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RESUMO

O tecido adiposo foi recentemente reconhecido coammoimportante 6rgao endocrino e
metabolico responsavel pela sintese de adipocuwsantrolam o metabolismo, a homeostase
corporal, e a inflamacéo. Evidéncias recentes sagerimportante papel da Angiotensina-(1-
7) no tratamento da obesidade e de disturbios miétab devido a seu papel anti-inflamatorio
e por ser o principal contraregulador do eixo dg Ando SRA. Além disso, é importante
considerar outros reguladores metabdlicos impa@santomo a microbiota intestinal e sua
modulacdo por meio de probioticos. Neste contexfaresente tese como objetivo avaliar os
efeitos da Ang-(1-7) sobre o tecido adiposo, infgéo e microbiota intestinal, e o impacto do
uso de probiotico na expressao do sistema rengiatansina. Para isso foram produzidos trés
produtos. No produto 1 realizamos uma revisao téaatura cientifica a cerca dos achados
relacionados ao eixo ECA2/Ang-(1-7)/MasR com foocsau papel na regulacéo da secrecgéo
de adipocinas e dos processos relacionados a efioraguda e cronica. E importante ressaltar
0 papel endocrino do tecido adiposo na sintesedgma@nas, modulando sua secrecdo e
regulando diversos processos associados a inflanzagfla e cronica, além de sua relevancia
na homeostase do organismo. As vias molecularesh\ati&s nos mecanismos de acdo das
adipocinas criaram a necessidade de novos estutamde investigar intervencdes
terapéuticas, bem como novas ferramentas para@smiaos mecanismos desconhecidos. A
interacdo e relevancia da Ang- (1-7) na expressditeenacao das adipocinas foram discutidas
em obesidade, diabetes tipo 2, doencas cardiowaesuldistirbios renais e hepaticos, entre
outros. Nesta perspectiva, concluimos que a inff@maode ser modulada pelas adipocinas e
Ang- (1-7) em diferentes 6rgédos e pode ser umiaiportante para o tratamento e a prevencao
de respostas inflamatorias. No produto 2 avaliarososfeitos da administracéo oral com Ang-
(1-7) sobre a microbiota intestinal em camundongiessos. Camundongos Swiss machos
foram divididos em quatro grupos: obesos e nasabétratados e ndo tratados com ANG-
(1-7). Foi observada uma diminuicao significativa glicemia de jejum, colesterol total,
triglicérides e niveis de LDL e aumento de HDL enmais tratados com ANG-(1-7). A analise
histol6gica mostrou reducao da altura das vilogdadtestinais em camundongos tratados com
ANG- (1-7). Adicionalmente, houve um aumento daralduncia deBacteroidetese uma
reducdo derirmicutes (razaoBacteroidetes/Firmicuteaumentada) &nterobacter cloacae
foram observados no grupo HFD+ANG- (1-7). A expiiesde RNAm intestinal do receptor
TLR4 foi reduzida no grupo HFD+ANG- (1-7). Finalmena expressao intestinal do BOAT1
foi aumentada em animais obesos tratados com ANG;(hostrando um possivel mecanismo
associado a captacao de triptofano. Os resultanlggsegente estudo sugerem, pela primeira
vez, interacdo entre SRA e modulacédo da microbmgatinal. Por fim, no produto 3 avaliamos
o efeito da suplementacdo cdBifidobacterium longunmos parametros metabdlicos e na
expressdo do sistema renina-angiotensina em camgoslcobesos. Camundongos Swiis
machos foram divididos em quatro grupos: obesd@oeohesos / tratados e ndo tratados com
B. longum Apdés quatro semanas de tratamento, os camundobgsss que receberanBo
longumapresentaram diminui¢ao significativa do peso aaipala adiposidade, melhora na
tolerancia a glicose, reducédo dos niveis seéricoglidemia e colesterol total. Além disso,
analises histologicas demonstraram reducao do dousheuriglicérides hepatico também no



grupo obeso tratado. Analises de mMRNA mostrarameatonsignificativo na expresséo da
enzima-conversora de angiotensina 2 ECA2 e do RNAS camundongos obesos que
receberam @. longum Nossos dados sugerem pela primeira vez a moaduthg®RA pela
cepaB. longum

Palavras-chave: tecido adiposo; obesidade; enzonaefsora de Angiotensina 2;

Firmicutes Bacteroidetesinflamacéao; intestino.



ABSTRACT

Adipose tissue has recently been recognized ampartant endocrine and metabolic organ
responsible for the synthesis of adipokines thatrob metabolism, body homeostasis, and
inflammation. Recent evidence suggests the impbntale of Angiotensin- (1-7) in the
treatment of obesity and metabolic disorders dutstanti-inflammatory action and for being
the main counter-regulator of the Angll axis of teain-angiotensin system (RAS). Also, itis
important to consider other important metabolicutatprs, such as the intestinal microbiota
and its modulation using probiotics. In this contd¢ke present thesis aims to evaluate the
effects of Ang- (1-7) on adipose tissue, inflammatiand intestinal microbiota, as well as the
impact of probiotic use on the expression of theSRAror this, three products were
produced.Regarding product 1, we conducted a rewwewthe findings related to the
ECA2/Ang-(1-7)/MasR axis focusing on its role irethegulation of adipokine secretion and
processes related to acute and chronic inflammatiaimportant to emphasize the endocrine
role of adipose tissue in the synthesis of adipekimodulating their secretion and regulating
various processes associated with acute and chrdl@ammation, as well as their relevance in
the body's homeostasis. The importance of molegaltinways involved in the mechanisms of
action of adipokines has created the need for radies aimed at investigating therapeutic
interventions, as well as new tools to clarify tmknown mechanisms. The interaction and
relevance of Ang- (1-7) in the expression and mfization of adipokines have been discussed
in regards to obesity, type 2 diabetes, cardiovasaliseases, renal and hepatic disorders,
among others. In this perspective, we conclude ihi@@mmation can be modulated by
adipokines and Ang- (1-7) in different organs ahdyt may be important targets for the
treatment and prevention of inflammatory responkseselation to product 2, we evaluated the
effects of oral administration with Ang- (1-7) dmetintestinal microbiota of obese mice. Male
Swiss mice were divided into four groups: obese mon-obese/treated and not treated with
ANG- (1-7). A significant decrease in fasting glyda, total cholesterol, triglycerides, and
LDL levels, and an increase in HDL in animals teghwith ANG- (1-7) were observed.
Histological analysis showed a reduction of intestvillus height in ANG-(1-7)treated mice.
In addition, an increase in the abundanceBatteroidetesand a reduction Hirmicutes
(increasedBacteroidetes-irmicutesratio) andEnterobacter cloacaeere observed in the HFD

+ ANG- (1-7) group. Intestinal mMRNA expression b&tTLR4 receptor was reduced in the
HFD + ANG- (1-7) group. Finally, intestinal express of BOAT1 was increased in obese
animals treated with ANG- (1-7), showing a possimlechanism associated with tryptophan
uptake. The results of the present study suggasthé first time, an interaction between RAS
and the modulation of the intestinal microbiotandHly, concerning product 3, we evaluated the
effect ofBifidobacterium longumupplementation on metabolic parameters and thegsipn

of the renin-angiotensin system in obese mice. \@al@s mice were divided into four groups:
obese and non-obese/treated and not treatedBwitbngum After four weeks of treatment,
obese mice that receiv&®l longumshowed a significant decrease in body weight, ailipo
serum glycemia levels, and total cholesterol, a agean improvement in glucose tolerance.
Furthermore, histological analyses demonstratediaation in the accumulation of hepatic

triglycerides in the obese-treatedgroup. AnalysesRNA showed a significant increase in the



expression of angiotensin-converting enzyme 2 E@A8 RMAS in the obese mice that
receivedB. longum Our data suggest for the first time the modufattd RAS by theB.
longunstrain.

Keywords: adipose tissue; obesity; angiotensin-eding enzyme 2; Firmicutes
Bacteroidetesinflammation; intestine.
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1. INTRODUCAO

Obesidade

A Organizacdo Mundial da Saude (OMS) define a alaeld como uma condi¢cdo de acumulo
anormal ou excessivo de gordura no tecido adipbs@\(obesidade se tornou um problema de
saude mundial, sendo considerada uma pandemialdsstiemonstram que, no ano de 2015
esta condicdo afetou cerca de 107,7 milhdes degasee 603,7 milhdes de adultos (2). Ainda
segundo a OMS, em 2016, 39% dos adultos (com idgaE ou maior que 18 anos)
apresentavam sobrepeso e 13% obesidade. Em nuaimokitos, mais de 1,5 bilhdes de
adultos apresenta sobrepeso e obesidade (3). Estimpae em 2025, 18% dos homens e 21%
das mulheres serdo obesos (4). Ainda segundo a ©Ma030, a obesidade acometera cerca
de 20% da populacéo adulta do mundo (5)

A obesidade pode ser classificada de acordo cardicei de massa corporal (IMC), calculado
pelo peso em quilogramas dividido pela altura aadgado em metros. Segundo as diretrizes
da OMS, um individuo obeso é aquele que possuiMi@ 3 30 kg/nf. O excesso de peso €
classificado como IMC 25,0 a < 30 kgl peso normal varia de um IMC de 18,5 a < 25 kg/m

e um IMC abaixo de 18,5 kgfé considerado abaixo do peso (6, 7).

A etiologia da obesidade é complexa e multifatpdalisada principalmente pelo desequilibrio
entre 0 consumo e gasto energético (8), e em mgroporcao por fatores genéticos e
ambientais (9). O aumento da prevaléncia da obd#sidantribui fortemente para multiplas
doencas cardio-metabdlicas, como diabetes tipasBpidemia, doenca arterial coronariana,
acidente vascular encefalico, hipertenséo artenalrios tipos de cancer (10- 12).

A obesidade é considera uma doenca crbnica queroamfe a qualidade dos individuos
acometidos (13), além de aumentar de maneira migtiva 0s gastos publicos (14). Além
disso, a etiologia da obesidade ainda nao foirteate esclarecida, o que torna necessaria a
realizacdo de novos estudos que possam elucidareoanismos moleculares adjacentes ao
desenvolvimento desta doenca. Neste contexto, iatangina-(1-7) se destaca, uma vez que,
varios estudos ja descreveram seu papel na redlacabesidade e das doencas metabdlicas

por ela desencadeadas (15, 16).
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Sistema Renina-angiotensina (SRA)

O Sistema Renina-Angiotensina (SRA) € uma cascaianética que se inicia com a producao
de angiotensinogénio (AGT), que é clivado pelaraazienina em angiotensina | (Ang I). Em
seguida, a enzima conversora de angiotensina (E&#gforma a Ang | no octapeptideo Ang ll,
gue é o produto final ativo mais descrito do SRAaado através de dois isotipos de receptores
Ang I, o Receptor de Angiotensina tipo | (AT1) Receptor de Angiotensina tipo Il (AT2) (17).
Altos niveis de Ang Il estao associados a varisgidiios metabdlicos (18). Em contrapartida, a
enzima conversora de angiotensina 2 (ECA2) reduzivass de Ang Il, transformando-a em
Ang-(1-7), que também pode ser produzido a patimy |, através da angiotensina- (1-9) (Ang-
1-9) pela acéo das endopeptidases: prolil- enddpspte endopeptidase neutra. A Ang-(1-7)
atua através do receptor Mas exercendo efeitogé@mtas a Ang Il, e a ativacao do eixo ECA2/
Ang-(1-7)/Mas melhora doencas metabdlicas e crérfic®). Além disso, a Ang-(1-7) pode sofrer
descarboxilacdo formando a alamandina, que tamloéle ger formada a partir da hidrélise da
angiotensina A (Ang A) por acdo da ECA2 (20). ArAlmdina age através do seu receptor
(MrgD), e exerce efeitos similares a Ang-(1-7) (FFagl) (21).

Angiotensinogénio

ECA2 l o

Angiotensina-(1-9) < Angiotensinal ——> Angiotensina A

| weowes | Feen | Je

Angiotensina-(1-7) < Angiotensinalll Alamandina

| A v,

Y\r'\/”Y' _'v\/yY

— KNS
S AT1 FE2

XX . ’,‘
_€ (» " MrgD x> 2 >
2 N T =

Figura 1: Visao geral do sistema renina-angiotensan(SRA). ECA, enzima conversora de
angiotensina; ECA2, enzima conversora de angiotar’kiAT1, receptor de angiotensina tipo
1; AT2, receptor de angiotensina tipo 2; Mas, Reweplas; MrgD, receptor D acoplado a
proteina D relacionado com Mas, NEP, endopeptidas#ra; e PEP, prolil endopeptidase.
Fonte: Adaptado de Qaradakhi, T., ApostolopoulasZulli, A., 2016 (21).
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A maioria dos efeitos fisioldégicos da Ang Il sdodiaelos pelos receptores AT1. A ligacao da
Ang Il a esse receptor leva a inflamacao, vasodgést maior risco cardiovascular, aumento
do estresse oxidativo e de fatores proliferatiaisjacdo do sistema nervoso, aumento da
absorcéo de sodio, entre outros efeitos. Entretastceceptores AT2 embora encontrados em
vérios tecidos no periodo fetal, tém sua abundatioiguida apds o nascimento. A ativagédo
desses receptores esta principalmente ligada a&qoéiscias antagbnicas as dos receptores
AT1, como vasodilatacao, antiproliferacao celulae/hora da funcéo cardiaca e diminuicao da

absorcéo de sodio renal (22, 23).

A Ang-(1-7) € um heptapeptideo com efeitos sistémelocais significativos (24). A Ang- (1-
7) é considerada o principal componente contratasgyo do eixo Ang II/ECA/AT1 do SRA,
atuando através do receptor Mas, que promove va@@®es importantes, incluindo
vasodilatacao, reducao do estresse oxidativopsfaittitrombdticos e melhora do metabolismo
glicidico e lipidico (25).

As primeira evidéncias do papel metabdlico da Ahng) e do seus receptor Mas vieram de
ensaios com camundongos FVB/N com deficiéncia depter Mas (Mas-KO). Os Mas-KO
apresentaram uma condicdo semelhante a sindromabdtied, com hiperglicemia,
intolerancia a glicose, diminuicdo da sensibilidadasulina e da captacdo de glicose via
insulina em adipocitos, e diminuicdo do GLUT-4 meido adiposo branco. A delecdo do
receptor Mas também apresentaram dislipidemia, atonda massa gorda, da expressao de
insulina e leptina, e dos triglicerideos musculaaésm de, aumento da expresséo do fator de
crescimento transformador beta (T@Fe de AGT no tecido adiposo (26). Outros achados
mostraram que a delecao do receptor Mas causddnpéo arterial e disfuncéo endotelial (27).
Além disso, a deficiéncia da ECA2 agrava a tolaedaaglicose e a insensibilidade a insulina
induzida por dieta (28).

Outros estudos revelaram que concentracdes citeslaumentadas de angiotensina (1-7),
como resultado de expressao trangénica ou infus@oca, melhora a hiperinsulinemia, a
resisténcia a insulina e as respostas inflamatoaadscido adiposo de ratos (29-31), e aumenta
a sensibilidade a insulina e a tolerancia a gli@seatos com niveis normal de glicEmia (32).
De maneira semelhante, o tratamento oral crénicoAng-(1-7) diminui 0s niveis de glicemia,
melhora a sensibilidade a insulina e previne arliipelinemia em ratos diabéticos (31). Além

dos efeitos metabolicos citados, € importante t@sgpie a ang- (1-7) tem um grande potencial
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anti-inflamatorio reduzindo as principais molécuksvolvidas nas doencas inflamatorias

agudas e cronicas.

Tecido adiposo, adipocinas, Ang-(1-7) e inflamacéo

O tecido adiposo branco foi considerado por mwatass um tecido cuja as principais fungdes
eram reserva energeética, na forma de triacilgliseférnecimento de energia em um estado de
jejum prolongado, protecdo mecéanica de Org@so isolamento térmico (33, 34).
Entretanto, sabe-se hoje que o tecido adiposo énpmrtante érgdo metabdlico com funcao
endocrino, responsavel pela sintese e secrecaaidel@600 moléculas bioativas denominadas

adipocinas (34).

As adipocinas estdo envolvidas em vérios procasstabolicos importantes, como regulacéo
do apetite e saciedade, metabolismo energéticcaza&mamento de gordura, sensibilidade e
secrecao da insulina, regulacdo da pressao artengbo endotelial, inflamacéo e homeostase
(35, 36). Aléem disso, as adipocinas atuam em difesz6rgdos-alvo, como figado, cérebro,

musculo, coracao, vasos, sistema imunolégico ®@e(85, 37-40).

Entre as principais adipocinas destaca-se a adifipagapelina, leptina, resistina, interleucina-
1B (IL-1pB), interleucina-6 (IL-6), fator de necrose tumaaHk (TNFu), proteina quimiotatica
de mondcitos-1 (MCP-1), omentina, inibidor do atiwade plasminogénio tipo 1 (PAI-1), e
0S componentes do sistema renina-angiotensina, coA®T, a Angll, ECA, ECA2, e Ang-
(1-7) (34-36, 41).

No tecido adiposo, as adipocinas regulam as funedesmetabolismo dos adipdcitos, a
adipogénese e o recrutamento de células imune37362). Assim como as adipocinas, o0 SRA
também exerce efeitos importantes sob o tecidmadifEstudos experimentais em roedores e
humanos ligaram a obesidade a ativacdo do eixo AQAN/AT1 (34, 43). O tecido adiposo
expressa todos os componentes do SRA, e na obesmtad-se o principal sitio produtor de
AGT e Ang Il (44). Por outro lado, o eixo Ang- (JAMAS apresenta efeitos essenciais no
armazenamento de gordura, captacao de glicosa@pgalimente na regulacdo da producéo de

adipocinas (19, 45, 46), que por sua vez modularfizaanacéao local e sistémica (30, 31, 47).
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Estudos em modelo experimental demonstraram quenanstracao oral de Ang- (1-7) foi
capaz de prevenir a obesidade e a inflamacdo bhaepatiravés do bloqueio da via
Resistina/Receptor tipo Toll 4/ Fator-Kappa NuckRata(resistina / TLR4 / NF{) em ratos
(48), e reduzir a inflamacgéo hepatica induzidagieta hipercalérica, através da reducdo da
expressdo das citocinas proinflamatorias Fator derdée TumoralAlfa (TNF-o) e
interleucina- 6 (IL-6) (48). Além disso, o aumerde Ang-(1-7) por meio de expressao
transgénica em ratos exerce um efeito protetor&aaninflamacgéo induzido pela obesidade,
diminuindo a expressédo da ciclo-oxigenase-2 (COX2nterleucina-1-Beta (IL-1B) na

gordura abdominal (31).

Microbiota intestinal e obesidade

Nos seres humanos, a microbiota intestinal € umptexu e dindmico ecossistema que tem
evoluido com seu hospedeiro (49). As comunidadesoirianas em nosso intestino funcionam
como um o6rgdo com fungdo metabdlica, imunologieaddcrina (50). Atualmente, estima-se
que o trato gastrointestinal (TGI) humano abrigeogimadamente f®micro-organismos, dez
vezes mais do que o numero de células no corpormmam 500-1000 espécies bacterianas
distintas (51, 52). Estudos do Projeto Microbiomartdno (PMH) e do Metagenoma do trato
Gastrointestinal HumandvetaHIT) revelaram que a microbiota humana pode codifiedo

menos 10 milhdes de genes [19], ou seja, 100 veaesgenes do que o genoma humano (51).

