultados obtidos encontram-se descritos nos proximos 2 capitulos (capitulos Il e 111).
No capitulo 1l sdo apresentados os resultados referentes as analises protedbmicas realizadas nos
animais adultos (dia pés-natal 90) e no envelhecimento (dia pés-natal 540). O capitulo 111 é
composto pelos resultados funcionais dos 6rgéos reprodutivos (préstata, testiculo e epididimo) no

dia pds-natal 90.
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ABSTRACT

Maternal insults during neonatal and postnatal life can alter the functionality of the prostate. Female rats
that received a low protein diet (LPD) during gestational and lactation periods can impair prostate
morphogenesis and causes an increased incidence of prostatic disorders in aging animals. Besides, the
LPD is associate with the increasing of metabolic syndromes and these effects can be enhanced by
sedentary life and an increase in sugar consumption. The aim of this study was to investigate if sugar
consumption after weaning until adult life (postnatal day- PND) 90, amplified the negative impact of
maternal LPD in male Sprague Dawley offspring on PND 90 and 540. The females received either control
(CTR, 17% protein) or the LPD (6% protein) during the gestational and lactational periods. In the weaning
(PND 21) the male offspring rats were divided into 4 groups: Control (CTR; normal water); Control+sugar
(CTR+SUG; 10% sugar in water); Gestational and Lactational Low Protein (GLLP; normal water);
GLLP+SUG (10% sugar in water). After PND 90, all the animals received normal water. The animals
were euthanized on PND 90 and 540. It was realized the oral glucose tolerance test (OGTT) and metabolic
profile analyses. The ventral prostates (\VP) were collected to evaluate the alterations in the proteomic
profile associated with the morphophysiological parameters. The total proteins, triglycerides, glucose, and
total cholesterol did not have any changes in both ages. In OGTT analyses showed a significant increase
in glycemia in the CTR+SUG group in 120 minutes and in area under curve (AUC) when compared to
the CTR group (p<0.05), this result indicating a glucose sensibility, that possibly there is a relation with
the higher intake of sugar solution, consequently lower intake of diet and body weight from CTR+SUG
and GLLP+SUG. The anogenital distance (AGD) was reduced in GLLP and GLLP+SUG groups and, on
PND 90 the VP weight did not have any change, while on PND 540 this parameter was reduced in GLLP
and GLLP+SUG groups. The proteomic profile demonstrated just some enrichment pathways that helped
to understand better the effects visualized in animals from different experimental groups. The
differentially expressed proteins (DEPs) by sugar consumption altered pathways related to glucose
metabolism and autophagy, although these processes are common during aging, these pathways remained
altered just in CTR+SUG and GLLP+SUG groups. The GLLP group altered pathways related to cell
cycle, cellular proliferation, and estrogen pathways. The enriched terms in the experimental groups in
each age by differentially expressed proteins (DEP) are reflected in the biometric, water, and diet intake
and morphophysiological alterations visualized on PND 90 and 540. Since both ages showed variations
in the compartment frequency in the epithelium, lumen, and stroma; proliferation index, prostatein
expression, and development of some lesions such as atrophy, dysplasia, and carcinoma in situ. So, the
results showed that the MLP diet enhances the effects of postnatal sugar consumption since some
parameters were more reduced in the GLLP+SUG group than the GLLP group. Additionally, autophagy
alterations stimulated by sugar consumption visualized from PND 90 until 540, can have to exacerbate

the alterations affecting the homeostasis and contribute to the development of prostatic lesions.

Keywords: DOHaD, Maternal Low protein, Sugar consumption, Prostate, Proteomic.
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Figure 1. Schematic representation of the experimental design, data analysis, and results. CTR- Control
group; CTR+SUG- Control+Sugar group; GLLP- Gestation and lactation low protein diet group; GLLP+SUG-
Gestational and Lactation Low Protein+Sugar group; PND- postnatal- day 21, 90 and 540; IH-
Imunohistochemistry; Ventral prostate (VP); upregulated proteins in red, downregulated proteins in blue.

1. Introduction

The neonatal period is a window in which maternal malnutrition and offspring post-
natal dietary habits may cause a permanent change in the pattern and characteristics of
development leading to a risk onset of disease in adult life or aging (Zambrano et al., 2014;
Fleming et al., 2015). These lifelong consequences are related to the Developmental Origins of
Health and Disease (DOHaD) hypothesis, which parental early life experiences may
permanently alter offspring development and physiology, modulating health trajectories
throughout life (Barker et al., 1990; Schulz, 2010; Wadhwa et al., 2009). The most well-known
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human evidence supporting the DOHaD effects is the Dutch Famine that happened during the
end of the second word war. During this period the caloric intake was reported to be as low as
500 to 600 calories per person per day.

Researchers suggesting that depending on the period that the mother has exposed the
effects are different, additionally, a long exposure period can worsen the effects and affect more
organs and systems (Ravelli et al., 1976; Langley evans, 2014). One of the most common
DOHabD experimental models is the low protein diet (LPD) offered to dams during the gestation
and lactation periods (Rinaldi et al., 2013; Sene et al., 2013; Pinho et al., 2014; Oliveira et al.,
2016; Colombelli et al., 2017; Santos et al., 2019). The maternal LPD during the gestational
and/or lactation periods causes alterations such as low birth weight, increased systolic pressure
and, insulin resistance, factors which can predispose the development of metabolic syndromes
(MSs) an adulthood (Bai et al.,2012; Claycombe et al., 2015; Dalvi et al., 2018).

According to the World Health Organization (WHO), MS has been considered a health
problem that can get worse by the increase of consumption of ultra-processed food and drinks,
that have a high quantity of ‘added sugar’ and, associated with sedentary lifestyle habits
(Dearden; Ozanne, 2014; Langley-Evans, 2015; Malik; Hu, 2015). Sugar consumption is
growing, especially in low- and middle-income countries, it is higher mainly in adolescents
(Ford et al., 2017; Hyer et al., 2019). The adults who were obese during childhood had twice as
likely to maintain this obesity into adulthood (Pulgarén, 2013). Besides that, experimental
evidence with rodents shown that even low levels of added sugar consumption affecting
negative survival, competitive ability, and reproduction (Ruff et al., 2013).

The reproductive studies with prostate with maternal LPD associated postnatal sugar
consumption model are scarce. Our research group demonstrated that maternal LPD during the
gestational and/or lactation periods is related to a decrease of ventral prostate weight, delay of
development, imbalance of proliferation index and prostatic cell differentiation, a decrease of
angiogenesis process in animals on a postnatal day (PND) 10 and 21, an increase of oxidative
stress, and development of the carcinoma in situ on PND 540 and, alterations in molecular
pathways involved in prostate carcinogenesis (Colombelli et al., 2017; Santos, et al. 2019;
Santos et al., 2020; Portela et al., 2021). The effects of consumption of ultra-processed food
and drinks with added sugar are related to a decrease of testosterone and testosterone/estrogen
ratio and spermatogenesis impairment (Martins et al., 2019; Ledn-Ramirez et al., 2021).

The last decades were marked by major advances in the large-scale sequencing studies
based on the combination of "omics", among then the proteomic technologies may allow
physicians to identify possible associated etiologies that affect the mother during pregnancy

and lead to associated complications affecting the development of offspring (Vora et al., 2019).
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125 We investigated by ventral prostate proteomic profile analyses if the maternal LPD associated
126 with postnatal sugar consumption affects the functionality of the ventral prostate in adults and
127 enhances the pathologies in aging.

128

129 2. Material and methods

130

131 2.1 Animals and experimental design

132

133 Adult female (90 days old, n= 20 per group) and male (90 days old, n=20) Sprague Dawley
134  rats were obtained from the Central Stock breeder at the State University of Campinas (Campinas,
135  SP, Brazil). The animals were maintained under controlled temperature (22 to 25°C), relative
136  humidity (55%), and photoperiod (12 hour), with free access to water and diet. All experimental
137  procedures were in accordance with the Ethical Animal research principles and Experimentation
138  adopted by the Brazilian Society of Science in Laboratory Animals (SBCAL) and approved by
139  Biosciences Institute/Unesp Ethical Committee on Animal Use of the Institute of Biosciences, Sdo
140  Paulo State University (Protocol number- 951) (Appendix 1).

141 Virgin female rats were mated overnight with established male breeders and after
142  detection of spermatozoa in the vaginal smear was designated as Gestational Day 0 (GD 0).
143 The dams were placed in individual boxes and separated into two experimental groups: 1)
144  Control group (CTR, n=20), dams fed with normoprotein diet (17% protein) during gestation
145  and lactation periods and 2) Gestation and Lactation Low Protein group (GLLP, n=20), dams
146 fed with low protein diet (6% protein). The normoprotein and low protein diets were provided
147 by Pragsolucoes (PragSolucdes, SP- Bazil) (Supplementary Table 1). All diets were isocaloric and
148 normosodic and were prepared as recommended by American Institute of Nutrition (AIN 93-G).
149  The metabolic energy of diet was calculated using the following metabolic factor values: protein-
150 4.0 kcal/g (16.76 kJ/g), fat- 9.0 kcal/g (37.71 kJ/g) and digested carbohydrates- 4.0 kcal/g (16.76
151 kJ/g) (Sadowska; Rygielska, 2019). During the gestational and lactational periods, the dams body
152 weight and food intake were measured weekly. To improve lactation performance the litters were
153 reduced to eight pups (four males and four females) on postnatal day 1 (PND 1) (Rinaldi et al.,
154  2013; Colombelli et al., 2017).
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DAMS MALE OFFSPRING
GD 21 ! ! !
GESTATIONAL & [ACTATIONAL

GDO

CTR mm Normal diet (17% of protein)

CTR B Hypoprotein diet (6% of protein)

CTR+SUG === Sugar solution (10%)

O Matting

GLLP B sirtn

GLLP O Weaning

. . GLLP+SUG x Euthanasia
PND 21 PND 90 PND 540

Figure 2. Experimental design. CTR- Control group; CTR+SUG- Control+Sugar group; GD- Gestational Day 0 and 21;
GLLP- Gestational and Lactation Low Protein group; GLLP+SUG- Gestational and Lactation Low Protein+Sugar group;
PND (Post natal Day) 21, 90 and 540.

After weaning, on PND 21 the male rats were divided into 4 groups and all animals were
fed with normoprotein diet: Control (CTR): rats born from CTR dams were given filtered water;
Control+Sugar (CTR+SUG): rats born from CTR dams were given 10% sugar diluted in filtered
water; Gestation and Lactation Low Protein diet (GLLP): rats born from GLLP dams were
given filtered water and Gestation and Lactation Low Protein diet+Sugar (GLLP+SUG): rats
born from GLLP dams were given 10% sugar solution diluted in filtered water. The sugar was
consumed from PND 21 until PND 90 (Figure 2). Refined sugar was chosen as the most
consumed and easily accessible sugar type for the population. The 10% concentration was opted
based on the data published by Kendig et al. (2015). During the sugar consumption the body
weight, the sugar and foos consumption were measured weekly.

On PND 90 and 540, the animals were weighed, anesthetized (ketamine/xylazine) and
euthanatized by decapitation. Blood samples were collected from ruptured cervical vessels for
biochemical and hormonal analyses. The ventral prostate (VPs) lobes were collected and
processed as described below.

2.2 Biometric and nutritional determinations

On PND 21, the offspring’s body weight, food and water intake were measured weekly
throughout the experiment period. On PND 90 and 540, the male rats were anesthetized
(ketamine/xylazine), weighed and the body length (nose-to-anus) was measured to determine
the following biometric parameters:

- Body weight gain= Final weight body (g) — Initial body weight (g)
- Body mass Index (BMI)= body weight (g)/length? (cm?) (Novelli et al., 2007).
- Lee index= cube root of body weight (g)/ nose-to-anus length (cm) (Bernardis, 1970).

Based on food and sugar solution intake during PND 21 until PND 90, the energy intake
was calculated using the metabolic energy (mentioned above), from this the following

parameters were calculated:
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- Energy intake (kJ/day) = mean food consumption (kJ) + mean sugar solution consumption

(kJ) x dietary metabolizable energy.

2.3 Blood serum analyses

The blood was collected from male offspring (PND 90 and 540; n=8 per group)
centrifuged (2400 g for 20 min), and the serum was stored at -20°C until use. The concentrations
of total protein (99-250 Labtest, MG, Brazil), glucose (177013 Laborlab, MG, Brazil),
triglycerides (1770290 Laborlab. MG. Brazil) and total cholesterol (Labtest 76, MG- Brazil)
were determined by colorimetric methods using manufactures’ protocols.

The estrogen (E2) (Monobind® 9140 CA- EUA, sensitivity: 8,2 pg/mL) and total
testosterone (Monobind® 8505 CA- EUA, sensitivity: 0,105 ng/mL) serum concetration (n=8

per group) was determined by colorimetric methods using manufactures’ protocols.

2.4 Oral Glucose Tolerance Test (OGTT)

The oral glucose tolerance test (OGTT) was performed on PND 90 and 540 as described
by Rakvaag et al., (2019). The animals (n= 8 per group) were submitted to 10 hours of fasting
and the procedures started at either 8 am. until 10 am. D-(+)-Glucose (2g/kg body weight)
diluted in water was administrated by oral gavage (t=0 minutes). Blood samples for glycemic
measurements were obtained from the tail. The One-touch glucometer was used to determine
glycemic levels at t= 0, 30, 60 and 120 minutes. The alterations of glycemia during the OGTT

were evaluated by calculating of the area under the curve (AUC).

2.5 Mass spectrometry

The mass spectrometry protocol was performed according to Cogger et al., (2017). The
VP tissue samples were first pulverized using a Covaris cryoPREP Pulverizer and proteins were
extracted through the freeze-thaw cycle and sonication process, to ensure lysis of the cell
membranes (See suppl. figure 1).

Digestion of proteins for mass spectrometry
After the extraction the VP lobes were re-suspended in 100 pL of 50% trifluoroethanol
(TFE) in 100mM ammonium bicarbonate (ABC) solution. Before the protein quantification by

Bicinchoninic Acid assay (BCA) (100 pg of protein in each sample) the sonication and freeze-
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thaw cycles were repeated to certify the lysis of the cell membranes. Subsequently, the samples
were incubated with 8 pmol of invertase protein (SUC2- a yeast glycoprotein, Sigma- Aldrick/
Uniprot accession- P00724), as an internal method control, and the disulfide bonds were
denatured by 1 pL de dithiothreitol 5 mM (DTT), at 56°C for 30 min. The lysates were cooled
prior to adding 10 pL of 25 mM lodoacetamide (IAA) and incubated in the dark for 30 minutes,
to prevent the reformation of disulfide bridges. All samples were diluted 1:5 (v/v) using 100
mM ammonium bicarbonate (ABC) (pH 8.0) and to proteins were digested to peptides with the
addition of 2 pg of trypsin (trypsin: protein 1:50, Promega) and 1 puL of 2M Calcium chloride
(trypsin cofactor), and incubated at 37°C overnight. After the digestion, the peptides were dried
and resuspended in 50pL of 0.1% trifluoroacetic acid (TFA) in water. Peptides of VP were
desalted using C18 MacroSpin Columns (Nest Group), eluted in 0.1% TFA in 80% acetonitrile
(AcN), and lyophilized using a vacuum concentrator. The samples were diluted in 0.1% formic

acid (FA) and standardized to a 0.2 pug pL of peptide concentration.

