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RESUMO

Estudos epidemioldgicos e experimentais tém demonstrado maior indice de obesidade, diabetes e
doencas cardiovasculares na populagdo adulta de individuos cujas mdes tiveram condicGes
inadequadas durante a gravidez, como a restrigdo proteica materna (RPM). Recentemente, estudos
experimentais demonstraram que o sistema reprodutivo da prole também é afetado pela RPM.
Articulado a isso, 0 aumento do consumo de "agucar de adigdo™ no mundo tem sido associado ao
aumento global de casos de doencas metabolicas. Englobado a esse contexto, a RPM e o consumo de
acucar podem estar associados a processos inflamatorios prostaticos com o envelhecimento. Portanto,
este trabalho teve como objetivo investigar o papel das vias de inflamagdo em ratos submetidos a
RPM e/ou consumo de agucar, com foco na prostata ventral (PV). Foram utilizados ratos machos da
prole Sprague Dawley submetidos ou ndo a RPM (CEUA 951). Apds o desmame, ratos machos
nascidos de mées alimentadas com dieta normoproteica (CTR, 17% de proteina) ou dieta hipoproteica
(RPGL, 6% de proteina), durante a gestacdo e lactacdo, foram divididos em 4 grupos experimentais
(n = 6 / grupo): Controle (CTR): Consumiu dieta normoproteica e dgua padréo atéo dia p6s natal
(DPN) ; Controle + acucar (CTR + ACU): Consumiu dieta normoproteica e solucao acucarada (10%
diluida em agua) até DPN 90; Restricdo Proteica Gestacional e Lactacional (RPGL): Recebeu agua
normal até DPN90; e RPGL + ACU: Consumiram solucdo acucarada até DPN 90. No DPN 540 os
animais foram anestesiados, pesados e eutanasiados. O sangue foi coletado e utilizado para anélises
sistémicas e a PV para andlises morfologicas e moleculares. Os resultados demonstram reducédo do
peso corporal no grupo RPGL e RPGL + ACU, aumento do peso relativo prostatico, além de menor
quantidade de gordura total. Os parametros metabélicos como glicose, triglicerideos e proteinas totais
nédo apresentaram diferencas significativas, assim como 0s parametros de estresse oxidativo, 0 que
demonstra que as condi¢Oes adversas ndo foram suficientes para desencadear processos como
obesidade, diabetes e sindrome metabolica. Alteracbes teciduais na PV foram observadas em todos
0S grupos experimentais, com énfase no infiltrado inflamatorio e inflamacgéo para os grupos RPGL e
RPGL+ACU. Em relacdo aos parametros inflamatorios, observou-se aumento de mastocitos e
macrofagos CD68 na PV de todos os grupos experimentais, quando comparados ao CTR, além da
incidéncia de carcinoma em alguns animais destes grupos. Verificamos alta expressao das moléculas
de IL-6 no RPGL e aumento de TGF-b1 nos animais do grupo RPGL + ACU, sistémico e intra-
prostatico. Associado a isso, a SMAD2/3 fosforilada estava diminuida, o que pode demonstrar que
essa via de inflamacdo € exacerbada no grupo que foi submetido as duas condi¢des adversas. Com
esses resultados, é possivel observar influéncia da inflamacdo nos processos deletérios relacionados
ao envelhecimento, tanto em animais submetidos a RPM, guanto ao consumo de aclcar, mas com
maior énfase naqueles que apresentavam ambas as condi¢fes adversas. 1sso demonstra que a RPM e
0 consumo de agucar afetam negativamente e diretamente a homeostase prostatica na senilidade, com
influéncia de parametros inflamatorios, podendo ter relagdo na biologia do cancer neste tecido.

Palavras-chave: Restricdo proteica materna, agucar, prostata ventral, inflamacéo.



ABSTRACT

Epidemiological and experimental studies have been demonstrated higher rate of obesity, diabetes
and cardiovascular diseases in the adult population of individuals whose mothers had inadequate
conditions during pregnancy, such as maternal low protein diet (LPD). Recently, experimental studies
have demonstrated that the reproductive system are also affected by maternal LPD in the offspring
rats. Linked to this, the increasing consumption of "added sugar" in the world has been associated to
the global increase of metabolic diseases cases. Thus, maternal LPD and sugar consumption may be
associated with inflammatory processes in the prostate with aging. Therefore, this project aims to
investigate the role of inflammation pathways in rats submitted to maternal LPD, which together were
exposed to sugar consumption, focusing on the ventral prostate (VP). Male Sprague Dawley offspring
rats submitted or not to maternal LPD was used (CEUA951). Rats born from dams fed with control
diet (CTR, 17% protein) or low protein diet (GLLP, 6% protein) during gestation and lactation period
were divided in 4 experimental groups: Control (CTR) consumed control diet and water until PND
90; Control+sugar (CTR+SUG) consumed control diet and sugar solution (10% diluted in water) until
PND 90; Gestational and Lactational Low Protein (GLLP) received normal water until PND 90; and
GLLP+SUG consumed sugar solution until PND 90. On PDN 540 they were anesthetized, weighed,
and euthanized. The collected blood was used for systemic analysis and the VP for morphological
and molecular analysis. The results demonstrate a reduction in body weight in the GLLP and
GLLP+SUG, an increase in the prostate relative weight, in addition to a lower amount of total fat.
Metabolic parameters such as glucose, triglycerides and total proteins did not show significant
differences, as well as oxidative stress parameters, which demonstrates that adverse conditions were
not sufficient to trigger processes such as obesity, diabetes, and metabolic syndrome. Tissue changes
in VP were observed in all experimental groups, with an emphasis on inflammatory infiltrate and
inflammation for the GLLP and GLLP+SUG groups. Regarding inflammatory parameters, there was
an increase in mast cells and CD68 macrophages in the VP of all groups when compared to CTR, in
addition to the incidence of carcinoma in some animals in these groups. We observed a systemic and
intra-prostate high expression of IL-6 molecules in the GLLP and an increase in TGF-bl in the
animals of the GLLP +SUG group. Associated with this, the phosphorylated SMAD2 3 was reduced,
which can demonstrate that this inflammation pathway is exacerbated in the group that was submitted
to both adverse conditions. With these results, it is possible to observe an influence of inflammation
in the harmful processes related to aging, both in animals submitted to maternal LPD, and in the
consumption of sugar, but with greater emphasis on those that presented both adverse conditions.
This demonstrates that maternal LPD and sugar consumption negatively and directly affect prostatic
homeostasis in senility, with the influence of inflammatory parameters, which may be related to the
biology of cancer in this tissue.

Keywords: Maternal protein restriction, sugar, ventral prostate, inflammation.
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1. INTRODUCAO

Evidéncias epidemioldgicas correlacionam o aumento da incidéncia de doencas crbnicas a
processos sofridos ainda durante o desenvolvimento intrauterino. Este periodo de alta vulnerabilidade
é de suma importancia tanto para a gestante, como para o embrido/feto, sendo necessaria a
manutencdo de condic¢des adequadas, uma vez que nesta fase ocorre intenso processo de proliferacéo
e diferenciacdo celular para o desenvolvimento e crescimento dos diferentes Orgaos e sistemas
(Burton et al., 2016). Nesse ambito, existem diversos tipos de adversidades, dentre elas a desnutricéo,
que pode ser proteica, lipidica ou até mesmo de carboidratos, caracterizando um desequilibrio entre
o fornecimento de nutrientes e a demanda corporal responsavel por assegurar a homeostasia (Antwi,
2008). Num contexto histdrico acerca desses dados, o epidemiologista inglés David Barker foi um
dos primeiros pesquisadores a demonstrar que algumas condi¢des ocorridas durante a gestacao estao
correlacionadas a maior incidéncia de doencas nos descendentes. Entre os anos de 1935 e 1944,
Barker coletou dados de gestantes e recém-nascidos (1298 pacientes) no hospital Sharo e Green,
Lancashire, Inglaterra. Deste total, 449 foram localizados quando tinham entre 46 e 54 anos e,
analisando dados de peso corpdreo ao nascimento, peso placentario, peso corporeo e pressdo arterial
na idade adulta, Barker e seus colaboradores demonstraram que individuos com baixo peso ao nascer
apresentaram maior risco de desenvolver doenga coronariana e diabetes com o envelhecimento,
concluindo que o baixo peso ao nascimento é fator de risco para doencas cardiacas e metabolicas na
vida adulta (Barker et al., 1989).

Ao avaliar a influéncia de fatores ambientais sobre o desenvolvimento humano, Ravelli e
colaboradores (1976) estudaram filhos de mulheres que, durante a gravidez, foram expostas a um
periodo de escassez alimentar durante o cerco alemdo a Holanda, ao final da 2% Guerra Mundial,
episddio conhecido como inverno da fome holandesa (1944-1945). Na vida adulta, esses individuos
apresentaram padrdes diferenciados de composi¢ao corporal dependendo da fase da gestacdo em que
haviam sido expostos & desnutricdo materna intrauterina. No caso, se a mée tivesse sofrido
desnutricdo durante o dltimo trimestre da gestacdo, tal grupo apresentava baixa incidéncia de
obesidade. Todavia, se tivesse ocorrido no 1° trimestre da gestacdo, essa incidéncia de obesidade
aumentava significativamente. Assim, demonstrou-se que, aléem do impacto negativo da restrigdo
proteica materna (RPM) sobre a prole, os efeitos poderiam variar de acordo com o periodo gestacional
em que esse ocorre. Dessa forma, esses estudos fomentaram que condigdes nutricionais adversas
durante o periodo intrauterino e perinatal predispdem os individuos a desenvolver doengas
cardiovasculares e metabdlicas com o envelhecimento, definicdo conhecida como Hipotese de

Barker (Barker, 1989). Sua teoria, apesar de inicialmente controversa, desencadeou o interesse



médico-cientifico, fomentando a criacdo de uma sociedade internacional voltada para este campo de
pesquisa, denominada Origem Desenvolvimentista da Saude e Doenca (DOHaD), 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 (Schulz, 2010). Os estudos que envolvem esse conceito
sdo caracterizados por um termo denominado programacéao (ou “reprogramacéo”) fetal (PF) (Lucas
et al., 1999). Sendo assim, a placenta € um ambiente de suma importancia, pois se nao responde ou
mostra uma resposta insuficiente aos insultos no Gtero, o feto pode estar em risco de desenvolver
doencas posteriores. Essa conexdo intima entre a placenta e o cérebro resultou, por fim, no conceito
eixo placenta-cérebro (Rosenfeld, 2021).

Articulado a esse contexto, impactos de circunstancias ocorridas durante o desenvolvimento
intrauterino e perinatal podem se agravar quando associadas a fatores pds-natais desfavoraveis, tais
como habitos sedentarios, consumo de alimentos ultraprocessados, hipercaldricos e pouco nutritivos,
como o consumo de bebidas com adicdo de acucar (Dearden & Ozanne, 2014; Miles, et al., 2018;
West- Eberhard, 2019; Chazelas, et al., 2019). Dessa forma, filhotes nascidos de ratas alimentadas
com dieta hipoproteica (menor que 8% de proteina) durante a gestagdo, que apresentam baixo peso
ao nascimento, quando alimentados com dieta rica em gordura ou agUcar, apresentam intenso ganho
de peso (catch up growth), e se igualam aos animais cujas maes se alimentaram de dieta padrdo na
gestacdo. Entretanto, este ganho de peso acelerado normalmente esta associado a uma menor
longevidade (Embleton et al., 2016), indicando que a nutricdo durante periodos criticos de
desenvolvimento tem forte impacto sobre a longevidade (Barker et al., 2004; McMillen et al., 2005).
Sendo assim, o risco parece maior quando ha baixo peso ao nhascimento ou restricdo de
desenvolvimento intrautero, somados a aceleracdo do crescimento e maior ingestdo de nutrientes no
periodo po6s-natal imediato, podendo ser relacionados a riscos metabdlicos posteriores (Singhal et al.,
2003, Singhal et al., 2004).

Nesse sentido, analises de oOrgdos especificos revelaram que a RPM, durante o periodo
gestacional, acarreta menor numero de néfrons nos rins (Habib et al., 2011), afetando a fisiologia de
filtracdo glomerular e formagdo da urina (Sene et al., 2018); menor quantidade de células beta e
ilhotas de Langerhans (Dahri et al., 1991), influenciando diretamente na regulacdo da glicemia e
liberacdo de insulina (Long et al., 2021); proporc¢éo alterada entre os tipos celulares do figado (Burns
et al., 1997); menor nimero de neurdnios que controlam o apetite (Plagemann et al., 2001),
acarretando problematicas no eixo hipotalamico-hipofisario e no centro da saciedade; menor nimero
de alvéolos pulmonares (Zana- Taieb et al., 2013), causando problematicas na fisiologia respiratoria

e no processo de hematose; alem de efeitos reprodutivos, incluindo atraso da angiogénese prostatica
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e incidéncia de carcinoma in situ no envelhecimento (Colombelli et al., 2017; Santos et al., 2019).

Englobado a essas condicdes, a prostata € uma glandula sexual acessoria masculina que
frequentemente é afetada pela hiperplasia benigna e pelo cancer (Guess, 2001), e as alteracdes que
ocorrem na vida pré-natal e/ou pds-natal (desenvolvimento) podem ser determinantes para esses
processos patologicos, durante a senilidade. Assim, sdo de grande interesse médico-cientifico os
estudos correlatos a essa glandula, pela alta incidéncia de patologias (Banerjee et al., 2018) e por ser
um problema de saude publica a niveis globais. Outro ponto relevante é que a inflamagéo prostatica
também é um fator de risco para o cancer de prostata (CaP) (De Marzo et al., 2007. Sfanos et al.,
2012; Sfanos et al., 2018; Michels et al., 2021).