A microbiota intestinal desempenha funcdes que@odaumano sozinho nédo € capaz de realizar,
resultando em uma relacao simbidtica. Essa ested#tgdo € permite a manutencdo de um TG
intestinal normal, modulando processos como absodgh nutrientes a partir de alimentos
ingeridos, motilidade e integridade da barreirastihal, regulacdo do metabolismo do hospedeiro,
principalmente o metabolismo glicidico e lipidieanflamacéo (53-55). Por exemplo, a microbiota
fermenta componentes dos alimentos que nédo saiddg@elo organismo, sintetiza proteinas e
outros nutrientes essenciais, metaboliza toximaeatares e substancias cancerigenas, assegura a
maturacdo do sistema imunoldgico, afeta o crestomerdiferenciacdo de eritrocitos, regula a
angiogénese intestinal, e protege contra patogaiéscos (53).

Em geral, a microbiota intestinal € dominada patdrégas anaerdbicas pertencentes a trés filos:
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BacteroidetesFirmicutese Actinobacterig 56-58). Geralmente, dSrmicutese Bacteroidetes
sao mais abundantes, seguidosPateobacteriae Actinobacteria, € em menos quantidade,

Verrucomicrobia e Fusobacteria (57).

A microbiota intestinal tem despertado o interedgecomunidade cientifica devido a sua
relacdo direta com a saude humana. Desequilibmiosua composicao (isto €, disbiose) tém
sido associados a desordens imunoldgicas, sudicktile a infecgbes intestinais e, mais
recentemente a varias doencas ndo-intestinais aweacas cardiovasculares, hepaticas,
obesidade e diabetes (59-62). Uma vasta gama deossem modelos animais e em
humanosrelataram a existéncia de uma relacéo éinét@a a microbiota intestinal, a obesidade
e seus disturbios metabdlicos associados (63-&prineiras evidéncias cientificas sobre o
papel da microbiota intestinal na regulacdo do pesporal vieram de estudos conduzidos em

camundongos livres de germes (CLG) (68).

Posteriormente, Backher et al. (69) descreverangammo total de 47% de massa gorda em
camundongos selvagens quando comparados a CLG,onqgendo estes apresentaram um
maior consumo caldérico. Além disso, quando o iimtesie CLG foi colonizado por microbiota
do ceco de camundongos selvagens, os camundongdsa@iesentaram um ganho de peso
corporal de 60% (69). Também foi relatado que Clientados com dieta ocidental rica em
carboidratos ganharam menos peso que 0s camundeef@gens, e ndo apresentaram

alteracdes no metabolismo glicidico (70).

Estudos metagendmicos mostraram uma relacéo dimgtadisturbios metabdlicos associados
a obesidade e a disbiose intestinal (71, 72). Emuodongos e humanos, a diversidade
microbiana e a propor¢cdo dos fildsirmicutes e Bacteroidetesestdo associadas ao
desenvolvimento da obesidade (72, 73). Esse adbadarroborado por estudos realizados em
camundongos ob/ob, modelo animal de diabetes tipque apresentou uma menor razéo
Bacteroidetes/Firmicutesm relacéo ao tipo selvagem (74, 75). O aumensahuadancia dos

Firmicutesparece esta associada alteracao glicémica com erawnirda captacédo de energia
devido ao aumento do numero de enzimas envolvidasligestdo do amido, sacarose e
galactose (76). Ainda, CLG que receberam a mictahiatestinal de camundongos ob/ob
tornaram-se obesos (77). Além disso, humanos obsgbmietidos a restricdo calorica
apresentaram um aumento significativo na populde&acteroidetesdemonstrando a relacao

direta desse filo com a perda de peso e com oifendtagro (71).
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A dieta influéncia diretamente no desenvolvimergaddbiose intestinal, 0 consumo de uma
dieta hiperlipidica (DH) aumenta a propor¢cao dedreas Gram-negativas no intestino (78), o
que contribui para as doencas infecciosas e m&tabg(79). O aumento dessa classe de
bactérias culmina em maior absorcdo de lipopola$adeos (LPS), principal componente da
parede celular de micro-organismos Gram-negatiyos,se acumula na circulagédo causando
endotoxemia metabdlica (80). A endotoxemia metabOB caracterizada por um estado
inflamatorio crénico desencadeado pelo reconhedmnéos LPS microbianos e translocacao
bacteriana por interacdo com o receptor do tipd 4A{dILR4), Proteina contendo dominio de
oligomerizacdo de ligacdo a nucleotideo 1(NOD-1ster de diferenciacdo 14 (CD-14),
ativando a via do Fator Nuclear do tipo kappa b&ta¢B) (80). Recentemente foi descrito que
a DH altera a composicdo da microbiota intestieatyetanto, para o desenvolvimento da
obesidade, a presenca de endotoxemia metabdlitaigaidria (81). Em camundongos, a
endotoxemia causa aumento do peso corporal, hgudinemia, e hiperglicemia (80).

Fei e Zhao (82) demonstraram que o transplante adéedia Enterobacter cloacadé329
produtorada de endotoxina de individuo com obesidadrbida para CLG foi associado a
inducdo da obesidade, resisténcia insulinica cameato concomitante dos niveis circulantes
de endotoxina. Além disso, patdogenos c@aoteroidesClostridium Escherichia coliVibrio

e Fusarium podem produzir toxinas que induzem dano celulaavés da interrupcdo das
interacbes entre as proteinas intracelulares aam#mt a permeabilidade celular e,
eventualmente, induzindo a morte celular (83). Ctahoo aumento dos niveis de bactérias

produtoras de endotoxina prejudica o equilibrioanélico do hospedeiro (82).

A microbiota intestinal contribui para a obesidautuzida por dieta, controlando o processo
de B-oxidacdo de &cidos graxos e armazenamento déérigleos (69) e promovendo a

captacdo de energia em uma dieta rica em carbasdfad). Além disso, tem sido demonstrado
gue o consumo de dieta hiperlipidica e a composladuicrobiota intestinal estédo relacionados
a mudancas na morfologia das vilosidades intesti(4). Contudo, os dados referentes a
microbiota intestinal e 0 SRA sdo escassos nalfite, e a interacdo entre a ang- (1-7) e a

microbiota intestinal ainda nao foi elucidada.
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Ang-(1-7) e Microbiota intestinal

Estudos realizados em modelos animais ja revelaraxpressao de marcadores do SRA no
intestino (85-87). Componentes de RAS, como ospteces AT1l, AT2 e ECA, foram
encontrados na borda do epitélio do jejuno e ite@mtbs, onde o fluxo de fluidos e eletrélitos €
regulado (88). O fato do jejuno de ratos expre8sar, que é o precursor da Ang Il e outras
angiotensinas bioativas, indica que o enterOcits capazes de sintetizar Ang Il (88).
Recentemente, evidéncias da associacdo do SRAncdzbiota intestinal via modulacdo do
ECA2 foram descritas (89-91). Niveis aumentadoseE@A2 foram detectados no trato
gastrintestinal humano e, posteriormente, foi ifieatla a coletrina, um homologo da ECA2,

com atividade néo catalitica (92).

A ECA2 é essencial para a expressao intestinalroheipal transportador de aminoacidos
neutros (BOAT1), um importante transportador daafano (Trp) (90). Niveis aumentados de
Trp foram associados com o aumento da producdcepgdpos antimicrobianos, que sdo
importantes moduladores da microbiota intestinatleficiéncia de transporte de Trp leva a
secrecdo aberrante desses peptideos antimicrobeéamosisequente proliferacdo de cepas

microbianas prejudiciais, conferindo suscetibiliel@inflamacdao intestinal (89).

Além disso, recentemente, Borges et al. (93) detramasn que ratos pré-tratados com A779
(agonista do receptor Mas) e camundongos Mas-K@stap a Ang- (1-7) apresentaram
deficiéncia na absorcéo de Trp. Esses achadosesnggpre a Ang- (1-7) estimula a absorgao
do triptofano através do receptor Mas, e esseoedsiti diretamente associado ao aumento da
expressao e atividade da ECA2. Apesar das evideédesxritas, estudos sobre o efeito da Ang-

(1-7) na microbiota intestinal sdo ausentes nealea.

Probidticos

A OMS e a Organizacdo das NagOes Unidas para Alagaa e Agricultura (FAO) definem
probioticos como micro-organismos Vvivos que quaratbministrados em quantidades
adequadas, conferem beneficios a saude do hosp&ir Os efeito benéficos mediados pelos

probioticos se devem a sua capacidade de modutaic@biota intestinal, deslocando o
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equilibrio microbiano para o lado positivo (95)nelhorando a imunidade da mucosa (96- 98).

Entre os probidticos mais bem estudados estdopas tacterianas produtoras de acido latico
pertencentes aos génemisidobacterium e Lactobacillysjue tém um registro de seguranca
estabelecido e receberarstatusGRAS (geralmente reconhecido como seguro) pela @80

Atualmente, essas estirpes microbianas sdo amplamgiizadas e estdo incluidos em muitos

alimentos funcionais e suplementos dietéticos (QF)-

Estudos revelaram que a administracagifidobacteriumspp., inclusive d®. longum reduz

0 peso corporal, melhora a tolerancia a glicoseesiaténcia a insulina, protege da obesidade
induzida por dieta mantendo a homeostase energegtiszindo os niveis séricos de colesterol
e triglicérides (103-106). Além disso, um ensaiaicb controlado duplo-cego randomizado
demonstrou que os probidticos poderiam preveniroalygtdo de endotoxina e melhorar o

metabolismo energético em individuos obesos (107).
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2 OBJETIVOS
Objetivo geral

Avaliar os Efeitos da Angiotensina-(1-7) Sobre aidle Adiposo, Inflamagéo e Microbiota

Intestinal, e o Impacto do Uso de Probiotico narEsgdo do Sistema Renina Angiotensina.
Objetivos especificos

Realizar uma revisdo da literatura cientifica a@eafos achados relacionados ao eixo ECA2/
Ang-(1-7)/Mas com foco no seu papel na regulacasedeecao de adipocinas e dos processos

relacionados a inflamacédo aguda e crénica.
Avaliar o efeito da angiotensina(1-7) sobre a nbmta intestinal de camundongos obesos.

Avaliar o efeito da suplementacéao cBifidobacterium longumo metabolismo e na expressao

do sistema renina angiotensina hepatico de camgodarbesas
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3 PRODUTOS

Produto 1:Angiotensin-(1-7), Adipokines and Inflammatitarmatado segundo as normas

para publicacédo do periédico Metabolism Clinicad &xperimentalStatus:publicado.

Produto 2:Angiotensin-(1-7) Modulates Intestinal Microbiotaproving Metabolic Profile,

formatado segundo as normas para publicacédo dadpsiCellular MicrobiologyStatus

enviado para publicacgéo.

Produto 3Bifidobacterium longumupplementation improves metabolic parameters and
alters the expression of the renin-angiotensiresysh obese micéormatado segundo as

normas para publicacdo do periédico Life ScienStstus enviado para publicacao.
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Produto 1

Angiotensin-(1-7), Adipokines and Inflammation

Deborah de Farias Lefig, Daniela Fernanda de Freitds Amanda Souto Machadd, Thaisa

Soares Crespb!, Sérgio Henrique Sousa Santés

dnstitute of Agricultural Sciences, Food Enginegriollege, Universidade Federal de Minas
Gerais (UFMG), Montes Claros, Minas Gerais, Brétiaboratory of Health Sciences, Post
Graduate Program in Health Sciences, Universidadgadbdal de Montes Claros

(UNIMONTES), Montes Claros, Minas Gerais, Brazil.

Abstract

Nowadays the adipose tissue is recognized as dhe afost critical endocrine organs releasing
many adipokines that regulate metabolism, inflanmnaand body homeostasis. There are
several described adipokines, including the renigigtensin system (RAS) components that
are especially activated in some diseases witleasad production of angiotensin Il and several
pro-inflammatory hormones. On the other hand, RB8 aexpresses angiotensin-(1-7), which
IS now recognized as the main peptide on couniapéing Il effects. New studies have shown
that increased activation of ACE2/Ang-(1-7)/Masknacan revert and prevent local and
systemic dysfunctions improving lipid profile amtsulin resistance by modulating insulin

actions, and reducing inflammation. In this contelxé present review shows the interaction
and relevance of Ang-(1-7) effects on regulatingp@kines, and as one adipokine itself,
modulating body homeostasis, with emphasis omiisiaflammatory properties, especially in

the context of metabolic disorders with focus oesity and type 2 diabetes mellitus pandemic.

Keywords: Adipose tissue Angiotensin convertingyane 2 (ACEZ2) Renin-angiotensin system
Metabolism Mas receptor.
Article history: Received 26 December 2018 Accef@@darch 2019.

. Introduction

The angiotensin-(1-7) (Ang-(1-7)) is an heptapeptdth significant systemic and
local effects, produced in the renin-angiotensistay (RAS) hormonal cascade, with

pronounced effects counteracting the angiotengiAig 1) actions [1], especially considering
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Ang 1l overproduction and high signaling presenséveral diseases, such as hypertension,
diabetes, obesity, renal disorders and liver ssea{@].

The RAS hormonal cascade initiates with the angsi@gen (AGT) production, which
is cleaved by the renin into angiotensin | (AngSgquentially, the angiotensin converting enzyme
(ACE) transforms the Ang | into the octapeptide Ahgvhich is the most described active end
product of the RAS, acting through two isotype#\n§ Il receptors (AT1R and AT2R) [3]. High
levels of Ang Il produce AT1 hyperactivity and sealenetabolic disorders [4]. On the other hand,
the angiotensin converting enzyme homolog 2 (AGE@Yces Ang Il levels by transforming it in
Ang-(1-7), which also can be produced from Angsigrag through angiotensin-(1-9) (Ang-(1-9))
by the action of endopeptidases: prolyl-endopeptidand neutral endopeptidase. The main
described Ang-(1-7) effects are associated with Mesptor activation, and the ACE2/Ang-(1—
7)Mas arm high activation has been effective iproning metabolic and chronic diseases [5].
Additionally, it is worth mentioning that Ang-(1-may be alternatively clived into alamandine
that acts via its receptor MrgD, exerting simileti@ans to Ang-(1-7) [6].

The angiotensin 1l type | receptors modulate mdsthe Ang Il physiological and
pathophysiological effects. The Ang Il binding toist receptor leads to vasoconstriction,
inflammation, oxidative stress, proliferative fastaugmentation, cardiovascular effects, nervous
system activation, increased sodium absorptionpgnother effects. The Ang Il type 2 receptors
on the other hand, although found in several tssnethe fetal period, has its abundance
decreased after birth. These receptors activatiemmstly linked to beneficial consequences,
including vasodilation, anti-proliferation (fibradts, endothelial cells and myocytes), cardiac
function improvement and decreased sodium absarptithe proximal tubule [7,8].

The renin-angiotensin system activation is an irfgardefense mechanism against
hypovolemic hypotension, commonly observed durilegding or salt privation. Aldosterone
when bound to the mineralocorticoid receptor intregial cells of the renal collecting duct
recruits sodium channels from the cytosol to thedase of the renal epithelial cells, thereby
promoting increased sodium reabsorption, tubuldagsium excretion and plasma volume

expansion [9]. The aldosterone receptors are espdes several tissues other than renal;

which when disturbed lead to vascular impairmeifite aldosterone augments the Ang Il
actions, inducing vascular remodeling and inflamamt as well as the stimulation of
mineralocorticoid receptors in the heart, kidnegsd brain. Moreover, the circulating
aldosterone induces cardiac fibrosis and increagegbathetic activity [10].

The RAS upregulation in the central nervous syssatharacterized by an increased renin
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activity and high aldosterone levels [11]. Moregvekvas also reported in the literature that in
patients with visceral obesity, this hormone lewals normalized following weight loss [12]. In
contrast, the renin-angiotensin aldosterone sydiokage with ACE inhibitors and AT1R
blockers is one of the most used approaches itréaément of hypertension, congestive heart
failure and coronary artery disease [13]. Studiggyest that the mineralocorticoids receptors in
adipocytes promote the expression of inflammatdigakines and facilitate the aldosterone pro-
adipogenic effect. These receptors inhibition ipezimental studies lead to decreased levels of
proinflammatory factors in the adipose tissue anttiased adiponectin expression in the heart and
adipose tissue [14]. In summary, the increased amolivisceral adipose tissue induces the
production of aldosterone and other hormones, wifédiitates the appearance of chronic
inflammation in the adipose tissue and consequiBpbkines overexpression.

The Mas receptor (MasR) signaling activated byAhg-(1-7) has several pathways,
however, the most described via includes phospylatasitol-4,5-bisphosphate 3-
kinase/protein kinase B (PI3K/ AKT) or forkhead bprotein O1 (FOXO1) [15]. Another
crucial signaling effect involves the direct actiga of insulin receptor and insulin receptor
substrate (IRS) [16,17]. Particularly in the adgdsssue, Ang-(1-7)/MasR axis presents
essential effects modulating fat storage, glucqsaeke and especially adipokines production
regulation [5,18,19], which in turn alter local asystemic inflammation [20—-22].

Several studies have shown that Ang-(1-7) exehibitory effects on inflammation
and cellular growth mechanisms [23,24]. Ang-(1-educes key molecules signaling pathways
thought to be relevant for acute and chronic inffeatory associated diseases. Excess or
stressed adipose tissue may work as a systemic paonpting pro-inflammatory adipokines
and reducing the anti-inflammatory hormones [26Jndrmal physiology the systemic AGT is
mostly produced by the liver, however, in some akgs or hormonal disorders (such as
obesity), the white adipose tissue assumes a pivolia on AGT production, abnormally

increasing the Ang Il locally and also augmentiirgudatory levels [26,27].

Here, we review findings related to the ACE2/Ang-(}Mas axis function with focus
on the role on regulating adipokines secretion modifying processes associated with acute
and chronic inflammation. As most of the studies thvolve the Ang-(1-7) signaling pathways
were performed under an experimental context wiiimal models, we opted to discuss the
human studies and their clinical importance atethe of each topic.

Adipokines, angiotensin-(1-7) and adipose tissue

The adipose tissue has long being recognized $aole in body energetic demands
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supply in a prolonged fasting state, calories gf@rdody temperature control, and organs
mechanical protection [28,29]. Recently, the ad#ptissue was defined as an important
endocrine organ, responsible for the synthesis sewtetion of more than 600 bioactive
molecules named adipokines [29]. In mammals thexéveo main types of adipose tissue, the
white adipose tissue (WAT) and brown adipose tigB4€l). These organs develop opposing
roles, as while the WAT acts as by storing enengié form of lipids, the BAT is responsible
for the heat generation via energy consumption.efirgental studies with mice demonstrated
that the BAT aids in the protection against theeli@yment of obesity and metabolic diseases
via activation of thermogenesis [30].

The adipokines are involved in the satiety and afgpeaegulation, energetic
metabolism, fat storage, insulin secretion andiseitg, arterial pressure, endothelial function
and homeostasis [31,32]. At the systemic level,atigpokines act in different target organs,
such as liver, brain, muscle, heart, vessels, inological system and others [31,33— 36].

The leptin and adiponectin levels might be usedigtinguish the WAT and BAT, as the
WAT expresses large amounts of these adipokinese wh BAT these molecules are little
expressed, especially when the thermogenesisive 487]. Similar to the WAT, the BAT also
produces bioactive molecules called batokines f88Jhese molecules may have different and/or
opposing actions to the WAT adipokines, and adiffierent targets (e.g., central nervous system)
in the control of energy expenditure. Experimergaldies showed that several molecules
synthetized by the BAT have already been desctibeert autocrine, paracrine and endocrine
actions, and the main examples are: Triiodothyemrostaglandins, angiotensinogen, interleukin-
1a, insulinlike growth factor I, Interleukin-6, vasauendothelial growth factorA, fibroblast growth
factor-2, nitric oxide, and fibroblast growth faci [40—47].