Mass spectrometry, peptide/protein identification and DPIs

A total of 2 pg of peptides were injected for each sample. The samples were
chromatographically separated using reversed- phase chromatography with 4-hour gradient on
a 50 cm column (EasySpray 803, Thermo Scientific) with a flow rate of 250 nl/minute using an
EasyL C-1000 nano-liquid-chromatography system (Thermo Fisher Scientific, San Jose, CA).
The Q-Exactive Orbitrap mass spectrometer was used for MS\MS data-dependent acquisition.
The acquired raw-files were processed with MaxQuant (version: 1.6.2.3) using a protein-
FASTA sequence database containing rat protein sequences from UniProt (Cox; Mann, 2008).
At first, were removed of the data the reverse, potential contaminants, and proteins that had to
identify just one peptide, a minimum of two peptides required for protein identification, and
peptide spectral matches and protein identifications were filtered using a target-decoy approach
at a false discovery rate (FDR) of 1%.

The number of total proteins identified were represented by a Heat map, clustered by
pearson correlation. Differentially expressed proteins (DEPs) between experimental groups
were determined applying the statistical cutoff of Log2 Fold Change > |1| < |-1and the p-value
< 0.05, and the proteins with label-free quantification (LFQ) intensities of value 0 were replaced
with 1 to compute the fold-changes. We used one-way analysis of variance (ANOVA) in
conjunction with Tukey’s HSD (Honest Significant Difference) post hoc test were used to
identify differences in protein expression among the groups (CTR x CTR+SUG; CTR x GLLP;
CTR X GLLP+SUG; CTR+SUG x GLLP+SUG and GLLP x GLLP+SUG). All different DEPs

were showing in Supplementary 1.
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Functional enrichment analysis of DEPs

Kobas 3.0 software (http://kobas.cbi.pku.edu.cn/) (Xie et al., 2011) was used to
determine the enrichment of ontological terms and molecular pathways related to the identified
DEPs on Kyoto Encyclopedia of Genes and Genomes (KEGG) (https://www.genome.jp/kegg/),
PANTHER (http://pantherdb.org), and Reactome (https://reactome.org/) databases. The cut-off
criterion used for both analyses was p-value adjusted < 0.05. The enrichment analysis from
each group analyzed was showed in Supplementary 2.

Identification commonly terms among groups

Venn diagrams were generated using the VennDIS (Venn diagram interactive
software) (Ignatchenko et al., 2015), in the first time were identify commonly enrichment terms
between follow groups: CTR vs CTR+SUG groups; CTR vs GLLP groups, and CTR vs
GLLP+SUG groups, on both PND 90 and 540. Next, venny diagram represented enrichment
terms commonly dysregulated among all groups, on PND 90 and 540 (Supplementary 3 and 4).
The Protein-Protein Interaction (PPI) networks functional enrichment analysis was constructed
from those protein enriched by functional terms, using STRING database (https://string-
db.org/). We set the following active interaction sources: text mining, databases, experiments,
and co-occurrence. Also, the minimum interaction score was 0.700 (medium confidence), and
all disconnected nodes in the network were hidden to facilitate display analysis. The PPI

enrichment P-values represented the statistical significance provided by STRING.

Data representation and analyses

Bar plots were constructed using GraphPad Prism® software (version 8.0.1, Graph
Pad, Inc., San Diego, CA). Alluvial diagram connecting the representative target proteins into
gene ontology (GO) terms and molecular signaling, was generated using SankeyMATIC online
tool (http://sankeymatic.com/). The Principal component analysis (PCA), Heat maps and
volcano plots were created in environment R with following packages: ‘stats’,

‘ComplexHeatmap’ and ‘ggplot2’.

2.6 Histological procedures, stereological and morphometrical analysis

The VPs samples from PND 90 and 540 animals were fixed by immersion in Methacarn
(70% methanol + 20% chloroform + 10% acetic acid) (Puchtler et al., 1970) for 4 hours,
dehydrated in series of graded ethanol, diaphanized in xylene and embedded in Parapplast

(Sigma Co, Saint Louis, MO). The histological slides were done with 5 um thickness sections
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and stained with hematoxylin-eosin (HE) for morphological and stereological analysis. The
slides were analyzed using a Leica DMLB 80 microscope and the relative proportions of the
VP components (epithelium, lumen, and stroma) were performed according to Colombelli, et
al. (2017) and Rinaldi et al. (2013). The results were expressed as a percentage of each
component and a proportion of the total area analyzed. Additionally, to investigate the
inflammatory profile, it was performed the mast cells quantification (n= 6 per group) by
toluidine blue histochemical staining (Ribatti, 2018).

2.7 Imunohistochemistry (I1H)

Silanized slides with VP histological sections (n= /group) were deparaffinized and
hydrated, afterward was realized the antigen retrieval in a pressure cooker in 10 mM sodium
citrate solution pH 6.0 for 30 minutes. After washing with phosphate-buffered saline (PBS), the
endogen peroxidase activity was blocked by 3% hydrogen peroxide in methanol solution for 10
minutes, and the slides were immersed to in 3% nonfat milk in PBS to block unspecific protein-
protein interactions for 1 hour at room temperature. The VP sections from different groups were
incubated overnight at 4°C with specific primary antibodies (see Supplementary Material-
Table S2 for antibody specifications and dilutions), than the slides were washed in PBS and
incubated for 1 hour at room temperature with HRP-conjugated secondary antibody (see
Supplementary Material- Table S2 for antibody specifications and dilutions). The slides were
washed in PBS and the reactions were developed -using 3,3’-Diaminobenzidine (DAB, Sigma)
and counterstained with hematoxylin. The analyses of the immunostaining were performed
using a Leica DMLB 80 microscope. The cell proliferation index was expressed as percentages
of positive cells from the total cells, counted in five histological sections of six VP lobes per
group at 400x (Colombelli et al., 2017).

2.8 Western Blotting

The proteins expressions analyses were evaluated by Western blotting according to
Colombelli et al., (2017). Frozen samples of VP lobes (n= 6) from all experimental groups on
PND 90 and PND 540 were mechanically homogenized in 50 mM Tris—HCI buffer (pH 7.5)
plus 0.25% Triton-X 100 and protease inhibitor (Sigma) using a Polytron for 30 s at 4 °C
followed by centrifugation, and protein was extracted from the supernatant and quantified using
the Bradford method (Bradford, 1976). Protein samples (70 ug) were loaded into 8% SDS—

PAGE under reducing conditions. After, proteins were transblotted onto a nitrocellulose
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membrane (Millipore), blocked in 5% non-fat milk and incubated in primary antibodies
overnight (see Suppl. table 2 for antibody specifications and dilutions). After 3 washes with
TBS-T, the membranes were incubated with specific HRP-conjugated secondary antibody
antibodies for 2 hours at room temperature. The reactions were developed using ECL reagent
(Amersham, UK), and the signals were captured using a CCD camera (ImageQuant LAS 4000
mini®; GE Healthcare). The quantification was performed by Integrated optical densities
(IODs) of the targeted protein bands using Image Software (National Institutes of Health). The
protein levels expressions were normalized by B-actin, and the results were expressed in fold

change as the mean + SD.

2.9 Statistical Analysis

For continuous variables collected from the biometric parameters of the animals in the
PND 90, descriptive statistics were calculated (mean, median, standard deviation, minimum
and maximum) for each experimental group (CTR, CTR+SUG, GLLP and GLLP+SUG). As
statistical analysis, generalized linear models (GLM) were adjusted, using the Gamma
distribution, which has greater adjustment flexibility for data with asymmetric sample
distribution. Differences among groups were tested by means of multiple comparations using
the Tukey-Kramer test with significance when p-value < 0.05. Statistical analyses were
performed using SAS statistical software (version 9.3, Statistical Analysis Systems, SAS
Institute, Inc. Cary, NC) and, to adjust the models, the GENMOD procedure was used, which
analyzed the continuous variables by means of GLM adjust, considering the gamma distribution
(Madsen, 2011).

Statistical analyses of other parameters were performed using GraphPad Prism®
software (version 8.0.1, Graph Pad, Inc., San Diego, CA). The Shapiro-Wilk normality test was
realized in all data. The parametric data were submitted to one-way ANOVA followed by the
Tukey-Kramer multiple comparisons test, and no-parametric data were evaluated by analysis
of Kruskal- Wallis followed by Dunns. The parametric data were expressed as mean+SD and,
no-parametric data were demonstrated as mediantSEM. Differences were considered

statistically significant when p<0.05.
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3. Results

3.1 Maternal LPD alters the biometric parameters in dams and offspring

All the pregnant rats started with similar body weight in the gestational and lactational
periods, but at the end of the lactation period the GLLP dams presented low body weight, this
result -was associated with lower diet consumption that reflects in the decrease of Lee Index
and BMI (Suppl. Table 3). Interestingly, the GLLP dams had a decrease of diet consumption,
they showed a significant increase in visceral, perituterinic, retroperitoneal, and total fat relative
weight (Suppl. Table 3 and 4). Serum levels of total cholesterol and estrogen were lower in
dams submitted to LPD (Suppl. Table 4). Despite the LPD effects visualized in biometric data
of dams, did not change the offspring or male/female ratio (data not shown), however, at birth
(PND 0) and in the weaning (PND 21) the male offspring from GLLP dams had a significant
decrease of body weight and AGD compared to CTR group (Suppl. Table 5).

3.2 Post-natal growth profile and food and water intake of the male offspring

The CTR+SUG body weight when compared to the CTR group did not change until
PND 90, while both LPD groups (GLLP and GLLP+SUG) showed lower body weight in
relation to the CTR group since the beginning of the experiment until PND 90. The GLLP+SUG
animals had a decrease in body weight when compared to the GLLP group after PND 45. On
PND 90 the GLLP+SUG animals had the lower body weight when compared to all the
experimental groups (CTR, CTR+SUG, and GLLP) (Figure 3- A, Table 1).

Body weight Food Intake
500 y g bede 200 500~ Water Intake
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-»- CTR -= CTR+SUG -+ GLLP GLLP+SUG

Figure 3. The body weight, food and water intake from different experimental groups evaluated since postnatal
day 21 until 90. A-Mean of body weight. B- Food intake. C- Water intake. Different letters represent statistical
difference when p<0.05. a- Statistically difference between CTR+SUG vs CTR group; b- Statistically difference
between GLLP vs CTR group; c- Statistically difference between GLLP+SUG vs CTR group; d- Statistically difference
between CTR+SUG vs GLLP+SUG group; e- Statistically difference between GLLP vs GLLP+SUG group. CTR-
control group (Red); CTR+SUG- Control+Sug (green); GLLP- Gestational and Lactational Low Protein (blue);

GLLP+SUG - Gestational and Lactational Low Protein+ Sug (yellow); Postanatal day (PND).
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The diet consumption was similar in the CTR+SUG group in relation to the CTR group
until PND 45, after PND 60 the CTR+SUG animals showed lower diet consumption than the
CTR group. The GLLP group showed a decrease in diet intake when compared to the CTR
group since on PND 30, but at the end of the experiment (on PND 90) did not have a significant
difference. While the diet intake in the GLLP+SUG group was lower when compared among
experimental groups (CTR, CTR+SUG, and GLLP) until PND 90 (Figure 3- B, Table 1).

The GLLP and CTR group had a similar water intake, we observed the difference just
on PND 30 and PND 60. Both groups that consumed sugar (CTR+SUG and GLLP+SUG)
showed increased of water intake after PND 45 when compared to the CTR and GLLP group,
respectively (Figure 3- C, Table 1).

The energy intake was similar between CTR+SUG and CTR groups. Both LPD groups
(GLLP and GLLP+SUG) had a significant decrease when compared to the CTR group,
additionally, the GLLP+SUG group was lower than the CTR+SUG group (Table 1).

Table 1. - Anthropometrical parameters of animals from different experimental groups on postnatal day
90.

Parameters - PND 50 -
CTR CTR+SUG GLLP GLLP+SUG

Initial body weight PND 21 (2! 40.50=142 52052126 1035=066 1890=059 "7
Final body weight PND 90 (z) ~ 42020=1132  40280=1031 32720=791° 20440898 "7
Body weight gain (g) 359504181  33560=3610  29280=2918 262503615 "%~
Food consumption (g/day) * 625024 500=018° 555£017° 321£007"%"
Water Consumption (ml/day) ] 1040 =025 2339056 884033 18492069 "~
Energy Intake (kJ/day) ! 10350 = 4.04 116.70 £3.15 0186+287" 78332236"F

Data are expressed as median + SD. ! Data are expressed as median = SEM. Different symbols represent statistical
difference between groups when p<0.05. *Statistically difference among different experimental groups
(CTR+SUG, GLLP, GLLP+SUG) in relation to CTR group. # Statistically difference between CTR+SUG and
GLLP+SUG. +Statistically difference between GLLP and GLLP+SUG. CTR- Control group; CTR+SUG-
Control+ sugar group; GLLP- Gestational and Lactational Low Protein group; GLLP+SUG- Gestational and
Lactational Low Protein+sugar group. PND- Post Natal Day.

3.3 The maternal low protein diet and sugar consumption alters the response in the

glucose metabolism.

In the oral glucose tolerance test (OGTT) the CTR+SUG animals showed a different
glycemic profile in relation to other groups (Figure 4- A). The blood glucose of the CTR+SUG
group was increased in 120 minutes, and at the area under curve (AUC) the CTR+SUG had a

significant increase when compared to the CTR group, which characterizes a glucose
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intolerance (Figure 4- A and B). The glycemic profile did not have significant alterations on
PND 540, which demonstrate the animals recover after PND 90 until 540 (Figure 4- C and D).

Although the animals were submitted to LPD diet during the gestational and lactational
period and the sugar consumption during the post-natal life, this is not enough to result in some
alteration in serum biochemical analyses. The triglycerides, total proteins, glucose and total
cholesterol on PND 90 and 540 did not change among the experimental groups (Suppl. Figure
2).

3.4 Biometric parameters response to maternal LPD and post natal sugar consumption.

The GLLP and GLLP+SUG groups demonstrated a significant decrease of body weight
on PND 90 when compared to the CTR group. The CTR+SUG group showed an increase of
body weight compared to the GLLP+SUG group, this alteration remained until PND 540. The
BMI was decreased in GLLP+SUG on PND 90 when compared to the CTR, CTR+SUG and
GLLP groups, while the Lee Index was increase in CTR+SUG group related to CTR and
GLLP+SUG groups. The same parameters did not change among the experimental groups on
PND 540 (Table 2). On PND 90, the visceral, epididymis, retroperitoneal, and total fats weight
decreased in the GLLP group when compared to the CTR group and in the GLLP+SUG group
in relation to the CTR+SUG group. While the GLLP+SUG group showed a significant decrease
in epididymis, retroperitoneal and total fats weight in relation to the CTR group. In aging, the
following significant differences remained: decrease of the epididymis and retroperitoneal fats
weight in GLLP+SUG vs CTR and GLLP+SUG vs CTR+SUG (Table 2).