1.1 RESTRICAO PROTEICA MATERNA: CONTEXTUALIZACAO E IMPACTOS
REPRODUTIVOS

A programacao (ou “reprogramacao”) pela dieta materna, correlata a restricdo ou exacerbacao
de micronutrientes ou macronutrientes, ja foi demonstrada em diversos estudos com animais
experimentais, com consequéncias fisiologicas e metabolicas amplamente relatadas na prole (Hay et
al., 2016; Vithayathil et al., 2018; Palladino et al., 2021; Gete et al., 2021), alterando, por exemplo, 0
ciclo estral e a histomorfometria ovariana (Cortes et al., 2021). Esse quadro também afeta o sistema
genital em diversos ambitos, e alguns dos efeitos reprodutivos na prole masculina submetida a PF por
RPM foram: Aumento do tempo de instalacdo da puberdade (Van Weissenbruch 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; Colombelli et al., 2017), alteracdo na concentracdo sérica
de testosterona e estradiol (Teixeira et al., 2007; Santos et al., 2019), menor expressdo de receptores
androgénicos no testiculo (Rodriguez-Gonzélez et al., 2012), aumento de biomarcadores e estresse
oxidativo no cancer de CaP (Portela et al., 2021), além de enriquecimento de vias oncolégicas no
inicio da vida e no envelhecimento (Santos et al., 2020). J& ha evidéncias crescentes descrevendo
forte associagdo entre exposi¢fes ambientais durante o inicio da vida (pré e pds-natal) e o
condicionamento bioldgico, definindo riscos de doenca ao longo da vida dos descendentes. Alguns
efeitos da PF estdo elucidados na figura 01, demonstrando que fatores epigenéticos, derivados deste
processo, acarretam modificacdes que induzirdo a processos adversos durante o desenvolvimento e

envelhecimento dos individuos (Agarwal et al., 2018).
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MODIFICACOES EPIGENETICAS
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Figura 01. DOHaD e epigenética. As influéncias do ambiente materno e as condi¢des adversas que acarretam efeitos
epigenéticos desencadeados no desenvolvimento e envelhecimento da prole. Durante a gesta¢do ou no inicio da vida da
prole, as exposi¢Bes ambientais podem levar ao estabelecimento de modificagdes epigenéticas, como modificacdes de
histonas, metilagdo do DNA, e regulacdo mediada por RNA ndo codificante. A persisténcia dessas modifica¢es durante
o0 desenvolvimento pés-natal pode condicionar a prole a desenvolver distirbios metabélicos, como obesidade, diabetes
tipo 2 e doencas cardiovasculares (Adaptado de Agarwal et al., 2018).

Dados recentes do nosso grupo demonstram que a RPM reduz o processo de angiogénese
prostatica, o qual pode estar relacionado a menor troca de moléculas entre 0s vasos e 0s
compartimentos epitelial e estromal, impactando negativamente o desenvolvimento, maturacéo e
funcdo secretora da glandula (Colombelli et al., 2017). Considerando que a principal funcdo do
compartimento estromal é garantir um microambiente apropriado para o epitélio, torna-se relevante
compreender como ele esté a partir de alguma condigdo que seja antagbnica a fisiologia ideal. Assim,
0 estroma fornece sinais e suporte para auxiliar nas funcdes da prostata, seja em condi¢des saudaveis
ou durante 0s processos agressivos, e diversas evidéncias indicam que a regido estromal pode ter um
papel central nos processos homeostaticos, como também nos inflamatdrios da glandula (Nieto et al.,
2014). A literatura ja explana alguns efeitos de exposicdo durante gestacdo e lactacdo, como a dos
ftalatos, que podem exercer um papel citotoxico direto ou indireto, desencadeando processos
inflamatdrios ndo bacterianos, influenciando na patogénese, distarbios adaptativos e pré-neoplasicos
na préstata de ratos, e possivelmente ativando vias alternativas do receptor de androgeno (Scarano et
al.,, 2009). Nesse sentido, é notorio que alguns efeitos na RPM afetam negativamente o

desenvolvimento e funcionamento do sistema genital masculino da prole, incluindo as glandulas
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acessorias e a prostata (Ramos et al., 2010; Pinho et al., 2014) e, no envelhecimento, ocasiona maior
incidéncia de lesdes e carcinoma in situ (Santos et al., 2019), justificando o interesse pelo modelo de
estudo.

Pareado a esse contexto, a importancia da prostata é inerente ao sucesso reprodutivo, pois é
uma glandula sexual acessoria do sistema genital masculino responsavel pela secrecdo do fluido
seminal (Verze et al., 2016), produzindo aproximadamente 30% deste, e tem como funcdes liquefazer
0 sémen, ativar a motilidade espermatica e proteger os espermatozoides contra os danos imunologicos
causados pelo sistema genital feminino (Zenzmaier et al., 2008). Seu desenvolvimento se inicia por
volta do 15° dia em ratos, e entre a 9-10% semana em humanos (Welsh et al., 2008), e sua morfogénese
ndo é determinada pelo sexo genético, mas sim pela exposicdo a androgenos que séo produzidos pelos
testiculos fetais (Cunha et al., 1987). Assim, os androgenos sdo 0s responsaveis pela masculinizacao
dos tecidos, sendo atuantes desde o inicio do desenvolvimento dos 6rgdos genitais externos e internos,
até o individuo chegar a puberdade, influenciando diretamente nas caracteristicas sexuais secundarias
e promovendo a manutencdo dos 6rgdos dependentes de andrégenos por toda a vida adulta
(Brinkmann, 2011). Macroscopicamente, a prostata humana é unilobulada, contendo trés zonas: Zona
central, ramificada anteriormente a parte prostatica da uretra, circundando o ducto ejaculatério, Zona
de transicdo, local da hiperplasia prostatica benigna (HPB) (Timms, 2008), e a Zona periférica, que
corresponde a 70% do volume da glandula e representa o local mais comum de malignidade (McNeal,
1988; Toivanen & Shen, 2017; Yacoub & Oto, 2018).

Ja em ratos e camundongos, a glandula é composta por pares distintos de I6bulos (Figura 02),
denominados: Prostata anterior (PA), prostata ventral (PV), préstata lateral (PL) e prostata dorsal
(PD). Estas se dispdem ao redor da bexiga urinéria e se diferenciam pelos padrdes de ramificacao,
histologia e expressdo das proteinas secretoras (Shirai et al., 2000; Marker et al., 2003). Outro ponto
relevante a se considerar é que a préstata € altamente suscetivel a transformacdo oncogénica, a uma
frequéncia significativamente maior que a de outros tecidos sexuais secundarios masculinos, como
as vesiculas seminais (Siegel et al., 2017). Dessa forma, compreender alguns aspectos do
desenvolvimento glandular e sua influéncia no envelhecimento sdo importantes ndo so para o sucesso
reprodutivo, como também para biologia do cancer. E notério, portanto, que efeitos calamitosos
durante o ambiente intrauterino e lactacional podem desencadear problematicas em todo crescimento

e morfogénese, possibilitando uma janela de suscetibilidade a doencas no decorrer da vida.
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Figura 02. Imagem ilustrativa da diferenca entre a prostata de humanos e roedores. (A) Aparéncia macroscopica e
organizacao microscopica da prostata humana, unilobulada, dividida em Zona central (CZ), Zona periférica (PZ), Zona
de transicéo (TZ) e, por alguns autores, Zona periuretral (Puz). (B) Vista anterolateral dos lobos prostéticos de roedores,
em relacdo & bexiga urindria, vesiculas seminais e uretra, evidenciando os quatro lobos — Prostata ventral, Prostata
anterior, Prostata dorsal e lateral. (Adaptado de Marker et al., 2003).

E importante notar que, tanto em jovens, quanto idosos, a influéncia negativa sobre as células
e tecidos pode afetar diretamente a fertilidade masculina e induzir a processos lesivos ao longo da
vida, através da alteragdo do metabolismo, podendo acarretar um estado inflamatorio. Nesse sentido,
uropatdgenos e bactérias atipicas, por exemplo, podem alterar o funcionamento dos espermatozoides,
causando danos diretos ou mediados por imunidade (Roberts et. al, 1997; Schuppe et al., 2017). Nessa
linha de pensamento, linfécitos T, macrofagos e linfocitos B que estdo presentes na prostata adulta,
em condi¢cOes patoldgicas, podem causar problematicas as células epiteliais e estromais, com
liberacdo de citocinas e aumento da concentracdo de alguns fatores de crescimento, causando
remodelacdo tecidual pelo crescimento fibromuscular (Gandaglia, et al, 2013), o qual pode fornecer
uma reatividade ao microambiente e retroalimentar possiveis processo pré-neoplasicos.

Com essas caracteristicas, pode-se compreender que a morfologia prostatica, seu metabolismo,
vias dependentes de hormonios, vias moleculares e condi¢des que possam estar modificadas sdo de
suma importancia para estabelecer alteracGes agudas, cronicas, patoldgicas e até agressivas, pois
fibroblastos, naturais da matriz extracelular da glandula, quando estdo associados ao cancer, podem
exercer um papel de progressdo dessa condicdo, sustentando metabolicamente a sobrevivéncia e o
crescimento das células cancerosas, acarretando o recrutamento de células inflamatorias e imunes e
promovendo a transi¢do mesenquimal epitelial, o qual favorece parametros metastaticos (Chiarugi et
al., 2014). Isso sugere que modificagdes durante o préprio desenvolvimento ja podem modular o
ambiente tecidual, incluindo o sistema genital e a prostata, o qual pode acarretar problematicas nao
sO na vida adulta, mas, principalmente, na senilidade.
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1.2 CONSUMO DE ACUCAR, METABOLISMO E INFLAMACAO

Além da RPM, uma condicdo pré-natal, exposi¢des pds-natais podem influenciar o organismo
a respostas cronicas e/ou exacerbadas, que possam comprometer o funcionamento normal dos
diversos orgdos. Sabe-se, por exemplo, que a exposi¢do continua a disruptores endocrinos pode
comprometer a fertilidade masculina na puberdade e, a longo prazo, tornam o tecido prostatico mais
suscetivel a patologias (Aquino et al., 2019). N&o so disruptores enddcrinos, como também outros
componentes ambientais, podem afetar diversos sistemas, como os fatores dietéticos, do qual se
enquadra o consumo de agUcar. Nesse sentido, organiza¢cdes mundiais de governo e saude tém se
dedicado a avaliar a relacdo entre 0 aumento do consumo de aglcares na dieta e a incidéncia de
obesidade e doencas correlatas, como diabetes e doencas cardiovasculares (Newens & Walton, 2016).

Segundo a Organizagao Mundial de Saude (OMS), o consumo de “agticares de adi¢do”, ou seja,
carboidratos simples que sdo adicionados artificialmente durante o processamento industrial dos
alimentos, devem ser reduzidos num percentual de menos de 10% do total de calorias diarias, uma
Vez que 0 consumo superior a essa porcentagem pode levar ao aumento de obesidade e doencgas nao
transmissiveis, tais como diabetes e hipertensdo. Outra recomendacdo é feita para limitar este total a
ndo mais de 5% (WHO, 2015). Neste contexto, o consumo de bebidas com adi¢do de acucares
aumentou de forma drastica e, nos EUA, entre 1977 e 2003, o contedo energético dos agucares
adicionados nas bebidas teve um aumento de 377 kJ/d (90 kcal/d), e actcares em alimentos por volta
de 96 kJ/d (23 kcal/d) (Powell et. al, 2016). Isso demonstra a problematica do consumo indireto de
acucar pelo excesso de alimentos e bebidas industrializados e processados, uma questdo articulada ao
processo de industrializacéo e a modulagdo dos habitos dietéticos atuais, que abrange ndo sé os EUA,
como o mundo todo.

Sabendo-se da problematica que envolve o agucar e doencas cronicas, é possivel contextualizar
seus efeitos, do qual estudos ja demonstraram que disfuncdes sexuais e reprodutivas, incluindo
impoténcia, reducdo da libido, prejuizo da espermatogénese e infertilidade, diminuicdo da qualidade
espermatica, decorrente de alteracdes nos testiculos e glandulas sexuais acessorias, s&o
frequentemente associados com o diabetes (Kolodny et al., 1974; Bartak et al., 1975; Handelsman et
al., 1985; Niven et al., 1995; Baccetti et al., 2002; Ryu et al., 2003; Ding et al., 2015; Leisegang et
al., 2021). Em outro experimento, realizado por Camargo e colaboradores (2017), relatou-se aumento
da expressdo de enzimas antioxidantes na PV da prole de mées diabéticas, e associou-se 0 aumento
do estresse oxidativo as alteragdes morfofuncionais prostaticas, similares as observadas por Santos e
colaboradores (2014).
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Ainda no contexto nutricional, na tltima década a sindrome metabodlica (SM) e os marcadores
do metabolismo foram identificados como fatores de risco potenciais para HPB e a maioria dos
sintomas do trato urinario inferior (Giri et al.,, 2015). Dessa forma, a SM engloba um grupo de
doencas cronicas, incluindo obesidade, dislipidemia, hipertensao e resisténcia a insulina (Martins et
al., 2019), e este é um problema a nivel mundial, que vem trazendo diversas discussdes e pesquisas
no meio académico, pois, nos ultimos anos, tem-se observado o aumento das SMs em idades mais
precoces na populacdo, afetando pelo menos 10% dos adolescentes e 25% dos adultos (O’Neill &
O’Diriscoll, 2015; Nolan et al., 2017; Pucci et al., 2017; Gurka et al., 2018; Reisinger et al., 2021).
Sabendo desta convergéncia entre excesso de consumo de alguns micronutrientes e macronutrientes
e a SM e seus efeitos sistémicos, inclusive na prostata (Figura 03), é nitida a relevancia de se avaliar

qual o papel ou mecanismos moleculares que podem desencadear essas correlagcdes derivadas do

acucar.
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Figura 03. Obesidade e mecanismos bioldgicos que contribuem para a associagdo epidemioldgica entre obesidade e
agressividade do CaP. Importante delimitar que a obesidade é um dos fatores que estdo inclusos na sindrome metabdlica,
processo que pode ter relagdo com excessivos consumos de alguns micronutrientes e macronutrientes, como o agucar.
DRE = Exame retal digital; E = Estrogénio; IGF = Fator de crescimento semelhante a insulina; IL = Interleucina; PSA =
Antigeno especifico da préstata; T = Testosterona. Adaptada de Allott et al., 2013.