Additionally, studies have reported a differentetyqf adipocytes called beige. These
adipocytes are brown-like cells (UCP+), but locadian the WAT [48, 49]. These cells are
originated from the browning process, which is casible for the dynamic conversion of white
adipocytes into brown-like adipocytes due to thposure to physiological, pharmacological
or hormonal stimuli [50,51]. The white adipocytesowning is generally induced by the
exposure to cold and physical exercise [50,52]. lmw, this process does not completely
transform nor transdifferentiate white adipocytatoibrown adipocytes; white adipocytes
become only a phenotype resembling a brown adipouytich is also called a beige adipocyte
[53,54]. The WAT browning exerts regulatory effects the metabolism, such as increased
energy expenditure, weight loss, insulin sensitivaind improved glucose tolerance, and

although being performed on a rodent model, opespeetives as a potential target in the
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prevention and treatment of metabolic disease$, asdiabetes and obesity [55]

Among the main adipokines it is possible to highlighe adiponectin (involved in
insulin sensitivity regulation, antidiabetogeniaytiatherosclerotic and anti-inflammatory
effects), apelin (insulin secretion inhibition)ptan (appetite and satiety control, energy intake,
locomotor activity, energy expenditure, fertilitgmong others), resistin (related to obesity,
insulin resistance and inflammation), proinflammmatadipokines (e.g., interleuking{IL-1p),
interleukin-6 (IL-6), tumor necrosis factor{TNFa), monocyte chemoattractant protein-1
(MCP-1), among others), and omentin (anti-inflamongt [29,31,32].

In the adipose tissue, the adipokines modulateoagitp functions and metabolism,
adipogenesis and immune cells recruitment [32,33\B6th local action we may cite bone
morphogenic protein-4 (BMP-4) that regulates adgrog cell precursors differentiation, bone
morphogenic protein-7 (BMP-7) that stimulates tmewn adipose tissue, regulates energy
intake, and increases energy expenditure. Ghrelmbits BMP-4, BMP-7, and vascular
endothelial growth factor (VEGF) that stimulate mggnesis in the adipose tissue [29,31,32].

As well as the adipokines, the RAS was also desdréds a critical metabolic regulator.
Experimental studies with rodents and humans, tirikgesity with the ACE/Ang II/AT1 RAS
axis activation [57,58]. The adipose tissue exmessl RAS components, and it is involved in
the obesity effects and development due to itess®d size, AGT and Ang Il production [57].
On the other hand, animal studies evidenced tleaR&kS counterregulatory axis (ACE2/Ang-
(1-7)/Mas) is capable of improving the lipid andiggise metabolism via decreased body
adiposity, and directly at molecular signaling levi27,59]. Mas receptor deficiency in mice
was associated with a worse metabolic profile, Mathver glucose tolerance, dyslipidemia,
hypertension, increased leptin expression, decdegbecose uptake by adipocytes and

increased adipose tissue size [27]. In the same tkaysgenic rats with

Ang-(1-7) overexpression presented improved meiabefficiency, increased glucose
tolerance and insulin sensitivity and higher glecoptake via insulin [60]. It was also observed
lipid parameters improvements with decreased t®lges and cholesterol, as well as
decreased abdominal fat mass in studies perforntédats [60,61].

It has been demonstrated that during adipogertésisipelin expression is increased in
mice cell lines [62,63]. Some other in vitro stiedghowed that RAS blockage (Ang II/ACE)
improves apelin expression and secretion in adigsdyom mice, which leads to reduced ROS
and lipid accumulation in the adipocytes differatiin process [63]. AT1R blockage and

consequent AT2R increase reduces &MNxpression and increases apelin expression in the
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mice white adipose tissue [63, 64], suggesting ssemtial AT2R role in the browning
regulation. In humans, apelin seems to induce vadipocyte browning, inhibiting AT1 via its
interaction with the apelin receptor (APJ receptonitro [65].

It is important to point that the adipokines mayéan indirect effect on the RAS via
modulation of insulin levels and lipid profile, thevidencing an indirect relationship among
these molecules. Nickenig and colleagues repottadl insulin may upregulate AT1 via
posttranscriptional mechanisms, thus linking hypgriinemia, hypertension and
atherosclerosis [66]. The authors argue that thgiminfluence on the RAS, more specifically
on the AT1 receptor, takes place via tyrosine phoggation and MAP kinase— dependent
intracellular pathways. Moreover, the lipid profiras also been associated with the RAS
modulation (AT1 upregulation and increased Anghtigsis) [67]. The lipids influence on the
AT1 expression and Ang Il production, in contrasthwthe aforementioned insulin effects,
seem to be via mRNA stabilization, and increaseanase system activity. As we know and
will discuss throughout this review, the adipokihese an important influence on the glycemic
and lipid profiles, and this influence may thus lexp their relationship with the RAS
modulation (Fig. 1).

‘|
gé‘? ."’Y
ANG-(1-9) _ace _ ANG-(1-7) _ 7 . ALAMANDINE —__» MrgD
» »
FIF ACEZ j.. Ed
/ 4
AGT —_» ANGI ___, ANGH M, ANGII —__» AT2

!
AT1

-"“T_c_:': Adipokines:
- Adiponectin
- Leptin
= Dmentin
- Apelin
- Omentin
- Resistin
- Inflammatory (TNF-a, IL-6, etc)
- Almost 600 bioactive molecules.

Adipose tissue

Fig. 1. Renin-angiotensin system and adipose tisS&@T: angiotensinogen; ANG I:
angiotensin I; ANG-(1-9): angiotensin 1-9; ANG-()—7angiotensin (1-7); ANG II:
angiotensin II; ANG llI: angiotensin Ill; Mas: Masceptor; AT1: AT1 receptor; AT2: AT2
receptor; ACE: angiotensin-converting enzyme; ACBRAgiotensin-converting enzyme 2;
APA: aminopeptidase A; MrgD: Mas-related G-protesupled receptor D; TNE: Tumor
necrosis factor alpha; IL-6: Interleukin 6.
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The interaction between proinflammatory adipokiard RAS is also described in the
literature. A study performed with adipose tissamples from malnourished and obese mice
and also confirmed in humans showed that the inflatory state is shared between these two
nutritional states and that the renin-angiotensypstesn modulates both profiles [68].
Interestingly, it has been reported in the literatthat a possible strong influencer of the
adipocytes expression/secretion profile is the heusthe muscle is recognized as another
important endocrine organ in our organism and esq@® several important molecules,
collectively called myokines, which counterbalarthe adipokines released by the adipose
tissue [69-71]. In this sense, the muscle influenight be also modulating the RAS expression
in the adipose tissue.

1.2 Adipokines, Ang-(1-7) and inflammation

In the last years, Ang-(1-7) has been studied tlorantiinflammatory properties in
several disorders. Considering metabolic diseased) as obesity and type 2 diabetes, it was
evidenced that increased circulating Ang-(1-7) ®&xea protective effect against the

inflammatory process induced by obesity by decrggsiclo-oxigenase2 (COX-2) and 1131

expression in transgenic rats' abdominal fat [2@lditionally, it was shown in another study
that oral administration of Ang-(1-7) is capablepoéventing obesity and liver inflammation
via resistin/toll like receptor 4/Nuclear Factompka [ (Resistin/TLR4/NFR) pathway
blockage in rats [72], and reduces diet-inducedtieinflammation by decreasing TNFand
IL-6 expression [72]. Interestingly, another poksimechanism by which Ang-(1-7) exerts its
beneficial effects in inflammatory conditions agated to metabolic disorders in mice, is via
Sirtuin 1 (SIRT1), a NAD-dependent deacetylase aalye described to be involved on
improving several metabolic diseases [73].

Interestingly, Ang-(1-7) also ameliorates epicdrddipose tissue (EAT) inflammation
induced by obesity. ACE2 knockout obese mice shaweetased interferon gamma (IFN-y)
expression in EAT, along with predominant CD11c+84 Mf macrophage profile, while
treatment with Ang-(1-7) reverted this inflammatprgfile, mainly by decreasing TN&and
IL-6 expression [74]. These findings are noticeatdasidering that epicardial fat is a current
study target aiming to understand the associatetwden obesity, metabolic diseases, and
atherosclerosis.

In cardiovascular diseases, especially considerasgular inflammation, Ang-(1-7)
diminished macrophage infiltration, MCP-1, IL-6, FN, NFKp, vascular cell adhesion protein



31

1 (VCAM-1), reactive oxygen species (ROS) levelgp@osis and increased nitric oxide
release, thus reducing atherosclerosis risks [F6ithermore, Ang-(1-7) was capable of
resolving endothelial cell inflammation in vivo,uh preventing early atherosclerosis via
decreased MCP-1, VCAM-1, IL-6 and atherosclerol@gpe inhibition in human cell lines and
knockout APOE mice, both in vitro [76].

The Ang-(1-7) anti-inflammatory effects were alsmftrmed in rat pancreatic acinar
cell lines, where this peptide attenuated caeru{am acute pancreatitis inducer) induced
inflammation by downregulating TLR4/NFKpathway [77]. In macrophage cell culture, Ang-
(1-7) was capable of preventing proto-oncogenesityesprotein kinase Src activation, which
are proteins necessary to the inflammatory respioiseeed by lipopolysaccharide (LPS) [78].

In humans studies, endothelial cells culture, Amgduced inflammation was prevented
by Ang-(1-7) via reduced lectin-like oxidized lowestsity lipoprotein (LDL) receptor-1 (LOX-
1) expression, a novel scavenger receptor for pa@lLDL (oxLDL), a potent inflammatory
activator [79]. In uropathies, which are also chtgazed by an inflammatory profile, Ang-(1—
7) shown to be a protective compensatory molecetkiging inflammatory processes by

decreasing macrophage infiltration and apopto$ [Bhe

renoprotective role of Ang-(1-7) is mostly discuss@d reported by several studies showing
neutrophil influx, and downregulation of chemokif@ X-C motif) ligand 1 (CXCL), IL-6,
TNF-a, endothelin 1 (ET-1), ILf1and MCP-1.

These studies illustrate and confirm the Ang-(1béNeficial antiinflammatory effects
in several inflammatory conditions, which are assed with adipokines disruption, such as
obesity, type 2 diabetes, cardiovascular diseasesl and hepatic disorders, among others

(Fig. 2).
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Fig. 2. Ang-(1-7) effects on inflammation. CVDs:raiavascular diseases; ROS, reactive
oxygen species; TNE:tumor necrosis factor alpha; IL-6: interleukin6:1p: interleukin- B;
CXCL1: chemokine (C-X-C motif) ligand 1; SIRT1: &im 1; TLR4: Toll-like receptor 4; NF-
kB: factor nuclear kappp; MCP-1: monocyte chemoattractant protein-1; VCAMvascular
cell adhesion molecule 1; ET-1: endothelin 1.

Angiotensin (1-7) and adipokines in different organ
The adipokines produced and released by the adifgsse mediate the communication
network between this tissue and other organs [B&jdifications in the adipose tissue
homeostasis alter the adipokines secretion totarpahat induces metabolic dysfunctions [33,
34]. Angiotensin-(1-7) presents biological and pircological properties that are beneficial
in the metabolic dysfunctions resolution [81], lienelevant to explore the adipokines effects

in different metabolic organs, highlighting Ang-{@-as a therapeutic tool.

Adiponectin
The adipokines released by the adipose tissuetasiexeral biological processes
involved in hepatic function, including angiogersgsivasodilation, inflammation, and
deposition of extracellular matrix proteins, thusdulating hepatic fibrogenesis [82]. In the
liver, decreased adiponectin levels may predisposgeatosis and advanced hepatic lesion
[82,83]. This adipokine acts by reducing the hepstellate cells activation, proliferation, and

survivor [76]. Recent studies have evaluated adiptim analog actions since it is not viable to
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increase circulating adiponectin levels in humartsese agents attenuate hepatic fibrosis in
animal models [84], and have potential to beconve arti-fibrotic therapeutic drugs [85].

Taking into consideration the Ang-(1-7) employmiemnttherapeutic purposes, a study
from Tang et al. evidenced the Ang-(1-7) theraperdie in preventing non-alcoholic fatty
liver disease (NAFLD) in mice via an adiponectid@pendent mechanism, which may be
partially attributed to the mitogen activated pmotkinases (MAPK) hepatic pathway. The
study suggests that Ang-(1-7) treatment may stirmudMPKa2 expression and’ AMP-
activated protein kinase (AMPK) phosphorylation, ietth eventually triggered signaling
cascades, being still necessary for further ctaiion [86]. The RAS positive regulation in
hepatic diseases via AT1R/AT2R is directly assediawith a pro-fibrotic process, findings
evidenced in rat models [87-90]. In a cirrhotic m®unodel, increased ACE2 expression
inhibited hepatic fibrosis via increased Ang-(1-While ACE2 blocking exacerbated the
fibrotic process, shedding light to the ACE2 thenaic potential in the treatment of chronic
hepatic lesion [91]. The ACE2/Ang-(1-7)/MasR exatgifibrotic effects as observed in a
hepatic fibrosis animal model where AVE 0991 (Adg<{) agonist) reduced ACE, 1Al
collagen andr-actin expression and hydroxyproline levels, anangnt collagen component,
which all together ameliorates fibrosis [92].

In the mice pancreas, adiponectin stimulates insudecretion in vivo, and
hypoadiponectinemia caus@scells dysfunction [93]. Consistent with these fimlg$s, mice
without adiponectin exhibited dietinduced hepatisulin resistance. Adiponectin exerts
beneficial effects via activation of its two receqst adiponectin receptor 1 (AdipoR1) and
adiponectin receptor 2 (AdipoR2) [93,94].

The liver is also an important target in human &sidwhere hepatic stellate cells
isolated from humans cirrhotic liver were showrot@rexpress renin, ACE, and Ang Il [95].
Increased hepatic stellate cells proliferation arttacellular matrix production via signaling
pathways mediated by MAPK, phosphoinositol/Ca24# ROS generation are promoted by
AT1R/ACE/AnNg Il axis activation [96—98].

Additionally, the cardiovascular system is anotimportant investigation target in
human studies. It is discussed that adiponectinhimiog involved in the chronic cardiac
insufficiency (CCI) pathogenesis. A study performieg Kreth et al., characterized the
adiponectin and its receptors expression in C@Gvaluate the impact of microRNAs in the
cardiac adiponectin system. In CCI, AdipoR1 careigaression was four-fold increased, while

the AdipoR2 increase was two times lower, showimg adiponectin association with its
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receptors in the heart and that the microRNA-15@eteng might be a strategy to restore the
cardioprotective adiponectin effects [99].
Leptin

Establishing the association between leptin and-@rgJ), a study performed by

Uchiyama et al., investigated the perirenal vidcadipose tissue and visceral perirenal
adipocyte isolated from Wistar male rats. The atgtlobbserved that Ang-(1-7) increased leptin
secretion and expression, while alamandine dealdhsdeptin secretion and expression in the
adipose tissue and serum [100]. Few studies aseptiag the relation between leptin and Ang-
(1-7), and among them, Schuchardet et al. demoedtilae Ang-(1—
7) potential in regulating rats food intake andyweight. Ang-(1-7) also contributes to weight
loss following AT1R blockage, since transgenic rasained leptin responsible even with a
chocolate and cookie diet. It is also suggestetdthg-(1-7) agonists might be pharmacological
candidates in the obesity treatment and a newttomeat metabolic disorders [101].

Mas double deficiency in ApoE-KO (DKO) mice leadsatlipodystrophy similar state,
with increased hepatic lipid content and increadadine aminotransferase levels. It was also
observed increased cholesterol, triglycerides, fasting glucose levels and decreased HDL
and leptin levels [102].

Hamrick showed that leptin treatment in vivo in@@smyogenic genes expression in
mice primary myoblasts. Leptin may centrally reduoedullar adipogenesis via its receptors
in the hypothalamus, as well as directly througkirtiheceptors on bone marrow stem cells.
Thus, aging seems to significantly alter the cadkstnediated by leptin among organs and
tissues [103].

The renal dysfunction in the chronic renal diseas#ext is associated with high leptin
levels, that also in NAFLD causes activation ofalenesangial cells and tubular inflammation
via a NOX2 dependent pathway that positively regdathe pro-inflammatory miR21
molecule, findings from a mice model [104,105]. B&y-(1-7)/MasR axis in the

mice kidneys have vasodilatory, antiproliferatigatidiuretic and antinatriuretic activities
[106,107].

In the heart, Carmo et al. recently determined tigatronal-SOCS3 deficiency in mice
is a potential negative regulator of the leptimsigng pathway that amplifies the chronic leptin
effects on food intake, energy expenditure, glu@wkarterial pressure, protecting against the
adverse cardiometabolic effects in obesity [L08hl@dministration of alamandine generated
antihypertensive and antifibrotic effects in rat89]. Furthermore, its subcutaneous application
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also exerted antihypertensive effects, with impdbeardiac hypertrophy and left ventricle
function. Alamandine may exert its beneficial effedia the protein kinase A (PKA) signaling
pathway modulation [110]. Interestingly, Wang eshlbwed in rats that leptin is also produced
by the skeletal muscle, and the leptin receptoes @vundant in skeletal muscle and
mesenchymal stem cells derived from bone (strotha¥ confirming this adipokine effects on
the muscle cells [111].

The leptin influence on the human cardiovasculatesy and adipose metabolism has
also been investigated and the main findings eweenpositive leptin effect produced by the
pericardial adipose tissue and blood vessels [JA2]nteresting study performed by Oral et
al. showed that leptin administration in nine wometh lipodystrophy and leptin serum levels
below 4 ng/mL, significantly improved lipodystropbgsides insulin resistance [113].

Resistin

It was shown that Ang-(1-7) oral treatment improteel obese rats' metabolic profile
(improved body weight, abdominal fat mass, insplasma levels, and circulating lipid levels)
via decreased resistin, TLR4, ACE and increased 2&#fression in the liver [72]. Santos and
colleagues showed that Ang-(1-7) decreases MAPIsgitarylation, reducing IL-6 and TNF-
a expression via resistin/TLR4/NBHpathway down-regulation in rats [72].

Resistin levels are increased in obesity. In ayspetformed in highfat-fed mice, the
resistin levels normalization by antisense oligdeotides reverses hepatic insulin resistance
[114,115]. These proteins supposedly contributbeovisceral adiposity deleterious metabolic
effects. Increased insulin secretion was obsenvedice MaskO pancreatic islets treated with
A776 (Mas antagonist) and stimulated with Ang- (1-although the insulin expression was
not altered, indicating a smaller Ang-(1-7) notlagwely by Mas-dependent pathways [116].

Translational studies that investigated the resisile in humans reported interesting
findings. First, resistin expression was showndangreased in fibrotic liver. In hepatic stellate
cells, resistin seems to increase MCP-1 and intkirie8 (IL-8) expression [117], besides
contributing to the lipids uncontrolled uptake. Thepatic low-density lipoprotein receptor
(LDL) negative regulation and de novo lipogenesimuglation in hepatic cells are triggered by
resistin and may augment dyslipidemia and heptaaissis [118].

In the pancreatic islets on the other hand, tleeditire regarding the resistin expression
is scarce [119]. However, Alexandra et al. shovirsdrésistin expression in human pancreatic
islets via gRT-PCR and immunohistochemistry shegldiew light on the resistin potential role
in the pancreas [119].

Second, regarding the relationship between inflaimmand the adipokines, Hollebeke
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et al. studied the abdominal muscular density aed with inflammatory mediators associated
with adiposity and resistin. The results showed the muscular area was not associated with
any inflammatory mediators studied, including reislt was yet not verified that higher
densities of several muscle groups in the abdomesignificantly associated to lower IL-6
and resistin levels, independent from the mus@a ar these groups [120].