The anogenital distance (AGD) was decrease in GLLP+SUG group when compared to
the CTR and CTR+SUG groups. While, the GLLP+SUG animals did not recover on PND 540,
since this group continued to show a decrease related to the CTR+SUG group. The absolute VP
weight did not change in both ages, but in relative VP weight on PND 540 the LPD groups
(GLLP and GLLP+SUG) showed an increase when compared to the CTR group and, the
GLLP+SUG was higher than the CTR+SUG group. The hormone profile, the serum levels
testosterone did not change on PND 90 and 540. The serum estrogen levels showed a decrease
in the GLLP+SUG group on PND 90 when compared to the CTR group, and the aging the
animals was completely recovered (Table 3).
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Figure 4. Oral Glucose Tolerance Test (OGTT) from different experimental groups. A- The glycemi from
different experimental groups on postnatal day (PND) 90. B- The area under curve (AUC) on postnatal day (PND)
90. *Statistically difference between CTR+SUG in relation to CTR group (p<0.05). C- The glycemia from
different experimental groups on PND 540. D- The AUC from animals on PND 540. Area Under Curve; CTR-
control group (Red); CTR+SUG- Control+Sug (green); GLLP- Gestational and Lactational Low Protein (blue);
GLLP+SUG - Gestational and Lactational Low Protein+ Sug (yellow); OGTT- Oral Glucose Tolerance Test;
PND- Postanatal day.

3.5 Maternal LPD and sugar consumption alters ventral prostate proteomic profile in

adult and aging animals.

On PND 90, the PCA showed a similar distribution of samples among experimental
groups (Suppl. Figure 3- A). The MS/MS analysis approach in VP samples identified 5.234
proteins, that had a similar profile among experimental groups (CTR+SUG, GLLP, and
GLLP+SUG) (Suppl. Figure 3- B and C). In order to investigate the effects of maternal LPD
associated with postnatal sugar consumption, we use the following combinations: CTR vs
CTR+SUG; CTR vs GLLP, and CTR vs GLLP+SUG. The volcano plot showing the
distribution of DEP into combination groups (Figure 5- A, B, and C). The CTR vs CTR+SUG
combination detected 35 DEPs: 19 upregulated proteins and 16 downregulated proteins. The
CTR vs GLLP combination had 56 proteins DEPs: 19 upregulated proteins and 37
downregulated proteins. The CTR vs GLLP+SUG combination had 102 DEPs: 53 upregulated
proteins and 49 downregulated proteins.
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483 The proteomic profile on PND 540 samples showed a PCA distinct among CTR,
484  CTR+SUG, GLLP, and GLLP+SUG groups, especially GLLP+SUG group when compared
485  with other groups, in this age was identified 5027 total proteins (Suppl. Figure 4- A, B and C).
486  The volcano plot represented the distribution of DEP into combination groups (Figure 5- D, E,
487 and F). The CTR vs CTR+SUG combination detected 47 DEPs: 25 upregulated proteins and
488 22 downregulated proteins. The CTR vs GLLP combination had 68 DEPs: 16 upregulated
489  proteins and 52 downregulated proteins. The CTR vs GLLP+SUG combination showed 695
490  DEPs: 212 upregulated and 483 downregulated. DEP’s dataset was available in Supplementary
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494 Figure 5. The Volcano plots illustrate the upregulated proteins and downregulated proteins differentially
495  expressed (Blue points) in each comparations on postnatal day (PND) 90 (A- C) and 540 (D- F). A- Control
496  vs Control+ Sugar on PND 90; B- Gestational and Lactational Low Protein (GLLP) vs Control group on PND 90;
497 C- GLLP + Sugar vs Control group on PND 90; D- Control + Sugar vs CTR group on PND 540; E- GLLP vs CTR
498  group on PND 540; F- GLLP+SUG vs CTR on PND 540.
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Table 2. Biometrical parameters of animals from different experimental groups on postnatal day 90 and 540.
Parameters FAD 20 FID 40 -
CTR CTR+SUG GLLP GLLP+5UG CTR CTR+SUG GLLP GLLP+5UG
Body weight (g) 42020+1132 40280=1031 32720+791" 20440=808"% | 5378512649 633.00=6220 513326126 478.04=53.8%
EMI (g/em?) 0.71 = 0.07 0.79=0.08 0.67 = 0.06 0.61=006 " 0.82=0.20 0.94 =007 0.82=008 0.84 =0.08
Lee Index 0.31=0.01 0.32=001" 031001 030+ 0017 326022 330=012 3.20=0.12 327013
Visceral Fat (g) 6.55 =094 723+ 186 432=141° 530=1.757 1552823 1395375 11.63=351  1012=3.14"
Relative Visceral Fat Weight * 1.60=0.20 1.81£0.38 131040 1750497 2351325 212048 233062 205049
Epididymus Fat Weight (z) 692=161 T9E£247 42 =148" 494=178"% 16.87=3.67 1953 £6.12 1233=316" 115322607
Relative Epididymis Fat Weight 1.68=032 1.99=045 130044 163052 261=0355 297075 2422048 236=0437
Retroperitoneal Fat (g) 8372257 952+279  385x101"  564=2535"F7 | 1869467 23042673 10612329"  1141=420"F
Relative Retroperitoneal Fat Weight!  2.03 = 0.58 241+051 1.142050" 18420757 278=0.57 3402081 210£057°  221+059°
Total fat () 2185487 2474=6.61 1219 =431 15.88+589 "% 51.08=1447 347521530 50843 3307896
Relative Total Fat Weight! 533102 622117 367+1.13" 5241687 050=3.68 231=184 688=x131 663=124

Data are expressed as mean + SD. Data multiplied by 100. Different symbols represent statistical difference between groups when p<0.05. *Statistically difference among different
experimental groups (CTR+SUG, GLLP, GLLP+SUG) in relation to CTR group. # Statistically difference between CTR+SUG and GLLP+SUG. +Statistically difference between
GLLP and GLLP+SUG. BMI- Body Mass Index; CTR- Control group; CTR+SUG- Control+ sugar group; GLLP- Gestational and Lactational Low Protein group; GLLP+SUG-

Gestational and Lactational Low Protein+sugar group. PND- Post Natal Day.
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Table 3. Reproductive parameters of animals from different experimental groups on postnatal day 90 and 540.
PND 0 PND 540
Parameters
CTR CTR+5UG GLLF GLLP+5UG CTR CTR+5UG GLLP GLLP+5UG
Anp Genital Distance (AGD) (mm) 3114610 044762 2897640 25053427 31252+372 3480+3132 021+35%4 20843067
VP Absclute weight (g) 0.39=012 038 =0.12 033008 0.33=0.05 0.538 =0.168 04850113  0637=+0.153 0.600=0.144
Relative VP weight - 057 =030 0.91=0.28 1.00=0.20 115023 0.084 =0.014 00740021 0124=0035 0.127=0032"*
Testosterone (ng/ml) ! 0.62=1.30 0.10=0.13 0.51+023 008023 0.19=0.10 0.15=+0.11 0.068=0.02 0.063 =0.02
Estrogen (pgfml) ] 1744 =662 057136 002=670 0.02 = 0.0003* 845374 732579 157630 002043

!Data are expressed as median + SEM. 2 Data multiplied by 100. Different symbols represent statistical difference between groups when p<0.05. *Statistically difference among
different experimental groups (CTR+SUG, GLLP, GLLP+SUG) in relation to CTR group. # Statistically difference between CTR+SUG and GLLP+SUG. Ano Genital Distance
(AGD); CTR- Control group; CTR+SUG- Control+ sugar group; GLLP- Gestational and Lactational Low Protein group; GLLP+SUG- Gestational and Lactational Low Protein+sugar

group. PND- Post Natal Day; VP- Ventral prostate.
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3.6 Protein set enrichment analysis of adult animals (PND 90) that were exposed to a maternal

low protein diet and postnatal sugar consumption.

3.6.1 The postnatal sugar consumption enriched pathways in CTR+SUG related to sugar

metabolism.

On PND 90 the upregulated DEPs altered by postnatal sugar consumption enriched
important pathways related with: metabolism of proteins, synthesis, secretion, and diacylation of
ghrelin, SHC- related events triggered by IGF1R, regulation of autophagy, insulin receptor signaling
pathway, negative regulation of insulin receptor, histone methylation, NADH metabolic process,
histone ubiquitination, negative regulation of extrinsic apoptotic and positive regulation of insulin-
like growth factor receptor (Figure 6- A). Downregulated proteins enriched terms related to
sphingolipid metabolism, Rab regulation of trafficking, Rab guanyl-nucleotide exchange factor
activity, positive regulation of glycolytic process, histone deubiquitination, chaperone-mediated
protein transport, histone exchange and histone biding (Figure 6- C). The set of DEPs (up and
downregulated) associated with each enrichment term was illustrated in the alluvial diagram (Figure
6- B and D). The enrichment terms by upregulated proteins and downregulated proteins were

showed in Supplementary 2.
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Figure 6. Ontology terms and molecular pathways enriched by differentially expressed proteins in the ventral
prostate of Control vs CTR+SUG group on postnatal day 90. Bars graph demonstrated KEGG, Reactome and Gene
Ontology deregulated terms in upregulated proteins (A) and downregulated proteins (C). Number of proteins/terms in
front of bars Alluvial plot was generated using SankeyMATIC online tool (http://sankeymatic.com/), connected
interaction protein — terms for upregulated (B) and downregulated (D). Significant when p- value < 0.05.

3.6.2 The maternal LPD enriched in GLLP group proliferation and histone pathways.

In GLLP group the upregulated DEPs enriched the pathways: hedgehog signaling pathway,
Mitogen-Activated Protein Kinase (MAPK) and MAP2K and activation, deubiquination, negative
regulation of epithelial cell proliferation, positive regulation of histone acetylation, histone
methytransferase activity (H3-K27 specific) and positive regulation of histone H4 acetylation
(Figure 7- A). Enriched terms by downregulated DEPs were insulin processing, mitochondrial
translation, tissue homeostasis, cholesterol efflux, histone deubiquination, positive regulation of
vasculogenesis, positive regulation of growth, histone binding and high-density lipoprotein particle
assembly (Figure 7- C). The alluvial diagram showed the upregulated proteins and downregulated
proteins and each enrichment terms (Figure 7- B and D).
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Figure 7. Ontology terms and molecular pathways enriched by differentially expressed proteins in the ventral
prostate of Control vs Gestational and Lactation Low Protein group on postnatal day 90. Bars graph demonstrated
KEGG, Reactome and Gene Ontology deregulated terms in upregulated proteins (A) and downregulated proteins (C).
Number of proteins/terms in front of bars Alluvial plot was generated using SankeyMATIC online tool
(http://sankeymatic.com/), connected interaction protein — terms for upregulated (B) and downregulated (D). Significant
when p- value < 0.05.

3.6.3 Maternal LPD associated with postnatal sugar consumption altered autophagy and histones

terms.

The enriched terms by upregulated DEPs in GLLP+SUG group were arachidonic acid
metabolism, microautophagy, positive regulation of macroautophagy, response to nutrient levels, 1-
phosphatidylinositol binding, histone K3K27 methylation, histone methyltransferase activity (H3-
K27 specific) and phosphatidylinositol-4,5-biphosphate binding (Figure 8- A). While the process
enriched by downregulated DEPs were acyl chain remodeling of PE, phosphatidylinositol-4-
phosphate binding, positive regulation of macroautophagy, histone H3-K4 trimethylation, positive
regulation of autophagosome assembly and gland morphogenesis (Figure 8- C). The proteins that

enriched each term were showed in the alluvial diagram (Figure 8- B and D).
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Figure 8. Ontology terms and molecular pathways enriched by differentially expressed proteins in the ventral
prostate of Control vs Gestational and Lactation Low Protein+Sugar group on postnatal day 90. Bars graph
demonstrated Panther, KEGG, Reactome and Gene Ontology deregulated terms in upregulated proteins (A) and
downregulated proteins (C). Number of proteins/terms in front of bars; Alluvial plot was generated using
SankeyMATIC online tool (http://sankeymatic.com/), connected interaction protein — terms for upregulated (B) and
downregulated (D). Significant when p- value < 0.05.

3.7 Enrichment analysis in aging animals on PND 540 that were exposed to a maternal low
protein diet and postnatal sugar consumption.

3.7.1 The CTR+SUG group enriched terms related to metabolism pathways, autophagy, cell cycle
and growth.

In aging animals (PND 540), the upregulated DEPs enrichment terms were related to
ferroptosis, autophagy, AMP-activated protein kinase (AMPK) signaling pathway, regulation of
TP53 expression and degradation, transcriptional regulation by TP53, mTOR signaling, and positive
regulation of glucose metabolic process (Figure 9- A). Downregulated DEPs enrichment terms were
related to glycolysis/gluconeogenesis, fat digestion and absorption, glyoxylate and dicarboxylate
metabolism, dopamine neurotransmitter release cycle, serotonin neurotransmitter release cycle,
cholesterol metabolic process, and insulin growth factor binding (Figure 9- C). The DEPs associated

with each enriched term was illustrated in alluvial diagram (Figure 9- B and D).

66



622
623

624
625
626
627

628
629
630
631
632
633
634
635
636
637
638
639

CAPITULO II

A B
I'\ Do 1
2 N Oxidatve sUess response-| 1 . g Eel2k
¢ Up= Famopicsts
1Py Ferroptosis ! 1 Spéceosomn Locatd
R ' Splicecsome + }
% H- Autophagy < 2 Astophagy
: G : AMPK signaling pattrway - 3
T 3 T AMPK signaling pattwway
N mIRNA Sglicing +4 1
1
. - Regulaticn of TPS3 Expression and Degradaton 1 MRNA Spliking At
1Al \ nal Reouls By TP43 4
' I ranscriptions! Regulstion by TPS3 Regalation of TP Expressien anvd Dagradaton
s [ mTOR signaling-
: k

| = R Teasseriptional Regeiston by TPS3

E
ST oo o of ghrca — w ||
o Positive regulation of gucose metabolic process. - ’ . . ; RTOR soneling
[ 0 1 2 3 ] 5 - 3 Poie2a
-t PSRV rRguianes ©F L icote metabal process o

Fold Enrichment

- C D  uGycoisiss Guconsogenssis
81 3 Glycolysis / Gluconeogenesis ! Acss2
1 O Fat Aigestion ana absorpton - 1 Fat digestion and absorption -
w 1 PPAR signaing pathway+ 2 PPAR signaling pathrway
'nNn! Glyoxytate and dcarboxylate metabolism+ 2 Apoc3 l
L [ Gyonytate and dicarborytats imetabotsm

R -
' '
i Ej Metaboksm of sheroid hormaones 1 Metabolsm of steroxt hormanes Sic27a3
1 G Dopamine Neurotransmitier Release Cycle 1
. § Dopamine Newoliansmtier Ralease Cycl
1yt Serotonin Neurotranamitier Reloase Cycle 1 & 2 T Sic27a4
' ' Transpon of fatty acds+ 1 Saerotonin Newrowransmitter ReleasaCycle
X A ! Tspo
1 ' Transport of fatty acids
B Cholesterol metabolic process- s
Ve insulin-like growth factor binding 4 1 Cholesterc! motabolic process Vamp2

Ry P T T T )

<2 0 1 2 3 4 Insulin-Ske growth facior binding Igfopd B

Fold Enrichment

Panther terms

Kegg terms
Reactome terms
Gene Ontology terms

Figure 9. Ontology terms and molecular pathways enriched by differentially expressed proteins in the ventral
prostate of Control vs Control+Sugar group on postnatal day 540. Bars graph demonstrated Panther, KEGG,
Reactome and Gene Ontology deregulated terms in upregulated proteins (A) and downregulated (C). Number of
proteins/terms in front of bars; Alluvial plot was generated using SankeyMATIC online tool (http://sankeymatic.com/),
connected interaction protein — terms for upregulated (B) and downregulated (D). Significant when p- value < 0.05.