E importante, portanto, a compreensdo acerca da ingestao dietética e seu papel na regulago da
saude, inclusive no @mbito que condiz com os processos inflamatdrios. Nessa perspectiva, durante o

consumo de alimentos contendo acgucar, glicose e frutose, tais monossacarideos sao absorvidos e
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metabolizados de forma diferente. A frutose, em particular, ndo tem sua regulacdo pela insulina e seu
metabolismo leva a significativa inflamacéo e adiposidade visceral, enquanto o excesso de glicose
leva ao aumento de gordura subcuténea (Stanhope et al., 2009; Tchernof & Després, 2013). A frutose
induz a inflamacéo, ocasionando aumento na 11B-hidroxiesterdide desidrogenase-1, e gera elevacéao
nos niveis de cortisol intracelular em adipocitos subcutaneos, alterando ainda mais 0S processos
metabolicos, de forma a prejudicar a funcdo dos 6rgaos (London & Castonguay, 2011; Snel et al.,
2012; Vasiljevic et al., 2014). Os mecanismos que envolvem o consumo dos agucares “de adi¢ao”
estdo correlacionados, portanto, a inflamacdo metabdlica, caracterizada por infiltrado de macréfagos
e liberacdo de citocinas pro-inflamatdrias, como o fator de necrose tumoral alfa - TNF-a -
(Hotamisligilet al., 1993), podendo causar resisténcia a leptina e liberacdo de espécies reativas de
oxigénio (EROS), derivando num recrutamento de mondcitos e perpetuacdo do processo inflamatério
(Fantuzzi et al., 2000; Shapiro et al., 2011). Sendo assim, é importante delinear 0s processos
inflamatdrios que derivam do alto consumao calorico de carboidratos durante a juventude, num ambito
de caracterizar 0s mecanismos sistémicos e teciduais que envolvem os distirbios no envelhecimento.

De forma minuciosa no que circunda as questdes sobre prostata, inflamacéo e dietética, sabe-
se que 0 consumo de agUcares concentrados pode estar relacionado ao risco de CaP, por meio da
ativacdo de citocinas inflamatdrias, como interleucinas, proteina C reativa e TNF (Lyngdoh et al.,
2011), além de outros elementos, podendo ter uma correlacdo enfatica com o nivel de acido Urico
elevado no soro (Newens & Walton, 2016), o qual pode levar ao aumento da producdo de IL- 1B e
inflamacdo cronica (Shi, 2010). Alternativamente, o colesterol elevado pode ser relacionado ao risco
de CaP também (Allott et al., 2014), induzindo a ativacdo da sinaliza¢do por NF-KB (Welty, 2013).
Nessa ldgica, uma condicdo que pode levar a perda de homeostasia ndo afetara apenas um 6rgao, mas
sim um conjunto de tecidos e sistemas de maneiras distintas, caracterizando efeitos em um contexto
integrado (Figura 04), sejam elas por vias desreguladas, exacerbacdo de alguns componentes

bioldgicos ou até mesmo a falta de producédo de componentes essenciais (Martins et al., 2019).
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Figura 04. Fisiopatologia da sindrome metabdlica, efeitos e consequéncias de cada componente (obesidade, resisténcia
a insulina, dislipidemia e pressdo arterial elevada) no corpo humano. Uma visdo sistémica e fisioldgica de como as
patologias podem influenciar vérios tecidos e sistemas concomitantemente, mas de maneiras distintas. Assim, o consumo
do agUcar, que pode levar a sindrome metabdlica ou a processos patoldgicos anteriores, € uma questdo que ndo vai afetar
somente o sistema genital masculino e a préstata, mas também outros sistemas. HPT: hipotalamo- hipdfise-tiredide, TG:
triglicerideos, VLDL.: lipoproteinas de densidade muito baixa, PY'Y: peptideo Y'Y, GLP-1: glucagon like peptide-1, CCK:
colecistocinina. Adaptado de Martins et al., 2019.

Com isso, a ingestdo de bebidas ricas em frutose ou acucares adicionados, por exemplo, tem
sido associada a SM, caracterizada por hipertensdo, colesterol LDL alto, &cido urico elevado e
também inflamacéo (Johnson et al., 2009; Johnson et al., 2010; Jalal et al., 2010). A literatura ja
mostrou, também, que a ingestdo de carboidratos ou adicdo de acUcar pode ter uma correlacéo
inerente com o risco de CaP (Miles et al., 2018). Em um estudo prospectivo de coorte sueco,
observou-se que alguns carboidratos refinados, como bolos e biscoitos, cereais com baixo teor de
fibras, arroz e massas, foram associados ao CaP de baixo grau (Drake et al., 2012). Dessa forma, é
possivel delimitar diversos mecanismos que podem influenciar na relagéo entre as doengas cronicas
e 0 consumo de acgucar, alem de articular alguns desses pontos com problematicas no sistema genital

masculino, no que tange a senilidade e carcinogénese.
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1.3 ENVELHECIMENTO, VIAS INFLAMATORIAS E CANCER DE PROSTATA

Englobando o tripé deste trabalho, RPM, consumo de agucar e prdstata, se tangencia um ultimo
fator importante que pode ter relagdo com os trés: a inflamacéo. Assim, de forma geral, um nimero
cada vez maior de evidéncias epidemioldgicas indica que o risco de doengas ndo transmissiveis na
vida adulta €, em parte, determinado pelo ambiente delimitado no inicio da vida (Calder et al., 2018),
mas também o ambiente que envolve todo o desenvolvimento pode ser determinante para as mesmas.
Nesse intuito, € necessario compreender por quais mecanismos especificos algumas doengas séo
desencadeadas, como o cancer, que pode ser desencadeado por fatores genéticos, inflamatdrios,
nutricionais (ambientais) ou até mesmo por patdégenos, como no caso da alteracdo do microbioma

tecidual, como na prostata (Porter et al., 2018) (Figura 05).
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Figura 05. Interacéo do epitélio prostatico com o microbioma urinério na homeostasia e patologia. O fluido prostatico,
na prostata saudavel, contém altos niveis de componentes antimicrobianos, como zinco, peptideos antimicrobianos
(lactoferrina, defensinas e outros) e citrato. Portanto, a prostata saudavel ndo contém ou contém apenas alguns
organismos, que nao sdo prd-inflamatorios quando a barreira epitelial luminal esta intacta e secre¢Bes antimicrobianas
normais estdo presentes. Condi¢Ges patoldgicas da prostata, como atrofia da prdstata, podem levar a alteragdes no
componente antimicrobiano do fluido prostatico, levando ao crescimento de organismos comensais ou patogénicos do
microbioma urinario no compartimento luminal dos ductos da préstata. (Roberts et al. 2004; Porter et al., 2018). Dessa
forma, o intuito essencial dessa figura é demonstrar que existem componentes naturais da prdstata em homeostasia €
outros que podem desencadear patologias, por isso é importante delimitar o microambiente glandular em todos os seus
compartimentos, seja em condicfes saudaveis, com alteracBes, ou nas patologias iniciais e agressivas. Figura e legenda
adaptada de Porter et al., 2018.
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Assim, a glandula prostatica € de grande interesse médico-cientifico pela alta incidéncia de
patologias (Banerjee et al., 2018). Segundo dados publicados pela “Global Cancer Statistics”
(Globocan, 2018), o CaP é o 2° cancer que mais acomete homens no mundo, ficando atras apenas do
cancer de pele ndo melanoma, e é a quinta principal causa de mortes, sendo diagnosticados no mundo
1.276.106 novos casos apenas em 2018, com maior diagnostico em paises desenvolvidos, atingindo
homens com idades acima de 65 anos, além de ser mais comum em homens afro-americanos, que
homens brancos (Bray et al., 2018). Além disso, dados do Instituto Nacional do Cancer (INCA)
mostram que a realidade do CaP n&o é diferente no Brasil, e a estimativa para o ano de 2020 foi de
65.840 novos casos, sendo a estimativa, para o triénio 2020 a 2022, de 11.180 novos casos ao ano
(INCA, 2020).

O CaP é, portanto, uma questdo a niveis globais, o qual acarreta demandas de satde publica,
justificando seu amplo estudo no meio cientifico. A inflamacéo, correlacionada a esse fator, afeta a
carcinogénese a nivel molecular, regulando o microambiente tumoral através da alteracdo do
equilibrio de citocinas, quimiocinas, fatores transcricionais e EROS (Nguyen et al., 2014). Portanto,
cancer e inflamacdo tém uma relacdo convergente, reconhecida desde a década de 1860, quando
Virchow observou, em tecidos neoplasicos, presenca de leucocitos (Balkwill et al., 2001). Além disso,
citocinas e quimiocinas pro-inflamatérias produzidas por células cancerigenas, células normais do
microambiente tumoral e células inflamatorias invasoras tém demonstrado auxiliar no crescimento
tumoral, migracdo e na metéstase por meio da producao de alguns fatores denominados quimiotaticos,
convergindo na producdo de fatores angiogénicos e auxiliando na manutencdo de uma inflamacao
através de um feedback continuo (Balkwill et al., 2001; Coussens et al., 2002; Lu et al., 2006.). A
inflamacdo prostatica, pois, ocorre em uma série de padrdes, caracterizada pelo tipo de célula
(inflamacdo aguda caracterizada por neutréfilos e inflamagdo cronica caracterizada por células
mononucleares, que sdo predominantemente linfocitos e macrdfagos), bem como pela localizacao
(estroma, intraepitelial ou luminal) (Nickel et al., 1999). Dessa forma, a estreita relacdo entre o
desenvolvimento da imunidade tumoral e a inducdo da reatividade autoimune foi totalmente
comprovada em modelos pré-clinicos e clinicos (Liu et al., 2020). Englobando essa linha de
pensamento, recentemente, alem de estratégias para direcionar células tumorais, estratégias para
direcionar microambientes tumorais também foram exploradas (Dai et al., 2017).

Para compreender o papel da inflamagdo é necessario investigar algumas das interleucinas
tipicas desse processo. Citocinas pré-inflamatorias como interleucina (IL) 1, IL-6 e o TNFa estao
envolvidos em diversos processos inflamatdrios que podem estar relacionados aos tumores, além das

citocinas anti-inflamatorias (EGF e TGF-B), desempenhando um papel importante na ativacdo de
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diferentes vias de transducdo relacionadas com carcinogénese (Bouraoui et al., 2008). Uma das
funcBes destes processos € a promocdo angiogénica, induzindo a liberagdo de componentes pro-
inflamatorios, como prostaglandinas, acarretando proliferagdo celular, crescimento tumoral e
metastase (Ricote et al., 2004; Elaraj et al., 2006; Khandia & Munjal, 2020). Assim, RPM e consumo
de acucar podem estar relacionados como indutores de componentes inflamatorios, sistemicamente
ou tecidual, tendo relacdo com a formacdo neoplasica. Nosso grupo de pesquisa demonstrou
recentemente que, em animais senis provenientes de maes submetidas a RPM, hd um ambiente
alterado, com vias especificas desreguladas para algumas proteinas, como ambiente estrogeinizado,
que caracteriza a fase inicial da vida dos animais e a velhice, além dos niveis de testosterona
desbalanceados, o qual leva, especificamente, a maior incidéncia de carcinoma in situ na PV (Santos
et al. 2019; Santos et al., 2020). Outros estudos ja caracterizaram também que roedores tém a prostata
sensivel a exposicao estrogénica durante o desenvolvimento na vida fetal e neonatal, e esta condigao
de exposicao transitdria ao estrogénio, antes da puberdade, resulta em inflamacdo no passar da vida,
bem apds a exposicdo (Bianco et al., 2006; Prins et al., 2006). Além da relacdo entre processos
inflamatorios e formacédo de cancer, € de suma importancia contextualizar que as células sofrem acéao
direta de muitas EROS, e estas sdo produzidas como subprodutos do metabolismo celular normal,
gerado por substancias endogenas ou exogenas, podendo ser positivas ou negativas para 0s sistemas
bioldgicos (Fridovich, 1978; McCord, 1993; Valko et al., 2006; Sies & Jones, 2020). Logo, existem
as enzimas antioxidantes que sdo responsaveis por modular os radicais livres, sendo de suma
importancia para manutencdo homeostatica (Yang & Lee et al., 2015; Sies et al., 2017).

Articulado ao estresse oxidativo e ao fato da inflamacao prostatica ser um fator de risco para o
CaP (De Marzo et al., 2007; Sfanos et al., 2012; Sfanos et al., 2018), é comum a inflamacao do tipo
cronica estar presente na prostata de adultos, como evidenciado por andlises histoldgicas dos tecidos
tomados por condi¢gdes malignas ou benignas (Sfanos et al., 2018). Nesse ambito, a prostatite ndo
bacteriana, ou prostatite categoria Ill, por exemplo, € comumente observada em pacientes do sexo
masculino, afetando a micgdo e causando disfuncdo (Alexander et al., 1996). E uma condicdo mal
compreendida ainda, mas que se caracteriza por um ambiente inflamado, e € 0 mais comum problema
geniturinario em homens adultos com idade menor a 50 anos, ocasionando problematicas de saide e
na qualidade de vida (Wenninger et al., 1996; Collins et al., 1998; Khan et al., 2017). Portanto, a
inflamacdo da préstata tem sido associada a todas as principais doengas prostaticas humanas,
incluindo HPB, sindromes de prostatite e CaP (Sfanos et al., 2018). Além disso, 20% de todos 0s
casos de cancer no mundo estdo associados a inflamagdo cronica, infeccdo crénica ou ambos

(Hanahan et al, 2011), demonstrando que a inflamacdo possui uma relacdo muito significativa em
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patologias, podendo atuar como papel-chave nas alteracdes bioldgicas. Mais especificamente,
algumas moléculas inflamatdrias s@o nitidamente relevantes para se compreender 0S pProcessos
cancerigenos na prostata, sendo elas a IL-6, TNFa, IL-10, IL-1, IL-4, IL8, entre outras, de forma
sistémica e no proprio 6rgdo, para se avaliar como esté a rela¢do entre o balago pré-inflamatorio e
anti-inflamatorio, pois quando elevadas em diagnostico do balanco de inflamacdo, podem ser
associadas ao CaP e sua gravidade potencializada (Stark et al., 2009; Arthur et al., 2018). Em suma,
a préstata é um érgdo imunocompetente e normalmente é povoada por um pequeno numero de células
inflamatorias como linfocitos T e B, macrofagos e mastocitos (Steiner et al., 1994) e, portanto, um
numero exacerbado desses tipos celulares pode indicar alguma problematica. Um conjunto de células
distintas constitui a maioria dos tumores solidos, que podem permitir o crescimento e a progressao
do tumor, aléem do carater geral de heterogeneidade e, notavelmente, as células inflamatorias
presentes em tumores podem permitir promog&o ou eliminacdo tumoral (Hanahan et al, 2011 — Figura
06).