Lastly, in the cardiovascular system, resistin lewage associated with coronary artery
disease and heart failure severity. Turgay etvaluated if there is a relation between resistin
levels and final diastolic pressure in the left tviete and observed no correlation between
resistin levels and left ventricular-end diastghicessure, coronary artery disease severity,
echocardiographic diastolic dysfunction parameseis constraint induced movement therapy.
More studies are necessary to evaluate the resiilacy for clinical use [121].

Omentin

The association between omentin and Ang-(1-7)iliswstknown in the literature,
becoming a potential target for new studies. Omeigtian anti-inflammatory protein and
improves insulin sensitivity [122]. If the omentiirectly regulates the hepatic cells, biological
function is still not clear in the literature. Unéaced nitric oxide levels contribute to splanchnic
vasodilation and hepatic vasoconstriction and oquesetly portal hypertension [123].
Although several mechanisms influence the vasadiigirocess, the RAS is one of the most
studied over the years, and it is discussed tleaAtBE/Ang II/AT1 axis has been intimately
associated with cardiovascular dysfunctions andbuic disturbances [124].

Sit et al. evaluated the inflammatory responsectffen serum omentin levels in acute
and chronic pancreatitis and found that omentirleelevation in rats at the early stage of
pancreatitis was due to omentin's anti-inflammaégfgcts [125]. Castro et al. showed that both
adipose tissue metabolism and adipokine secretightnibe affected in diabetic rats, but

omentin was no different between the groups [126].

The omentin role in human studies are more focosadetabolic diseases, where it was
evidenced decreased omentin levels in type 1 adidiiztes mellitus, correlating with insulin
resistance [127,128], which might be explained iy $trong relationship between arterial
pressure and insulin plasma concentration in hgpsite individuals with obesity, acting not
only in the sympathetic nervous system, but alsemal function and arterial walls, leading to
increased arterial pressure [129].

Moreover, Zorlu et al. compared serum omentin drebtatin levels in type 2 diabetic

patients with normoalbuminuria and macroalbuminw observed that higher obestatin
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serum levels were associated with macroalbuminwvizereas serum omentin levels were
similar between groups suggesting that obestatyptey a role in the underlying pathogenic
mechanisms leading to diabetic nephropathy [130].

In the cardiovascular context, Fernandes-Trasaecak evaluated the omentin effects
on the epicardial adipose tissue and vascular. CHtlis study showed that omentin treatment
increased adiponectin levels induced by adipogerasi reduced TNE-levels in mature
adipocytes. Omentin improved insulin activity in EAand subcutaneous adipose tissue
explants from patients with cardiovascular diseasel decreased smooth muscle cells
migration [131]. It is observed in the literatureat omentin positively associates with
adiponectin [129], which may justify the inflamnati attenuation in the epicardial adipose
tissue via ACE/Ang-(1-7)/Mas that reduces obesituced cardiac dysfunction by increasing
adiponectin levels.

Apelin

Recently, Sabry et al. assessed the apelin treatffects on diabetes mellitus type 2
induced by obesity and the possible interactionvbehn the apelin/APJ and the renin-
angiotensin system. The study showed that apeliadi@nistration in rats resulted in improved
insulin resistance, dyslipidemia, inflammation,dative stress, reduced AT1 gene expression
and increased ACE2 expression in the adipose tissudencing that the apelin beneficial
effects are NO/ACE2/Ang-(1-7) dependent [132].

A review showed that apelin is the second catabuigstrate for ACE2 and acts as an
inotropic and cardiovascular protective peptideeCht al. showed that microRNAs, linked to
ACE2/apelin modulation, exhibit beneficial effecis the cardiovascular system and
hypertension. The crosstalk between ACE2, the mmsistem and microRNAs provides an
important hypertension mechanist view [133]. Anotleview of the literature evidenced that
the Apelin/APJ system is mainly expressed in vasarhooth muscle cells (VSMC). The study
by Luo et al. was the first to demonstrate that dpelin/APJ system increases the VSMC
proliferation by the extracellular signal-regulakétase 1 (ERK1)/2-cyclin D1 signal pathway,
thus being a promising target for the managemethetascular disease management [134].
The apelin effects on the cerebral arteries arenonk. Mughal, Sun and, O'Rourke, have
demonstrated that apelin reduces the cerebraliemt@itric oxide-induced relaxation by
inhibiting the calcium-activated high conductancehénnels activation [135].

Recently, it was showed that the apelin/APJ systenelops a critical role in kidney
disease [136]. Guo et al. verified in mice thasthystem induces podocyte dysfunction in
diabetic nephropathy via endoplasmic reticulum sstrenduced by decreased proteasome
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activity in podocytes [137]. In this sense, thelapAPJ system, in animal models, develops
diverse roles in renal disease and might be a patéarget in the renal disease treatment [138].

The inflammation develops an essential role in peatdis, and thus, Hans et al. showed
that apelin inhibited the positive regulation of 4, MIP-10/p and IL-13 in mice with chronic
pancreatitis, thus evidencing that apelin is inedlin the inflammatory mediator's modulation
in pancreatitis in this animal model [139].

The human studies involving the investigation @& #pelin role on the other hand, are
mainly focused on metabolism. It was reported thatphysical exercise beneficial metabolic
effects might be mediated by myokines. In this seBesse-Patim et al. studied the physical
training effects and apelin expression in the hurskeletal muscle. It was observed that
physical training increases apelin expression inobase individual via exercise-induced
signaling pathways, thus being considered a newkimgavith autocrine and paracrine actions.
The physical activity beneficial effects on redugarterial pressure in hypertensive individuals
are linked, at least in part, to an increased affgiJ system expression. [140].

Interestingly, in vitro experiments with human sedlvidenced that the angiotensin-
converting enzyme 2 (ACEZ2) is a counterproductegutator of the renin-angiotensin system
(RAS), catalyzing the conversion of Ang Il to An{7). The apelin is a second catalytic
substrate for ACE2 and functions as an inotroppatide and cardioprotective [141].

Although an antagonistic relationship has been @segd between RAS and apelin, this
functional interaction remains uncertain. In thisgpective, we may conclude that adipokines,
produced by the adipose tissue, have paracrinaatodrine actions that thus exert an effect in
several organs and consequently different physicddgand pathophysiological conditions
(Fig. 3). These observations and evidence highligatadipokines importance as molecular

targets to be modulated in metabolic diseaseqtiedtand prevention.
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Fig. 3. Ang- (1-7) effects on adipokines: Ang-(14@s a protective effect despite the
relationship between omentin and Ang-(1-7) beingnomn. In the liver, the decrease of
Adiponectin and increase of the other adipokinestrdmute to deleterious effects. In the
pancreas there is an opposite effect to the lindrlétle is known about the effects of resistin.
In the muscle, the decrease in resistin leads to@aase in abdominal muscle density and the
increase in other adipokines has beneficial effédte is known about the impact of omentin
on muscle. In the kidneys, the rise in adipokinm®trtbutes to the adverse effects. In the heart
and blood vessels, the apelin/APJ system increhsgwoliferation of vascular smooth muscle
cells while the other adipokines do not have falitgaffects.

. Adipokines and clinical implications

According to the Global report on diabetes from Wierld Health Organization, the
diabetes prevalence almost quadrupled since 1@8&@hing 422 million adults, which is in
great part, due to the increased overweight/obésdgsidered the main diabetes type 2 risk
factor) prevalence. Type 2 diabetes mellitus magdldo macro and microvascular
complications, and in 2012, was the direct deatise®f 1.5 million people [142]. This growing
prevalence and mortality generate social and ecanamplications in the health systems
globally. It is necessary to find therapeutic tasge@med to set not only type 2 diabetes mellitus
treatments but also risk factors attenuation [1#8this context, deepening the knowledge of
the adipokines endocrine effects in different taggans, their signaling pathways and links
with RAS may contribute to developing new drugsniag at the diseases associated with

broad-spectrum obesity therapy.
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In obesity and type 2 diabetes mellitus, insulisise@nce affects the perivascular
adipose tissue endocrine function, altering vassicmtor and vasodilator molecules secretion
and increasing the oxygen reactive species pramucé study demonstrated that plasma
adipokines or their receptors expression might ower insulin sensitivity and reduce
cardiometabolic diseases morbimortality. In thisspective, the adipokines may constitute
potential therapeutic targets for obesity and tgpeiabetes mellitus [144,145]. A study
investigated the association between adipokiner@pometric measures and biochemical
parameters in type 2 diabetes mellitus, demonsgdhat central obesity is correlated with
adipokines synthesis unbalance, reinforcing thepartance in type 2 diabetes mellitus [146].
Besides that, adipokines may be considered clirbeaharkers for the diagnosis and early
interventions in pre-diabetic and T2DM patients7L4

Although several studies point to physiological grathophysiological Ang-(1-7)
properties in type 2 diabetes mellitus progressismrotective effects against hyperglycemia
damage are still not completely elucidated. A chiistudy also showed that intra-arterial
infusion of Ang-(1-7) in obese patients exertedofable effects by stimulating insulin-
triggered vasodilation and inhibiting endothelirvdsoconstriction, which are comorbidities
associated with obesity and insulin/glucose imphimetabolism [148].

Interestingly, a phase Il, open-label pilot studparted that ACEZ2 infusion in patients
with pulmonary arterial hypertension improved pulrary hemodynamics and reduced
oxidative stress and inflammation [149]. This stedgmplifies the clinical application of RAS
modulation in ameliorating disorders, such as hgmsion. Recombinant ACE2 infusion in
healthy individuals was also evaluated. The treatmas well tolerated and lead to significant
changes in the RAS peptides concentrations [150].

Studies performed with animal models demonstratest tadiponectin exerts a
fundamental role in obesity-associated diseasd®physiology. Acting through its receptors
(AdipoR1 and AdipoR?2), it exerts direct effectstbe liver, skeletal muscles, and vasculature
(metabolic tissues), improving insulin sensitivilipid profile and producing anti-atherogenic
and anti-inflammatory effects [151-154].

Leptin regulates energy homeostasis by inhibitinmder (anorexigenic) and by
increasing energy expenditure in over food condgiand increased fatty acid uptake. Leptin
receptors are distributed in peripheral tissuesthmicentral nervous system is considered the
main ingestion regulation site, which occurs vianogensin (neurotransmitter). Recent findings
demonstrated a positive association between cirogléeptin and neurotensin, broadening the
leptin-neurotensin peripheral and central mechamisimderstanding, with new therapeutic
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approaches perspectives [155].

Resistin was primarily known as a hormone secrbieddipocytes, but it is mainly
expressed and secreted by macrophages. Increassiihréevels are associated with insulin
resistance, endothelial dysfunction, and smoothcteusells proliferation, promoting type 2
diabetes mellitus and mediating atherosclerosisqugnesis [156].

Hepatic biopsies have shown that resistin playisgortant role in the hepatic insulin
resistance pathogenesis, aggravating NAFLD, bé&iagrtost significant expression in patients
with T2DM and dyslipidemia [157].

Apelin exerts significant effects on glycaemic dipid metabolism, and it is mainly
expressed and released by adipocytes. The ap@iction stimulated glucose uptake by the
adipose tissue in mice and human [158,159]. Additily, exogenous apelin administration in
patients with central obesity resulted in insuliimsilated vasodilation, thus showing the apelin
effects on hemodynamic alterations associated wihlin impaired function conditions such
as obesity [160].

Recently, ghrelin has been associated with sew&galificant effects, besides its
contribution as an orexigenic hormone, acting engisstemic metabolism. The ghrelin agonism
may offer a therapeutic possibility for diabeticstyaparesis and anorexia, and its receptor
antagonism may be used in the treatment of obasidyto improve glycaemic metabolism and
type 2 diabetes mellitus [161,162].

. Concluding remarks

In summary, it is important to highlight the adipasssue endocrine significance on
synthesizing adipokines, modulating its secretiod segulating several processes associated
with acute and chronic inflammation, besides itewance in whole body homeostasis. In the
present review, we evidenced the main adipokinescpmtion and their interaction with
inflammation and the ACE2/Ang-(1-7)/MasR RAS aXike molecular pathways involved in
the adipokines action mechanisms raised the needdw studies aiming to investigate
therapeutic interventions, as well as new toolslaoify the unknown mechanisms. The Ang-
(1-7) interaction and relevance on the adipokixgsession and inflammation were discussed
in obesity, type 2 diabetes, cardiovascular disgas@al and hepatic disorders, among others.
In this perspective, we concluded that inflammatimay be modulated by adipokines and Ang-
(1-7) in different organs and might be an importanget for the treatment and prevention of

inflammatory responses.
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Abstract

The renin-angiotensin system (RAS) and especiallyatensin-(1-7) [ANG-(1-7)] were recognized as
essential agents on modulating energy homeostadisady weight. Moreover, the gut microbiota also
received attention when recent studies showedbitdyato reverse obesity and metabolic disorders.
Therefore, the present study aimed to evaluaté&M®-(1-7) oral administration effects on intestinal
microbiota in obese mice. Mice were divided intgréups: obese and non-obese/ treated and non-
treated with ANG-(1-7). Was observed a significdetrease in the fasting plasma glucose, total
cholesterol, triglycerides, and LDL levels and gased HDL in animals treated with ANG-(1-7). The
histological analysis showed intestinal villi heigreduction in mice treated with ANG-(1-7).
Additionally, increasedacteroidetesand decreaseBirmicutes (increasedBacteroidetes/Firmicutes
ratio) andEnterobacter cloacapopulations were observed in the HFD+ANG-(1-7) groReceptor
toll-like 4 (TLR4) intestinal mMRNA expression wasduced in the HFD+ANG-(1-7) group. Finally, the
intestinal expression of Neutral Amino Acid Trandpo (BOAT1) was increased in animals treated

with ANG-(1-7), showing a possible mechanism assged with tryptophan uptake. The results of the
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present study suggest, for the first time, inteoadbetween RAS and intestinal microbiota modutatio

. Introduction

Obesity has become a pandemic and a severe p@alithtproblem. Compared to the 1980’s,
there was an increase of more than twice the nuamibebese individuals, and estimates indicate that
by 2030, 57.8%, about 3.3 billion people, will beeoveight or obese (Kelly, Yang, Chen, Reynolds, &
He, 2008). The increase in the prevalence of obasitdirectly related to metabolic alterations,
characterized by arterial hypertension, dyslipidentyperglycemia and hyperinsulinemia (Alberti,
Zimmet, & Shaw, 2006).

Obesity is associated with several metabolic diseyements, including an altered expression
of the renin-angiotensin system (RAS), a hormomakcade composed by several important bioactive
peptides that modulates the whole-body metabol&amios et al., 2013; Santos et al., 2008; Santos et
al., 2012). The ANG-(1-7)/ACE2/Mas axis counterbakathe ANGII/ACE/AT1 arm harmful effects
(Santos et al., 2010), which when overexpressedcis significant glycemic and lipid alterations,
besides the vascular damage (Santos et al., 2@b@pSet al., 2012). Santos et al.(Santos et@l2)2
described an improved lipid and glycemic profiléremsgenic rats with increased circulating ANG- (1
7). Furthermore, the Mas receptor suppression iB/Rvnice induced harmful metabolic alterations in
glycemic and lipid metabolism, promoting fat maasgand a metabolic syndrome-like state (Santos et
al., 2008). These findings point to the RAS as rapdrtant therapeutic target for the treatment of
obesity-associated disorders.

Another important player in whole-body metaboliamd @besity is the intestinal microbiota that
modulates energy homeostasis and body weight (TaindaBackhed, 2012). In mice and humans, the
microbial diversity and thEirmicutesandBacteroidetephylum proportion are associated with obesity
development (Ley et al., 2005; Ley, Turnbaugh, iKl& Gordon, 2006). The intestinal microbiota
contributes to diet-induced obesity by controllihg fatty acids-oxidation process and triglycerides
storage (Backhed et al., 2004) and promoting enapjgke in a high- carbohydrate diet (Backhed,
Manchester, Semenkovich, & Gordon, 2007). Germ-{@E) mice that received microbiota from

wild-type (WT) donors presented increased adiposity and glicand lipid metabolism alterations
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(Backhed et al., 2004). Subsequently, Riduara .e(Ratlaura et al., 2013) showed that microbiota
transplant from the obese to the lean twin mice m@scapable of inducing obesity, evidencing the
protective effects of the lean individual's micratai.

Data regarding intestinal microbiota and RAS am@ee in the literature, and the interaction
between ANG-(1-7) and intestinal microbiota wasywitelucidated. Some authors suggested a possible
interaction between the beneficial RAS axis (ACBR(\(1-7)/Mas) and the intestinal microbiota via
ACE2 modulation (J. M. O. Andrade, de Farias Léisfra, & Cota, 2017; Hashimoto et al., 2012)..
Hashimoto et al. (Hashimoto et al., 2012) revedhed ACE2 deficiency in mice resulted in highly
increased susceptibility to intestinal inflammatiamd suggested that an altered intestinal mictabio
composition and increased susceptibility to colitiay be driven by the RAS via ACE2 modulation.
Furthermore, ACE2 exerts an essential role inritesstinal tryptophan transport, modulating thevégti
of the main neutral aminoacids transporter, BOAlbtalized in the located on the edge of the small
intestine brush (Cole-Jeffrey, Liu, Katovich, Ralaa& Shenoy, 2015). ACE2- KO mice presented
reduced serum neutral aminoacids levels and aieefiaptake of tryptophan (Trp). ACE2 deficiency
was also correlated with decreased antimicrobigtiges levels and consequent altered intestinal
microbiota ecology, which is restored after trygtap administration (Hashimoto et al., 2012).

In this perspective, the present study aimed ttuatethe ANG-(1-7) effects on the intestinal
microbiota of mice. To achieve that goal, we assgHse ANG-(1-7) oral administration effects onsdbe
mice microbiota and associated metabolic morpholggrameters and performed bioinformatics
analysis to explore the possible links betweerRAS& and intestinal microbiota.

. Methods
Drug

In order to guarantee the oral absorption and effeANG-(1-7) through the gastrointestinal
tract, the peptide was formulated using [hydroxpgte-cyclodextrin/ANG-(1-7)- HBCD/ANG-(1-

7], which consist on an ANG-(1-7) molecule incldde acyclic oligosaccharides (cyclodextrin) (Lula

etal., 2007). HRCD/ANG-(1-7) was donated by the National Institot&cience and

Technology - INCT-NanoBiofar (UFMG/Brazil). The @ladose (concentration of 1Q@/kg) was

based on a previous study (J. M. Andrade et al4R@&nd ANG- (1-7) was mixed in the animal's diet.
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Animals and Diets
The experiment was conducted with 32 male Swiss (feeks old) divided into 4 groups (n=8
each) and fed the following experimental dietspeesively, for 4 weeks: Standard Dad libitum
ST+HMBCD (ST), ST+ANG-(1-7)/HBCD (ST+ANG-(1-7)), High-fat diet+HFCD (HFD),
and HFD + ANG-(1-7)/HBCD(HFD+ANG-(1-7)). Obesity was induced by HFD (Z6 of
carbohydrate, 14.47% of protein, and 60.98% fas@nting a total of 5.28 kcal/g of diet). The cohtr
group was fed ST (50.30% of carbohydrate, 41.90%rofein, and 7.80% of fat with a total of 2.18
kcal/g of diet) (Haslam & James, 2005; Rocha & kibB009). All experimental procedures were
approved by the Ethics Committee of the State Unityeof Montes Claros and were conducted by
following the regulations described in the ComneitteGuiding Principles Manual (Protocol number
103/2016).
Measurements of Body Weight, Food Intake, and TisguCollection
The body weight and food intake were measured ttinees a week during all experimental
procedure. Overnight fasted mice were killed byagation and samples of blood, adipose tissues
(epididymal, mesenteric and retroperitoneal) anddénum were collected, weighed, immediately
frozen in liquid nitrogen and stored at -80°C fobsequent analysis.
Determination of Blood Measurements
Serum was obtained after centrifugation(3200 rpm1f@ minutes at 4°C). Glucose, total
cholesterol, triglycerides and high-density lipdpin (HDL) were assayed using enzymatic kits
(Wiener®, Argentina). Measurements were made on ian® BT-3000 plus ChemistryAnalyzer
(Wiener®, Argentina). Low-density lipoprotein (LDWjas calculated based on the Friedewald formula
(Friedewald, 1972).
Histology Staining
Duodenum samples were fixed in 10% neutral-bufféoechalin at 4C overnight, dehydrated
through a graded alcohol series, xylene, and paraihd then embedded in paraffin. Sectionsyoh5

were prepared for Hematoxylin & Eosin staining. Blides were analyzed in an FSX100 Inverted

Microscope (S&o Paulo, Brazil).On each slide, éingth of the intestinal villi was evaluated (measur

from the base of the intestinal villi to the lamimaiscularis mucosa)(Navarrete, Vasquez, & Del Sol,
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2015) using the Image J software (Wayne Rasb aatipil Institutes of Health, Bethesda, MD).
Gut Microbiota Analyzes

Stool samples collected from the mice large intesiinmediately after the sacrifice were used.
The samples were stored and frozen at -80°C fosespukent analyses. Genomic DNA (gDNA) was
extracted from 50mg of each sample, by silica pladi following washing for impurities removal and
resuspension in Tris-EDTA. The gDNA amplificatiorasvperformed by Real Time-PCT (qPCR)
following the method described by Lee (2014), segas of primers described in Table 1. Relative
comparative CT method was applied to compare DNAcentrations between groups, using the

2-AACT equation (Livak & Schmittgen, 2001).