3.7.2 Pathways related to growth, cell cycle and cytochrome were altered in GLLP animals on PND
540.

On PND 540, the upregulated DEPs were related to the steroid biosynthetic process,
metabolism of lipids, mTOR signaling, regulation of TP53 activity through acetylation, prostate
cancer, PPAR signaling pathway, and p53 pathway by glucose deprivation (Figure 10- A). The
terms enrichment by downregulated DEPs were estrogen signaling pathway, metabolism of
xenobiotics by cytochrome P450, drug metabolism- cytochrome P450, glycolysis/gluconeogenesis,
gluconeogenesis, fructose metabolic process, calcium-dependent ATPase activity, calcium-
dependent protein binding (Figure 10- C). The upregulated proteins and downregulated proteins that
enriched the highlighted terms were illustrated in the alluvial diagram (Figure 10- B and D).
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Figure 10. Ontology terms and molecular pathways enriched by differentially expressed proteins in the ventral
prostate of Control vs Gestational and Lactation Low Protein group on postnatal day 540. Bars graph
demonstrated the Panther, KEGG, Reactome and Gene Ontology deregulated terms in upregulated proteins (A) and
downregulated proteins (C). Number of proteins/terms in front of bars; Alluvial plot was generated using
SankeyMATIC online tool (http://sankeymatic.com/), connected interaction protein terms for upregulated (B) and
downregulated (D). Significant when p- value < 0.05.

3.7.3 Glucose metabolism and Autophagy regulation mechanisms were enriched in the GLLP+SUG

group in aging.

The upregulated DEPs altered by the GLLP+SUG group enrichment the following terms:
prostate cancer, estrogen signaling pathway, autophagy, metabolism of lipids, metabolism of RNA,
glucose metabolic process, histone H3-K27 trimethylation, phosphatidylinositol-3,5-biphosphate 3-
phosphatase activity (Figure 11- A). The downregulated DEPs enrichment important terms related
to the amino sugar and nucleotide sugar metabolism, negative regulation of autophagy, autophagy,
phosphatidylinositol-3-phosphate binding (Figure 11- C). The alluvial diagram shows the enriched
terms by upregulated and downregulated proteins (Figure 11- B and D).
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659 Figure 11. Ontology terms and molecular pathways enriched by differentially expressed proteins in the ventral
660 prostate of Control vs Gestational and Lactation Low Protein+Sugar group on postnatal day 540. The bars graph
661 represented the GO, KEGG, Reactome and gene ontology deregulated terms by upregulated proteins (A) and
662 downregulated proteins (B) Number of proteins/terms in front of bars; Alluvial plot was generated using SankeyMATIC
663  online tool (http://sankeymatic.com/), connected interaction protein terms for upregulated (C) and downregulated (D).
664 Significant when p- value < 0.05.

665

666 3.8 Commonly enriched terms in all experimental groups on PND 90 and 540

667

668  3.8.1 The histones pathways were altered in all experimental groups in the adult animals
669

670 Through venny analysis were identified 16 terms commonly enriched in CTR+SUG, GLLP,
671  and GLLP+SUG groups (Figure 12-A). The differential of expression of commonly enriched terms
672  among experimental groups was illustrated by a heat map, connected to the alluvial diagram with
673  the respective proteins that acting in these terms. Most of the DEPs identified were modulated by
674  histone pathways: histone methyltransferase activity, histone methylation, histone ubiquitination,
675  histone H3-K27 trimethylation, histone methyltransferase activity (H3-K27 specific), histone
676  deubiquitination, and histone H3-K27 methylation (Figure 12- B). The commonly enriched terms
677 by upregulated proteins and down-regulated proteins in all experimental groups were showed in
678  Supplementary 3.
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679
680 Figure 12. Venn diagram and heatmap representing the commonly enriched terms on postnatal day 90. A) Venn

681 diagram showing enrichment terms commonly dysregulated among groups; B) Alluvial plot 16 dysregulated terms
682 among groups connected with differentially expressed proteins; C) PPl generated by String of interesting differentially
683  expressed proteins. CTR- Control group; CTR+SUG- Control+sugar group; GLLP- Gestational and Lactational Low
684  Protein group; GLLP+SUG- Gestational and Lactational Low Protein + sugar group.

685
686  3.8.2 Pathways related to growth, cell cycle, apoptosis, glucose metabolism and spliceosome were
687  enriched in CTR+SUG, GLLP and GLLP+SUG groups in aging.

688
689 The venny analysis showed 126 commonly enriched terms in CTR+SUG, GLLP, and

690  GLLP+SUG groups. The differential of expression of 26 commonly terms enriched more relevant
691  for CTR+SUG, GLLP, and GLLP+SUG groups were illustrated by a heat map, connected to the
692  alluvial diagram with the respective proteins that acting in some pathways (VEGF signaling
693  pathway, regulation of TP53 expression, and degradation, hypoxia response via HIF activation,
694  negative regulation of autophagy, NIK/NF-kappa beta signaling, mTOR signaling, response to
695 insulin-like growth factor stimulus, transcriptome regulation by TP53, glycolysis/gluconeogenesis,
696  spliceosome) (Figure 13- A and B).The commonly enriched terms on PND 540 by upregulated
697  proteins and downregulated proteins in all experimental group were showed in Supplementary 4.
698 The PPI network analysis on PND 540 demonstrated 3 clusters of proteins: cluster 1-
699 ALDH3Al, ACSS2, ALDH1A3 and ADH1,; cluster 2- LDHA, GPI and FBP2; and cluster 3-
700 SRSF7, TRA2B, SRSF5, SRSF3, PRPF3, PRPF6, PRPF40A, SNRPE, LSM2, LSM8, LSMS5,
701 DDX42, DHX38, POLR2A, POLR2E, POLR2G, POLR2J, NCBP1, GTF2H4, PIN1, PIP4K2C,
702 RAC2, PIK3CA, AKT1, MTOR, PRKCA, RRAGD, CHUK, RPTOR and EEF2K (Figure 11- C).
703
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Figure 13. Venn diagram, heatmap and protein-protein interaction (PPI) representing the commonly enriched
terms on postnatal day 540. A) Venn diagram showing enrichment terms commonly dysregulated among groups; B)
Alluvial plot 26 interesting terms among groups connected with differentially expressed proteins; C) PPI generated by
String of interesting differentially expressed proteins. CTR- Control group; CTR+SUG- Control+sugar group; GLLP-
Gestational and Lactational Low Protein group; GLLP+SUG- Gestational and Lactational Low Protein + sugar group.

3.9 Maternal LPD and post-natal consumption causes alterations in ventral prostate

We observed the alterations in the frequency of glandular components caused by maternal
LDP and postnatal sugar consumption, although the absolute and relative VP weight did not differ
on PND 90 (Figure 14). The treated animals (CTR+SUG, GLLP, and GLLP+SUG) had an increase
in epithelium compartment, and a decrease of acinus and lumen compartments when compared to
the CTR group. The epithelium compartment presented more folds in GLLP and GLLP+SUG
groups, additionally, the same groups showed an increase of stroma compartment in relation to the
CTR group (Figure 12- A and B). In histological analyses were observed the inflammatory infiltrate,
especially in the stromal compartment in the groups that drunk sugar solution, the mast cell index
increased in GLLP and GLLP+SUG groups when compared to the CTR group (Figure 14- C and
D).
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Figure 14. Representative histological sections of ventral prostate (VP) on postnatal day 90. A- General view of
glandular morphology stained with hematoxylin-eosin (HE) and stereological quantification of the VP compartiment’s
(B). C- Toluidine blue histochemical staining, arrows indicate the mast cells and mast cell quantification among
experimental groups (D). *Statistically difference among experimental groups (CTR+SUG, GLLP, GLLP+SUG) when
compared to the Control (CTR) group (p<0.05). CTR- Control group; CTR+SUG- Control+sugar group; Ep- epithelium;
GLLP- Gestational and Lactational Low Protein group; GLLP+SUG- Gestational and Lactational Low Protein + sugar
group; PND- postnatal day; lu- lumen; S- stroma.
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On PND 90, the cellular proliferation index evaluated by Ki67 was increased in the GLLP
group when compared to the CTR group and it was visualized less intense AR immunostaining in
the nuclei of prostatic epithelial cell in GLLP and GLLP+SUG groups (Figure 15 and 16).

CTR
CTR+SUG

Ki67 Index (%)
Y9

GLLP
GLLP+SUG

] 5 y <Q
| “ ) -
| ¢ ey

Figure 15. Proliferation cell analysis in ventral prostate on postnatal day 90. A- Representative
immunohistochemistry against Ki67 in the VP from CTR, CTR+SUG, GLLP and GLLP+SUG groups. Filled arrow:
positive proliferation cells; B- Graphics represent the percentage of positive cells for Ki67 of VP from different
experimental groups (n = 6/group). Data are expressed as median + SEM. *Demonstrated statistically difference
between GLLP when compared to the CTR group (p < 0.05). CTR- Control group; CTR+SUG- Control+sugar group;
GLLP- Gestational and Lactational Low Protein group; GLLP+SUG- Gestational and Lactational Low Protein + sugar
group. VP- ventral prostate.

CTR
CTR+SUG

GLLP
GLLP+SUG

ventral prostate on postnatal day 90. Dashed circle illustrates the positive AR nucleus. CTR-
Control group; CTR+SUG- Control+sugar group; GLLP- Gestational and Lactational Low
Protein group; GLLP+SUG- Gestational and Lactational Low Protein + sugar group.
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On PND 540, the stroma compartment increased in the GLLP+SUG group when compared
to other experimental groups (CTR, CTR+SUG, and GLLP), whereas, the luminal compartment
was reduced in the same group in relation to the CTR and CTR+SUG groups (Figure 17- A and B).
The older rats showed the presence of some prostatic lesions. It was observed the epithelial atrophy
and physiological hyperplasia in CTR, CTR+SUG, GLLP, and GLLP+SUG groups, this kind of
alteration is typic in aging animals. Other prostatic disorders such as focal hyperplasia,
intraepithelial neoplasia, and carcinoma in situ were visualized in treatment groups (CTR+SUG,
GLLP, and GLLP+SUG) (Suppl. Figure 5- A-J).

PND 540

100

ONS+YLD

VP Compartiments (%)

Epithelium Lumen Stroma

9NS+d119

E CTR mm CTR+SUG mm GLLP 1 GLLP+SUG

Figure 17. Representative histological sections of ventral prostate (VP) on postnatal day 540. A- General view of
glandular morphology stained with hematoxylin-eosin (HE) and stereological quantification of the VP compartiment’s
(B). *Statistically difference between experimental groups (CTR+SUG, GLLP, GLLP+SUG) in relation to Control
(CTR) group when p <0.05. # Statistically difference between CTR+SUG and GLLP+SUG groups when p <0.05. *
Statistically difference between GLLP and GLLP+SUG when p <0.05. CTR- Control group; CTR+SUG- Control+sugar
group; GLLP- Gestational and Lactational Low Protein group; GLLP+SUG- Gestational and Lactational Low Protein
+ sugar group. PND- Postnatal day.
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798 The PCNA and prostatein expression analyzed by western blotting did not have a significant
799  difference among experimental groups on PND 90 and 540 (Figure 18- A-D).
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802
803 Figure 18. Graphics represent the protein expression of PCNA and prostatein on
804 postnatal day 90 and 540. A and B- PCNA expression from different experimental
805 groups on postnatal day (PND) 90 and 540, respectively. C and D- Prostatein expression
806 from different experimental groups on PND 90 and 540. Data are expressed as mean +
807 SD. CTR- Control group; CTR+SUG- Control+sugar group; GLLP- Gestational and
808 Lactational Low Protein group; GLLP+SUG- Gestational and Lactational Low Protein +
809 sugar group; PND- Post Natal Day.
810
811 4. Discussion
812
813 The novel aspect of this study demonstrated that maternal LPD and postnatal sugar

814  consumption altered the VP morphophysiology on PND 90 and persists until PND 540, mainly
815  changing the autophagy process observed on the proteomic profile. The animals submitted to
816  maternal LPD and postnatal sugar consumption on PND 90 enriched terms related to proliferation
817  and histones pathways, while in aging enriched terms that influence the growth, cell cycle, and

818  autophagy. The enriched terms can explain the alterations generated by maternal LPD and postnatal
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sugar consumption such as growth delay induced by LPD, glucose intolerance caused by the
increase of sugar solution intake, alterations in VP morphophysiology aspects in adult and aging
animals.

The GLLP dams had a reduction of body weight in the end of lactation period and was
associated with a lower diet consumption. Although there was a significant increase in all relative
adipose tissue weights in GLLP dams, similar results were visualized by Moretto et al., 2011 with
dams fed with LPD (6% of protein) during the lactation period. The adverse conditions during the
gestational and lactational periods stimulate energy storage and increase of adiposity since the lipid
content especially in gonadal white adipose tissue in the lactation period are essential for milk-
protein synthesis (Moretto et al., 2011). Additionally, the maternal LPD can impact a decrease in
quality milk and dairy production, consequently induce growth restriction resulting in low birth
weight and reduced organ growth in offspring (Grigor et al., 1987; Moretto et al., 2011). However,
since these animals start to feed normal diet, this result can be reversed through catch-up growth
(Jones et al., 2011).

The CTR+SUG and GLLP+SUG animals had an increase in sugar solution intake that
resulted in a decrease in the food intake in both experimental groups, especially for the GLLP+SUG
group, which also showed a decrease in the energy intake when compared to the CTR and
CTR+SUG groups. The body weight of the CTR+SUG group was similar to the CTR group, while
the GLLP+SUG group decreased during all sugar solution consumption period. Based on these data,
we realized the sugar consumption enhance the effects caused by maternal LPD. The fat weights of
the CTR+SUG group did not have a significant difference and the GLLP+SUG group showed a
decrease in relation to the CTR+SUG, both groups (CTR+SUG and GLLP+SUG) had an increase
in this parameter. Similar results were described by De Oliveira et al., (2020), who showed lower
energy intake and an increase of adipose tissue and Lee index with rats fed with a high sugar diet
(HSD) contained 36.32% of add sugar consumed during 18 weeks. Additionally, the postnatal sugar
consumption in the CTR+SUG group increased glycemia in 120 minutes and at the AUC when
compared to the CTR group on PND 90, which characterized a glucose intolerance. On PND 540,
the glycemia and AUC were not different, the CTR+SUG animals recovered in this parameter. Thus,
we believe in a compensatory mechanism in the treated animals, where there is an increase in insulin
production, taking glycemic parameters to levels close to the control group (Sheng et al., 2017).