~ Célula-tronco cancerosa
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Células

? A inflamatdrias
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Figura 06. Células do microambiente tumoral. Tipos distintos de células constituem a maioria dos tumores sélidos, com
énfase no parénquima e estroma . As células inflamatorias presentes em tumores podem incluir subclasses de promocao
ou eliminagdo do tumor. Os varios tipos de células estromais criam uma sucessdo de microambientes. A abundancia,
organizacao histolégica e caracteristicas fenotipicas dos tipos de células do estroma, bem como da matriz extracelular,
evoluem durante a progressdo, permitindo assim o crescimento primério, invasivo e depois metastatico. Adaptado de
Hanahan et al, 2011.
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As moléculas inflamatorias sdo, pois, diversas, e exercem diferentes respostas frente a algum
estimulo. Sabe-se que a IL-6, por exemplo, é uma das principais citocinas, que fica desregulada no
microambiente do cancer. Sua superexpressdo foi relatada entre a maioria dos tumores, junto com
todas as fungdes essenciais necessarias para o crescimento tumoral, incluindo a regulacéo de vérias
vias de sinalizacdo (Khandia & Munjal, 2020). Além de seu envolvimento durante respostas imunes
normais, a IL-6 pode influenciar processos como apoptose e angiogénese (Culig et al., 2005). Jaa IL-
1, citocina pro-inflamatéria, tem demonstrado promover o crescimento e a progressao de Varios
tumores (Voronov et al., 2003), enquanto niveis séricos elevados de TNF-a e IL-6 estdo
correlacionados com a doenca em estagio avancado e, consequentemente, diminuicdo da sobrevida
em pacientes com CaP (Michalaki et al., 2004). Enquanto isso, a expressao de receptores da IL-8 em
células do cancer, células endoteliais, neutrofilos e macréfagos associados a tumores indicam que sua
secrecdo estimula um efeito significativo sobre o microambiente tumoral. Assim, a ativagdo de
receptores de IL-8 em células endoteliais faz com que haja promocao de uma resposta angiogeénica,
induzindo a proliferacdo, migracao e sobrevivéncia de células endoteliais vasculares (Li et al., 2003;
Brat et al., 2005). J& a I1L10 é uma importante citocina produzida por células imunes, como
macrofagos, linfdcitos T, mastocitos, entre outras, podendo ter papel tumorigénico ou de atividade
antitumoral pela regulacdo negativa do VEGF, IL-1B, TNF-a, IL-6 e MMP-9, além de inibir a
translocacdo de NF-KB (Sheikhpour et al., 2018; Khandia & Munjal, 2020). Portanto, o nimero de
células inflamatérias pode ser relevante para caracterizacdo dos processos ali estabelecidos, como
mastécitos, que quando elevados no CaP, em comparacdo com tecidos benignos, podem estar
associados com prognostico de cancer avancado (Sfanos et al., 2014).

Acerca do TNF-a, hd uma relagéo de supressdo no gene SRD5A2 e a expressdo da proteina e,
simultaneamente, promoc¢do da expressdao da aromatase, enzima responsavel pela conversdo da
testosterona em estradiol. Wang e colaboradores (2017) sugeriram que, na auséncia de SRD5A2
prostatico, hda uma mudanca androgénica para estrogénica, demonstrando que essa alta estrogénica
desde o inicio da vida, até o envelhecimento, pode ser uma das causas do CaP. Isso elucida que pode
haver um papel importante de alguns componentes inflamatorios em vias especificas desses animais.
Ja em relacdo ao consumo de agucar, ha alguns estudos que demonstram correlacdo da inflamacéo
com os tecidos, em especial o adiposo e, assim, pode-se esperar que haja alguns mecanismos
inflamatorios desregulados em animais que tiveram essa condic¢do durante parte de sua vida, que se
correlaciona com a inflamagdo metabdlica, caracterizada pela infiltracdo de macrofagos e liberagéo
de citocinas pro-inflamatdrias, bem como alteragdes no sistema recompensa e no hipotalamo.
(Hotamisligil et al., 1993; Freeman et al., 2018).
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Além de compreender o balanco entre citocinas e quimiocinas inflamatorias, torna-se palpavel
a avaliacdo de algumas vias de sinalizacdo especificas. No caso, ja foi relatado que o fator
transformador de crescimento-B (TGF-p), produzido por fibroblastos associados a tumor, promove 0
acumulo de tecido desmoplasico fibrético e influéncia na taxa de progressdo do cancer (Bhowmick
et al., 2004; Kalluri et al., 2006; Marsh et al., 2013), sendo sua superexpressao articulada com um
prognostico pior para CaP (Wu et al., 2015). Logo, uma das vias selecionadas foi da TGF-B1, dos
quais os membros desta familia sdo reguladores importantes de diferenciacdo e apoptose das células
epiteliais normais, podendo, porém, promover a tumorigénese (Massagué, 2008; Heldin et al.,2009).
O TGF-p liga-se aos receptores de serina e treonina quinase do tipo II e tipo I (TBRII e TPRI,
respectivamente), induzindo um complexo de dois TRRIs (TGFBRI) e dois TPRIIs (TGFBRII) a serem
formados. Neste, o TBRII constitutivamente ativo fosforila o TPRI, resultando na ativagdo da TBRI
quinase, levando a fosforilacdo e translocacdo nuclear de SMADs associadas a receptor (R-SMADS),
no qual, em conjunto com SMADA4, regulam a expressao de alguns genes alvos (Heldin et al, 1997;
Mu et al., 2012) — Figura 07. Esses receptores sdo também sinalizados por vias ndo-SMAD, como a
dafosfatidilinositol3'-quinase (PI3K) e proteina quinase B (AKT) (Zhang, 2009).

Numa visdo minuciosa, a via de sinalizacdo TGF-B/SMAD esta envolvida na regulacdo do
crescimento celular, adesdo, migracdo, diferenciacdo celular, desenvolvimento embrionario e
apoptose (Blobe et al., 2000). Ja foram descritos, em estudos com cultura celular, a relacdo entre
fibroblastos associados a cancer e sua regulacdo na proliferacdo de células PC-3, através da via de
sinalizacdo do TGF-B1, o qual pode explanar as vias de TGF-B como potenciais alvos terapéuticos
(Sun et al., 2019). Contextualizados alguns parametros sobre esse fator de crescimento, pode-se
delimitar que suas vias sdo muito ativas em diversos parametros homeostaticos, mas que podem estar
exacerbados em condi¢fes patologicas, como durante o crescimento tumoral, pois 0 TGF-1 tem
como uma de suas fungdes o inicio e desenvolvimento de respostas inflamatorias, recrutando e
ativando diversos tipos de células do sistema imunitério, incluindo os mastécitos (Halova et al. 2012).
Ainda sobre seu papel, ha evidéncias da importancia especifica de uma das SMADs, a SMAD2, pois
a mesma atua como mediadora critica de TGF em relacéo a apoptose (Yang et al., 2009.). Portanto,
atualmente existem inibidores de pequenas moléculas direcionadas ao receptor TGF-B tipo 1
(TGFBR1) quinase, que podem ser usados para tratar CaP no estagio de ensaio clinico (Batlle et al.,
2019), enfatizando a importéncia biologica e médico-cientifica de estudos acerca do TGF e seus

intermediarios.
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Figura 07. Via da TGF-B1 com os intermediarios de SMAD2, SMAD2p, SMAD2/3, SMAD3, SMAD4 ¢ SMAD7. Tal
sequéncia de reacdes depende da fosforilagdo do receptor TPRII para ativacdo da TPRI, ocasionando a fosforilagédo e
translocacéo dessa cadeia de SMADSs, com expressao de alguns genes alvos, estando associadas a apoptose celular, como
também a processos de progressdo tumoral. Receptores ndo-SMAD também estdo demonstrados nesta figura, dos quais
derivam, por exemplo, PI3K e AKT. Adaptado de Da Silva et. al, 2013.

Outra proteina relevante para se avaliar € a quimiotatica de mondcitos 1 (MCP-1/CCL2),
membro da superfamilia de citocinas/quimiocinas, conhecida por promover a migracdo de monocitos
e macrofagos para locais de inflamacéo. Estudos elucidaram que o CCL2 tem se mostrado um
mediador ativo da tumorigénese e metastase de varios tipos de cancer, tendo seu papel na regulacéo
da migracédo e proliferacdo de cancer de mama e, também, CaP (Valkovic et al., 1998; Vanderkerken
et al., 2002; Ohta et al., 2002; Lebrecht et al., 2004; Loberg et al., 2006). Correlato ao CCL2, a
proteina WNTS5A apresenta caracteristicas oncoldgicas, que remetem ao estimulo de producgéo de
citocinas e quimiocinas inflamatérias em células endoteliais, mondcitos, células estromais dsseas e
células cancerigenas (Rauner et al, 2012; Jung et al, 2013; Li et al, 2014), através das vias de
sinaliza¢do da proteina quinase ativada por mitogenos (MAPKSs), Akt e NF-KB, um tipo de fator
nuclear que pode promover a ativagdo direta ou indireta de fatores inflamatorios, quimiocinas,
expressdo inflamatoria e do gene TGF-B (Chen et al.,, 2012). Além disso, estudos anteriores
mostraram que a producdo de um grande numero de EROs pode ativar vias de sinalizacdo

inflamatdria, como PI3K/Akt/NF-KB, e promover a expressao de fibras de colageno tipo | e TGF-p1,
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promovendo, por fim, a ocorréncia de fibrose (Cohen- Naftaly & Friedman, 2011; Grochot-Przeczek
etal., 2012).

H& também uma relagdo de sinergia entre o palmitato e TNA-a para expressdo de CCL2, num
contexto de acimulo de macréfagos pré-inflamatérios em tecido adiposo, como caracteristica de
suma importancia na obesidade, havendo correlagdo com expressdo local de marcadores
inflamatdrios - TNF-a, IL-6, IL-1p e MCP-1 -, codificados pelo gene CCL2 (Weisberg et al., 2003;
Gustafson et al., 2007) — Figura 08a. Ainda nessa conjuntura, o acimulo de ligante de quimiocina CC
2 (CCL2), CC 3(CCL3),CC 4 (CCL4), CC5(CCL5) e CC 8(CCL8), no microambiente tumoral, ja
foi associado a altos niveis de infiltracdo de macréfagos em varios tipos de malignidades, incluindo
CaP (Negus et al, 1997; Azenshtein et al, 2002; Loberg et al, 2007; Szebeni et al, 2017). O CCL2 ja
foi denotado também em microambientes tumorais, no qual o CCR2 (receptor) é regulado em células
cancerigenas, inclusive nas prostaticas (Lu et.al, 2007). Ja foi relatado também que o tumor associado
a macréfagos promove metastase no CaP, através da estimulacdo do eixo CCL2 — CCR2 (lzumi et.
al, 2013; Lin et. al, 2013), ilustrado na Figura 08b.

Dessa forma, na andlise de transcriptoma realizada em um projeto maior do nosso grupo, para
animais submetidos & RPM, o gene CCL2 e a via da TGF- 3 apareceram desregulados, o0 que levou a
proposta de avaliar suas vias em especifico, visando o microambiente prostatico e sisttmico de
animais submetidos a RPM e comparando com 0s grupos que consumiram aculcar e 0s que tiveram
os dois tipos de condigdes adversas, pois a linha de pensamento era de que as regides de leséo e

oncoldgicas teriam carater molecular e inflamatorio distintos.
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Figura 08. llustracdo das vias de sinaliza¢do correlacionadas a sinergia entre palmitato e TNF-a, convergindo na producédo
de CCL2. A. O mecanismo predominante dessa resposta sinérgica induzida pelo palmitato esta indicado nas setas
vermelhas. O CPZ pode inibir a internalizacdo do TLR4 e suprimir a sinergia e a producéo de CCL2. Adaptada de Ahmad
et al.; 2018. B. Esquema dos eixos CCL2 — CCR2 e CCL22 — CCR4, elucidando intera¢Ges entre macrofagos associados
a tumores e células correlatas ao CaP. Macrofagos infiltram-se através da estimulagdo com células de CaP, havendo
producdo de CCL2 na prostata. O CCL2 aumenta o seu receptor e estimula o sinal. Posteriormente, o eixo CCL22 — CCR4
ativa Akt, o qual resulta em migracao e invasdo do cancer de prostata. Adaptado de Maolake et al., 2016.
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Os alvos propostos para analise nesse trabalho foram previamente confrontados com os
resultados disponiveis na ferramenta SurvExpress (Aguirre et al., 2013), da qual utiliza como base
para seus estudos os dados de 497 pacientes, depositados no The Cancer Genome Atlas Program
(TCGA). Ao analisar a curva de sobrevida, pode-se notar que os pacientes com CaP, que detém
alteracdes nesses alvos, possuem um pior prognostico (p valor = 0,007532), levando a um risco de
9,61 vezes maior que aqueles que ndo apresentam alteracdo nesses genes, ocasionando menor

sobrevida em torno de 1500 dias, como ilustra a Figura 09.
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Figura 09. Curva de sobrevida gerada pelo SurvExpress, com as moléculas inflamatérias propostas nesse trabalho. Dentre
os alvos selecionados, foram colocados a interleucina 10 (IL10), fator de necrose tumoral (TNFa), interleucina 6 (IL6),
macrofagos CD68 (CD68), Fator de transformacdo de crescimento B1 (TGFB1), quimiocina atraente de mondcitos
(CCL2), fator nuclear kappa B (NFKB1), SMAD2 e Recetor “Tool like” 4 (TLR4). Foram utilizados os dados de cancer
de préstata do TCGA, que conta com dados de 497 pacientes. p= 0,0007532 e hazard ratio = 9,61.

E de suma importancia deixa enfatico que nosso grupo de pesquisa ja descreveu o
desenvolvimento de carcinoma in situ em animais submetidos &8 RPM no DPN 540 (Santos et al.,
2019). Além disso, dados ainda ndo publicados do grupo apontam que o consumo de agucar também
leva ao desenvolvimento de carcinoma in situ na PV de animais senis. A Figura 10 remete a um
carcinoma in situ em um animal que consumiu agucar e outro submetido a RPM (Figura 10A e 10B,

respectivamente).
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Figura 10. Carcinoma in situ na prostata ventral de animais submetidos ao consumo de aglcar (A) e a RPM (B). Coloracéao
por Hematoxilina-eosina (HE). E. Estroma Ep. Epitélio L. Lamen. A. Microécinos e alteracdo glandular. As regies com
circulos brancos representam alteragdes glandulares que indicam a insercdo do carcinoma. Os asteriscos demonstram
vasos sanguineos. As setas indicam regido de proliferacdo anormal e sobreposicdo das células epiteliais, indicando o
processo neoplasico. Aumentos de 10x e 40x.