Table 1.Specific mice primers used in this study.

Primer target Primer name Primer sequences (5°-3”) Reference

Total bacteria 341F CCTACGGGAGGCAGCAG TLeeetal, 2014 [1].
543R ATTACCGCGGTGCTGG

Bacteriodetes Bact934F GGA RCA TGT GGT TTAATTCGA TGAT  Leeetal, 2014 [1].
Bactl060R AGC TGA CGA CAACCATGC AG

Firmicutes Firm934F GGA GYA TGT GGT TTA ATT CGA AGC A Leeetal, 2014 [1].
Firm1060R AGC TGA CGA CAA CCA TGC AC

Lactobacillus spp. F AGCAGTAGGGAATCTTCCA Lee etal, 2014 [1].
R CACCGCTACACATGGAG

Enterobacter clocae  F CGAGAGCCTGUTGCTG Anbazhagan et al., 2010 [2].
R GAT TGGCTGACCCAAT

TRL-4 F TGGCTGGTTTACACATCCATCGGT Qin et al., 2015 [3].
R TGGCACCATTGAAGCTGAGGTCTA

BOATI1 SLC6AI19F TTC ACA TCT GTG TAT GCG GCC A Yangzom et al., 2015 [4].
SLC6AI9 R AGT GGC ATT GCACCACTGTT

Reverse transcription and qRT-PCR

Total RNA from the duodenum was prepared using ®Rieagent (Invitrogen Corp.®, San

Diego, California, USA), treated with DNAse and eese transcribed with M-MLV (Invitrogen
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Corp.®). The endogenous glyceraldehyde 3-phosptedtedrogenase (GAPDH), Toll-Like Receptor 4
(TRL-4) and Neutral Amino Acid transporter (BOATAgre amplified using specific primers and SYBR
green reagent (Applied Biosystems®, USA) in a mos-platform (Applied Biosystems®). Relative
comparative CT method was applied to compare gepeession levels between groups, using the
2-AACT equation (Livak & Schmittgen, 2001).
Bioinformatics analysis

The bioinformatics was performed as previously dbed (Santos, 2016). The critical genes
involved in the RAS modulation of the intestinalcnaibiota were identified through a search on the
Gene Cards database. The keywords were "renin{a@ngio system" and "microbiota" and "liver". The
word “liver” was chosen as one of the key-wordsause of its important role as a metabolic organ and
accessory organ of the intestine. A list composepdbential "gene candidates” that are associattd w
the keywords chosen was retrieved. Following ttie, gene list was expanded in the web-available
software STRING (version 9.1), mapping the inteoacinetwork among the protein- coding genes.
Direct and indirect gene interactions were considevith a high confidence degree (over 0.9, inferva
0-0.99); the number of clusters was obtained whathematical convergence was achieved, and the
leader genes were identified. Topological analyse® performed in the Cytoscape software.
Statistical Analysis

All data were transferred to GraphPad Prism softw&iersion 5.0®, San Diego, California,
USA) and analyzed with 95% confidence (p<0.05).aDate expressed as the mean = SEM. The
statistical significance of differences in meanuesl between mice groups was assessed by One-Way
ANOVA followed by Tukey post-test, and Student gtteDifferences among various classes based on
the weighted number of links (WNL) versus the glalmnnectivity Interactions Total Score (TIS) were
assessed by the Kruskal-Wallis test. StatisticaliBtance was set at p<0.05.

3.Results

Body Weight, Food Intake, and Tissue Collection
First, we assessed the body and fat weight. Diffee in body weight were not observed

between the HFD and HFD+ANG-(1-7) groups (HF9,.35g * 1.93; HFD+ANG-(1-7), 56.30 g =

0.61). As expected, the ST and ST+ANG-(1-7) gragposity (sum of the adipose tissues: epididymal,
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mesenteric and retroperitoneal) was significamhaler as compared to the HFD groups (ST, 0.023
9/BW+ 0.004; ST+ANG-(1-7), 0.023 g/BW+0.002;HFD0A1 g/BW+ 0.008; HFD+ANG-

(1-7), 0.043 g/BW+0.008), and no differences wdrsanved between HFD and HFD+ANG-(1-7). Also,
differences in food intake (ST, 0.1987 g + 0,008+8NG-(1-7), 0,191 g + 0.007; HFD, 0,107g *
0.006, HFD+ANG-(1-7), 0,109 g = 0.009) andemyy intake (ST, 0.441 Kcal %0.017,
ST+ANG-(1-7), 0.400Kcal £0.021; HFD, 0.561 Kc#@.@43, HFD+ANG-(1-7), 0.601 Kcal £0.061)
were not found between the animals treated witlilairdiets.

HFD+ANG-(1-7) mice exhibited significantly decredsegglucose levels (HFD, 155.7
mg/dl£3.93 vs. HFD+ANG-(1-7), 108.0mg/dI+5.05) asnpared to the HFD group (Figure 1A). Total
cholesterol (HFD, 147.5 mg/di+12.52; HFD+ANG-(1-B5.20+£1.37) and triglyceride (HFD,128.3
mg/dI+9.30 versus HFD+ANG-(1-7), 79 mg/dI+13.46)dks were also decreased in the HFD-ANG-(1-
7) treated group (Figure 1B and 1C). The serum Hels were increased in the animals treated with
ANG-(1-7) as compared to HFD group (HFD, 55.33 rx¥db5; HFD+ANG-(1- 7), 87.80
mg/dl+7.65(Figure 1D).Also, serum LDL levels weretlieased in the HFD group as compared to ST
(ST, 14.15 mg/dI+2.945; HFD, 43.65 mg/dl£12.24),ilewhthe HFD+ANG-(1-7) group presented
reduced levels of LDL as compared to HFD (HFD, 83mg/dI+12.24; HFD+ANG- (1-7), 15.63

mg/dl+4.151) (Figure 1E).
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Figure 1. Oral treatment with angiotensin-(1-7) impoves the plasmatic parameters of obese mice.
A. Glucose levelB. Total cholesterolC. TriglyceridesD. High-density lipoprotein. Data are presented
as means + SEM. Statistically significant differesdetween the groups are indicatedpas0.05
#<0.001 in comparison to the ST group, and *p<0*H<0.01, ***p<0.001 in comparison to the
HFD group (one-way ANOVA).

The duodenum histological analyses performed tone@the ANG-(1-7) effects in villi size
evidenced a substantial decrease in the villushhéiy relation to HFD (HFD, 452.9 um=11.83;

HFD+ANG-(1-7), 405.1 pm+10.00) (Figure 2A and B).
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Figure 2. Angiotensin-(1-7) alters the height of itestinal villi. A. Duodenum villi Hematoxylin &
Eosin (HE) stainingB. ImageJ analysis of villi Height and thickness. Datte presented as means *
SEM. Statistically significant differences betwetbe groups are indicated §3<0.05*#9<0.001 in
comparison to the ST group, and *p< 0.05, **p< 0.8%p< 0.001 in comparison to the HFD group
(one-way ANOVA).

The gut microbiota analyses evidenced that ANG)(In@dulates the microbial populations
that colonize the intestine. The HFD+ANG-(1-7) dre tother hand, displayed a slight increase
Bacteroidetes asompared to HFD (HFD, 0,0420+0.004 vs. HFD+ANG-|14,790+0.298) (Figure
3A). Additionally, theFirmicutespopulation was decreased in the ST + ANG-(1-7) (&38+0.086
versus ST + ANG- (1-7), 0.03+0.033) and HFD + ANG-7) (HFD, 2.35+0.36 versus HFD + ANG-
(1-7), 1.10 £0.40) groups (Figure 3B).TBacteroidetes/Firmicutertio (Figure 3C) confirmed the
significantBacteroidetesncrease andrirmicutesdecrease in the treatment groups (HFD+ANG-(1-7)

as compared to HFD (HFD, 0.167+0.003; HFD+ANG-(16(y43+0.172).



61

>
o
O

-
3
1
w
)

Bacteroidetes (Arbitrary unit)
Firmicutes (Arbitrary unit)
g

_|

()
h

=
o
1

->
1

4
[
I
o

Ratio Bacteroidetes/Firmicutes

=4
o
1=
o

S :|'|
E:

804

204

Lactobacillus spp. (Arbitrary unit)
s
Enterobacter cloacae (Arbitrary unit)
8

Figure 3. Angiotensin-(1-7) modulates the intestirlanicrobiota. A. BacteroidetesB. Firmicutes
C. Bacteroidetes/Firmicutes ratiD. Lactobacillus sppandE. Enterobacter cloacaeData are
presented as means + SEM. Statistically significhiférences between the groups are indicate as
< 0.05*9p<0.001 in comparison to the ST group, and *p<0:6a% 0.01, ***p< 0.001 in comparison
to the HFD group (one-way ANOVA).

We also evaluated the ANG-(1-7) oral administragffiects orLactobacillusgDNA expression
(Figure 3D), where a significant increase in the+tSNG-(1-7) fed animals wasobserved (ST,
1,080+0.400; ST+ANG-(1-7), 13,92 +3.138). Signifitdifferences were not found between the HFD
and HFD+ANG-(1-7) groups. As expected, the HFD grptesented a significantly higher expression
of Enterobacter cloacam the HFD group(Figure 3E), and interestingly, tfteatment with ANG-(1-7)
was capable of decreasing this microbial populatothe HFD+ANG-(1-7) treated animals (HFD,
50.98+11.62; HFD+ANG-(1-7), 2.65+1.72).

The Gene Cards and String data base analyses édclfoir genes related to RAS and
microbiota; all scored over 7.5. Figure 4A displhysinteraction map obtained. The genes that sthowe
a higher weighted number of links (WNL) and lowstat interaction score (TIS) were considered

leaders TRAF6 (TNF receptor-associated factor BL A (Toll-like receptor 4), MAP3K7
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(mitogen-activated protein kinase kinase kinasé¥)D88 (Myeloid differentiation primary response
gene 88) antBE2N(Ubiquitin-Conjugating Enzyme E2 N) (Fig. 4B).

To confirm the main bioinformatic findings, we assed the TRL4 expression by gRT-PCR in
our study. Differences between ST versus ST+ANG)(ivere not found (ST, 1.00+0.0; ST+ANG-(1-
7), 0.41+0.027). The HFD group, on the other hagdsented a significantly higher expression as
compared to HFD+ANG-(1-7) group (HFD, 10.18+2.78 &+D+ANG-(1-7), 1.37+.070) (Figure
4C). To establish a link between the ANG-(1-7) efffeon microbiota and inflammation, we evaluated
the BOATL1 intestinal expression, which is an esaemntediator of the microbiota effects. We obsdrve
that ingestion of HFD with ANG-(1-7) promoted a migcant increase of BOAT1 in duodenal

enterocytes (HFD, 0.05+ 0.03; HFD+ANG-(1-7), 0.1883) (Fig. 4D).
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Figure 4. Bioinformatics and RT-PCR analyzes demonsated that the renin-angiotensin system
and the intestinal microbiota regulate inflammationvia TRL4, and increases intestinal expression
of BOAT1 mRNA in obese mice. A.STRING networkB. Diagram showing condition- related
connectivities (WNL, weighted number of links) vesghe global connectivities (TIS Interactions Tota
Score).The leader genes and clusters. TRAF6 (TNEpter-associated factor 6), TRL-4 (Toll-like
receptor 4), MAP3K7 (mitogen-activated protein ldaa’), MYD88 (Myeloid differentiation primary
response gene 88) and UBE2N (Ubiquitin-Conjugaingyme E2 N) genes presented higher WNL
and lowered TIS. The results of the Kruskal-Watlist. Statistical significance was set at a p-value
Statistical significance was set at a p-value <0O@®Duodenum TRL4 mRNA expression performed
by gRT-PCR analyseB. Duodenum BOAT1 mRNA expression performed by qRT-R@RYyses. Data
are presented as means + SEM. Statistically sagmifidifferences between the groups are indicated a
#p<0.05 in comparison to the ST group, and *p< Qr0somparison to the HFD group (one-way
ANOVA) and Student's t-test.
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4.Discussion

The present study reported for the first time thatoral administration of ANG-(1-7) modulated
the intestinal villi size and improved glucose dipal metabolic parameters along with other metabol
homeostasis critical regulators. Furthermore, pevistudies have already demonstrated beneficial
ANG-(1-7) chronic (long-term treatments) effects r@aucing body weight and fat mass (Oliveira
Andrade et al., 2014; Santos et al., 2013).

The fasting glucose, total cholesterol, and trighi@e levels reduction and the high HDL levels
observed in obese treated animals might be stromtgyed to the RAS expression markers regulation.
Mas receptor deficiency in FVB/N (Mas-KO) mice |sath severe glucose and lipid metabolism
changes, inducing a condition similar to the melialgyndrome, displaying increased fasting glucose
levels, glucose intolerance, reduced insulin siitgit dyslipidemia, and angiotensinogen increased
expression(Santos et al., 2008). On the other lzatrdnsgenic rat model with increased chronic ANG-
(1-7) plasma levels evidenced increased glucoseraiote, improved insulin sensitivity and
consequently, increased glucose uptake. Decredsel@sterol and triglyceride levels were also
detected, as well as decreased abdominal fat nesxiated with unaltered food intake. These
alterations were accompanied by reduced angiotegsinlevels in the adipose tissue (Santos et al.,
2010).

HFD fed animals presented increased intestinail dight (Navarrete et al., 2015; Soares,
Beraldi, Ferreira, Bazotte, & Buttow, 2015), wheliggest associated digestibility adaptations ($anto
et al., 2003)and the HFD consistency (Pluske, Hamp& Williams, 1997), or increased food retention
in the duodenum or proximal jejunum caused by aedese in intestinal motility (Fu et al., 2014).iPet
et al. (Petit et al., 2007) and Wit et al. (de ®fial., 2008) suggested that such variances aoeiat=d

with increased cell proliferation, and consequatgstinal mass increase via

Ki-67 (cell nuclear proliferation marker) increasexpression in enterocytes and cell cycle regulatio
via apoptosis. The ANG-(1-7) seems to modulate mechanisms involved in intestinal villi
morphology alterations induced by high-fat diets.

In addition to diet, the intestinal microbiota atsmntributes to changes in the villi and intestinal



65

crypts morphology. Sharma et al. (Sharma, SchumaBlomaasen, & Coates, 1995) demonstrated that
rats transplanted with lean human microbiota dismdareduced villi and intestinal crypts as compared
to non-transplanted rats. Other studies showedgiran-free mice presented a reduced total intdstina
area (Gordon & Bruckner-Kardoss, 1961) and vilckhess (Reinhardt et al., 2012) due to reduced cel
regeneration (Banasaz, Norin, Holma, & MidtvediQ2)) and extended cell cycles (Alam, Midtvedt, &
Uribe, 1994).

The intestinal microbiota comprises approximate0-500 species, predominating the
Firmicutes and Bacteroidetesphyla, but also presenting other phyla such Aagtinobacteria
ProteobacteriaVerrumicrobig FusobacterisandCyanobacterigQin et al., 2010; "Structure, function
and diversity of the healthy human microbiome,"20The intestinal microbiome exerts a vital raie i
energetic metabolism, where individuals with oheaitd insulin resistance are also accompanied by
intestinal dysbiosis (Karlsson, Tremaroli, Niels&rBackhed, 2013; Ley et al., 2006). Ley et al.(le¢
al., 2006) described several microbial groupsmieat contribute to obesity development. Metagenomic
studies show that tHarmicutesproportion is bigger in obese humans and animat®agpared to lean
controls (Kien, Schmitz-Brown, Solley, Sun, & Frahk 2006; Turnbaugh et al., 2006). Studies
performed in ob/ob mice demonstrated that thisrstras a smalleBacteroidetes/Firmicutesatio as
compared to WT animals (Fleissner et al., 2010a¥ileva-Millan, Perez-Matute, & Oteo, 2015).

Moreover,Firmicutesrich ob/ob mice appear to present glycemic ali@nat with increased
energy harvesting due to an increased number ghege involved in the starch, sucrose and galactose
digestion (Arora & Sharma, 2011).A low proportiohBacteroidetes/Firmicutewas associated with
increased lipopolysaccharides (LPS) release irtitisalation, contributing to the low- grade systemi
chronic inflammation observed in obesity (Caricéli al., 2011). Germ-free animals that received
intestinal microbiota from ob/ob mice become obesafirming the association between microbiota
and obesity (Alang & Kelly, 2015; Turnbaugh et &Q006).Obese individuals submitted to calorie
restriction had a significant increase in Bacteroidetepopulation, suggesting this phyla importance
on weight loss and lean phenotype (Karlsson e2@l3).

In our study, describing for the first time the mtation of the intestinal microbiota via ANG-

(1-7), it was observed that ANG- (1-7) attenuatked increase irFirmicutes and increased the
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Bacteroidetes / Firmicuteatio, which may be directly related to the metabefficiency improvement.
The Bacteroidetesand intestinal microbiota diversity expansion a associated with short-chain
fatty acids (SCFAs) that induce Glucagon-like pagtl (GLP-1) release by intestinal L cells, impnayi
insulin sensitivity and diabetes (Drucker & Nau2R06).

The Lactobacillus spp. the population was increased in the ST+ANG)(fed animals.
Lactobacillus strains that produce SCFAs, especially the congagdinoleic acid (Lee et al.,
2006),promoted body weight loss and decreased sitipomproved glucose tolerance modulating the
leptin expression and fatty acid synthetase. Gahaties suggest thaactobacillusimprove the lipid
profile via fatty acids oxidation (Kim, Park, Kirim, & Hyun, 2013)or lipoprotein lipase inhibition
(Aronsson et al., 2010l.actobacillusstrains solidify the junctions between epitheliglls, resulting in
reduced epithelial permeability, improving the sibeal barrier integrity and facilitating tissuepegr
after injury (Cario, Gerken, & Podolsky, 2007).

Increased gram-negative bacteria population wasidoin the intestine from obese
individuals, leading to increased LPS absorptioat twhen accumulated in the circulation causes
"metabolic endotoxemia.” Endotoxemia in murine nmede associated with metabolic alterations
similar to those induced by HFD, such as body wgggin, hyperinsulinemia, and hyperglycemia(Cani
et al., 2007).It was recently described that HFBralthe intestinal microbiota composition, however
for the obesity development, the presence of métabondotoxemia is mandatory (de La Serre et al.,
2010).