The control and composition of body weight are depending on factors set, such as energy
intake, energy expenditure, fat deposition and, the action of hormones (insulin, leptin, and Ghrelin)
(Woods et al., 1985; Martinez, 2000; Zigman et al., 2005; Priego et al., 2009; Gonzélez-Muniesa et
al., 2017). Additionally, the consumption of sugar can modulate the control of appetite through

different mechanisms resulting in reduced food intake (Gat-Yablonski; et al., 2013; Barbosa de
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Queiroz et al., 2014). In our proteomic data, we observed that the ghrelin and insulin upregulated
terms and, glycolytic process enriched by downregulated protein could explain the alterations in the
increase of sugar solution intake associated with the decrease in diet intake and body weight and,
glucose intolerance visualized in the CTR+SUG group on PND 90. Since, the ghrelin hormone
regulates glucose metabolism and insulin secretion (Poher, et al., 2018). Epidemiological studies
highlighted the inverse relationship between the indexes of impaired glucose tolerance and insulin
resistance (Tschop et al., 2001). Zigman et al., (2005) demonstrated that when the rats were exposed
to a high-fat diet (HFD), Ghrelin or Ghrelin receptor (GHSR)- null mice showed a better glucose
tolerance and insulin sensitivity when compared to wildtype. Additionally, the zinc finger and BTB
domain containing 20 (ZBTB20) downregulated DEP can affect the glycolytic metabolism
contributing to the glucose intolerance visualized in CTR+SUG animals (Sun et al., 2020).

The other processes that were enriched by down-regulated DEPs were the sphingolipid
metabolism and lipid homeostasis that have an association with the regulation of autophagy, which
was an upregulated term enriched. Autophagy is a prosurvival mechanism, can be stimulated by
different types of cellular stress, which promoting the removal of damaged proteins and/ or
organelles, to maintain essential activity and viability in response to nutrient limitation (Kim et al.,
2011; Young et al., 2013; Rodriguez-vargas et al., 2019). The autophagy regulation process is
directly related to the metabolism of lipid and sphingolipids (Young et al., 2013; Young; Wang,
2018; Soto- Avellaneda; Morrison, 2020). Sphingolipid metabolites regulate the Unc-51 Like
Autophagy Activating Kinase (ULK) 1/2 complex via mammalian target of rapamycin 1 (mTORL1),
AMPK, which is responsible for initiating autophagosome (Young; Wang, 2018). De Stefani et al.,
(2017) with a mouse model of sugar solution consumption (15% of glucose) during 7 months
showed molecular implications on lipid accumulation and autophagy in skeletal muscle.

On PND 90, the GLLP group had a decrease in AGD, this parameter is directly related to
testosterone levels (Lu et al., 2020). It was visualized in the VP an increase of epithelium and stroma
compartments and a decrease of the lumen, additionally, the GLLP animals had a higher cellular
proliferation index evaluated by Ki 67 immunostaining when compared to the CTR group and, less
intense AR immunostaining in the nuclei of prostatic epithelial cell. These parameters indicate the
GLLP animals on PND 90 had a delay in the development of VP and these animals did not reach
the catch-up growth yet, since Rinaldi et al. (2013) with the same experimental model had similar
results in some parameters in animals submitted to maternal LPD on PND 120. Pinho et al. (2014),
Colombelli et al., (2017), and Santos et al., (2019) already demonstrated the development delay of
the prostate gland since the beginning of life in offspring. Therefore, growth, cellular proliferation,
vasculogenesis, and development terms were enriched by upregulated and downregulated DEP, and

could contribute to this delay visualized in these GLLP animals, indicating that these animals did
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not reach the catch-up growth yet. Interestingly the hedgehog signaling pathway and Mitogen-
Activated Protein Kinase 2 (MAPK2) and MAPK activation terms that acting in the endothelial cell
proliferation, migration, and angiogenesis (Ma et al., 2019) that it is essential processes for the
development and growth prostate (Colombelli et al., 2017) were enriched by arrestin, beta 1
(ARRBL1) upregulated DEP. We believe that the catch-up growth will occur with the participation
of this protein.

The GLLP+SUG group had a lower food intake than other groups. The GLLP+SUG
upregulated and downregulated DEP’s enriched pathways related to the arachidonic acid
metabolism and autophagy process. Both enriched terms can be stimulated by the metabolism of
nutrients. The arachidonic acid metabolic process has an association with an increase of mast cells
visualized in the GLLP+SUG group. Depending on the stimulus, mast cell activation can stimulate
the prolonged synthesis and secretion of cytokines and derivatives of arachidonic acid, which can
act on immunity and inflammation associated with nutrients metabolism (Kovanen; Bot, 2017;
Sonnweber et al., 2018). Among the types of autophagy, the macroautophagy (enriched term) is the
major catabolic mechanism used by eukaryotic cells to maintain nutrient homeostais and organellar
quality control (Levine; Kroener, 2019). The autophagy process can be activated by nutrients
availability, the starvation-induced autophagy is regulated by short coiled-coil protein (SCOC), a
Golgi protein, upregulated DEP in the GLLP+SUG group. In addition, other enriched
phosphatidylinositol terms had related in the autophagy initiation process (Nishimura et al., 2017;
Wang et al., 2017; Blunsom;Cockcroft, 2020).

On PND 540 the CTR+SUG animals showed terms related to the autophagy process, which
can have remained enrichment since PND 90. The AMPK and mTOR pathways enriched by AKT
serine/threonine kinase 1 (AKT1), EEF2K and ULK1 upregulated DEPs act in the regulation of the
autophagy process (Kim et al., 2011). The process can be promoted by AMPK and, inhibited by
mTOR (Kim et al., 2011). Interestingly, the ULK1 was upregulated DEPs by the CTR+SUG group,
this protein is part of the complex necessary for the initiation of the autophagosome (Young; Wang,
2018). Downregulated terms related to Glucose metabolism were enriched by acyl-CoA synthetase
short-chain 2 (ACSS2) and angiotensinogen (AGT), which also act the autophagy regulation (Ha et
al., 2015). ACSS2 can be phosphorylated by AMPK and stimulate the expression of lysosomal and
autophagosomal genes (Zhang et al., 2019). Huang et al. (2018) showed that ACSS2 Knockdown
animals when received a normal diet were phenotypically normal, but when fed a high-fat diet, these
animals become markedly less obese, this can explain the not alteration in the body weight and the
fats in CTR+SUG animals.

The effects caused by maternal LPD in the begging of life remained until the aging. GLLP

group persisted with a lower body weight and AGD and, showed an increase of relative VP weight
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and a decrease of prostatein expression. Some researchers demonstrated that maternal LPD (6% of
protein) caused the delay of VP development with some physiologic effects thought life that could
impact aging, including the development of VP lesions (Rinaldi et al., 2013; Pinho et al., 2014;
Colombelli et al., 2017; Santos et al., 2019). Additionally, the upregulated and downregulated DEPs
enriched terms associated to mTOR, insulin, vascular endothelial growth factor receptor (VEGFR),
estrogen, PI3K-Akt and cytochrome P450. Work from our lab, with the same experimental model
with VP already demonstrated the alterations in VP proteomic profile in similar pathways,
additionally, the increase of AKT-1 expression in VP on PND 21 and, a decrease of AKT-1 and
PI3K expression on PND 540 of animals from GLLP group (Santos et al., 2019; 2020). The changes
in young animals remained until the aging, which can have to accelerate the aging process by
upregulated or downregulated alterations in common aging metabolic pathways.

The body weight and AGD remained decrease in the GLLP+SUG group from PND 90 until
540. The relative VP weight showed an increase in the GLLP+SUG group when compared to the
CTR and CTR+SUG groups. The VP had a significant increase of stroma and a reduction in the
lumen compartment, this can have reflected in lower quantity luminal secretion, which can be
represented by a decrease of prostatein expression visualized in the GLLP+SUG group. These
results demonstrated that the maternal adverse conditions associated with postnatal conditions until
adult life can enhance the effects and can result in precancerous histological alterations (Herrera-
Covarrubias et al., 2019).

Although autophagy is common in aging, we realized this process is stimulated by sugar
consumption, since the animals from the GLLP+SUG group on PND 90 also presented this term
enriched. On PND 540, this group had the autophagy related 5 (ATG5) and Sirtuitin 2 (SIRT2)
downregulated DEPs that enriched pathways which are commons in the autophagy process in aged
tissues (Filfan et al., 2017; Xu et al., 2019), additionally had mTOR, Sirtuitin 3 (SIRT3) and
MTMR3 downregulated DEPs and phosphatidylinositol enrichment terms acting in this process too
(Kimetal., 2011; Zouetal., 2012; Han et al., 2020). Proteins related to the cell cycle, differentiation,
and development of cellular and mechanisms of cellular detoxification were enriched by the
metabolism of RNA and cytochrome P450 (Bogdani et al., 2013; Xu et al., 2016).

In relation, the commonly enriched terms on PND 90 most of them were related to histones
modifications, such as methyltransferase, ubiquitination, and deubiquitination, that have been
implicated in the modulation of gene expression in physiological and pathological conditions (Audia
etal., 2016). Most of the terms were enriched by SUZ12, HIST1H1D, and HIST2H2AB DEPs. The
suppressor of zeste 12 (SUZ12) that belong to a polycomb group (PcG), that are important
epigenetic regulators of transcription. The SUZ12 acts in PCR2 protein, which is the major

methyltransferase for histone 3 at lysine 27 (H3K27) methylation, this modification can be
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associated with transcriptional repression of Hox gene expression during embryonic development.
This is interesting since the animals from CTR+SUG, GLLP, and GLLP+SUG were submitted to
the adverse conditions during the development. Additionally, SUZ12 protein forms an EZH2
complex, which your overexpression was related to prostate cancer (Gao et al., 2010; Brecqueville
etal., 2011; Ren et al., 2012; Croce; Helin, 2013). In aging, most of the commonly enriched terms
were commons in the aging process such as spliceosome, TP53, glycolysis, autophagy, mTOR,
VEGF, hypoxia (Lapierre et al., 2015; Papadopoli et al., 2019; Yeo, 2019). Interestingly the
GLLP+SUG group showed a different profile in relation to other groups (CTR+SUG and GLLP),
which demonstrated that the LPD associated with postnatal sugar consumption enhances the effects

in aging.

5. Conclusion

In the proteomic profile analysis were enriched mainly catabolic and metabolic process. We
realized the sugar consumption altered the autophagy process since PND 90 that persists until PND
540. Maternal LPDs enriched growth, cell cycle, and proliferating pathways, while only sugar
consumption impacts the pathways related to metabolic stress. In summary, we observed that not
only maternal nutritional conditions are important for the individual, but the quality of food
throughout life. It can be seen that the adult animals had some changes but not at the level of
impacting the functionality of the prostate, but these alterations since adult life in aging can

contribute to prostatic pathologies.
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Supplementary material

Supplementary Table 1. Composition of the standard or Normoprotein (AIN-76A) and Hipoprotein diets
(AIN-93).

Ingredients Normoprotein Hipoproteic
(17% of protein) g/Kg (6% of protein) g/Kg *

Starch 397 480
Casein (84% protein) 202 71.5
Dextrin 130.5 159
Sucrose 100 121

Soy oil 70 70
Fiber of pH 101 or pH 102 (microcellulose) 50 50°
Mixture of salts AIN93G* 35 35
Mixture of vitamins AIN93G© 10 10
L-cystine 3 1
Choline hydrochloride or Choline bitartrate 2.5 2.5
Energy Intake (Kcal/g) 3.96 3.96

@ The hypopretin diet was prepared by Pragsolugdes (PragSolugdes, SP, Brazil). Diets were supplemented with L-
Cystine as sulfur amino acid.

b Vitamin and mineral mistures were formuled to meet the American Institute of Nutrition AIN-93G
recommendation for rodent diets (Reeves et al.,1993).

¢Potassium phosphate, monobasic, was added to the salt mix if 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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Supplementary Table 2. Specification for antibodies used in immunohistochemistry (IH) and Western-blot
(WB) experiments.

Name Company Cat. number Dilution IH'WB
AR (N-20) Santa cruz sc-816 R 1:100/1:1000
KI67 Abcam abl6667 1:100
Prostatein AbDsorotec 7821-1009 1:1000
PCNA Santa cruz sc-50 1:1000
Goat Anti-Rabbit IgG-HRP Santa cruz se-2030 1:100/1:2000
Bovine Anti-Goat I[gG-HRP Santa cruz sc-2378 1:100/1:2000
Goat Anti-Mouse IgG H&L (HRP) Abcam ab6789 1:200/1:5000

Protein Peptide Mass Spectrometry

N TR

(@ Treatament @ Collect of Ventral (® Preparation of samples ® Extraction of =
of animals Prostate (VP) proteins %, |
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| ™4
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2 STRING (® Digested peptides
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D & F Y VY

@ Bioinformatic analysis O Mass spectrometry @ Peptides preparation for
Lc-MS

Supplementary Figure 1. Representative figure of mass spectrometry analysis.
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Supplementary Table 3. Anthropometrical parameters of dams during gestational and lactational periods.

Parameters

Gestational

Lactational

CTIR

RPGL

CTR

RPGL

Initial Body Weight (g)
Final Body Weigtht (g)
Body Weight Gain (g/day)
Food Consumption (g/day)
Body Length (cm)

Lee Index

BMI (g/cm?)

3145+£3894
40890 =44 61

100.60 = 86.50
27.08 490
2250+098

1.09 =0.005
0.848 £ 0.090

316.00 = 36.70
398.90 + 38.09
82.89 2547
21.62 485"
22.04 +0.66
1.09 £ 0.002
0.796 = 0.059

340,50 £29.37
35060 £3742

10.07 £26 87
5091 +£6.32
22500098
1.09 £ 0.004
0.739 £ 0.057

326.90 = 38 80
25610+3595
-70.85=1698"
2279+574"
22.04+0.66
1.08+0.002
0522+0032"

88

Data are expressed as mean + SD. *Demonstrated statistically difference between Control (CTR) group and
Gestational and Lactational Low Protein (GLLP) group (p < 0.05). Body Mass Index (BMI).

Supplementary Table 4. Biometric parameters of dams in the end of lactation period.

Experimental Groups

Parameters
CTR GLLP

Body Weight (g) 373.20+18.42 253.90 +20.83*
Total Liver (g) 17.26 + 1.58 12.82 +2.36%
Relative Liver Weight 4.62+0.31 5.04+0.73
Visceral Fat (g) 4.12 £0.69 4.31+0.71
Relative Visceral Fat Weight! 1.10+£0.15 1.70 £ 0.27*
Periuterinic Fat Weight (g) 453+2.24 533+ 1.59
Relative Periuterinic Fat Weight! 1.20 £0.56 2.09 £0.56*
Retroperitoneal Fat (g) 3.19+1.23 5.34 £ 1.55*
Relative Retroperitoneal Fat Weight! 0.85 £0.31 2.10£0.53*
Total fat (g) 11.85+3.80 14.99 + 3.00
Relative Total Fat Weight! 3.15+0.93 5.80 + 1.00%*
Estrogen > 0.21 £ 0.01 0.20 = 0.008*
Total Cholesterol 8458 £13.43 51.07 £ 8.57%*

!Data multiplied by 100. 2 Data multiplied by 10. Data are expressed as mean * SD.
*Demonstrated statistically difference between Control (CTR) group and Gestational and

Lactational Low Protein (GLLP) group (p < 0.05).
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Supplementary Table 5. Biometric parameters of male offspring at postnatal day 0 and 21.