Além da andlise dos alvos desregulados através do transcriptoma, também foram verificadas as
vias enriquecidas, correlatas a processos inflamatorios, através da protedmica dos animais submetidos
a RPM e ao consumo de aglcar no DPN 540, além de vérias proteinas diferencialmente expressas
(DE) e que cruzam entre si, direcionando a determinadas sinalizagcbes upreguladas ou
downreguladas. Essas vias foram enriquecidas através da plataforma Enrichr (Chen et al., 2013;
Kuleshov et al., 2016; https://maayanlab.cloud/Enrichr/), correlatas ao KEGG e tipo celular. Dos
resultados, observou-se vias de spliceossoma, apoptose e células inflamatérias (linfocitos T CD4,
CD8) upreguladas (Figura 11 A e B), quando cruzados os alvos DE entre o grupo CTR e 0 RPGL,
enquanto vias de sinapse gabaérgica e hormonios de regulacdo hipotalamica-hipofisaria estavam
downregulados (Figura 11 C e D). Em relagdo ao grupo CTR e CTR+ACU, foram verificadas vias
de sinalizacdo de AMPK, autofagia, células do musculo esquelético e linfécitos CD4 upregulados
(12 A e B), enquanto o metabolismo de colesterol, resisténcia a insulina, sinalizacdo de PPAR e
células hepéticas estavam downreguladas (Figura 12 C e D). No cruzamento entre CTR e

RPGL+ACU, as vias upreguladas foram de ribossomo, reticulo endoplasmatico, hormdnios,
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linfoblastos, CD34, e outras células de inflamacdo (Figura 13 A e B), enquanto o metabolismo de
xenobioticos do citocromo p450, ciclo de Krebs, carcinogénese quimica e mondcitos estavam
downreguladas (Figura 13 C e D). Essas analises inicias demonstraram uma convergéncia de dados
interessante, pois caracteriza, em todas as vias enriquecidas, alguma correlacdo entre a RPM,
consumo de aclcar e processos metabolicos articulados a inflamacdo, levando ao interesse da

compreensdo mais especifica de cada parametro, em cada grupo experimental.
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Figura 11. Vias enriquecidas através da plataforma Enrichr, por genes diferencialmente expressos através da analise de
protedmica. Comparacdo entre os grupos CTRXRPGL. A. Enriquecimento através dos alvos upregulados e pela
plataforma KEGG 2019, demonstrando vias do spliceossoma e apoptose. B. Enriquecimento dos alvos upregulados pela
plataforma de tipo celular, enfatizando linfécitos CD4 e CD8. C. Enriquecimento através dos alvos downregulados e pela
plataforma KEGG 2019, demonstrando vias gabaérgicas e hormonais. D. Enriquecimento dos alvos downregulados pela
plataforma de tipo celular, elucidando alguns tecidos e mondécitos.



hupksgalngpathoay Bonemame
ity egiatingpativay | Setiihege
Buophagy T DL
Spiceosore ] Atpocye
- AtrioventricularNode:
Carhohydrate digestion and absorption CardiacMyocytes
Sphingolipid metaholism G2LERmphoblasts
C D
_irus 1 infection pineal night
iy - e
-dirarboxylate metabolism Amygadala
-Eh’h‘]Iism SmoothMuscle
-aclinns in vesicular transport D14+ Monocytes
- sucrose metabolism D33+ Myeloid

Figura 12. Vias enriquecidas através da plataforma Enrichr, por genes diferencialmente expressos através da analise de
protedmica. Comparacdo entre os grupos CTRXCTR+ACU. A. Enriquecimento através dos alvos upregulados e pela
plataforma KEGG 2019, demonstrando vias AMPK e autofagia. B. Enriquecimento dos alvos upregulados pela
plataforma de tipo celular, enfatizando linfécitos CD4 e células prostaticas. C. Enriquecimento através dos alvos
downregulados e pela plataforma KEGG 2019, demonstrando vias do metabolismo de colesterol, resisténcia a insulina e
PPAR. D. Enriquecimento dos alvos downregulados pela plataforma de tipo celular, elucidando tecido hepético e
monocitos.
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Figura 13. Vias enriquecidas através da plataforma Enrichr, por genes diferencialmente expressos através da analise de
protedmica. Comparagéo entre os grupos CTRXRPGL+AGCU. A. Enriquecimento através dos alvos upregulados e pela
plataforma KEGG 2019, demonstrando vias do ribossomo e reticulo endoplasmatico. B. Enriquecimento dos alvos
upregulados pela plataforma de tipo celular, enfatizando linfoblastos, CD34 e outras células inflamatérias. C.
Enriquecimento através dos alvos downregulados e pela plataforma KEGG 2019, demonstrando vias de xenobi6ticos,
ciclo de Krebs. D. Enriquecimento dos alvos downregulados pela plataforma de tipo celular, elucidando mondcitos e
células inflamatorias.

2. JUSTIFICATIVA E RELEVANCIA DO TEMA

Considerando-se a importancia da manutencdo do ambiente intrauterino normal para o
desenvolvimento adequado da prole, associado ao aumento de doencas crénicas, sindrome
metabolica e consumo de “aclcar de adicdo”, principalmente por criangas em idade escolar,
julgamos relevante investigar se o0 consumo de agUcar potencializa os efeitos adversos promovidos
pelo microambiente intrauterino alterado pela RPM sobre a prole de ratos, enfocando na reconhecida
associacao entre consumo de acgucar, ambiente obesogénico e inflamacgdo. Dessa forma, esse trabalho
engloba aspectos de condigdes pré-natais e/ou pds-natais, a fim de caracterizar as alteragdes que

ocorrem no tecido prostatico e de forma sistémica, com enfoque nos parametros inflamatorios.

3. OBJETIVOS

3.1 OBJETIVO GERAL

- Avaliar os efeitos da RPM associada ou ndo ao consumo de agucar, em ratos velhos, com énfase

nos mecanismos moleculares envolvidos na inflamacéo sistémica e intraprostatica.

3.2 OBJETIVOS ESPECIFICOS

- Avaliar os efeitos da RPM e do consumo pos-natal de agucar sobre a incidéncia de desordens na
prostata ventral;

- A caracterizacéo histologica do infiltrado inflamatério;

- O envolvimento de vias de inflamacao (sistémica e intraprostatica) mediadas por CCL2 (TNF-a,
NFk-b e TLR-4) e TGFB1 (Via SMADs);

- A localizagdo tecidual das Interleucinas e células inflamatorias, associando estes resultados aos
parametros histopatoldgicos nos diferentes grupos experimentais. A figura 14 explicita o

delineamento, de forma resumida, do propoésito deste trabalho.
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Figura 14. Delineamento dos objetivos deste trabalho. Avaliagéo dos efeitos da RPM e do consumo de agucar em relagéo
a parametros prostaticos e sistémicos, inclusive tumorais, correlacionados a moléculas anti-inflamatorias e pro-
inflamatorias e, em especifico, das vias do TFG-f1 e CCL2.

—

4. RESULTADOS

Os resultados dessa dissertacdo estdo contidos, em forma de artigo cientifico, no
capitulo 2 sob o titulo “Maternal low protein diet and sugar consumption in postnatal life alter the
prostate morphophysiology and causes inflammation in aging”.
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Highlights

e Maternal LPD increases the insertion of inflammatory cells and unbalances the level of
interleukins 6, 10 and 1.

e Sugar consumption induces the recruitment of inflammatory cells.

e Maternal LPD added to postnatal sugar consumption induce points of inflammation and
inflammatory infiltrate, in addition to activating the TGFB1-SMAD2/3 pathway in the ventral

prostate of rodents.
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Abstract

Several studies have been demonstrated higher rate of chronic diseases in the adult population of
individuals whose mothers had maternal low protein diet (LPD). The increasing consumption of sugar
has been associated with the global metabolic diseases cases. Maternal LPD and sugar consumption
may be associated with inflammatory processes in the prostate. So the aim is to investigate the role
of inflammation pathways on the ventral prostate (VP) rats submitted to maternal LPD and sugar
consumption. After weaning, male Sprague Dawley rats born from dams fed control diet (CTR, 17%
protein) or low protein diet (GLLP, 6%) during gestation and lactation period were divided in 4
groups: CTR- consumed control diet and water until postnatal day (PND) 90; CTR+SUG - consumed
sugar solution (10%) until PND 90; GLLP - received normal water until PND 90; and GLLP+SUG -
consumed sugar solution until PND 90. On PDN 540 they were euthanized. The results demonstrate
reduced body weight and less total fat in the GLLP and GLLP+SUG. An increase in mast cells and
CD68 macrophages was observed in the VP of all groups, with an emphasis on these infiltrates in the
GLLP+SUG. In addition, there was an increase in the inflammatory infiltrate and inflammation,
especially in the GLLP+SUG. We verified high expression of TGF-b in systemic and intra-prostatic
form occurred in GLLP+SUG. In addition, the phosphorylated SMAD2/3 was decreased. So,
maternal LPD and sugar consumption negatively and directly affect prostatic homeostasis in senility

and may have a relationship in the biology of cancer in this tissue.

Keywords: Maternal protein restriction, sugar, ventral prostate, inflammation.
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1. Introduction

Epidemiological evidence correlates the increase in the chronic diseases incidence to processes
suffered during intrauterine development. This period of high vulnerability is important for the
development and growth of the different organs and systems (Burton et al., 2016). The English
epidemiologist David Barker and colleagues demonstrated that low body weight at birth was related
to greater risk of developing coronary heart disease and diabetes (Barker et al., 1989). So, the Barker’s
Hypothesis was defined, which subsequently led to the creation of an international society focused
on this field of research, called Development Origins of Health and Disease (DOHaD) (Schulz, 2010).
Thus, an increasing amount of evidence indicates that the risk of non-communicable diseases in
adulthood is, in part, determined by the environment delimited in early life (Calder et al., 2018), but
also the environment that involves all development can be decisive for some pathological processes.

The fetal programming by maternal diet has been demonstrated in several experimental animal
studies, with physiological and metabolic consequences widely reported in offspring in response to
maternal micronutrient or macronutrient restriction, and dietary excess (Hay et al., 2016; Vithayathil
et al., 2018), altering, for example, the estrous cycle and ovarian histomorphometry (Cortes et al.,
2021). Besides that, maternal LPD reduces the process of prostatic angiogenesis in early life
(Colombelli et al., 2017), alter serum testosterone and estradiol concentration, increase in biomarkers
and oxidative stress in PCa (Portela et al., 2020), in addition to enriching oncological pathways in
early life and aging (Santos et al., 2020), which may be related to the increase in the incidence of
prostatic carcinogenesis (Teixeira et al., 2007; Santos et al. 2019).

Governmental and health organizations around the world have been dedicated to assessing the
relationship between increased consumption of dietary sugars and the incidence of obesity and related
diseases, such as diabetes and cardiovascular disease (Newens & Walton, 2016). There are adverse
conditions that involve the postnatal life, and one of which is the consumption of sugar, which is
correlated with metabolic inflammation, characterized by infiltration of macrophages and release of
pro-inflammatory cytokines, leptin resistance and ROS (Reactive oxygen species) release, resulting
in monocyte recruitment, as well as bringing about changes in the reward system and in the
hypothalamus (Hotamisligil et al., 1993; Fantuzzi et al., 2000; Shapiro et al., 2011; Freeman et al.,
2018). In the last decade, metabolic syndrome (MetS) and metabolism markers have been identified
as potential risk factors for benign prostatic hyperplasia (BHP) (Giri et al., 2015). The intake of drinks
rich in fructose or added sugars, for example, has been associated with METS, characterized by high
blood pressure, high cholesterol, uric acid, chronic inflammation, and which can be a risk factor for

the development of several cancers, including PcA (Johnson et al., 2009; Johnson et al., 2010; Jalal
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et al., 2010; Miles, et al., 2018; West- Eberhard, 2019; Chazelas, et al., 2019). In a Swedish
prospective cohort study, it was observed that some refined carbohydrates, such as cakes and biscuits,
were associated with low-grade or general PCa (Drake et al., 2012).

In this sense, one of which organ affected is the prostate, that is a sexual accessory gland
responsible for the secretion of seminal fluid (Verze et al., 2016), but that encompasses a public health
problem, as it can be affected by BHP and cancer in aging (Guess, 2001). Changes that occur during
the fetal period can be decisive for the development of these diseases. Therefore, studies related to
PCa are of great medical and scientific interest due to the high incidence of pathologies (Banerjee et
al., 2018). PCa is the second most common type of cancer and the fifth most common cause of cancer-
related death in men worldwide (Bray et al., 2018). Even so, data from the National Cancer Institute
(INCA), show that the reality of the PCa is no different in Brazil, and the estimate for the year 2020
was 65,840 new cases, with the estimate for the triennium 2020 to 2022 of 11,180 new cases per year
(INCA, 2020).

Thus, the prostate is an immunocompetent organ and is normally populated by a small number
of inflammatory cells (Steiner et al., 1994), and inflammation in BPH, for example, is predominantly
characterized by infiltration of T lymphocytes and macrophages (Kramer et al., 2007), and is
frequently associated with increased CD8 + T lymphocytes, with the stromal insertion of clusters of
B lymphocytes and CD4 + T lymphocytes, in addition to the relationship with stromal proliferation
and fibrosis (De Nunzio et al., 2011; Hanahan et al, 2011; Pascal et al., 2021). The number of mast
cells was found to be elevated in PCa, compared to benign tissues, may also be associated with
prognosis in advanced PCa (Sfanos et al., 2014). Specifically, the accumulation of chemokine ligand
(CCL2) in the tumor microenvironment has also been associated with high levels of macrophage
infiltration in various level of cancer malignancies (Negus et al, 1997; Azenshtein et al, 2002; Loberg
et al, 2007; Szebeni et al, 2017). In this context, prostatic inflammation has been linked to all major
diseases of the human prostate, including BPH, prostatitis syndromes, and PCa (Sfanos et al., 2018).
The close relationship between the development of tumor immunity and the induction of autoimmune
reactivity that correlates with it has been fully proven in preclinical and clinical models (Liu et al.,
2020). Studies demonstrated relationship between oxidative stress and prostate inflammation, like
risk factor for PCa (De Marzo et al., 2007; Sfanos et al., 2012; Sfanos et. al, 2018) and it is common
for chronic inflammation to be present in the prostate of adults (Sfanos et al., 2018).