The ANG-(1-7) decreased tEmterobacter cloacaB29 population in HFD fed animals. This
bacteria strain was described as an endotoxin pavdinducing obesity and insulin resistance imger
free mice that received this isolated strain frowividuals with obesity degree lll. Energy balance

alterations in metabolic disease are associatddawitulating endotoxins. Although the

mechanism by which the ANG-(1-7) promotes Er@erobactercloaca®29 decrement in the obese
microbiota were still not described, the metabehclotoxemia reduction might be a therapeutic target
in the metabolic syndrome treatment (de La Seret. €2010; Fei & Zhao, 2013).

The intestinal metabolic endotoxemia is charaateriby a chronic inflammation state
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unleashed by microbial LPS recognition, and bagtianslocation via intestinal receptors (NOD1, CD-
14, and TLR-4) (Amar et al., 2011).The bacteridgant interaction and its receptors activate NF- KB
and AP-1, transcription factors responsible foréasing the proinflammatory cytokine transcription.
The binding of LPS to TRL-4 is mediated by the CIpadtern recognition receptor, which also mediates
MyD88-dependent TNk expression, inducing TRIF-mediated IFN expres$®@ioannini et al., 2004;
Kagan & Medzhitov, 2006). Interestingly, in CD-14Kanimals, HFD or LPS administration did not
induce metabolic alterations or metabolic endotdgeemonstrating the TRL4 role on body weight
regulation and glucose tolerance (Cani et al., 2007

This association was confirmed by bioinformaticsl ai.R4 expression analyses, which
demonstrated a possible interaction among intdstimerobiota, RASand signaling inflammatory
pathways (TRAF6, TRL-4, and Myd88). Santos et@antos et al., 2013)shown that HFD+ANG-(1-
7) fed rats presented decreased hepatic inflammata decreased TRL4 and ACE expression, and
increased ACE2 expression.

RAS components such as ACE, AT1 and AT2 recepémmg,angiotensinogen were found in
the border of rats jejunal and ileum epitheliumeweithe fluids and electrolytes flux is regulatétbfg,
Debnam, & Leung, 2007). The fact that the rat jejarexpresses angiotensinogen, which is a precursor
of Ang Il and other bioactive angiotensiitgjicates that enterocytes are capable of syntihgsfng Il
(Wong et al., 2007). Recently, evidence of the Ré8 intestinal microbiota association via ACE2
modulation have been published (J. M. O. Andradd.eR017; Camargo et al., 2009; Cole-Jeffrey et
al., 2015). Increased ACE2 levels were detectetthénhuman gastrointestinal tract, and posteriorly,
collectrin,an ACE2 homolog, was identified, suggesia non-catalytic ACE2 activity (Zhang et al.,
2001). ACE2 is essential for BOATL intestinal exgsien, an important tryptophan (Trp) transporter

(Camargo et al., 2009). Hashimoto et al. (Hashinetta., 2012)

demonstrated that ACE2 deficiency results in ineeeantestinal inflammatory susceptibility and
germ-free mice transplanted with ACE2 KO mice ageflicolitis.
Borges et al. (Borges et al., 2017) demonstrated thts pre-treated with A779 (Mas

antagonist), and Mas-KO mice exposed to ANG-(1fésented a deficiency in Trp absorption. These
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findings suggest that the ANG-(1-7) stimulatesttigptophan absorption via the Mas receptor, argl thi
effect was directly associated with an increase@2€xpression and activity.

A possible mechanism by which angiotensin-(1-7) uhaies the intestinal microbiota. It was
already described that ANG-(1-7) administration iayes tryptophan transportation in the intestinal
mucosa (Borges et al., 2017) via BOAT1 (Hashimaotal.e 2012). In our study, BOAT1 expression was
increased in ANG-(1-7) treated animals, suggestingossible interaction between ANG-(1-7) and
BOATL1. Previous studies describe that increasedémgds were associated with increased antimictobia
peptides production, modulating the intestinal widdota. Trp transport deficiency leads to aberrant
secretion of antimicrobial peptides and consequuealiferation of malefic microbial strains, thus
conferring intestinal susceptibility to inflammatigHashimoto et al., 2012).

We have shown that the oral administration of ANGZ| has altered the glucose and lipid
levels and intestinal villi morphology, possiblyavntestinal microbiota, promoting the proliferatiof
beneficial microbial classes and reducing metabetidotoxemia triggered Wynterobacter cloacae
and TLR4 intestinal expression. The results oftesent study suggest, for the first time, theragigon
between RAS and intestinal microbiota. BOAT1 appéaibe one of the mediators, since uptake of Trp
may play an important role in intestinal microbiotadulation mediated by ANG- (1-7) (Borges et al.,
2017). It is worth mentioning that there are manggiions to be addressed in future studies such as:
How does ANG-(1-7) interact with BOAT1? Is thergigect correlation between ANG-(1-7) and the
synthesis of specific microbial metabolites thaerathe host metabolism? In conclusion, the present
study describes a significant ANG-(1-7) effect, ajan RAS component, on the obese mice intestinal
microbiota.

Acknowledgements
This work was partially supported by the Coordemadde Aperfeicoamento do Pessoal de

Nivel Superior (CAPES), Conselho Nacional de Deskfmwmento Cientifico e Tecnholdgico (CNPq) and
Fundacéo de Amparo a Pesquisa do Estado de MimasGEAPEMIG).
Author contributions

RA.S.S, S.H.S.S, A.S.M, J.R.O. and D.F.L. contebuto the design of the study, acquisition

of the data, and analysis and interpretation ofidta. J.M.O.A., D.F.L., S.H.S.S. and I.V.B. cdntited



69

to drafting the article and revising it criticaflyr important intellectual content, and A.M.B.P.|/5.G.
and B.M.A.C. contributed to the final approval bktversion to be submitted. All authors read and
approved the final manuscript.

Conflict(s) of Interest/Disclosure(s)

Theauthors declare that they have no competing infedeslosure(s).

References

Alam, M., Midtvedt, T., & Uribe, A. (1994). Differdial cell kinetics in the ileum and colon of
germiree ratsScand J Gastroenterol, &), 445-451.

Alang, N., & Kelly, C. R. (2015). Weight gain aftircal microbiota transplantatio®pen Forum

Infect Dis, Z1), ofv004. doi:10.1093/ofid/ofv004

Alberti, K. G., Zimmet, P., & Shaw, J. (2006). Mietdic syndrome--a new world-wide definition. A
Consensus Statement from the International DialbetderationDiabet Med, 28), 469-480.
doi:10.1111/j.1464-5491.2006.01858.x

Amar, J., Chabo, C., Waget, A., Klopp, P., Vachdiix,Bermudez-Humaran, L. G., . . . Burcelin, R.
(2011). Intestinal mucosal adherence and transtotat commensal bacteria at the early onset of
type 2 diabetes: molecular mechanisms and probieti¢mentEMBO Mol Med, 89), 559-572.
doi:10.1002/emmm.201100159

Andrade, J. M., Lemos Fde, O., da Fonseca PireMilfan, R. D., de Sousa, F. B., Guimaraes, A. L.,
... Santos, S. H. (2014). Proteomic white adigizseie analysis of obese mice fed with a higlifat
and treated with oral angiotensin-(1-Pgptides, 6056-62. doi:10.1016/j.peptides.2014.07.023
Andrade, J. M. O., de Farias Lelis, D., Mafra, & Cota, J. (2017). The Angiotensin Converting
Enzyme 2 (ACE2), Gut Microbiota, and Cardiovascitaalth.Protein Pept Lett
doi:10.2174/0929866524666170728145333

Aronsson, L., Huang, Y., Parini, P., Korach-Andvk, Hakansson, J., Gustafsson, J. A., . . . Rafter,
(2010). Decreased fat storage by Lactobacillusqaas is associated with increased levels of
angiopoietin-like 4 protein (ANGPTL4PL0S One, ). doi:10.1371/journal.pone.0013087

Arora, T., & Sharma, R. (2011). Fermentation pagtmif the gut microbiome: implications for energy
homeostasis and weight managembiotr Rev, 6@), 99-106. doi:10.1111/j.1753-4887.2010.00365.x
Backhed, F., Ding, H., Wang, T., Hooper, L. V., K& Y., Nagy, A., ... Gordon, J. |. (2004). The
gut microbiota as an environmental factor that letgg fat storagd?roc Natl Acad Sci U S A,

101(44), 15718-15723. doi:10.1073/pnas.0407076101

Backhed, F., Manchester, J. K., Semenkovich, C&F5ordon, J. I. (2007). Mechanisms underlying
the resistance to diet-induced obesity in germ-fnéee. Proc Natl Acad Sci U S A, 1(B), 979-984.
doi:10.1073/pnas.0605374104

Banasaz, M., Norin, E., Holma, R., & Midtvedt, P002). Increased enterocyte production in
gnotobiotic rats mono-associated with Lactobacithemnosus GGApplied and environmental
microbiology, 686), 3031-3034.

Borges, E. L., Lima, P. B., Peluso, A. A. B., Samp#V. O., Oliveira, J. S. d., Oliveira, M. L. d., .
Santos, R. A. S. (2017). Angiotensin-(1-7) Influesd ryptophan Absorption in the Rat and Mouse
Intestine British Journal of Medicine & Medical Researclt{19), 1-9.
doi:10.9734/BJMMR/2017/30329

Camargo, S. M., Singer, D., Makrides, V., Huggel,Ros, K. M., Wagner, C. A,, . . . Verrey, F.
(2009). Tissue-specific amino acid transporterrgag ACE2 and collectrin differentially interactthvi
hartnup mutationgsastroenterology, 138), 872-882. doi:10.1053/j.gastr0.2008.10.055

Cani, P. D., Amar, J., Iglesias, M. A., Poggi, Mnauf, C., Bastelica, D., . . . Burcelin, R. (2007)
Metabolic endotoxemia initiates obesity and insuéisistanceDiabetes, 567), 1761-1772.
doi:10.2337/db06-1491

Caricilli, A. M., Picardi, P. K., de Abreu, L. LUeno, M., Prada, P. O., Ropelle, E. R., . . . Skhd].



70

(2011). Gut microbiota is a key modulator of insulesistance in TLR 2 knockout mid&LoS Biol,
9(12), €1001212. doi:10.1371/journal.pbio.1001212

Cario, E., Gerken, G., & Podolsky, D. K. (2007)l[lie receptor 2 controls mucosal inflammation
by regulating epithelial barrier functio@astroenterology, 132), 1359-1374.
doi:10.1053/j.gastro.2007.02.056

Cole-Jeffrey, C. T., Liu, M., Katovich, M. J., Raida, M. K., & Shenoy, V. (2015). ACE2 and
Microbiota: Emerging Targets for Cardiopulmonarg®&ase Therapy. Cardiovasc Pharmacol, §6),
540-550. doi:10.1097/FJC.0000000000000307

de La Serre, C. B, Ellis, C. L., Lee, J., HartmAnl_., Rutledge, J. C., & Raybould, H. E. (2010).
Propensity to high-fat diet-induced obesity in iatassociated with changes in the gut microbioth a
gut inflammationAm J Physiol Gastrointest Liver Physiol, 229 G440-448.
doi:10.1152/ajpgi.00098.2010

de Wit, N. J., Bosch-Vermeulen, H., de Groot, PHd&oiveld, G. J., Bromhaar, M. M., Jansen, J., ..
van der Meer, R. (2008). The role of the smallgtites in the development of dietary fat-induced
obesity and insulin resistance in C57BL/6J mi&elC Med Genomics,, 114. doi:10.1186/1755-8794-
1-14

Drucker, D. J., & Nauck, M. A. (2006). The increigstem: glucagon-like peptide-1 receptor agonists
and dipeptidyl peptidase-4 inhibitors in type 2udisesLancet, 3689548), 1696-1705.
doi:10.1016/S0140-6736(06)69705-5

Fei, N., & Zhao, L. (2013). An opportunistic patleogsolated from the gut of an obese human causes
obesity in germfree micéSME J, 14), 880-884. doi:10.1038/ismej.2012.153

Fleissner, C. K., Huebel, N., Abd EI-Bary, M. Mgh, G., Klaus, S., & Blaut, M. (2010). Absence of
intestinal microbiota does not protect mice fromtdnduced obesityBr J Nutr, 1046), 919-929.
doi:10.1017/S0007114510001303

Fu, X. Y., Li, Z., Zhang, N., Yu, H. T., Wang, S.,R Liu, J. R. (2014). Effects of gastrointestinal
motility on obesityNutr Metab (Lond), 1(11), 3. doi:10.1186/1743-7075-11-3

Gioannini, T. L., Teghanemt, A., Zhang, D., Coussé&h P., Dockstader, W., Ramaswamy, S., &
Weiss, J. P. (2004). Isolation of an endotoxin-MbeMplex that produces Toll-like receptor 4-
dependent cell activation at picomolar concentratiBroc Natl Acad Sci U S A, 1(IR), 4186-4191.
doi:10.1073/pnas.0306906101

Gordon, H. A., & Bruckner-Kardoss, E. (1961). Effe€E normal microbial flora on intestinal surface
areaAm J Physiol, 201175-178.

Hashimoto, T., Perlot, T., Rehman, A., Tricherehulshiguro, H., Paolino, M., . . . PenningeiJ.
(2012). ACEZ2 links amino acid malnutrition to mibial ecology and intestinal inflammatioNature,
487(7408), 477-481. doi:10.1038/nature11228

Haslam, D. W., & James, W. P. (2005). Obedipncet, 36@492), 1197-1209. doi:10.1016/S0140-
6736(05)67483-1

Kagan, J. C., & Medzhitov, R. (2006). Phosphoindsitmediated adaptor recruitment controls Toll-
like receptor signalingCell, 1255), 943-955. doi:10.1016/j.cell.2006.03.047

Karlsson, F., Tremaroli, V., Nielsen, J., & BackhEd(2013). Assessing the human gut microbiota in
metabolic diseaseBiabetes, 6f10), 3341-3349. doi:10.2337/db13-0844

Kelly, T., Yang, W., Chen, C. S., Reynolds, K., &H. (2008). Global burden of obesity in 2005 and
projections to 2030nt J Obes (Lond), 39), 1431-1437. doi:10.1038/ij0.2008.102

Kien, C. L., Schmitz-Brown, M., Solley, T., Sun,,B. Frankel, W. L. (2006). Increased colonic
luminal synthesis of butyric acid is associatedhwdtwered colonic cell proliferation in piglets Nutr,
136(1), 64-69.

Kim, S. W., Park, K. Y., Kim, B., Kim, E., & Hyur€. K. (2013). Lactobacillus rhamnosus GG
improves insulin sensitivity and reduces adiposititigh-fat diet-fed mice through enhancement of
adiponectin productiorBiochem Biophys Res Commun, #31258-263.
doi:10.1016/j.bbrc.2012.12.121

Lee, H. Y., Park, J. H., Seok, S. H., Baek, M. Wim, D. J., Lee, K. E., . . . Park, J. H. (2006).
Human originated bacteria, Lactobacillus rhamndLi0, produce conjugated linoleic acid and show
anti-obesity effects in diet-induced obese mRRiechim Biophys Acta, 1761), 736-744.
doi:10.1016/j.bbalip.2006.05.007



71

Ley, R. E., Backhed, F., Turnbaugh, P., Lozupon&.CKnight, R. D., & Gordon, J. I. (2005).
Obesity alters gut microbial ecologyroc Natl Acad Sci U S A, 1(®1), 11070-11075.
doi:10.1073/pnas.0504978102

Ley, R. E., Turnbaugh, P. J., Klein, S., & Gorddnl. (2006). Microbial ecology: human gut microbes
associated with obesitiature, 4447122), 1022-1023. doi:10.1038/4441022a

Livak, K. J., & Schmittgen, T. D. (2001). Analysiérelative gene expression data using real-time
guantitative PCR and the 2(-Delta Delta C(T)) Methdethods, 264), 402-408.
doi:10.1006/meth.2001.1262

Lula, I., Denadai, A. L., Resende, J. M., de So&s&., de Lima, G. F., Pilo-Veloso, D., . . .
Sinisterra, R. D. (2007). Study of angiotensin-fA/d@soactive peptide and its beta-cyclodextrin
inclusion complexes: complete sequence-specific Nli&lignments and structural studiesptides,
28(11), 2199-2210. doi:10.1016/j.peptides.2007.08.011

Navarrete, J., Vasquez, B., & Del Sol, M. (2015prphoquantitative analysis of the lleum of
C57BL/6 mice (Mus musculus) fed with a high-fattdiet J Clin Exp Pathol, @1), 14649-14657.
Oliveira Andrade, J. M., Paraiso, A. F., GarciaMZ, Ferreira, A. V., Sinisterra, R. D., SousaBEF..

.. Santos, S. H. (2014). Cross talk between amgsin-(1-7)/Mas axis and sirtuins in adipose tissue
and metabolism of high-fat feed mid&eptides, 55158-165. doi:10.1016/j.peptides.2014.03.006
Petit, V., Arnould, L., Martin, P., Monnot, M. (Rjneau, T., Besnard, P., & Niot, I. (2007). Chronic
high-fat diet affects intestinal fat absorption grutprandial triglyceride levels in the moude.ipid
Res, 4&), 278-287. d0i:10.1194/jIr. M600283-JLR200

Pluske, J. R., Hampson, D. J., & Williams, 1. HO9Y). Factors influencing the structure and funrctio
of the small intestine in the weaned pig: a reviemestock Production Science,(&), 215-236.
doi:http://dx.doi.org/10.1016/S0301-6226(97)00057-2

Qin, J., Li, R., Raes, J., Arumugam, M., Burgd&tfS., Manichanh, C., . . . Wang, J. (2010). A
human gut microbial gene catalogue establisheddipgenomic sequencingature, 4647285), 59-
65. doi:http://www.nature.com/nature/journal/v4622B85/suppinfo/nature08821_S1.html
Reinhardt, C., Bergentall, M., Greiner, T. U., Sther, F., Ostergren-Lunden, G., Petersen, L. C., .
Backhed, F. (2012). Tissue factor and PAR1 promuteobiota-induced intestinal vascular
remodelling Nature, 4887391), 627-631. doi:10.1038/nature10893

Ridaura, V. K., Faith, J. J., Rey, F. E., ChengDdncan, A. E., Kau, A. L., ... Gordon, J. I013). Gut
microbiota from twins discordant for obesity modalanetabolism in miceScience, 346150),
1241214. doi:10.1126/science.1241214

Rocha, V. Z., & Libby, P. (2009). Obesity, inflamtizen, and atherosclerosidat Rev Cardiol, @),
399-409. doi:10.1038/nrcardio.2009.55

Santoro, S., Velhote, M. C. P., Malzoni, C. E., Mewgas, A. S. G., Strassmann, V., & Scheinberg, M.
(2003). Digestive adaptation: a new surgical praptistreat obesity based on physiology and
evolution.risk, 19 20.