Experimental Groups

Parameters
CTR GLLP

PND O

Body Weight (g) 702047 5.77+1.22*

AGD (mm) 296+035 2.75+021*
PND 21

Body Weight (g)! 5090+095 1920+ 0.44*

AGD (mm) 1448195 923x+1.17*

Data are expressed as mean + SD. 'Data are expressed as median + SEM. *Demonstrated
statistically difference between Control (CTR) group and Gestational and Lactational Low
Protein (GLLP) group (p < 0.05). AGD- Ano-Genital Distance; PND- Postnatal Day.
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Supplementary Figure 2. Biochemical parameters of male offspring at postnatal day 90 and 540. A- Total
proteins on PND 90, data are expressed as mean + SD; B- Glucose on PND 90, data are expressed as mean * SD;
C- Triglycerides on PND 90, data are expressed as median + SEM; D- Total cholesterol on PND 90, data are
expressed as mean + SD; E- Total proteins on PND 540, data are expressed as mean + SD; F- Glucose on PND
540, data are expressed as median £ SEM; G- Triglycerides on PND 540, data are expressed as median + SEM;
H- Total cholesterol on PND 540, data are expressed as median + SEM. Different symbols mean statically
differences with p < 0.05. CTR- Control group; CTR+SUG- Control+sugar group; GLLP- Gestational and
Lactational Low Protein group; GLLP+SUG- Gestational and Lactational Low Protein+sugar group; PND -

Postnatal day.
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Supplementary Figure 3. Proteomic profile in adult animals on postnatal day- 90. A- Principal Component
Analysis (PCA) showing clustering among samples each group; B- Venny diagram showing the intersection of
differentially expressed proteins among groups. C- Heatmap showing clustering of differentially expressed
proteins. CTR- Control group; CTR+SUG- Control+sugar group; GLLP- Gestational and Lactational Low Protein
group; GLLP+SUG- Gestational and Lactational Low Protein+sugar group.
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Supplementary Figure 4. Proteomic profile in aging animals on postnatal day-540. A- Principal Component
Analysis (PCA) showing clustering among samples each group; B- Venny diagram showing the intersection of
differentially expressed proteins among groups. C- Heatmap showing clustering of differentially expressed
proteins. CTR- Control group; CTR+SUG- Control+sugar group; GLLP- Gestational and Lactational Low Protein
group; GLLP+SUG- Gestational and Lactational Low Protein+sugar group.



CAPITULO II

Supplementary Figure 5. Representative histological sections of ventral prostate (VP) stained with
hematoxylin and eosin (H.E.). A and B- Illustrate the epithelial atrophy indicate by arrows, this kind of lesion
was visualized in all experimental groups. C and D- Physiological hyperplasia indicate by arrows mainly in perific
regions of the gland. E and F- Atypical Hyperplasia (arrows) normally is associate with inflammation. G and H-
Prostatic intraepithelial neoplasia with microacinus indicate by circles. | and J- Carcinoma in situ indicate by
arrows and the presence of microacinus and vessels represented by circles and asterisk. S = stroma; EP =
epithelium. L = lumen. Magnification 20 x (100 pm) e 40X (50 pm).
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CAPITULO III

Neste capitulo serdo apresentados resultados dos animais no dia pos-natal 90 com o
objetivo de analisar se a RPM durante a gestacdo e lactacdo e o consumo de agucar p6s natal
afetaram a funcionalidade do testiculo, préstata e epididimo.

1. Introducéo

A infertilidade é considerada um problema mundial que afeta milhdes de pessoas em
idade reprodutiva no mundo. Estima-se que aproximadamente 48 milhdes de casais sdo afetados
e 186 milhdes de individuos apresentam alguma doenca relacionada a infertilidade, sendo o fator
masculino o principal ou a causa de 50% dos problemas (Kumar; Singh, 2015; WHO, 2020;
Agarwal et al., 2021). Mais de 90% dos casos de infertilidade masculina € comumente associada
a diminuicdo da qualidade do esperma; fatores como a baixa concentracdo de esperma
(oligospermia), baixa motilidade espermatica (Astenospermia) e morfologia espermatica
anormal (teratospermia) sdo os mais comuns (Sabra; Al-harbi, 2014; Kumar; Singh, 2015).
Embora, outras alteracdes em o6rgdos e glandulas acessérias reprodutivas como o epididimo,
préstata e vesicula seminal também possam influenciar na infertilidade masculina (Verze et al.,
2016).

Portanto a composicdo do fluido seminal, que garante uma boa performance reprodutiva
é dependente de boas condices fisioldgicas e metabdlicas do organismo do individuo que podem
ser alteradas frente a exposicao a fatores genéticos, ambientais ou nutricionais, tanto no inicio da
vida durante o periodo fetal e durante a vida pds-natal (Rhind; Brooks 2001; Verze et al., 2016;
Rahban; Nef, 2020). O desenvolvimento intrauterino e o periodo p6s-natal representam periodos
de grande vulnerabilidade e dependendo do tempo e do tipo de exposicdo esta faixa adaptativa
pode contribuir para o surgimento de Sindromes Metabdlicas (SM), um conjunto de doencas ndo
transmissiveis que incluem: elevada obesidade abdominal, intolerancia a glicose, hipertensao,
hiperglicemia, hiperinsulinemia, hiperlipidemia, triglicerideos elevados e resisténcia a insulina
(Davies; Norma, 2002; Ozanne, 2015; Marciniak, et al., 2017).

Atualmente a hipotese de Development Origins of Health and Disease (DOHaD) indica
gue um ambiente adequado no inicio da vida pode reduzir os riscos de doencas nao transmissiveis
e melhorar a salde ao longo da vida (Mc Kerracher, et al., 2019). Embora seja dificil confirmar
0 impacto das condi¢fes adversas no inicio da vida humana, durante a historia da humanidade
ocorreram alguns eventos tragicos como da fome holandesa (1944) que foi um periodo de fome
severa na parte oeste da Holanda no final da segunda guerra mundial, que possibilitaram entender
melhor as consequéncias dessa ma nutricdo materna na vida dos seus descendentes (Schulz,
2010; Carpinello et al., 2018). Dentre os modelos de DOHaD que vem demonstrando grandes
impactos na funcionalidade do sistema genital masculino é o de restri¢éo proteica materna (RPM)
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(Bautista et al., 2019; Cavariani et al., 2019; Santos et al, 2019, Santos et al, 2020; Portela et al.,
2021). Foram demonstradas alteragcdes como menor taxa de fertilidade, reducéo da distancia ano-
genital ao nascimento, reducdo dos niveis séricos de testosterona e aumento de estradiol na prole
masculina (Santos et al., 2004; Zambrano et al., 2005; Rinaldi et al., 2013; Colombelli et al.,
2017; Santos et al., 2019). Além da reducdo de peso do testiculo, epididimo e prostata (Santos et
al., 2004; Rinaldi et al. 2013), aumento do estresse oxidativo no testiculo e epididimo (Toledo et
al.,, 2011; Rodrigues-Gonzales et al., 2012), diminuicdo da expressdo de receptores de
androgenos, quantidade de células de Sertoli e na qualidade espermatica no testiculo (Rodrigues-
Gonzales et al., 2012; Toledo et al., 2011), atraso do desenvolvimento do epididimo assim como
alteracdo do fluido dindmico e na vasculogénese (Cavariani et al., 2019; Mello Santos, et al.,
2019). Particularmente com a prdstata, nosso grupo de pesquisa vem demonstrando que RPM
causa o atraso da morfogénese prostatica com reducdo do processo de angiogénese durante o
desenvolvimento (Colombelli et al., 2017); formac&o de carcinoma in situ em ratos envelhecidos
(Santos et al., 2019); além de levar a alteracbes no perfil protedmico principalmente em vias
relacionadas a fatores de crescimentos, sinalizacao de estrogeno e histonas tanto em ratos jovens
guanto em animais velhos (Santos et al., 2020), estes animais ainda apresentaram aumento de
estresse oxidativo, descrito por Portela et al. 2021.

Estudos evidenciam que além dos impactos na prole da ma nutricdo materna, uma dieta
altamente industrializada, por exemplo, rica em calorias, acidos graxos, gorduras saturadas,
colesterol ou com alta quantidade de aglcares de adicdo pela prole na vida pds-natal podem
potencialmente causar alteracdes no sistema genital masculino afetando a reproducdo (Ruff et
al., 2013; Salas- Huetos et al., 2017). Ruff e colaboradores (2013) descreveram que camundongos
machos submetidos a uma dieta contendo 25% das calorias oriundas de uma mistura de frutose
e glicose, que é uma concentracao de aclcares de adicdo considerada relevante para o consumo
humano, produziu uma prole 25% menor. Nos ultimos anos tem aumentado o consumo de uma
dieta ultra processados, hipercalorica e poucos nutritiva, assim como de bebidas adogadas
artificialmente com “aglicares de adi¢do” (Dearden; Ozanne, 2014; Malik; Hu, 2015;
Yarmolinsky et al., 2016). Este aumento associado juntamente com os habitos de vida sedentarios
resultou em maior incidéncia de SM, em especial a obesidade, que atualmente afetam pelo menos
25% dos adultos no mundo (Calle; Kaaks, 2004; Giovannucci, 2010). De acordo com a
Organizacdo Mundial da Saude (OMS) este aumento de SMs séo importantes fatores de risco
para alguns tipos de canceres, em especial para o cancer de prostata, que é o segundo tipo cancer
gue mais acomete os homens no mundo (The lancet, 2018; Ferlay et al., 2019).

Em conjunto pode se dizer que tanto condi¢fes nutricionais maternas e ao longo da vida

sdo essenciais para o desenvolvimento e funcionalidade dos 6rgédos reprodutivos. Uma vez que
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tanto a RPM na gestacdo e a lactacdo e a ma alimentagdo podem proporcionar alteraces no
ambito reprodutivo. Com tudo, nossa hipotese de que individuos submetidos a restri¢do proteica
materna durante o periodo intrauterino, e que consumiram aclcar durante as fases iniciais de
desenvolvimento, podem ter os aspectos reprodutivos alterados. Este capitulo apresenta dados
morfologicos, moleculares e de contagem espermatica dos 6rgdos reprodutivos a resposta da
exposicao da RPM com o consumo de agucar na vida pos-natal na prostata, testiculo e epididimo
de ratos jovens.

2 Material e métodos

Foram utilizados ratos adultos, da linhagem Sprague Dawley machos e fémeas,
fornecidos pelo Centro de Bioterismo da Universidade Estadual de Campinas, Campinas, SP. Os
animais e suas proles foram mantidos no Biotério de Pequenos Mamiferos do Departamento de
Morfologia, em caixas de polietileno, dois animais por caixa, com substrato de maravalha
autoclavada, em condic@es controladas de luminosidade (12 horas de fotoperiodo) e temperatura
entre 22°C e 25°C, sendo fornecida agua filtrada e racdo ad libitum. Os procedimentos
experimentais estdo de acordo com os Principios Eticos na Experimentacdo Animal adotado pelo
Sociedade Brasileira de Ciéncia em Animais de Laboratorio (SBCAL) e foram aprovados pela
Comité de Etica no Uso de Animais do Instituto de Biociéncias de Botucatu (CEUA-951) (Anexo
).

Apds ser constatada a prenhes das ratas fémeas no dia gestacional (DG) 0 foram separadas
inicialmente em dois grupos: Grupo Controle (CTR) (n= 10 por grupo) que recebeu racao
normoproteica (17% de proteina) e Grupo restricdo proteica gestacional e lactacional (RPGL)
(n= 10 por grupo) que recebeu racdo hipoproteica (6% de proteina) durante os periodos de
gestacdo e lactacdo (Tabela S.1). Ambas as dietas sdo isocaldricas e normosodicas e foram
fornecidas pela empresa PragSolucGes (PragSolucdes, SP, Brasil, Reeves et al., 1993) (Tabela
S1) e foram usadas em estudos anteriores (Santos et al., 2019; 2020; Colombelli et al., 2017). A
energia metabolizavel foi calculada usando os seguintes valores dos fatores metabdlicos:
proteina- 4,0 kcal/g (16,76 kJ/g); gordura- 9,0 kcal/g (37,71 kJ/g) e carboidrato digerido- 4,0
kcal/g (16,76 kJ/g) (Sadowska; Rygielska, 2019). O consumo de ragdo e 0 peso corporeo das
mades foram mensurados do DG 3 até o DG 21.

Ao nascimento, no dia pés-natal (DPN) 1 os filhotes foram pesados e a prole foi reduzida
para 8 filhotes (4 machos: 4 fémeas) para maximizar a oferta de nutrientes durante a lactacéo
(Fischbeck; Rasmussen, 1987). No desmame no DPN 21, todos 0s animais passaram a receber

racdo normoproteica e 0s animais machos foram separados em 4 grupos experimentais: Grupo
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Controle (CTR) que recebeu agua normal durante todo o periodo experimental; Grupo
CTR+agucar (CTR+ACU) que recebeu agtcar refinado diluido a 10% na &gua a partir do DPN
21 até o DPN 90; grupo Restricdo Proteica Gestacional Lactacional (RPGL) que recebeu &gua
normal durante todo o periodo experimental e o grupo RPGL+ACU que recebeu o agtcar diluido
a 10% na agua a partir do DPN 21 até DPN 90 (Figura 1). Durante todo este periodo foram
mensurados semanalmente o consumo de ragao, ingestao de agua e peso corpéreo. Foi escolhido
0 agucar refinado por ser o tipo mais consumido e de facil acesso da populagdo. A concentracdo
de 10% de sacarose foi escolhida a partir de dados publicados por Kendig et al., (2015) que
demonstraram que a prole masculina de ratas submetidas ao consumo de sacarose a uma
concentracdo de 10% quando expostas na vida adulta @ mesma concentragao de agucar com ou
sem atividade fisica apresentaram aumento da sensibilidade a insulina produzida pelo exercicio
se comparada ao grupo controle, além de maiores niveis de glicemia em jejum em animais
nascidos de maes que consumiram acucar na gestacdo comparada aos animais provenientes de
gestacdo normal. Durante todo este periodo foram mensurados semanalmente o consumo de

comida, a ingestao de &gua e 0 peso corporeo.
PROLE MASCULINA
MAES ,

DGO DG 21 ! !
\ GESTACIONAL L * CTR B Dieta hipoproteica (6% de proteina)

M Dieta normoproteica (17% de proteina)

CTR
=== Solugdo de actcar diluido na dgua (10%)

CTR+AGU [0 Acasalamento

I Nascimento

RPGL

O Desmame

“ Eutanasia

RPGL
€ rRPGL+ACU
DPN 21 DPN 90

Figura 1. Delineamento experimental. CTR- Grupo controle; CTR+ACU- controle+actcar; DG- dia gestacional;
DPN- dia Pds-natal (DPN); RPGL- restricdo proteica gestacional e lactacional;, RPGL+ACU- restricdo proteica
gestacional e lactacional + agucar.