Previous studies demonstrated that the production of a large number of ROS can activate
inflammatory signaling pathways, and promote the expression of type | and transforming growth
factor-p 1 (TGF-B1) collagen fibers, promoting the occurrence fibrosis (Cohen-Naftaly & Friedman,
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2011;Grochot-Przeczek et al., 2012). It has been reported, for example, that the TGF-, produced by
fibroblasts associated with a tumor, promotes the accumulation of fibrotic desmoplastic tissue, and
influences the rate of cancer progression, worse prognosis for PCa and initiation and development of
inflammatory responses, recruiting and activating several types of cells of the immune system, such
mast cells (Bhowmick et al., 2004; Kalluri et al., 2006; Halova et al. 2012; Marsh et al., 2013; Wu et
al., 2015).

Considering the importance of maternal nutrition for prostate homeostasis, it becomes
necessary to evaluate some possible markers of oxidative stress and inflammation that make up the
prostate environment and the systemic approach, evaluating the maternal LPD and the consumption

of sugar that have been able to cause possible harmful, inflammatory, and oncogenic processes in VP.

2. Material and methods
2.1. Laboratory animals and experimental procedure

Male and female Sprague Dawley rats were obtained from the Central Stock breeder at the State
University of Campinas (Campinas, SP, Brazil). The animals and their offspring were kept in the
Small Mammals Animal Hospital of the Department of Morphology in polyethylene boxes (2 per
box) with autoclaved wood shavings substrate, under controlled light conditions (12 hours of
photoperiod) and temperature between 22°C to 25°C. They had free access to filtered water and food.
The experimental procedures are in accordance with the Ethical Principles in Animal
Experimentation adopted by the Brazilian Society of Science in Laboratory Animals (SBCAL) and
were approved by the Ethics Committee on the Use of Animals of the Botucatu Biosciences Institute
(CEUA-951).

Sprague Dawley male and female rats mated and after pregnancy confirmation, dams were
placed in individual boxes and separated into two groups: 1) Control group (CTR, n=20), which were
fed with control diet (17% protein) during gestation and lactation periods and 2) Gestation and
Lactation Low Protein group (GLLP, n=20), which received low protein diet (6% protein - the
nutritional table of the diet is contained in the supplementary table 1). After weaning at postnatal day
(PND) 21, the male rats were divided into 4 groups and all animals were fed with control diet: Control
(CTR): rats were born from CTR dams were given filtered water; Control+Sugar (CTR+SUG): rats
were born from CTR dams were given 10% sugar solution diluted in filtered water; Gestation and
Lactation Low Protein diet (GLLP): rats were born from GLLP dams were given filtered water;
Gestation and Lactation Low Protein diet+Sugar (GLLP+SUG): rats were born from GLLP dams
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were given 10% sugar solution diluted in filtered water. The sugar was consumed from PND 21 until
PND 90, and after PND 90 the rats consumed normal water until euthanasia PND 540 (Figure 01).

DAMS MALE OFFSPRING
GDO GD21 ! ! !
GESTATIONAL & LACTATIONAL |

CTR W Mormal diet (17% of protein)

CTR B Hypoprotein diet (6% of protein)

CTR+SU == Sugar solution (10%)

O Matting

\ . 2 GLp Bonn

GLLP O Weaning

- " GLLP+SU x Euthanasia
PND 21 PNID 90 PND 540

Figure 01. Experimental design. Pregnant rats on gestational day (GD) 0 were separated into 2 groups - one control
(normoproteic diet consumption 17%) and the other restricted (6% hypoproteic diet consumption) and the offspring in 4
experimental groups: Control Group (CTR) who received normoproteic diet (gray bar), group CTR + sugar (SUG) who
received refined sugar 10% diluted in water from the postnatal day (PND) 21 until PND 90; Maternal Protein Restriction
group (GLLP) that received hypoprotein diet (orange bar) during pregnancy and lactation and the GLLP + SUG group
that also received hypoprotein diet ration, however the sugar was diluted to 10% in water from DPN 21 to DPN 90 . The
rats were euthanized in PND 540.

From PND 90 to PND 540, the animals received free access of water without the addition of
sugar and normal diet. Refined sugar was used, the most frequently consumed type, marketed under
the same brand for the entire experiment. The 10% sucrose concentration was chosen from data
published by Kendig et al. 2015, that demonstrated the male offspring of rats that consumed 10%
sucrose showed increased insulin sensitivity, in addition to higher blood glucose levels fasting
compared to animals from whose mothers did not consume sugar.

On PND 540 the animals were weighed and anesthetized via intraperitoneal with the combined
use of general anesthetic Ketamine at a dose of 0.0075 mL/kg with a concentration of 0.1 g/ml and
the muscle relaxant Xylazine at a dose of 0.0025 mL/kg and concentration of 0.02g/ml. After
anesthesia, the cervical vessels were ruptured by decapitation using a guillotine for rodents. Then, the
lobes of the ventral prostate (\VP) and fat were collected and weighed. After that, the right and left
lobes of VP were separated, with 12 lobes immersed in fixative and processed by the histological
techniques described below, and another 12 lobes were immediately frozen in liquid nitrogen kept in
a freezer at -80°C. The animals' blood was collected, centrifuged and the supernatant stored for
analysis.

Post-weaning (PND 21), the pups body weight, food and water intake were measured weekly
throughout the experiment duration. On PND 90 and PND540, the adult male rats were anesthetized
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(ketamine/xylazine), it was weighed and the body length (nose-to-anus or nose-anus length) was
measured to determine the following anthropometrical parameters:

- The body mass Index (BMI)= body weight (g)/length2 (cm2) (Novelli et al., 2007).

— Lee index= cube root of body weight (g)/ nose-to-anus length (cm) (Bernardis, 1970).

2.2. Systemic and tissue analysis

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

Plasma levels of CCL2/MCP-1 was measured by ELISA using as sample the blood plasma and
VP of the animals collected, and plasma levels of TGF-B1, IL10, and IL1-B were measured by ELISA
using a blood plasma samples. The molecules, product codes, detection limit and sensitivity of the
analyzed targets are listed in according with Abbkine protocol and the procedure took place according

to the manufacturer's procedures (Abbkine).

2.3. Histological and histophatological analysis

The VPs offspring (n = 6 per group) from PND 540 were fixed in methacarn (70% methanol +
20% chloroform + 10% acetic acid) (Puchtler et al., 1970), dehydrated in ethanol, diaphanized in
xylene, and embedded in Paraplast (Sigma Co, Saint Louis, MO). The sections were made in a
rotating microtome with 5 um thickness, collected on silanized slides and stored until the moment of
use for the immunohistochemistry and histological techniques.

The morphometric analyzes were determined in the different experimental groups, evaluating
the percentages of the glandular fractions (epithelial, luminal, and stromal) using the Weibel with 168
test points (Weibel et al., 1966). Measurements were performed in 10 random fields with the 20x
objective, in 6 different prostatic lobes. The values the relative values were determined by counting
the coincident points in the grid and dividing them by the total number of points.

Histopathological analyzes were performed in partnership with Professor Dr. Wellerson
Scarano, of which 10 slides from each group were evaluated, stained in HE. To characterize the
incidence of lesions, it was necessary that there was more than one region (field) with them, in the

sense of reactive epithelial atrophy, atypical atrophy, focal physiological hyperplasia, dysplasia and
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adenocarcinoma.

To identify mast cells, tissue sections were stained with 1% toluidine blue. As the granules
within the mast cells contain heparin and sulfated glycosaminoglycan, they will be stained
metachromatically using toluidine blue to evaluate and quantify the total mast cells. The number of
total mast cells will be measured in 6 animals from each experimental group, and the values will be
given in cellssmm2. Random images from 60 histological fields per experimental group (10
images/mouse) will be captured by the conventional LeicaDM2500 light microscope (Leica
Microsystems, Nussloch, Germany), coupled to the digital camera and image analysis software (Leica

Qwin.V3) using a lens 40x, with each field covering an area of 0.085 mm2.

2.4. Immunohistochemistry

Histological sections of 5 um (n = 6 per group) were deparaffinized, rehydrated, quenched in
H202/methanol solution, and boiled for 30 min in 10 mM sodium citrate solution pH 6.0 or
Tris/EDTA solution pH 9.0 for antigen retrieval. Prostatic sections were blocked in 5% nonfat milk
in phosphate-buffered saline (PBS) and incubated with anti-CD68 (ab125212, Abcam, 1:500), anti-
IL6 (ab6672, Abcam, 1:100), anti-IL10 (ab 9969, Abcam, 1:50), anti-Aquaporinl (sc25287, Santa
Cruz, 1:100), anti-VEGF (sc152, Santa Cruz. 1:50), anti-TNF-a (ab6671, Abcam, 1:150), anti- TGFp-
1 (sc146, Santa Cruz, 1:100), anti-Colagen 1 (sc8788, Santa Cruz, 1:100) and anti-FGF (sc7917,
Santa Cruz, 1:100) specific primary antibodies overnight at 4°C. Slides were washed in PBS and
incubated for 1 h at room temperature in either horseradish peroxidase (HRP), conjugated secondary
antibody.The sections were washed and developed using 3,3'-Diaminobenzidine (DAB, Sigma) and
counterstained in hematoxylin for 30 seconds. The results were analyzed with the Leica DM2500
microscope and photodocumented by the image analyzer in the Leica LAS V4.5 software.

Counts of the amount of CD68 macrophages were made with n/6 per group, with 10 random
and distinct fields for each slide, for counting and averaging the number of macrophages. Analyzed
with the Leica DM2500 microscope and photodocumented by the image analyzer in the Leica LAS
V4.5 software.

2.5. Intraprostatic levels of antioxidant enzymes

Antioxidant enzymes activities superoxide dismutase (SOD), catalase (CAT), and L-
Glutathione reduced (GSH) were performed as described by Périco et al., (2019) and Ohara et al.,

(2020). The VPs from different groups on PND 540 (n= 8 per group) were analyzed by the
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colorimetric method. Initially, the samples were homogenized in extraction buffer (50 mM Tris- HCI,
0.25% Triton-X 100) and centrifuged at 4000g at 4°C for 30 min. to remove de insoluble material,
following the total protein concentrations were quantified by the Bradford method (Bradford, 1976).
Determination of SOD activity (Winterbourn et al., 1975), CAT activity. (Aebi, 1984), and GSH
levels (Faure & Lafond, 1995). Descriptions of the different solutions and steps for each antioxidant

enzyme are described in Portela et al., 2020.

2.6. Western blotting

Ventral prostates (n = 6/group) were homogenized in RIPA extraction buffer (Pierce, Rockford,
IL, USA) added with a protease inhibitor. Subsequently, they were centrifuged at 4000 RPM at 4°C
for 20 min to remove insoluble material. The determination of protein concentration was performed
using the Bradford method (Bradford, 1976). Aliquots (70 pg of proteins) were submitted to
electrophoresis, under reducing conditions, in 10% polyacrylamide gel. After the electrophoretic run,
the proteins were electrotransfered to a Hybond ECL nitrocellulose membrane (Amersham, Little
Chalfont, United Kingdom). The membranes were blocked with 5% nonfat milk diluted in TBS for
1hours and then incubated for 16 hours at 4° C with the same primary anti- marker antibody, which
binds to the desired target, anti-TLR4 (ab217274, Abcam, 1:1000), anti- TGF-B1 (sc146, Santa Cruz,
1:1000), anti-CCL2/MCP-1 (ab21396; Abcam, 1:1000), anti-TNFa (orb129753; 1:1000), anti-
SMAD?2/3 (#3102, Cell Signaling), anti-SMAD2/3p (D27F4, Cell Signaling), anti-NFkB (ab7970,
Abcam, 1:1000), anti-IL6 (ab6672, Abcam, 1:1000), anti-IL10 (ab 9969, Abcam, 1:100), b-Actin
(sc47778, Santa Cruz, 1:2000).

After washing in TBS, the membranes were incubated with specific secondary antibody for
each primary for 2 hours and again washed in TBS. The relative molecular weight of the bands was
determined according to the color-marked molecular weight standard, Kaleidoscope (Bio-Rad,
Hercules, CA, USA), which was placed together in the electrophoretic run. The reaction was
developed using an ECL kit and the images of the bands were acquired using Image Quant 350
equipment (GE - Healthcare). Subsequently, semi-quantitative analyzes were performed by
densitometry of the bands and the IOD values were statistically analyzed.

2.7. 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,
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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 results were submitted to one-way ANOVA followed by the Tukey-Kramer
multiple comparisons test, and no-parametric data were evaluated by analysis of variance (ANOVA)
followed by Dunns. Data were expressed as mean+SD or median+SEM. Differences were considered

statistically significant when p<0.05. Figure 02 has a brief outline of the purpose of this work.

3.RESULTS
3.1. Biometric parameters

Regarding the biometric parameters, at birth, in development and senility, decreased weight
and ano-genital distance (AGD) in the GLLP and GLLP + SUG groups are observed when compared
to the CTR (supplementary table 2). A fact due to the lower amount of feed consumption of protein
by mothers, indicating an already initial effect of maternal LPD and extending to aging. The change
in these two parameters (body weight and AGD) shows maternal LPD impact in the offspring body
structure (Table 01). In addition, on PND 540 smaller amounts of visceral, epididymal, and
retroperitoneal fat (totaling total fat) were also observed in the GLLP and GLLP + SUG groups. The
weight of Organs' reproductive organs (VP, testis, and epididymis) is shown in table 01. We observed

an increase in the relative prostatic weight in the GLLP and GLLP + SUG groups.
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Table 01. Biometric parameters of animals on PND540.