Santos, S. H., Andrade, J. M., Fernandes, L. Ristgira, R. D., Sousa, F. B., Feltenberger, J. D.,
Santos, R. A. (2013). Oral Angiotensin-(1-7) praedmobesity and hepatic inflammation by inhibition
of resistin/TLR4/MAPK/NF-kappaB in rats fed withghi-fat diet.Peptides, 4647-52.
doi:10.1016/).peptides.2013.05.010

Santos, S. H., Braga, J. F., Mario, E. G., Portd&; | Rodrigues-Machado Mda, G., Murari, A., . ..
Santos, R. A. (2010). Improved lipid and glucoseaielism in transgenic rats with increased
circulating angiotensin-(1-7RArterioscler Thromb Vasc Biol, 88), 953-961.
doi:10.1161/ATVBAHA.109.200493

Santos, S. H., Fernandes, L. R., Mario, E. G.,di&rA. V., Porto, L. C., Alvarez-Leite, J. I.,.
Santos, R. A. (2008). Mas deficiency in FVB/N mpeduces marked changes in lipid and glycemic
metabolismDiabetes, 5{2), 340-347. doi:10.2337/db07-0953

Santos, S. H., Fernandes, L. R., Pereira, C. Sm&aes, A. L., de Paula, A. M., Campagnole-Santos,
M. J., . .. Santos, R. A. (2012). Increased cating angiotensin-(1-7) protects white adiposeutiss
against development of a proinflammatory statewdéibed by a high-fat dieRegul Pept, 118-3), 64-
70. doi:10.1016/j.regpep.2012.06.009

Sharma, R., Schumacher, U., Ronaasen, V., & Codted,995). Rat intestinal mucosal responses to
a microbial flora and different diet&ut, 3§2), 209-214.



72

Soares, A., Beraldi, E. J., Ferreira, P. E., Bazdt B., & Buttow, N. C. (2015). Intestinal and
neuronal myenteric adaptations in the small imesitiduced by a high-fat diet in mid&C
Gastroenterol, 153. doi:10.1186/s12876-015-0228-z

Structure, function and diversity of the healthyrtan microbiome. (2012Nature, 4867402), 207-
214. doi:http://www.nature.com/nature/journal/v4a86102/abs/nature11234.html#supplementary-
information

Tremaroli, V., & Backhed, F. (2012). Functionaldrdactions between the gut microbiota and host
metabolismNature, 4897415), 242-249. doi:10.1038/nature11552c

Turnbaugh, P. J., Ley, R. E., Mahowald, M. A., MagWV/., Mardis, E. R., & Gordon, J. . (2006). An
obesity-associated gut microbiome with increasgacidy for energy harvediature, 4447122),
1027-1031. doi:10.1038/nature05414

Villanueva-Millan, M. J., Perez-Matute, P., & OteoA. (2015). Gut microbiota: a key player in
health and disease. A review focused on obesiBhysiol Biochem, 13), 509-525.
doi:10.1007/s13105-015-0390-3

Wong, T. P., Debnam, E. S., & Leung, P. S. (200%)olvement of an enterocyte renin-angiotensin
system in the local control of SGLT1-dependent ghgcuptake across the rat small intestinal brush
border membrand. Physiol, 58&Pt 2), 613-623. doi:10.1113/jphysiol.2007.138578

Zhang, H., Wada, J., Hida, K., Tsuchiyama, Y., Hushi, K., Shikata, K., . . . Makino, H. (2001).
Collectrin, a collecting duct-specific transmemtaatycoprotein, is a novel homolog of ACE2 and is
developmentally regulated in embryonic kidney&iol Chem, 27@0), 17132-17139.
doi:10.1074/jbc.M006723200



73

Produto 3

Title: Bifidobacterium longumupplementation improves metabolic parameters aedsahe

expression of the renin-angiotensin system in ob@se.

Authors: Amanda S Machatjaddanaina R OliveifaDeborah de F LefisAlfredo M B de
Paul& André L S Guimaraéslgor V Brand?,Sérgio H S Santé$

4 aboratory of Health Science, Graduate Programdalti Sciences; Universidade Estadual
de Montes Claros (UNIMONTES), Montes Claros, Mieyais, Brazil.

P|nstitute of Agricultural Sciences. Faculty of FoBdgineering, Universidade Federal de
Minas Gerais (UFMG); Montes Claros, Minas GeraigZ8.

Corresponding author:

Sérgio H S Santos

Faculty of Food Engineering Universidade Federdliidteas Gerais Av. Universitaria 1000 —
ICA - UFMG 39400-000, Montes Claros, MG, Brazil FAtone: (55-38) 2101-7922

Email: sergiosousas@hotmail.com

AbbreviationsACE, Angiotensin-converting enzym&CE2, Angiotensin-converting enzyme
2; AGT, AngiotensinogemANG-(1-7), Angiotensin-(1-7)ANGII , Angiotensin II;AT1, Type
1 Angiotensin Il receptoAT 2, Type 2 Angiontensin Il receptds;, longum, Bifidobacterium
longum CNS, Central Nervous SysterRAO, Food and Agriculture Organizatip6APDH,
Glyceraldehyde 3-phosphate dehydrogen@dd?-1, Glucagon-like peptide-XGPR43 short
chain fatty acid recepto&GLUT-4, glucase transporter type 41DL , High-density lipoprotein;
HFD, High-fat diet;IKK- g, IxB kinase betal PS, Lipopolysaccharidedylas, Mas Receptor;
NF-KB, Factor nuclear kappa BIKT, Natural Killer Cells;RT-PCR, Real time-PCRPYY,
peptide YY, SCFAs, Short-chain fatty acidSCFAs short chain fatty acidSEM, Standard
error; ST, StandardTNF-a, Tumor Necrosis Factor alfaRL4, Toll-like receptor 4WHO,
World Health Organization.

Abstract

The beneficial effects mediated by probiotics are tb their ability to modulate the intestinal
microbiota. Recently, the important role of the ralota in metabolic regulation has been
described, and the use of probiotics has becomeeasimgly common. However, the
mechanisms involved in the control of obesityBiffdobacterium longunand its effect on the
renin-angiotensin system (RAS) have not yet besordeed. Thus, the objective of the present
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study was to evaluate the effect Bifidobacterium longunsupplementation on metabolic
parameters and RAS expression in obese mice. Metihvdide were divided into four groups:
obese and non-obese/treated and not treatedBitlobacterium longumResults: After four
weeks of treatment, obese mice that receBeldngumshowed a significant decrease in body
weight, adiposity,serum glycemia and total choledtevels, as well as an improvement in
glucose tolerance. In addition, histological ane¢ysdemonstrated a reduction in the
accumulation of hepatic triglycerides in the obsated group. Analyses of mMRNA showed a
significant increase in the expression of the aegisin-converting enzyme 2 (ECA2) and the
Mas receptor (MASR) in the obese mice that receiddngum Conclusion: Our data suggest
for the first time the modulation of RAS by idongumstrain. These findings may contribute
tobetter understand the metabolic effect mediaygattbiotics. However, the mechanisms that
involve the possible role oB. longumin the ECA2/Ang- (1-7)/MASS axis of the RAS
activation in the liver need to be further inveateg.

Introduction

Obesity has become a global health problem andoisidered a pandemic (1).
According to the World Health Organization (WHQ),2030, this condition will affect about
20% of the world's adult population (2). The etl®f obesity is multifactorial, being caused
mainly by the imbalance between energyconsumptioreapenditure (3). Obesity is a chronic
disease that contributes heavily to multiple cardigtabolic diseases, such as type 2 diabetes,
dyslipidemia, coronary artery disease, stroke, hgpsion, and various types of cancer (4-6).

Recent evidence has shown that the intestinal imigt® plays an important role in
metabolic regulation, functioning as an organ wmtétabolic, immunological, and endocrine
function (7), performing essential functions tHa human body alone is not able to perform,
resulting in a symbiotic relationship. This clog&klis essential for the absorption of energy
from ingested food, motility and integrity of theteéstinal barrier, regulation of host
metabolism, especially the metabolism of glucaged,land inflammation (8-10).

The intestinal microbiota consists of three maipl@hBacteroidete¢Porphyromonas

Prevotellg Bacteroide} Firmicutes (Ruminococaos

ClostridiumLactobacillusand Eubacterig, and Actinobacteria(Bifidobacterig (11)
with themajority of intestinal microbiota being represenbgdBifidobacteriumandBacteroideg12).
The World Health Organization (WHO) and the Food @uyriculture Organization of the United
Nations (FAO) define probiotics as live microorgans which, when administered in adequate
amounts, confer benefits to the host’s health (IB§ beneficial effects mediated by probioticsdue
to their ability to modulate the intestinal microta and the mucosal immune system (14-16). Among

the most well-studied probiotics are lactic acidgucing bacterial strains belonging to

theBifidobacteriunandLactobacillugienera, which have an established safety recorthavelreceived
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the GRAS status (generally recognized as safehéyS Food and Drug Administration (17), and are
widely used and included in many functional foods aietary supplements (18-20). Studies have
shown that the administration &ifidobacteriumspp., includingB. longum reduces body weight,
improves glucose tolerance and insulin resistaraoe] protects from diet-induced obesity by
maintaining energy homeostasis, as well as redwsgngm cholesterol levels and triglycerides (21-23)
Another important metabolic regulator is the reangiotensin system (RAS), an enzymatic cascade
composed of two main axes: the ECA/Angll/AT1R awjch is over-expressed in obesity conditions
and exerts deleterious effects, and the ECA2/ARgH[MASRaxis, which counter-regulates the Angll
axis by improving metabolic efficiency (24-26).

Considering the aforementioned, we hypothesizet ttiea supplementation of obese
animals with probioti@. longumcan modulate the ECA2/Ang-(1-7)/MASR axis of theine
angiotensin system by improving the metabolic cleangbserved in obesity. Thus, the
objective of the present study was to evaluate dffect of Bifidobacterium longum

supplementation on metabolic parameters and the é&fgession in obese mice.

Materials and Methods Animals and Diets

The experiment was conducted with 32 four-weekroéde Swiss mice divided into 4
groups (n=8 each) and fed, for 4 weeks, the folhgvaxperimental diets, respectively: Standard
Diet ad libitum (ST), Standard Dietd libitum+ Bifidobacterium longun¢ST +B. Longun),
High-fat diet (HFD), andHigh-fat dietBifidobacterium longufHFD + B. longun). The
control group was fed an SD (50.30% carbohydrate9@% protein, and 7.80% fat, totaling
2.18 kcallg) (27, 28). Obesity was induced withHD (24.55% carbohydrate, 14.47% protein,
and 60.98% fat, totaling 5.28 kcal/g), for eighieke. Th&. longunprobiotic was administered
by gavageat a dose of 50 billion bacteria/kg body awaily (29). Animals in control groups

received a saline solution. All experimental praged were approved by

the Ethics Committee of the State University of NMnClaros and were conducted by
following the regulations described in the Comnattéuiding Principles Manual (Protocol
number 103/2016).

Measurements of Body Weight, Food Intake, and TisguCollection

The body weight, food intake, and energy intakeawweeasured three times a week during
all experimental procedures. Mice were fasted aghtrand killed bydecapitation.Samples of
blood, adipose tissues (epididymal, mesenteric, ratrdperitoneal) and liver were collected,

weighed, immediately frozen in liquid nitrogen, atdred at -80°C for subsequent analyses.
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Histology Staining

Epididymal adipose tissue and liver samples wexedfiin 10% neutral-buffered
formalin at £C overnight, dehydrated by escalating grades ohal xylene, and paraffin, and
then embedded in paraffin. Sections qind were prepared for Hematoxylin & Eosin staining.
The slides were analyzed in an FSX100 Inverted ddioope (Sao Paulo, Brazil). All samples
were analyzed by densitometry, using the Image ftivae (Wayne Rasband, National
Institutes of Health, Bethesda, MD).

Glucose tolerance and insulin sensitivity tests

For the glucose-tolerance test, D-glucose (2 mgftylweight) was intraperitoneally
injected into overnight fasted mice. Glucose leves tail blood samples were monitored at
0, 15, 30, 60, and 120 minutes after injectionulimssensitivity tests were performed with the
animals in the fed state, after intraperitoneadtipn of insulin (0.75 U/kg body weight), and
tail blood samples were taken at the time pointb) 30, and 60 minutes after injection for the

measurement of blood glucose levels.

Determination of Blood Measurements

Serum was obtained after centrifugation (3200 rpm10 minutes at 4°C). Glucose,
total cholesterol, triglycerides, and high-densiifgoprotein (HDL) were assessed using
enzymatic kits (Wiener®, Argentina). Measuremen&evperformed on a Wiener BT-3000
plus ChemistryAnalyzer (Wiener®, Argentina).

Reverse transcription and gRT-PCR
Total RNA extracted from the liver was preparedngsiRIzol reagent (Invitrogen

Corp.®, San Diego, California, USA), treated withNBse and reverse transcribed with M-
MLV (Invitrogen Corp.®). The endogenous glyceralgeéd 3-phosphate dehydrogenase
(GAPDH), Angiotensin-converting enzyme (ACE), Antginsin-converting enzyme 2 (ACE2),
and Mas receptor (MASR) were assessed using spewifners and SYBR green reagent
(AppliedBiosystems®, USA) in a plus-one platformpflied Biosystems®). Relative
comparative CT method was applied to compare gepiession levels between groups, using
the 2-AACT equation (30), sequences of primers describé&alote 1.
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Table 1— Specific mouse primers used in this study.

Primer target Primer name Primer sequences (5°-37)
ACE F CTC CTG GGA CTT CTA CAAC
R CTC CAT GTT CAC AGA GGT ACA CT
ACE2 F GGA TAC CTA CCC TTC CTA CAT CAGC
R CAT CCC CAC ATA TCA CCA AGCA
MASR. F ACT GCC GGG CGG TCATCA TC
R GGT GGA GAA AAG CAA GGA GA

Statistical Analysis

All data were analyzed with GraphPad Prism softw@fersion 5.0®, San Diego,
California, USA), at a 95% confidence (p<0.05). &ate expressed as the mean = SEM. The
statistical significance between mice groups waessed by One-Way ANOVA followed by
Tukey post-test, and Student t-test. StatistigaliBcance was set at p<0.05.

RESULTS

Food intake, energy intake, body weight, tissue wgit, and adiposity

The analyses of food consumption (ST, 0.193+0.0+B.longum 0.180+0.009;
HFD, 0.106+0.007; HFDB. Longum 0.110+£0.007) and energy consumption (ST,
0.442+0.014; STB.longum 0.404+0.011; HFD, 0.495+0.032; [DHB. Longum
0.5491+0.032) showed no statistically significaiftedences between the mice fed the same
type of diet(Fig. 1a and 1b) In the analysis of area under the body weighiea statistically
significant reduction was observed in the mbtb treated group (HFD -B.

Longun) when compared to the HFD group (HFD, 5758 + 189D +B. Longum4942 +
125.4)(Fig. 1c)
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Figure 1. B. logum reduces body weight of mice with obesity induced bthe hyperlipid
diet. Food intakeg(@), energy intake (b), daily body weight and areder the curve (c). Data
are presented as means + SEM. Statistically saggmtfi differences between the groups are
indicated agp< 0.05*p< 0.01*%<0.001 in comparison to the ST group, and *p<0.05,
**p<0.01, **p<0.001 in comparison to the HFD grogpne-way ANOVA).

The weight of the epididymal adipose tissue ((HBM29+0.007; HFDB. Longum
0.017+0.003), retroperitoneal (HFD, 0.01075+0.Q9ED+B. Longum 0.005+0.001),
mesenteric (HFD, 0.007£0.002; HFB+ Longum 0.005+0.001) and adiposity (HFD,
0.047+0.005; HFDB. Longum 0.028+0.004) were reduced in obese mice treatdu By
longum(Fig 2a-d).
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Figure 2. B. longum supplementation reduces adiposity of mice with obég induced by
HFD. Epididymal adipose tissue weight (a), retropeei adipose tissue weight (b),
mesenteric adipose tissue weight (c), adiposity (ta are presented as means + SEM.
Statistically significant differences between thheups are indicated d&p< 0.05% p< 0.01
#1n<0.001 in comparison to the ST group, and *p<0<0.01, ***p<0.001 in comparison

to the HFD group (one-way ANOVA).

Tolerance test, insulin sensitivity, and biochemidanalyses

The area analysisunder the curve of the glucosedinte test showed that obese animals
treated withB. longunpresented significantly reduced levels of glucokemcompared to their
respective control (HFD, 40543 + 5215 vs. HFB. #ongum,26178 + 2882)(Fig. 3a)
However, no differences were found between theggani the insulin resistance test (4B)(ST,
6428+ 183.0 vs. STB. Longum 6928 + 384.2; HFD, 6885+ 195.2 vs. HHB+Longum
6635+351.0YFig. 3b). In comparison to the HFD group, the mice fedkd +B. Longum
presented reduced levels of fasting glycemia (HE3,8 mg/dL + 12.24 vs. HFDB. Longum
77.00 mg/dL £ 13.8}Fig. 3c)and total cholesterol (HFD, 156.7 mg/dL + 23.73KED +B.
Longum 105.7 mg/dL + 5.78{Fig. 3d). However, the levels of triglycerides(ST,111.8 dig/
+6.275 vs. STB. Longum80.80 mg/dL + 6.264; HFD, 134.7
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mg/dL £ 9.528 vs. HFD B. Longuml41,7 mg/dL + 27.28{Fig. 3e)and (ST,60.53 mg/dL +
3.135vs. STB. Longum45.67 mg/dL £ 2.038; HFD, 55.33 mg/dL + 5.549 v&DH+B.
Longum55.63 mg/dL + 8.074{Fig. 3f) did not differ statistically in comparison to their

respective controls.
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Figure 3. B. longum improves glucose tolerance and blood glucose andatésterol levels
in obese miceGlucose tolerance teste and area under the curvagalin sensitivity teste and
area under the curve (b), glucose levels (c), ttakesterol (d), triglycerides (e), and High-
density lipoprotein (f). Data are presented as meaBEM. Statistically significant differences
between the groups are indicatedias 0.05* p< 0.01*¥<0.001 in comparison to the ST
group, and *p<0.05, *p<0.01, **p<0.001 in compson to the HFD group (one- way
ANOVA).

Liver weight, hematoxylin-eosin staining, and PCR analisys

No statistically significant differences were fouregjarding the liver weight of the mice
(Fig. 4a).Hepatic triglyceride decreased in the group of elssmals that receivegl longum
when compared to the obese control (HFD, 359863638; HFD+B. longum 190024 +
60260)(Fig 4b-c).

Quantitative real-time PCR (gRT-PCR) analysis sthibimereased expression of ACE2
(HFD, 3.143 + 1.244 vs. HFDB: Longum,7.158 + 1.315) and MASR (HFD, 1.597 +
0,584 vs. HFD B. Longunf3.137 + 0.186) in the group fed the HAB. Longumversus control
HFD mice. No significant differences in the ACE (BIR2.171 + 0.2619 vs. HFDBt
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Longum,3.708 = 0.510) expression were observed betwearpgrand their respective
controls Fig 4d-f).
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Figure 4.B. longum reduces the deposition of hepatic fat and modulatébe expression of
the axis ACE2/Ang-(1-7)/MasR of the rennin-angiotesin system.Liver weigh (a), hepatic
Hematoxylin & Eosin (HE) staining (b), ImageJ arsdyof hepatic triglycerides content (c),
hepatic angiotensin-converting enzyme (ACE) mRNAregsion (d), hepatic angiotensin-
converting enzyme 2 (ACE2) mRNA expression (e), &aks receptor (MASR) mRNA
expression (f). Data are presented as means + SElistically significant differences between
the groups are indicated §3<0.05*<0.001 in comparison to the ST group, and *p< 0.05
**p< 0.01, ***p< 0.001 in comparison to the HFD g (one-way ANOVA). HE ImagJ
analysis was performed using Student's t-test).

Discussion

Experimental and clinical studies have shown thgtpkmentation with probiotics
exerts different metabolic effects and that théfexts are strain-dependent (31, 32). There are
several mechanisms by which bacterial strains parftheir functions (33-35). Here, we
demonstrate for the first time that probiotic s@ppéntation withBifidobacterium longum
alters the expression of the RAS and the metabalisabese mice.