No DPN 90, os animais machos foram anestesiados via intraperitoneal com 0 uso
combinado de anestésico geral ketamina (0.0075 mg/kg na concentracdo de 0,1 mg/ml) e
relaxante muscular xilazina (0.0025 mL/kg na concentracao de 0,02 g/ml). Amostras sanguineas
foram coletadas pela ruptura cervical dos vasos para analises bioquimicas e hormonais e os lobos
prostaticos ventrais, os testiculos e os epididimos foram coletados e processados para diferentes

técnicas que estdo descritas abaixo.
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2.1 Analises morfoldgicas

Apos a coleta e a pesagem dos 6rgdos, os testiculos, epididimos e os lobos prostaticos
ventrais foram fixados em Methacarn (Puchtler et al., 1970). Apos a fixacdo, o material foi
desidratado em série crescente de etandis, diafanizado em xilol e incluido em Paraplast (Sigma
Co, Saint Louis, MO). Os cortes foram produzidos em micrétomo rotativo com Sum de
espessura, coletados em laminas silanizadas e corados pela hematoxilina-eosina (HE) para a
analise geral da estrutura glandular e de anélises histopatologicas. Outros foram armazenados
para realizagdo de reacGes imuno-histoquimicas.

As proporc0es relativas dos componentes dos 6rgaos (epitélio, estroma e lumem) foram
determinadas pelas anélises estereologicas (Weibel et al., 1966; Colombelli et al., 2017). Os
resultados foram expressos como porcentagem de cada componente e proporcao da area total

analisada.

2.2 Reacdes de imuno-histoquimica

Cortes histologicos foram desparafinizados e foram submetidos a recuperacao antigénica
por 30 minutos na panela de pressdao com tampao citrato de sédio 10 mM pH 6,0. Em seguida as
laminas foram submersas em uma solucéo contendo 3% de perdxido de hidrogénio (H.02) em
metanol para o bloqueio das peroxidases enddgenas por 10 minutos no escuro, a interacdo de
proteina-proteina ndo inespecifica foi bloqueada com solucéo de leite desnatado a 3% diluido em
PBS e incubados com anticorpo primario especifico overnight a 4°C. Os cortes foram lavados
com PBS e incubados por 2 horas a temperatura ambiente com anticorpo secundario especifico
conjugado com Horseadish peroxidase (HRP) (ver Tabela Suplementar 2 para especificacdes
dos anticorpos e diluigdes). A marcacéo foi revelada pela 3,3’- diaminobenzidina (DAB, Sigma)
e os cortes foram contra-corados pela hematoxilina. Os resultados foram analisados ao
microscopio e fotodocumentados. Os cortes foram observados em microscépio Leica DMLB e
as imagens foram digitalizadas em analisador de imagens no software Leica Q-win versdo 3.1
para Windows TM (Colombelli et al., 2017).

O indice de proliferacdo foi determinado pela contagem dos nucleos imunomarcados
positivos por Ki67 de 10 campos microscopicos em objetiva de 40x da prostata ventral de 6
animais de cada grupo experimental (aproximadamente 7.000 nucleos). A proporc¢édo de células

marcadas foi expressa em relagdo ao numero total de células contadas.
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2.3 Expressao proteica por Western blotting

As analises de Western blotting foram realizadas de acordo com Santos et al. (2019).
Prostatas ventrais (n=8/grupo) foram homogeneizadas em tampao de extracdo RIPA (Pierce,
Rockford, IL, USA) adicionado de inibidor de proteases e centrifugada, com a determinacdo da
concentracdo de proteinas realizada pelo método de Bradford (Bradford,1976). Aliquotas (70 pg
de proteinas) foram submetidas a eletroforese em gel de poliacrilamida a 10%. As proteinas
foram eletro transferidas para uma membrana de nitrocelulose (Millipore, EUA), foram
blogueadas com leite desnatado 5% diluido em PBS por 2 horas a temperatura ambiente e entdo
foram incubadas overnight 4° C com o anticorpo primario especifico. Apés a lavagem em PBS,
as membranas foram incubadas com anticorpo secundéario conjugado-HRP especifico para cada
primario por 2 horas e novamente lavadas em PBS (Tabela Suplementar 2). O peso molecular
relativo das bandas foi determinado de acordo com o padréo de peso molecular marcado com
cores, Kaleidoscope (Bio-Rad, Hercules, CA, USA), que foi colocado junto na corrida
eletroforética. A reacdo foi revelada pelo reagente ECL™ de detecgdo de anticorpo HRP
quimioluminescente (Amersham™, UK). Os sinais do ECL foram capturados usando uma
camara CCD (Image Quant LAS4000 mini® -GE- Healthcare™). Posteriormente, foram
realizadas andlises semiquantitativas por densitometria das bandas, os valores de Integrated
Optical Densities (I0D) das bandas alvos foram mensuradas no Image J software (Schneider et
al., 2012). Os niveis de expressdo foram normalizados pela B-actin e os resultados normalizados

foram expressos em Fold change como média + desvio padrao.

2.4 Contagens espermaticas testicular e epididimaria

As contagens foram realizadas nos testiculos e nos epididimos (Cabeca/corpo e cauda)
nos ratos dos diferentes grupos experimentais. A quantificacdo espermatica testicular resistente
a homogeneizagdo (estagios 17-19 de espermiogenese) foi realizada conforme descrita por Robb
et al. (1978). Primeiramente foi retirada a tanica albuginea dos testiculos e estes foram
homogeneizados em solugdo STM (0.9% NacCl, 0.05% Triton X-100) e sonicados. As amostras
foram diluidas em uma dilui¢do de 1:10 em solugdo STM, e as contagens foram realizadas em
uma cadmara Neubauer. A producdo espermatica diaria (PED) foi calculada dividindo o nimero
de espermatide resistente a homogeneizacdo por 6,1 (0 nimero de dias que estas células estdo

presente no epitélio do tdbulo seminifero do rato) (Silva et al., 2018).
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Para as contagens do epididimo, a cabeca/corpo e cauda foram processadas como
descritas anteriormente. As amostras foram diluidas de 1:20 e a contagem espermaética e o PSD
foi expresso como 106 células/g de tecido. O tempo de transito espermaético foi expresso em dias,
e foi calculado pela divisdo da contagem espermatica dentro de cada regido do epididimo pelo
PSD (Silva et al., 2018).

2.5 Andlises estatisticas

A estatistica descritiva (média, mediana, desvio padrdo, minimo e maximo) para as
variaveis continuas dos pardmetros biométricos que foram coletadas dos diferentes grupos
experimentais (CTR, CTR+ACU, RPGL e RPGL+ACU) no DPN 90 foram calculadas a partir
de ajustes de modelos lineares generalizados (MLG) usando a distribuicdo Gamma, que tem
maior flexibilidade de ajuste para dados com distribuicdo amostral assimétrica. As diferencas
entre os grupos foram testadas pelas comparacdes multiplas usando o teste de Tukey-Kramer ao
nivel de significancia de p< 0.05. As analises estatisticas foram realizadas no Software estatistico
SAS (version 9.3, Statistical Analysis Systems, SAS Institute, Inc. Cary, NC), e para o0s ajustes
de modelos, foi usado o procedimento GENMOD, que analisou as varidveis continuas pelas
médias de ajustes MLG, considerando a distribuicdo Gamma (Madsen, 2011).

As demais andlises estatisticas foram realizadas no programa GraphPad Prisma (versao
8.0; GraphPad, Inc., San Diego, CA, USA). Todos os dados foram submetidos ao teste de
normalidade de Shapiro-Wilk. Os dados de contagens espermatica testicular e epididimaria que
ndo tiveram distribuicdo normal foram transformados em valores de log antes de ser realizada a
estatistica paramétrica. Para os dados que assumiram uma distribuicdo normal foi realizada
andlise de variancia - ANOVA, com teste “a posteriori” de Bonferroni, para os dados ndo
paramétricos foi feito o teste de Kruskal-Wallis, com teste “a posteriori” de Dunn. As diferencas

foram consideradas estatisticamente significativas quando p<0.05.

3. Resultados e Discussao

3.1 Restricéo proteica maternal e o consumo pés-natal de agucar causam reducédo do peso

corporeo e reducdo do peso dos testiculos e epididimos

A RPM causou a redugdo do peso corpOreo nos animais dos grupos restritos (RPGL e
RPGL+ACU) em relagdo ao grupo controle (CTR) desde o desmame (DPN 21) até o DPN 90

(Tabela 01). Nota-se que o consumo do agucar nao foi o suficiente para causar o0 impacto para
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que ocorresse 0 aumento do peso corpéreo, uma vez que o grupo RPGL+ACU também
apresentou uma reducéo significativa no peso corporeo em comparagio ao grupo CTR+ACU.
Nosso grupo vem demonstrando que a RPM reduz consideravelmente o peso corpéreo dos
animais desde o nascimento até o DPN 30 (Pinho et al., 2014; Rinaldi et al., 2013; Colombelli et
al., 2017) (Colombelli et al., 2017; Santos et al., 2018). Rinaldi et al. (2013) descreveram que
ratos submetidos a RPM no DPN 120 n&o apresentam mais diferenca estatistica no peso corporeo,
0 que nos mostra que 0s nNossos animais com 90 dias possivelmente ainda né&o atingiram o pico
do “catch-up growth” pds-natal, que é um crescimento acelerado normalmente associado a
animais que foram submetidos a RPM ou que apresentam baixo peso ao nascimento (Chen et al.,
2009).

Em relacéo a distancia ano-genital (DAG) néo se observou alteracfes significativas entre
0s grupos experimentais no DPN 90 (Tabela 01). Sabe-se que a DAG reflete a exposi¢édo de
androgenos fetais especialmente durante o periodo chamado de “masculinization programming
window” que ocorre em roedores por volta dos dias 15,5 — 18,5 embrionéario. A acdo do
andrégeno durante este periodo determina o potencial madximo de crescimento dos 6rgdos
dependentes de androgenos (prostata, testiculo, epididimo) (Welsh et al., 2008; Mitchell et al.,
2015; Sharpe, 2020). Sabe-se que a RPM causa uma diminuicdo de andrdgeno no inicio da vida
que persiste até o DPN 30, portanto este resultado no DPN 90 nos indica que os niveis hormonais
de androgeno possivelmente ja estejam normalizados (Rinaldi et al., 2013; Colombelli et al.,
2017).

Tabela 1. Parametros biométricos dos animais no dia pds-natal (DPN) 90.

Grupos Experimentais

Parimetros CIR CTR+ACU RPGL RPGL+ACU
Peso Corporeo no DPN 21 (g) 49.50=1.42 5205=1.26 19.35 = 0.66" 1290=0350 "%
Peso Corporeo Final no DPN 90 (g) 42020 =11.32 402.80 = 10.31 32720=791° 20440=898 "7
Distancia Ano-genital (DAG) (mm) 31.14=6.19 3044=7.62 2897 =649 25.05=342
Prostata ventral (PV) (mg) 039=0.12 038=0.12 033 =008 033=005
PV relativa 097=030 091=028 1.00=020 1.15+0.23
Epididimo (g) 1.24=0.14 1.11=0.19 0.99 = 0.06 097=008"
Epididimo relativo 031=0.03 0.28 = 0.03 0.30=0.02 0.31=0.05
Testiculo (g) 352041 339+022° 288=020" 27120377
Testiculo relativo 0.88=0.10 0.85=0.10 0.86=007 0.86=011

Dados sdo expressos como médiat DP. * Dados sdo expressos com mediana = EPM. * Demonstram diferenca
estatistica dos diferentes grupos experimentais (CTR+ACU, RPGL e RPGL+ACU) quando comparados com o
grupo controle quando p<0.05. # Representa diferenca estatistica entre os grupos CTR+ACU e RPGL+ACU
quando p<.0.05. CTR- grupo Controle; CTR+ACU- grupo Controle+aglcar; DAG- Distancia ano-genital; DPN-
Dia pos-natal; PV- Prostata Ventral; RPGL- grupo Restrigio Proteica Gestacional e Lactacional; RPGL+ACU-
grupo Restricdo Proteica Gestacional e Lactacional+AgUcar.
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Quanto ao peso dos drgdos reprodutivos, o testiculo apresentou uma reducéo significativa
em todos os grupos tratados (CTR+ACU, RPGL e RPGL+ACU) em relagdo ao grupo CTR, e
reducdo no RPGL+ACU em relacgdlo ao CTR+ACU. Nio sendo visualizada diferenca
significativa no peso relativo. O epididimo teve diminuicdo significativa apenas no grupo
RPGL+ACU em comparacdo ao grupo CTR. Enquanto a PV ndo teve diferenca significativa
tanto no peso absoluto quanto no relativo (Tabela 01). Nota-se que a RPM durante os periodos
de gestacdo e lactacdo juntamente com o consumo de agucar pds-natal potencializa ainda mais a
reducdo do peso dos 6rgaos. Uma vez que a literatura ja nos traz que a somente a RPM reduz o
peso do testiculo, epididimo e prostata (Santos et al., 2004; Rinaldi et al. 2013; Ajuogu et al.,
2021). Ja para o consumo de agucar, Ledn-Ramirez et al. (2021) descreveram gque 0 consumo do
acucar em uma concentracdo maior (30%) por um periodo menor (30 dias) causa um aumento
do peso do testiculo, resultados que nao foram visualizados no nosso trabalho pela concentracéo

menor de 10% de acucar e o tempo o qual foi administrado, por 69 dias.

3.2 RPM e o consumo de acucar pés-natal altera a morfologia prostatica e do epididimo

Observou-se alteracbes na frequéncia dos compartimentos glandulares em todos os
grupos experimentais, CTR+ACU, RPGL e RPGL+ACU apresentaram aumento do
compartimento epitelial e diminuigdo dos acinos e do compartimento luminal em relacdo ao
grupo CTR (Tabela 02). Estas alteracBes nestes compartimentos resultaram em aumento
significativo da fracdo glandular em todos os grupos experimentais. O epitélio apresentou um
aumento de pregas e da altura das células epiteliais nos grupos RPGL e RPGL+ACU,
adicionalmente os mesmaos grupos apresentaram aumento do compartimento estromal em relacéo
ao grupo CTR (Figura 2). Esse aumento de pregas visualizados nos grupos que consumiram o
acucar foram visualizados por Ribeiro et al. (2012) com ratos com 6 meses de idade com

obesidade induzida pelo consumo da dieta rica em gordura.

Tabela 2. Parametros esteredlogicos morfolégicos da prdstata ventral dos diferentes grupos experimentais.