Parameters Experimental Groups

CTR CTR+S8UG GLLP GLLP+SUG
Initial body weight (g) 51.8 = 1.43* 55.50 = 1.711 19.0 = 1.16* 18.15 £ 0.921
Final body weight (g) 556.4 £ 36.52° 665.5 + 18.76% 502.6 £16.99 461.7 + 13.907
Weight gain 503.3 £35.61° 620.0 £ 18.19+ 485.3 £16.95 4422 £15.411
Length 26.5 £0.51 26.5 £0.401 252+0.39 24.1 £0.371
Anogenital distance (AGD) (em) 32.00+1.24 35.59 £1.051 29.66 £1.02 30.00 £ 1.107
Lee index (g/em) 3.19+0.08 3.26 £0.04 3.21 £0.04 3.27+0.04
BMI (g/em) 0.87£0.07 0.93 £0.02 0.84 £0.03 0.87+0.02
Adiposity index 6.71 £ 0.69 7.62 £0.561 7.14 £0.37 6.75 £0.321
Visceral fat absolute weight (g) 1288 +2.48 14.25£1.13 12.16 +£0.94 9.68 £0.76
Visceral fat relative weight (g) 0.02 = 0.004 0.02 +£0.001 0.02 £0.001 0.02 £0.001
Epididymal fat absolute weight (g) 1827 £1.11* 18.52 £1.941 11.76 £ 0.84* 11.69 = 0.631
Epididymal fat relative weight (g) 0.03 £0.002 0.03 + 0.0021 0.02 £0.001 0.02 + 0.0011
Retroperitoneal fat absolute weight (g) 2027 £1.41* 22.95 +2.031 9.31 £0.88* 9.99 +1.021
Retroperitoneal fat relative weight (z) 0.03 +0.002* 0.03 +0.0021 0.02 +£0.001* 0.02 £ 0.0017
Total fat weight (g) 49.23 + 4.36* 53.15 £ 4.617 31.33 £2.25* 20.59 £2.171
Relative fat weight (g) 0.08 £0.011* 0.08 £ 0.005 0.07 +£0.003* 0.07 £ 0.003
VP absolute weight (g) 0.50 £0.05 0.46 £ 0.03 0.62 +0.04 0,61+ 0,03

VP relative weight ¥ 0.0008 + 0.0001* | 0.0007+0.00006° 0.001 +0.00009 0.001+0.000071

2 Statistical difference by ‘t’ test (p <0.05) between the control (CTR) and control + sugar (CTR + SUG) groups. *
Statistical difference by 't' test (p <0.05) between the control groups (CTR) and gestational and lactational protein
restriction (GLLP ). f Statistical difference by 't' test (p <0.05) between the CTR + SUG groups and gestational and
lactational protein restriction + sugar (GLLP + ACU). ¢ Statistical difference by 't' test (p <0.05) between the GLLP and
GLLP + SUG groups. Anogenital distance (AGD). 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. VVP- ventral prostate.

3.2. Metabolic parameters

In the metabolic analyzes related to glucose, total proteins and triglycerides, no significant
differences were observed (Supplementary Figure 01 a/b/c), although there is a higher amount of
triglycerides in the CTR + SUG group.

We realized the oral glucose tolerance test (OGTT). On PND 90, there was a significant increase
in CTR+SUG group in area on the curve (AUC). In aging animals, there was an increase in AUC in

the CTR + SUG group but not significant (Supplementary Figure 01 d/e).
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3.3. Histophatological parameters

The results of the morphometric analysis showed that there was no difference in the epithelial
compartment, but a luminal decrease in the GLLP + SUG group, when comparing CTR and CTR +
SUG. In the stromal portion, there was an increase in the GLLP + SUG group in relation to the GLLP
and CTR + SUG (Figure 02).
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Figure 02. Morphometric analysis of the DPN540 animals. A. Plank representing the prostatic lobes stained in HE, from
different experimental groups. The arrows indicate, specifically in the GLLP + SUG group, a stromal increase with
insertion of inflammatory cells. E. Epithelium. S. Stroma. L. Lumen. A. CTR. B. CTR + SUG. C.GLLP. D. GLLP +
SUG. 20x magnification. B. Tables referring to glandular compartment statistics, showing luminal decrease and stromal
increase in the GLLP + SUG group. The letters (a and b) indicate the differences between the experimental
groups.Differences among groups were tested by means of multiple comparations using the Tukey-Kramer test with
significance when p-value < 0.05.
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Regarding histopathological analyzes, lesions were observed in all experimental groups, which
is typically associated with the aging process. Atrophy, atypia epithelia, focal peripheral hyperplasia,
dysplasia, and PIN were observed in all groups (Figure 03), with emphasis on a high concentration
of inflammatory foci and inflammatory reactive atypia in the groups, when compared with CTR
(Figure 04). Regarding the tumor processes, we did not see an increase in incidence, but we found a
tumor in some animals in the CTR + SUG, GLLP, and GLLP + SUG group (Figure 05).

Atrophy Epithelial atypia PFH PIN

20

s
8

@
@
S

Incidence (%)
3
Incidence (%)
Incidence (%)
3
Incidence (%)
Incidence (%)

o

10

Figure 03. A. Representative image of the histopathological analysis, showing all the lesions found. The analysis
emphatically demonstrated a higher incidence of injury in the CTR + SUG, GLLP and GLLP + SUG groups, of which
some animals had adenocarcinoma, which did not occur in the CTR. A and B. Atrophy (indicated by the arrow). C and
D. Epithelial atypia (indicated by dashed arrows). E and F. Inflammatory reactive atypia (dashed circle). G and H.
Inflammation (arrows point to some inflammatory cells, such as lymphocytes). | and J. Dysplasia (dashed square). K and
L. Peripheral focal hyperplasia (non-linear arrow). M and N. Intraepithelial neoplasia (PIN) (neoplasia points indicated
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by arrows). O and P. Carcinoma in situ. Prostate lobes stained with hematoxylin-eosin. Magnification of 20x and 40x. B.
Incidence rate of prostatic lesions in different experimental groups.
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Figure 04. A. Representative images of histopathological analyzes of inflammatory reactive atypia and inflammation. A
and B. inflammatory reactive atypia - Dashed circle indicates the aggregate region of inflammatory cells and epithelial
and glandular changes, while the arrow points to one of these cells. C, D, E, F. Inflammation - Arrows point to
inflammatory cells (lymphocytes and macrophages). Prostate lobes stained with hematoxylin-eosin (HE). Increase 20x
and 40x. B. Representation of the incidence of inflammatory reactive atypia (IRA) and inflammation.
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GLLP CTR+SUG

GLLP+SUG

Figure 05. Representative images of the adenocarcinomas found in the groups CTR + SUG (A and B), GLLP (C and D)
and GLLP + SUG (E and F). Asterisks (*) indicate vacuolization regions. Exacerbated proliferation, loss of epithelial
polarity and the insertion of inflammatory cells is notable, specifically in the GLLP + SUG (Arrow). Hematoxylin-eosin
staining. Magnification of 20x and 40x.

3.4. Oxidative stress

Figure 06 shows a decrease in the antioxidant enzymes CAT and SOD in maternal LPD animals,
although not significative, which demonstrates an imbalance in cellular components and the release
of free radicals with the response of antioxidant enzymes. But this does not trigger the oxidative stress
process itself.
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Figure 06. Measurement of antioxidant enzyme activity in the VP of animals in the experimental groups. Glutathione-
peroxidase activity (GSH - A); Catalase activity (CAT - B) and superoxide dismutase (SOD - C). Performed by the ELISA
technique.

In the senile animal, it was observed that a large number of vessels inserted in the VP, visualized
on the representative board with immunostaining for aquaporin, obviously through the process of

nutrition and tissue oxygenation (Figure 07).
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Figure 07. Representative images of the VPs marked by immunohistochemistry for Aquaporin-1, from which the blood
vessel endothelium is expressed. A. CTR Group -normal region. B C D E. Prostatic lesions in the GLLP and CTR + SUG
groups, demonstrating the insertion of vessels in different regions. F. Carcinoma in situ of a GLLP animal, characterizing
a large number of vessels present in the tumor microenvironment. Smaller arrows point to vessel insertion. Dashed arrows
indicate vessels in a hyperplasia region. Dashed circle demonstrates aquaporin immunostaining in a region of epithelial
atrophy. Continuous circle shows vessels inserted in a PIN region. Magnification of 20x and 40x.
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3.5. Inflammatory parameters - Systemic and intra-prostatic

There were morphological changes in development, in the CTR + SUG, GLLP and GLLP +
SUG groups, such as pleated acids and an increase in apoptotic regions and mast cell concentration
(supplementary figures 5 and 6). There was an increase in these cells in all groups when compared to
CTR, in aging (Figure 08).
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Figure 08. A. Representative figure of ventral prostate stained with Toluidine Blue. This marker indicates the presence
of mast cells (arrowhead) in the stroma, articulating chronic inflammation processes in these animals. B. Statistics of the
total number of mast cells, performed by counting 10 random fields per animal, with a total n of 6 per group. The asterisk
(*) and the bars indicate a significant difference between the experimental groups.40x magnification. A. Control group.
B. Control + sugar group. C. Maternal low protein diet. D. Maternal low protein diet + sugar. E. Comparison between
groups made by ANOVA test and “a posteriori” Student's T-test.

Immunohistochemistry was also performed to label CD68 macrophages, from which larger
amounts of these cells were found in all groups, when compared to CTR. (Figure 09).In addition to
this greater number of inflammatory cells such as mast cells and macrophages, there was a significant
increase in these regions of the lesion and, mainly, in the tumor, with significant infiltration of these
cells mainly in the GLLP + SUG group (Figure 10 and supplementary figure 02), In addition to the
high amount of collagen 1 (Coll) and fibroblast growth factor (FGF) — (Supplementary figure 03).
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Figure 09. A. Representative image of the experimental groups and their respective VPs with immunostaining for CD68,
a marker for a specific type of macrophage. The arrows indicate these cells, both in stromal and intraepithelial regions.
B. The different letters (a and b) indicate the difference between the experimental groups. Magnification of 40x.
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CTR+SUG

GLLP+SUG

Figure 10. Representative image of the experimental groups on PND 540 and their respective VPs with immunostaining
for CD68 macrophages. Schematic representation of the accumulation of these cells in regions of prostatic injury, in
different experimental groups. A. CTR. B and C. GLLP - metaplasia region with an association of many macrophages.
D. CTR + SUG Group - Metaplasia region with an association of macrophages. E and F. GLLP + SUG Group -
Association of macrophage infiltrate in the tumor, demonstrating the influence of these cells and inflammation on the
prostatic oncogenic issue in this animal. Magnification of 20x and 40x.

Serum ELISA analyzes showed a decrease in the systemic amount of IL1f in the GLLP group,
compared to CTR. There was a small increased of IL10 in the GLLP group, both systemic and
prostatic, an important anti-inflammatory mediator. In relation to IL6, there was an increase in
expression in the GLLP group, when compared to GLLP+SUG (Figure 11). In
immunohistochemistry, all groups had a stromal expression of IL6 and IL10, and in some specific
cells, with an emphasis on the GLLP group and less expression on GLLP +SUG. In the tumor or in
regions in inflammatory infiltrate, the expression of interleukins proved to be relevant in the
CTR+SUG, but principally in GLLP and GLLP+SUG groups, and in addition to immunostaining for
CD68 and staining by Toluidine blue for mast cells (Supplementary Figure 04).
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Figure 11. Immunohistochemistry, ELISA, and Western Blotting for Interleukins. Prostatic and systemic analysis. A.
Representative IL10 immunostaining board in the VPs of the experimental groups. The high stromal expression is
observed in some cells, as indicated by the arrows. magnification 40x. B. Western Blotting for VP and ELISA blood
expression for IL10. There was no significant difference, despite an increase in prostatic IL10 in the GLLP and a systemic
decrease in the GLLP+SUG. C. Representative immunochemical board for IL6 in the VPs of the experimental groups.
The high stromal expression is observed in the cells of the CTR+SUG and GLLP group, shown by the arrows.
magnification 40x. D. Western Blotting for prostatic IL6 expression. There is a significant increase in the GLLP group
when compared to the GLLP+SUG. E. ELISA in blood for IL1b. There is a decrease in the GLLP and GLLP+SUG groups
when compared to the CTR. Significant differences for p <0.05.

There were no significant differences in the expression of TNF-a, NFkB, and MCP-1 in
blotting, but there was, through ELISA, a decrease in prostatic MCP-1 in the GLLP group and a

systemic increase when compared to the CTR group (Figure 12).
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Figure 12. Components of the TNF-a pathway - CCI2. A. Photomicrograph of the ventral prostatic lobe with the
immunohistochemical reaction for tumor necrosis factor-alpha (TNF-a), in different experimental groups. B. ELISA
technique for CCL2 (MCP-1) in the blood and VP of different experimental groups (n = 8). With an increase in systemic
CCL2 in the GLLP group and a decrease in VP when compared to CTR. C. Western Blotting for TLR4 (receptor), TNF-
a, MCP-1, and NFkB, components of the inflammatory pathway that expresses CCL2. There was a difference only in
TLR4, with an increase in the CTR+SUG group, when compared to the CTR. Significant differences represented by a

letter (a, b, c) or an asterisk (*), with p <0.05.

In our analyzes demonstrated in figure 13, we found an increase in systemic TGF-bl in the

GLLP+SUG group and an intraprostatic increase. In addition, there was a decrease in SMAD2/3 and

an increase in phosphorylated SMAD2/3.
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Figure 13. A. Representative plate for immunohistochemistry marking TGFb1. An increased expression is observed in
the GLLP+SUG group, but we also see a certain stromal expression in the other groups. The arrows point to some stromal
cells expressing this molecule. B. Western blotting in the VP for TGFb1, SMAD2/3, and phosphorylated SMAD2/3 and
blood ELISA for TGFb1. In blotting, the asterisk (*) and the bars indicate significant differences between the groups, and
the letters, in the ELISA, indicate differences. P <0.05.

We also verified some specific immunostaining in the tumor of the animals of the groups
CTR+SUG, GLLP and GLLP+SUG, indicating expression for TNF-a, TGF-1, VEGF, AR (figure
14) and IL6, IL10, Toluidine blue and CD68 (Tumor and inflammatory infiltrate — Supplementary
figure 04).

TGF-f1 Tumor

VEGF Tumor AR Tumor

CTR+SUG

GLLP

GLLP+SUG

Figure 14. Representative board with immunostaining in groups CTR + SUG, GLLP and GLLP + SUG. ABC.
Immunohistochemistry for TGFb-1 in the tumor. Stromal marking and arrows represent expression in cells. D.E.F.
Immunohistochemistry for TNF-a in the tumor. Stromal marking and arrows represent expression in cells. G.H.I.
Immunohistochemistry for VEG-F in the tumor. J.K.L. Immunohistochemistry for AR in the tumor. Arrows represent
nuclear marking. Magnification of 20 and 40x.