Frequéncia relativa dos Grupos Experimentais
. 1 - -
compartimentos da FV (%) CTR CTR+ACU RPGL RPGL+ACU
Epitélio’ 19.05 £ 0.87 2500 1.55* 3155£125% 2017=112#%
Lumem 67.02+8353 56.63 £ 13.55% 5010 =13.75* 51.38=13.70*
Estroma! 11.90=072 16.07=074 16.96=091* 1548 = 1.05*
Fragiio Glandular! 88.10=0.72 8333=128* E3.04=0091* 84.52 £ 1.05*
Altura do epitélio (um) 8.77=108 1023115 11.00+=082# 11.05 = 0.80*

Dados sdo expressos como médiax DP. ! Dados sdo expressos com mediana + EPM. * Demonstram diferenca
estatistica dos diferentes grupos experimentais (CTR+ACU, RPGL e RPGL+ACU) quando comparados com o
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grupo controle quando p<0.05. CTR- grupo Controle; CTR+ACU- grupo Controle+agucar; PV- Prostata Ventral;
RPGL- grupo Restricdo Proteica Gestacional e Lactacional; RPGL+ACU- grupo Restri¢do Proteica Gestacional e
Lactacional+Accar.
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Figura 2. Imagens representativas da prostata ventral (PV) dos diferentes grupos
experimentais. Grupo Controle (CTR), Grupo Controle+Agtcar (CTR+ACU); Grupo RPGL
(Restricdo Proteica Gestacional e Lactacional) e Grupo Restrigdo Proteica Gestacional e
Lactacional+Actcar. (RPGL+ACU). Coloragio: Hematoxilina-Eosina. Aumento de 20x. Ep:
Epitélio; S: Estroma; Lu: Lamen.

A proliferacdo celular tecidual foi avaliada por imunomarcagdo da proteina Ki67,
somente o grupo RPGL teve aumento significativo (Figura 3). Rinaldi et al. (2013) demonstrou
que os animais no DPN 120 ndo apresentam alteracdo na proliferacdo celular, o que nos indica

que o desenvolvimento da glandula no DPN 90, em especial nos animais submetidos a RPM, esta
possivelmente atrasado.
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CTR+ACU
o
J

RPGL+ACU

Figura 3. Imagens representativas de imunomarcacéo para proliferacao celular por Ki67 e analise de indice
proliferativo da prdstata ventral no dia pos-natal 90. A- Imagens representativas para a imunomarcagdo de
proliferacdo celular, Ki67. As setas e os circulos pontilhados mostram a imunomarcacdo das células que estdo
proliferando. Aumento de 40x. Imagem menores: Aumento de 100x. B- Quantificacdo do indice de proliferagéo
celular nos diferentes grupos experimentais. *Demonstra diferenga estatisticas entre RPGL e o grupo CTR quando
p<0,05. CTR- Controle; CTR+ ACU- Controle+agucar; RPGL- Restricio Proteica Gestacional e Lactacional.;
RPGL+AGCU- Restricao Proteica Gestacional e Lactacional + Acucar.

Em relacdo aos pardmetros funcionais, visualmente ndo tivemos alteracdo na
imunomarcacao para receptor de androgeno (AR) e para a expressao proteica de prostateina
(Figura 4- A e B, respectivamente). A prostateina € a principal proteina produzida e secretada no
fluido seminal da PV de ratos (Maccioni et al., 2003; Chen et al., 2014; Heyns et al., 2015), esta
é composta por um tetramero com duas subunidades: a subunidade A que contém os polipeptidios
Cle C3easubunidade B que contém a C2 e C3. Os polipeptidios C2 e C3 foram descritas como
ligantes de androgenos, com funcdo importante na regulacéo e disponibilidade de andrégenos na
préstata (Heyns et al., 2014; Chen et al., 2014). Rinaldi e colaboradores (2013) ndo visualizou
alteracdo na expresséo proteica de AR em animais no DPN 120 que foram submetidos a restri¢éo
proteica materna, apesar de ndo apresentarmos a analise de expressdo proteica de AR para 0s
animais no DPN 90 podemos ver pela imunomarcacgao que visualmente ndo tivemos alteracéo
neste parametro o que diretamente pode estar relacionada com a ndo alteracdo visualizada na

prostateina.
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Figura- 4. Imagens representativas de imunomarcacéo para receptor de androgeno (AR) e analise de
expressdo de prostatéina por Western blotting. na proéstata ventral no dia pés-natal 90.A-Imagem
representativa para imunomarcagdo do receptor de androgeno (AR). Circulos tracejados indicam
areas imunomarcadas para receptor de andrégeno. Aumento de 40x. Imagem menores: Aumento
de 100x. B- Imagem representativa da expressdo proteica de Prostateina na préstata ventral nos
animais no DPN 90. CTR- Controle; CTR+ ACU- Controle+aglicar; RPGL- Restrigio Proteica
Gestacional e Lactacional.; RPGL+ACU- Restricao Proteica Gestacional e Lactacional + AcUcar.

O segmento inicial do epididimo apresentou uma diminuicdo significativa do diametro
do tubulo e da luz no grupo RPGL+ACU em relagio ao grupo CTR+ACU. Na regifo da cabeca
foi observado um aumento do didmetro do lumem e diminuicdo da altura do epitélio no grupo
RPGL+ACU em relacdo ao grupo CTR+ACU; e uma diminuicdo no diametro do limen e
aumento da altura do epitélio no grupo CTR+ACU em relacdo ao grupo CTR. Ja na regido de
corpo tivemos apenas diminuic&o significativa do compartimento luminal no grupo RPGL+ACU
em relacdo ao grupo CTR. Na regido da cauda houve aumento do compartimento estromal no
grupo RPGL em relacdo ao grupo CTR, além de uma diminuicdo significativa na altura do
epitélio em todos os grupos tratados (CTR+ACU, RPGL e RPGL+ACU) em relagdo ao grupo
CTR.

A partir da reducdo do peso do epididimo, visualizada principalmente nos grupos
restritos, e das alteragdes estereologicas pode se perceber que este 6rgdo também ¢ afetado pelas
condicdes adversas materna. Estes resultados corroboram com os de Mello Santos et al., 2019 e
Cavariani et al., 2019 que observaram atraso no desenvolvimento do epididimo em diferentes
idades pos-natais em ratos que sofreram restricdo proteica materna gestacional e lactacional.
Estes autores também observaram que a restricdo proteica materna alterou a dindmica de
reabsorcéo do fluido e a vasculogénese do 6rgéo, através da alteracdo de proteinas importantes

para esse mecanismo, como aquaporina (AQP) 1, AQP9 e Fator de Crescimento do Endotélio
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Vascular (VEGF), mostrando que a restricao proteica causa alteracdo na funcédo epididimaria em
ratos.
CI'RfA(;I.'J RPGL RPGL+ACU
) 1AY - “dliicsx 28 AR .1 50
Edo
. 30
Sl "
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Figura- 5. Imagens representativa coradas em hematoxilina-eosina e analise morfométrica dos segmento
inicial, cabeca, corpo e cauda dos epididimos dos diferentes grupos experimentais. * Demonstram diferenca
estatistica dos diferentes grupos experimentais (CTR+ACU, RPGL e RPGL+ACU) quando comparados com 0
grupo controle quando p<0.05.CTR- grupo Controle; CTR+ACU- grupo Controle+actcar; DPN- Dia pos-natal;
RPGL- grupo Restricdo Proteica Gestacional e Lactacional; RPGL+ACU- grupo Restri¢do Proteica Gestacional e
Lactacional+Acucar. Aumento de 100x.
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379  Figura 6. Imagens representativas das analises de didmetro de tdbulo, didmentro do lumem e altura do
380  epitélio nos segmento inicial, cabeca, corpo e cauda dos diferentes grupos experimentais no dia pésnatal 90.
381 * Demonstram diferenca estatistica dos diferentes grupos experimentais (CTR+ACU, RPGL e RPGL+ACU) quando
382 comparados com o grupo controle quando p<0.05. # Representa diferenca estatistica entre os grupos CTR+ACU e
383 RPGL+ACU quando p<.0.05. CTR- grupo Controle; CTR+ACU- grupo Controle+agticar; DPN- Dia pds-natal;
384 RPGL- grupo Restricdo Proteica Gestacional e Lactacional; RPGL+ACU- grupo Restricdo Proteica Gestacional e
385  Lactacional+Acucar.
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Figura 7. Imagem representativa corada em hematoxilina-eosina dos testiculos dos diferentes grupos
experimentais. CTR- Controle; CTR+ ACU- Controle+aclcar; RPGL- Restricdo Proteica Gestacional e
Lactacional.; RPGL+ACU- Restricdo Proteica Gestacional e Lactacional + Ac¢lcar. Aumento de 20x e 40x.

3.3 A RPM o consumo de agucares pos-natal afeta a quantidade e a producgéo diaria de
espermatozoide e o tempo de transito em regides especificas

Os animais do grupo RPGL+ACU tiveram uma reduc&o significativa em relagio ao grupo
CTR+ACU na contagem espermatica e na producéo diaria de espermatozoides (Figura 07-A e
B). Nota se que no epididimo no segmento da cabeca tivemos uma redugdo na contagem
espermatica somente no grupo RPGL e um menor tempo de transito dos espermatozoides nos
grupos RPGL e RPGL+ACU, ambos em relagao ao grupo CTR. Ja no segmento da cauda para
0S mesmos parametros ndo tivemos alteracdes significativas (Figura 07- C e D). Resultados

semelhantes j& foram descritos pela literatura tanto com a RPM durante a gestacéo e lactagdo e
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pelo consumo de agucares a uma concentracao de 30% de aclcar (Zambrano et al., 2005; Ajuogu
et al., 2021; Ledn-Ramirez et al., 2021).

A- B-
Testiculo Produgéo diaria
3004 50
3 40
£ = 2004 __ =
‘glé o —_— 30 #
26 .
ED 20-
§;g_, 100
*g 104
Q
0- T T 0- T T
@ EN) S D 3 D v ]
& & & 8 & & &S
A\Q' o\/ c;\Q‘ e\'
& &
C- D-
Cabegalcorpo Epididimo Cauda Epididimo
200 2009
g g
= i T 150
E 5 150 g =
o '@ D @
o T =N T
3O 1004 * 2.5 100 T
D2 T T =
T S 35
o= = et
£ = 50~ £ — 504
c =
=] =]
&) o
0- T T 0- T T
Q& D o ENY & Q\S o~ ENY
& & g © & & R
& v A [
(¢ © ]
& <&
E- F-
Cabecga /corpo Epididimo Cauda Epididimo
6 10+
28 27 8-
cC T n o=
@© — 44 * c o
£ g ) @
@ L = 8 6
T ® * SE
3 1 S E o I T
5 3 21 EQ
- & 3 ¢
= @ 2
T T 0- T T
& P & D <& L @ D
0« x?c‘ Qg x?(; < Q_"‘ @Q xvg
& 1o o &
& &

Figura 8. Imagens representativas dos parametros espermaticos dos testiculos e epididimos A- Contagem
espermatica do testiculo dos diferentes grupos experimentais. B- Tempo de producdo diaria dos espermatozoides. C
e D- Contagem espermatica dos segmentos de cabeca e corpo (C) e cauda (D) do epididimo. E e F- Tempo de transito
espermatico dos segmentos de cabeca e corpo (E) e cauda (F) do epididimo. *Significa diferenca estatistica entre os
grupos tratados (CTR+ACU, RPGL ou RPGL+ACU) em comparagio ao grupo CTR quando p<0.05. # Significa
diferenca estatistica entre o grupo CTR+ACU em comparacdo a0 RPGL+ACU quando p<0.05. CTR- Controle;

109



410
411

412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444

CAPITULO III

CTR+ ACU- Controle+agucar; RPGL- Restricdo Proteica Gestacional e Lactacional.; RPGL+ACU- Restrigdo
Proteica Gestacional e Lactacional + Agulcar.

4. Concluséo

A partir destas analises parciais apresentadas pode se visualizar que a RPM nos periodos
de gestacdo e lactagdo juntamente com o consumo de agucar pds-natal afetam o morfofisiologia
do testiculo, prostata e epididimo, o que podem levar a um possivel desencadeamento da

infertilidade.
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Informacéo Suplementar:

Tabela Suplementar 1. Composicdo das dietas normoproteica (AIN-76A) e hipoproteica (AIN-93).

L Normoproteica Hipoproteica
Ingredientes (g/Kg) (17% de proteina) (6% de proteina) ®

Amido 397 480
Caseina (84% proteina) 202 71,5
Dextrina (90-94%) 130,5 159
Sacarose 100 121
Oleo de Soja 70 70
Fibras 50 50°
Mistura de sais AIN93G © 35 35
Mistura de vitaminas AIN93G © 10 10
L-Cistina 3 1
Bitartarato de colina 2.5 2.5
Energia metabolica (Kcal/g!) 3.96 3.96

4 A dieta hipoproteica foi preparada pela PragSolucdes (PragSoluc@es,SP, Brasil). Dieta foi suplementada
com L-Cistina como aminoéacido sulfurico.

® Mistura de vitaminas e minerais foram formuladas pelo Instituto Americano de Nutricdo AIN-93G
recomendado para dieta de roedores (Reeves et al., 1993).

¢ Fosfato de Potassio, monobasico, foi adicionado a mistura de sais desta dieta para manter o fésforo nos
niveis encontrados na dieta de caseina controle (3g/kg da dieta) e a relacdo de calcio: a taxa de fosforo foi
mantida em 1.3 em ambas as dietas.

Tabela Suplementar 2. Anticorpos especificos usados para analises de imunohistoquimica e Western
blotting.

Nomes Companhia Numero do Catilogo  Diluicao IH/'WB
AR (N-20) Santa cruz sc-816 R 1:100/1:1000
KI 67 Abcam abl16667 1:100
Prostatein AbDsorotec 7821-1009 1:1000
Goat Anti-Rabbit [gG-HRP Santa cruz sc-2030 1:100/1:2000

Bovine Anti-Goat IgG-HRP Santa cruz sc-2378 1:100/1:2000







CAPITULO IV

A partir dos resultados apresentados nos dois capitulos anteriores pode se perceber que
a restricdo proteica materna (RPM) durante a gestacdo e lactagdo associada ao consumo de
acucar pos-natal causam alteracGes no perfil protebmico da préstata ventral nos animais adultos
(dia pos-natal- DPN 90) e ao envelhecimento (DPN 540). O consumo de agUcar enriqueceu vias
relacionadas a autofagia e metabolismo de aclcar e a RPM alterou vias de ciclo celular,
proliferacdo e estrdgeno. Estes termos enriquecido pelas proteinas diferencialmente expressas
podem refletir nas alteracbes morfofisiologicas visualizadas no DPN 90 e 540. Além disso, a
RPM e o consumo de acUcar podem impactar a funcionalidade dos Orgdos reprodutivos
(prostata ventral, testiculo e epididimo) na idade adulta o que podem levar a um possivel
desencadeamento da infertilidade, e que em especial na préstata ventral estes podem contribuir para
o desenvolvimento de lesGes prostaticas.

Portanto ndo somente as condi¢Bes das mées durante os periodos de gestacdo e lactacdo
sdo essenciais para a prole, mas também a vida po6s-natal. Como podemos ver nesta imagem,
que exemplifica que tanto os ambientes materno e paterno na pré-concepcao, durante a
formacao do individuo (gestacdo e lactacdo) e na vida pds-natal sdo essenciais para o individuo
(Figura 1).
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Figura 1. Esquema representativo da relevancia das condi¢fes adversas

maternas e paternas no sucesso da prole ao longo da vida (Sharp;Lawlor, 2019).
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