4. DISCUSSION

The essential and novelty of this work included fetal programming (FP) and maternal LPD (pre-
and post-natal effect), sugar (post-natal condition), prostate, and inflammation, demonstrating that
both conditions, individualized or combined, cause systemic and intraprostatic effects, inducing
inflammatory cell recruitment and imbalance in cytokines and growth factors. The maternal LPD

causes increase time of puberty onset (Van Weissenbruch et al., 2005; Noriega et al., 2009), lower
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fertility rate (Santos et al., 2004; Zambrano et al., 2005), reduction of the ano-genital distance (Rinaldi
et al., 2013; Colombelli et al., 2017), lower expression of androgenic receptors in the testis
(Rodrigues-Gonzales et al., 2012), and PCa in aging (Santos et al., 2019). In this context, in rodents
a prostatic environment particularly sensitive to estrogenic exposure during development in fetal and
neonatal life, before puberty, cause inflammatory processes throughout life (Bianco et al., 2006; Prins
et al., 2006). Thus, our results on the biometric parameters in the GLLP and GLLP+SUG groups
consolidate the prolonged effect of maternal LPD, while sugar consumption also provides changes in
development, which materialize in senility. In addition, the pattern of consumption is also shown to
be altered, which may indicate effects on satiety and the pattern of choice of food, knowing that the
animals consumed more sugar, however less feed. Thus, the control of weight and body composition
depends on other factors, such as energy intake, energy expenditure, and fat deposition, which are
interconnected and under full regulation of the neural and endocrine systems, in which different
neuropeptides and hormones participate (Martinez, 2000 ; Gonzalez-muniesa et al., 2017).

Aging and pathologies have a very small relationship. Thus, understanding the ways and
reasons that can exacerbate this relationship can help in understanding diseases, as well as strategies
to reach tumor microenvironments (Dai et al., 2017). The aging process itself is accompanied by the
progressive loss of tissue homeostasis, which is marked by an increase in the accumulation of
senescent cells (Erusalimsky, 2009; Northcott et al., 2017), and dietary factors such as restriction
have been associated with changes in different organs (Yzydorczyk, et al., 2019). In this context,
aging, damaging processes and inflammatory parameters in different tissues have an articulated and
interesting correlation to be investigated. Our results demonstrate effective glandular changes, such
as increased stroma in the GLLP+SUG group and lesions in all groups, with emphasis on
inflammation and inflammatory reactive atypia in the GLLP and GLLP+SUG. Still in this sense,
several studies indicate that the stroma may have a central role in the inflammatory processes of the
prostate (Nieto et al., 2014). Contextualized to this, cytokines secreted by immunosuppressive cell
compartments have been associated with progression to androgen-independent prostate cancer and
reduced survival (Sharma et al., 2014; Calcinotto et al., 2018). Associated with this, the understanding
of inflammatory parameters is a relevant issue, as currently there is no strong observational evidence
to selectively suppress specific pro-inflammatory mediators as a cancer prevention / treatment
strategy (Fouad & Aanei, 2017).

Inflammation in the prostate is therefore considered multifactorial and may be related to viral
or bacterial infection, eating habits, hormonal influences, urine reflux or physical injury. Thus,

sustained and uncontrolled inflammatory processes can lead to cellular and tissue damage (Archer et

73



al., 2020). Inflammation and existing oncogenes can activate transcription factors (NF-KB), which
can be correlated with tumor cells that produce inflammatory mediators such as acute phase proteins,
cytokines (interleukins 1, 6, 10, chemokines, adipokines, interferons, TNF, TGF family), reactive
oxygen species, prostaglandins and enzymes (Michels et al., 2021). Histologically, the prostate
epithelium can lose its homeostasis due to several environmental factors, such as inflammatory
disorders. In this context, the pro-carcinogenic inflammatory processes can promote cell
transformation, mediated by the activation of the transcription factor NF-kB that leads to the positive
regulation of cytokines of inflammatory processes such as TNF-a and IL-6 (Nguyen et al., 2014 ; Cai
et al., 2019). Pro-inflammatory cytokines and chemokines are correlated through the production of
some factors called chemotactics, converging in the production of angiogenic factors and helping to
maintain inflammation through continuous feedback (Balkwill et al., 2001; Coussens et al., 2002; Lu
et al., 2006; Nguyen et al., 2014). The literature already explains the role of inflammation in the
development of PCa, based on the hypothesis that the inflammatory lesion can lead to carcinogenesis,
causing several glandular changes due to cell stress and repeated genomic damage (Davidsson et al.,
2011; Boehm et al. , 2016; Perletti et al., 2017). Thus, the insertion of inflammation and lesions
associated with inflammatory cells in the CTR+SUG, GLLP and GLLP+SUG groups determined an
interesting starting point, as they have different altered structural and molecular components.
Maternal LPD causes several effects throughout the individual's life, and recent data and news
from our group have already shown that this condition decreases prostate angiogenesis, increases
oxidative stress, and the incidence of cancer with aging (Colombelli et al., 2017; Santos et al., 2019;
Santos et al., 2020; Portela et al., 2021). Jin et al. (2019) demonstrated that malnutrition in rats during
periods of pregnancy and lactation induces the expression of inflammation-related genes in the
offspring, and the offspring can develop glucose tolerance. Our results regarding maternal LPD did
not show changes in the metabolism itself, however, there was an increase in the recruitment of
inflammatory cells (mast cells and CD68 macrophages) and circulating CCL2, glandular remodeling
and changes in cytokines, such as IL6 and 10, in addition to inflammatory and atypical inflammatory
reactive. Thus, T lymphocytes, macrophages, and B lymphocytes that are present in the adult prostate,
in pathological conditions, can cause damage to epithelial and stromal cells, causing tissue
remodeling by fibromuscular growth (Gandaglia, et al, 2013), which can lead to continuous feedback
and progression of the injury. In addition to its involvement during normal immune responses, I1L-6
can influence processes such as apoptosis and angiogenesis (Culig et al., 2005). Some cells that make
up the PCa can increase the secretion of 1L10 through mononuclear cells (Salman et al., 2012), and
the hormone-refractory to PCa has been associated with a systemic increase in IL10 (Wise et al.,
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2000) and inhibiting the differentiation of immune cells and the secretion of pro-inflammatory
mediators the risk of various inflammatory conditions (Mosser et al., 2008; Trifunovic et al., 2015).

In contrast, sugar consumption, the effect of environmental exposure on another window of
susceptibility, that is, the stage of development and adolescence, has not effectively altered metabolic
parameters, and some studies have already pointed out that there is insufficient evidence to indicate
that sugar in the diet it is harmful to health, compared to any other source of calories (Kaiser et al.,
2013; Kahn & Sievenpiper. 2014; Rippe & Angelopoulos 2016). Thus, apparently, the time of
exposure to sugar (PND 21 to 90) was not enough to trigger chronic diseases such as diabetes, obesity,
MeT and high incidence of PCa, but it influenced some inflammatory parameters, such as cell
recruitment and changes in prostatic fibromuscular disorders, in addition to the circulating increase
in IL1p. In this context, elevated serum levels of TNF-a, IL-1, and IL-6 are correlated with advanced
disease and, consequently, decreased survival in patients with PCa (Voronov et al., 2003; Michalaki
etal., 2004).

When the two effects are added, the stromal environment undergoes significant changes, such
as progression, recruitment of inflammatory cells, and the presence of secretory proteins in the
prostate stroma, which can induce inflammation, proliferation, or fibrosis. In this sense, chronic
prostate inflammation and increased TGF-B1 have already been associated with factors related to age
and prostate disease (Fibbi et al., 2010; Rodriguez-Nieves et al., 2013; De Nunzio et 2016; Pascal et
al., 2021). Thus, TGFp is an important molecule in inflammatory responses, of which the members
of this family are important regulators of epithelial cell differentiation and apoptosis, but it can
promote tumorigenesis (Massagué, 2008; Heldin et al., 2009). TGF-B binds to type II (TGFbR) and
type | serine and threonine kinase receptors, inducing the formation of a complex. In this sense, the
constitutively active TBRII phosphorylates TBRI causing the activation of TPRI kinase, leading to the
phosphorylation and nuclear translation of SMADs associated with the receptor, and they regulate
the expression of some target genes (Heldin et al, 1997; Mu et al., 2012). In castration, with this
decrease there is an increase in TGF-B1 in the prostate, with reversion after testosterone replacement
(Halova et al., 2000). Thus, apparently, the TGFb1-SMAD2 / 3 pathway appears to be active in these
animals, in addition to converging several changes. Mast cells, for example, are involved in several
processes, such as angiogenesis, fibrosis, and metabolic disorders (Mukai et al., 2018), and their
increase leads to the accumulation of leukocytes, which can lead to increased inflammation in
different tissues and organs (Saperas, 1996; Dumont et al., 2007; Carlos et al., 2007; Cote et. Al,

2008). Figure 15 shows the illustrated summary of the work and the results.
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Figure 15. Representative image of the inflammatory parameters that are correlated to the experimental groups, in a
generalized way. This figure represents, in general, the role of inflammatory, prostatic and systemic components in
different experimental groups. Thus, IL6 and IL10 expression is observed in the GLLP group, incidence of the TGF-B1
- SMAD2 / 3 pathway in the GLLP + SUG group. Inflammatory atrophy is also observed in the GLLP and GLLP + SUG
groups, in addition to emphatic inflammatory infiltrate and inflammation. There are mast cells and macrophages in the
prostate of all animals, with more emphasis on the GLLP and GLLP + SUG group. There is also insertion of vessels in
the stromal regions and lesions, in all groups. The figure further demonstrates the presence of some carcinomas in the
CTR + SUG, GLLP and GLLP + SUG groups, with the exception of CTR, although the incidence is not significant.
Adapted from Santos et al. 2020.

5. CONCLUSION

Therefore, both sugar consumption and maternal LPD modulate the prostatic
microenvironment, whether in early life, in development, or in aging. We were able to observe that
the two effects, in different development windows, isolated or combined, lead to considerable
prostatic changes, with increased expression of certain inflammatory molecules, infiltration of
inflammatory cells, and some morphophysiological changes in aging. So, mast cells and macrophages
play a decisive role in inflammation and in the characterization of the injured microenvironment in
all treated groups. Apparently, the combined effect of adverse conditions leads to the recruitment of
inflammatory cells and activation of the TGFB1 - SMAD2 / 3 pathway, inducing angiogenic increase,
invasion of inflammatory cells, and prostatic inflammation, which makes it an interesting form in

later studies.
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Ingredients

Normal (CTR) diet
(17% of protein) g/Kg

Low protein diet
(6% of protein) g/Kg

Casein (84% protein) 202 71.5
Starch 397 4380
Dextrin 130.5 159
Sucrose 100 121
L-cystine 3 1
Fiber of pH 101 or pH 102 (microcellulose) 50 50
Soyoil 70 70
Mixtureofvitamins AIN93G* 10 10%#
Mixtureofsalts AIN93G* 35 35849
Choline hydrochloride or Choline bitartrate 2.5 2.5

Supplementary table 01. A. hypoprotein diet was prepared by PragSolucfes (PragSolucdes, SP, Brazil). This diet was
supplemented with L-Cystine is a sulfuric amino acid. B. Mix of vitamins and minerals were formulated by the American
Institute of Nutrition AIN-93G recommended for rodent diets (Reeves et al., 1993). ¢ Potassium phosphate, monobasic,
was added to the mixture of salts from this diet to maintain the phosphorus at the levels found in the casein control diet
(39 / kg of the diet) and the calcium ratio: the phosphorus rate was maintained at 1.3 in both. diets.

Experimental Groups
Parameters
CTR GLLP CTR+3UG GLLP+3UG
PNDO
Body Weight (g) 7.02+047 577+1.02% - -
AGD (mm) 2.96+0.35 275+£0.21% - -
PND 21
Body Weight (g)! 50.90£0.95 19.20+0.44% - -
AGD (mm) 14.48+1.95 923+1.17* - -
PND 90
Body Weight (g)! 42020+£1132  40280+1031 327.20+7.91" 294.40+858"#
AGD (mm) 31.1446.19 30.44+7.62 28.97+6.49 25.05+3.42 ¥

Supplementary table 02. Biometric parameters of male offspring at PND 0, 21 and 90. Data are expressed as mean +
SD. 1Data 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- Post Natal Day.
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Supplementary Figure 01. Metabolic analysis of aging. A. Amount of circulating glucose. B. Total proteins. C.

Triglycerides. D. Glycemic curve at fasting time, 15, 30, 60 and 120 minutes after consumption of sucrose solution via
fasting. E. Statistics of the area on the curve.
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Supplementary Figure 02. Representative board for immunohistochemistry (CD68). A considerable amount of
macrophages is observed in the intraepithelial and stromal regions, including the lesion, mucinous metaplasia. Animal
from the GLLP + SUG group, which had a higher incidence of these cells in VP.

CTR+SUG
CTR
CTR+SUG

GLLP
GLLP+SUG

GLLP
GLLP+SUG

Supplementary Figure 03. Representative board for immunohistochemistry Colagen 1 and FGF. A considerable increase
in the extracellular matrix observed in the GLLP and GLLP + SUG groups, with the expression of collagen 1 and FGF.
20x magnification.
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Supplementary Figure 04. Representative board of the CTR + SUG, GLLP, and GLLP + SUG groups. ABC. Staining
for Toluidine Blue in the Tumor of the animals, showing an aggregate of mast cells. 40x magnification. D.E.F.
Immunohistochemistry for IL6 in the regions of inflammatory infiltrate, showing high expression of this molecule. 40x
magnification. G.H.l. Immunohistochemistry for CD68, showing aggregates of macrophages in the regions of
inflammatory infiltrate. J.K.L. Immunohistochemistry for IL6 in the tumor of the different groups. M.N.O.
Immunohistochemistry for IL10 in the tumor.
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Certificado

Certificamos que o projeto intitulado “Efeitos da restricdo
proteica perinatal associado ao consumo do aglicar sobre o
metabolismo,. parametros reprodutivos e morfofisiologia
prostatica na prole de ratos”, Protocolo n® 951-CEUA, sob a
responsabilidade de Luis Anténio Justulin Junior, que envolve a
produc¢do, manutencdo e/ou utilizacio de animais pertencentes
ao file Chordata, subfilo Vertebrata (exceto o homem), para fins
de pesquisa cientifica (ou ensino) — encontra-se de acordo com os
preceitos da Lei n°® 11.794, de 9 de outubro de 2008, do Decreto
n°® 6.899, de 15 de julho de 2009, e com as normas editadas pelo
Conselho Nacional de Controle da Experimentacdo Animal
(CONCEA), e foi aprovado pela COMISSAO DE ETICA NO USO DE
ANIMAIS (CEUA), nesta data.

Finalidade: ( ) Ensino (x) Pesquisa Cientifica
Vigércia do Projeto:  Inicio: 01/4/2017 Término: 01/4/2018
Espécie/linhagem: Rato Sprague Dawley

N® d¢ animais: 450

Peso: 200-450g [dade: 90 e 540 dias

Sexo: Macho

Origem Centro de Bioterismo da Universidade Estadual de Campinas

UNICAMP — Campinas/SP

Botucatu, 10 de fevereiro de 2017.
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