Our results demonstrated an anti-obesity effe¢heB. longumstrain in obese mice.
Chen et al. (36) also reported that the administiadf B. longumimproved the metabolic
profile of mice fed a hyperlipidic diet, reducingdy weight, adipocyte size, leptin levels, and

increasing adiponectin levels. Leptin is an adipekihat acts as a global messenger of the
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central nervous system (CNS), controlling foodketaenergy expenditure, satiety, and appetite
(37). Obesity and metabolic syndrome are charae@rby a resistance to leptin due to the
increase in adipokine levels (38). On the otherdhawliponectin regulates insulin sensitivity
and exerts antidiabetogenic, anti-atherosclerading anti-inflammatory effects, with an
enhancement of metabolic efficiency when their leage increased (39-41).

Improvement in glucose tolerance and reductioremrs glucose and total cholesterol
levels of obese animals that receigdlongumcorroborate with the results of other studies
(36, 42-44), and may be directly associated withti@darities of the interaction of this
microorganism with the intestinal microbiota of thest (17). As described previously,
Bifidobacteriumbelongs to theBacteroidetephylum, and the increase in its abundance is
directly related to the lean phenotype and metahbalprovement (8, 45). Microorganisms
colonizing the intestinal microbiota have the dbilio degrade polysaccharides and dietary
fiber, producing short-chain fatty acids (SCFAS$).the intestine, SCFAs bind to the short-
chain fatty acid receptor (GPR43) leading to semmebf anorexigenicpeptides, including
glucagon-like peptide-1 (GLP-1) and YYpeptide (PYYgsulting in improved glucose
tolerance and increased energy use (17).

Obesity is characterized by a low-grade inflammastaite (46-48) that causes increased
intestinal permeability, allowing the diffusion ofbacterial fragments, such as
lipopolysaccharides (LPS), from the intestine te thloodstream, resulting in metabolic
endotoxemia. Individuals fed a high-fat diet han@eased plasma levels of LPS (49, 50), which
stimulate inflammation through interaction with TRLeceptors (51, 52), leading to increased
weight gain and fat mass, hepatic triglyceridesiaadation, insulin resistance, type 2 diabetes,
and atherosclerosis (44, 53). These changes wsoeiated with a significant reduction in the
population ofLactobacillusspp.,Bifidobacteriumspp., andBacteroides Prevotellaspp in the
intestine.

In addition, prebiotic fibers were added to thed|ipid diet of rats and, as a result, an
increased abundance of intestifafidobacteriawas observed, and consequently improved
glucose tolerance, increased glucose-induced msa&cretion, normalized low-grade
inflammation, and decreased endotoxemia and pesmflatory cytokines (44, 54-57). Studies
in humans revealed that a lovwgifidobacteriumabundance was found in overweight, obese or
type 2 diabetic patients, whereas this abundansewgher in lean individuals(58). In addition,
B. longumcorrelated negatively with serum levels of LPSsiray the possibility that this
microorganism could be involved in the improvemehimetabolic endotoxemia in human
beings (58, 59).
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Recent studies have shown that bacteria produciagficl acid, including
Bifidobacterium longun{(60), have hypocholesterolemic effects in rats haothans. Some
possible mechanisms have been suggested such-8)(§1) fermentation products of lactic
acid bacteria inhibit enzymes involved in the sgsih of cholesterol and thus reduce their
production; (2) lactic acid bacteria facilitate #lenination of cholesterol in feces; (3) bacteria
inhibit the absorption of cholesterol back into ey by binding to cholesterol; (4) bacteria
interfere with the process of recycling bile saltfetabolic product of cholesterol) and facilitate
its elimination, which increases the demand fae bdlt produced from cholesterol and therefore
results in the consumption of body cholesterol; @)dhe assimilation of lactic acid.

Obese animals that receivBdlongunmhad a lower deposition of liver fat. Recently, Xu
et al. demonstrated thBtfidobacterium longursupplementation attenuated the accumulation
of hepatic fat in a model of non-alcoholic fattydr disease (64). In addition, supplementation
with VSL#3, a preparation composed of a mixturéoof strains ofactobacillus(L. casei, L.
plantarum, L. acidophilus, and L. delbrueckii subspulgaricug, three strains of
Bifidobacterium (B. longum, B. breveand B. infantig, and Streptococcus thermophilus
improved the fat-induced dietary hepatic steatassinsulin resistance in mice by modulating
hepatic natural killer T cells (NKT cells), suppsi®gy the TNFe/IKK-  signaling pathway, and
reducingthe inflammatory signaling (65). It hasoaieen suggested in some studies Bat
longumcan mitigate hepatic injuries caused by endotoxduced activation of macrophages
(66, 67).

Increased hepatic ECA2 and MasR expression obsénaukse animals treated with

B. longumdescribes for the first time a modulation of theA2fAng- (1-7)/MasR axis by a
probiotic strain. In addition, the metabolic impeswent observed in treated animals is also
associated with RAS, since the increased expressiBICE2 and the Mas receptor is directly
related to the increase in Ang- (1-7) (68). Thetfstudy showing the metabolic potential of
Ang-(1-7)/MasR was performed by Santos et al. (24)p demonstrated a worsening of
metabolic efficiency, as wel as dyslipidemia, imsuksistance, and decreased expression of
adiponectin and GLUT-4 in transgenic mice with Maseptor suppression. Later, it was
revealed that circulating Ang- (1-7) overexpressioproved the metabolic profile by lowering
lipids and reducing adipose tissue mass in TGR-R32%s (68).

Regarding hepatic homeostasis,an oral administratib Ang-(1-7) may decrease
gluconeogenesis in the liver, improving glucose lgnd metabolism (69). In addition, in HFD-
fed rats, inflammatory marker levels were decredwseckgulation of the
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resistin/TLR4/NF-KB pathway (68). Another remarlaliinding was that obese mice treated
with an oral formulation of Ang-(1-7) showed a sfgrant reduction in levels of TNB-and
IL-6, as well as decreased markers related to géipesis, such as acetyl CoA carboxylase
(ACC), PPAR-Y, and sterol-1c binding regulatorgigins (SREBP-1c) (70).

In summary, we showed that oral supplementatiorh \Bit longumimproved the
metabolic profile of mice with hyperlipidemic digtduced obesity, decreasing body weight,
adiposity, glucose tolerance, serum glucose, atad ¢tholesterol levels. Analysis of hepatic
tissue revealed that treated-obese mice had lovglyceride deposition in the liver.
Additionally, increased ECA2/Ang- (1-7)/MASR axixpession was observed in obese-
treated animals. The results of the present stuggest, for the first time, the modulation of
the RAS by theB. longunstrain. These findings may contribute to better emstind the
metabolic effects mediated by probiotics. Howetee, mechanisms that involve the possible
role of B. longumin the activation of the ECA2/Ang-(1-7)/MASR axistbe RAS in the liver
need to be further investigated.
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4 CONCLUSOES

Conclui-se que a ang-(1-7) é um importante mediaggativo de processos inflamatorios
agudos e cronicos, regulando a secre¢ao e acaadgaxinas, e funcionando muitas vezes
como uma adipocina, com acdo em diferentes orgélém disso, a administracdo oral de
ANG- (1-7) melhora a hiperglicemia, dislipidemiaatiera a morfologia das vilosidades
intestinais, possivelmente através da modulacdmideobiota intestinal, com consequente
melhora da disbiose intestinal e da endotoxemialndiita. Além disso, mostramos que a
suplementacao oral com o probiotiBo longummelhorou o perfil metabdlico e diminuiu a
deposicdo de triglicerideos no figado de camundorgon obesos. Adicionalmente, foi

observado um aumento da expressao do eixo ECAA/MIYMASR.

Em conjunto, esses achados sugerem para o prorpagel da ang-(1-7) e do probiotiBo
longumno tratamento dos distarbios metabdlicos assocadbgsidade por meio da regulagéo

da inflamacéo e da microbiota intestinal.
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ANEXO B - Normas para publicacéo no periodi@ellular Microbiology
Author Guidelines

Cellular Microbiologyis published monthly and is covered by Wiley Blaekis Accepted Articles
andEarly Viewservices.

Cellular Microbiologypublishes outstanding original scientific contribas on the intersection of
microbial and host cell biology. The focus is tlusthcell responses elicited by the interaction of
micro-organisms. Equal emphasis is placed on resgsoto prokaryotic, viral and eukaryotic micro-
organisms. In addition to mammalian systems, pagaasessing other hosts such as plants and insects
are strongly encouraged.

The Journal is a member of the Committee on Puldicdthics (COPE):
http://iwww.publicationethics.org.uk

Editorial Policy

The scope o€ellular Microbiologyincludes the host cell responses and interactilicited by
prokaryotic, viral and eukaryotic microorganisnmgluding helminths, protozoa and fungi, that
illuminate exploitation of host cell componentsydtion and signalling pathways, and may include
modulation or alteration of immune responses. Meishia insight obtained through robust
biochemical, genetic, cellular, and bioimaging teabgies are expected to support observational data
In addition to mammalian and plant systems, papedsessing other hosts such as invertebrate
systems are encouraged. Because viruses are itiietependent upon the host cell, virology-based
submissions t€ellular Microbiologyshould advance knowledge of the interaction ofsesiand host
cells. In addition to the principal content of fldhgth and short research papers, issues maydinclu
Editorials/Opinions, Microreviews and Technorevieagsregular features.

Research Papers
Full length or shorter communications of origineé@arch will be published (Breaking Reports). Only
complete reports will be published; notes or pralamy communications will not be considered.

Breaking Reports

Cellular Microbiology now offers the opportunity pablish ‘Breaking Reports’. Such submissions
will be handled expeditiously through the reviewqass. Breaking Reports are short-format papers
that report a single, key message highlightingoaigd-breaking advance. These reports should not
exceed 5-6 printed pages of the journal (approxiydt, 000 words) including a maximum of three
display items and no more than 30 references. @pert should be divided into sections as described
for full articles.

Microreviews

In addition to primary research articles, short tdieviews are published in areas of particularege
and current importance in the field ©éllular Microbiology The content of these reviews should
appeal broadly to the readership and highlight betent advances and areas that require additional
research. Reviews should focus on cell biologicairtes rather than being organism specific and
should include a broad range of microbial-hostrat@ons.
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Technoreviews

Short reviews dealing with technical advances phatide new approaches for examination of host-
pathogen interactions are welcome. Technoreviewsldlprovide an overview of the development
and/or application of the methodology includingréative strengths, advantages and potential
limitations.

Submission of Manuscripts

All manuscripts should be submitted onlinéntip://mc.manuscriptcentral.com/cell-micro. Any
articles submitted as hardcopy will be returneth&authors for re-submission. A user ID and
password are required and can be obtained onrttei§e of the site. Any articles submitted as
hardcopy will be returned to the authors for rersigsion. Full instructions are provided.

Full help and support are provided by e-mail (sug@scholarone.com), the web
( http://mc.manuscriptcentral.com/cell-micro). If you cannot submit online please contact the
Central Editorial Office:

Cellular MicrobiologyCentral Editorial Office, Wiley-Blackwell
9600 Garsington Road Oxford OX4 2DQ

UK

Fax: +44 1865 714591

E-mail: cell-micro-editorial-office@wiley.com

Manuscripts will be directed by subject categoryhi® appropriate Editor.

* Manuscripts addressing mechanisms of pathogenedibacterial-cellular interactions will be
directed to either Sergio Grinstein, Feng Shadhoerry Soldati.

Manuscripts concerning parasitology will be direlcte Artur Scherf.

Mycology manuscripts will be handled by Neil Gow.

Virology manuscripts will be directed to Jacominejikse Locker.

Microreviews and Technoreviews will be directedEtzabeth Hartland.

In the event of a potential conflict of interestiwa particular editor, authors may request another
editor to handle their manuscript.

Data Protection

By submitting a manuscript to or reviewing for tpigblication, your name, email address, and
affiliation, and other contact details the publicatmight require, will be used for the regular

operations of the publication, including, when reseey, sharing with the publisher (Wiley) and
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partners for production and publication. The pudilan and the publisher recognize the importance of
protecting the personal information collected frasers in the operation of these services, and have
practices in place to ensure that steps are takeraintain the security, integrity, and privacytloé
personal data collected and processed. You cam teare

at https://authorservices.wiley.com/statements/data-mtection-policy.html.

Accelerated decision procedure

Every effort will be made to ensure rapid publioatiAuthors will normally receive reviewers'
comments within four weeks of submission. To enslieebest service to authors and reviewers,
manuscripts may be immediately returned to authitfeout scientific review following editorial
assessment if it is deemed not suitableJellular Microbiologyor if extensive revisions are required.

To maintain current scientific reviews, revisiorisranuscripts should be resubmitted within 3
months of the editor's decision. Additional time fesubmission required to conduct specific
experimental protocols may be requested in advance.

No page charges will be levied. Papers must be stdahexclusively taCellular Microbiologyand

are accepted on the understanding that they havsera, and will not be, published elsewhere. ¥f an
part of a study submitted @ellular Microbiologyis resubmitted at a later date, the manuscript must
be directed to the Editor who originally handled it

If accepted, papers become copyright of the Joufndahors must give signed consent to publication
in a letter sent with the paper, but permissionge material elsewhere (e.g. in review articledl) wi
normally be granted on request.

The Publisher will dispose of all hardcopy or elesic material submitted two months after
publication.

Expedited Review

Cellular Microbiologyoffers an expedited review track for manuscript ttave been previously
reviewed by certain highly selective journals. dluyfeel that the previous reviews would support
publication of the manuscript @ellular Microbiology(in its present form, or after minor revision),
you are welcome to provide a copy of the reviewth wour submission (providing that you have first
obtained appropriate permission from the revieweshare their review with us).

Manuscripts should be re-formatted according tadbékular Microbiologyguidelines and submitted
via the ScholarOne manuscript submission systeeas@linclude:

e acover letter requesting expedited review,

» a PDF file of the originally submitted manuscriplaaded to Supplementary Files,

« the previous decision letter including peer revieavgl any manuscript correspondence,

< in addition, please include for the editor a pdiptpoint response to the previous critiques

We will not give any of this information to revievge We believe this makes the review process more
efficient, transparent and reasonable.

Manuscripts considered for expedited review areutated to the entire board of editors, and adefce
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an outside editorial advisor may also be obtaifrechany cases, expedited review can result in
manuscripts being accepted for publication (dependn any additional minor revisions that might be
needed) within 3-10 days.

PRESENTATION OF MANUSCRIPTS (IMPORTANT: for review articles please see below)
Papers should be as concise as possible, compatthlelarity and completeness. For guidance, eight
printed pages corresponds to 17 pages of douldespiaced manuscript with three figures/tables, 15
pages of manuscript with six figures/tables, opades of manuscript with eight figures/tables. The
text should be double spaced.

Figures included with online submissions shouldditable for onscreen viewing and desktop printing.
High resolution images (digital only) should bepd®d on request or on manuscript acceptance.

Figures

Please supply high quality digital versions of figsiin EPS or TIFF format to be used in production.
Photomicrographs should include a scaled bar atiddte the size (descriptions of magnification

alone are not sufficient). Submitted photographiages should be scaled to publication size and must
have an image resolution of 300 dpi or greaterli¥FTformat. Powerpoint files are no longer accepted
and TIFF files should not be produced by trangfigrimages from a previous Powerpoint file, as this
results in major loss in resolution. Annotated plgoaphs, line graphs and bar charts should be
generated in EPS format for best quality of repotidn. For more detailed guidelines, please rafer t
http://authorservices.wiley.com/bauthor/illustration.asp

Provide methodological details on image acquisitiod image processing, including software and
operations such as colourizing and other modificesti The Editors remind authors that it is not
acceptable scientific conduct to modify any semaedément within an image. Sometimes adjustments
of the entire image in brightness, contrast andwdbalance are justified if they do not misrepnese
the original, observed data. Composite figures amsag of grouped images such as insets from
different fields or separate parts of gels mustxygained in the figure legend and differentiatgd b

use of dividing lines or other means to make come®sinambiguous.

Please ensure that electronic artwork is preparek that, after reduction to fit across one or two
columns or two-thirds page width (80mm, 169mm ddrafin respectively) as required, all lettering

will be clear and easy to read, i.e. no labels khbe too large or too small. Avoid using tints if
possible; if they are essential to the understandfrthe figure, try to make them coarse. No arkwor
should be incorporated into the text files.

In the full-text online edition of the Journal, dige legends may be truncated in abbreviated linkke
full-screen version. Therefore, the first 100 chtaes of any legend should inform the reader of key
aspects of the figure.

Video files
Our preferred file format for movies is .mp4.

Presentation of Manuscripts (REVIEW ARTICLES)
Reviews should be 4-7 pages in length (approxim&@00 words including references) plus one or

two figures.Cellular Microbiologyencourages the publication of colour figures if rated in
Reviews. Colour illustrations should be used tdhignt the major concepts, models, or techniques
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described in the body of the text. However, adddicupplemental material may be submitted for
publication online only. Please include the wordrtoon the title page before submission. In general
authors should avoid the use of unpublished warkef@rences to such materials, that will not be
directly accessible to the readers. Reviews wilbligiected to peer review in order to assure they
contain a broad and fair perspective of the tofsecthe majority of Reviews are invited by the edito
the review process is designed primarily as a m@shato improve the content and presentation of
the manuscript.

Figures

We strongly encourage authors to develop one omtagels that capture the major findings of their
review topics. Your submitted artwork will be restisby an in-house artist who will provide an
illustration in the unified style for the journdlhis will be sent to you for final approval before
publication.

*Important guidelines: please submit colour artwiorieither high-resolution PDF format or TIFF
format (image resolution of 300 dpi or greater).f&jures should have a maximal width of 169 mm
and a maximal height of 228 mm. The minimal fomesshould be 8 and that the font should be
Helvetica.

Thefollowing appliesto all manuscript types:

Title page

Should include the author's name(s), affiliationd the address to which all correspondence and
should be sent. Telephone and fax numbers shasddoal supplied, along with an e-mail address if
available. Present addresses of authors shouldappea footnote. A running title of not more ti5én
characters should be provided.

Nomination of reviewers

Authors should nominate six reviewers to be usetitheir contact information, and may suggest up
to two reviewers not to use (additional justificatishould be provided in the covering letter).
However the Editors reserve the right to seleceexgviewers at their discretion.

Summary

All papers must normally include a summary not exiveg 200 words. The main text should be
subdivided into Introduction, Results, Discussiod &xperimental procedures. The Results and
Discussion sections may be combined and can inelddiional subheadings. Experimental
procedures should be sufficiently detailed to emdik experiments to be reproduced. (For review
papers, the main text should be subdivided intclddneadings that summarize the main points of the
review).

All pages must be numbered consecutively. Tabigstd legends and acknowledgements should
follow the main text, each on a separate page.neoes should be avoided.

Standard abbreviations should be as recommend&uantities, Units, and Symbols (The Royal
Society, 1988). Abbreviations of non-standard teshwauld follow, in parentheses, their first fulbge.

Manuscript Text
The manuscript text file should be uploaded agarsee Word document. Files should be formatted
double-spaced with no hyphenation and automaticwaoap (no hard returns within paragraphs).
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Please type your text consistently, e.g. take wadistinguish between '1' (one) and 'I' (lowerechy
and '0' (zero) and 'O’ (capital O), etc.

Tables
Tables should be typed as text, using either 'tats'table editor for layout. Do not use graphics
software to create tables.

Mathematics
In-line equations should be typed as text. Theafiggaphics programmes and 'equation editors'
should be avoided. Displayed equations are rekbyeaalir typesetter.

APA Reference style

Manuscripts should use the APA referencing styletaided guide and examples can be found here:
https://www.apastyle.org/

Genetic Nomenclature

Standard genetic nomenclature should be used. Bor detailed information, authors should consult
Bachman icrobiol Rev47: 180-230, 1983) fdE. coliK-12; Sanderson and RotNlicrobiol Rew7:
310-453, 1983) foBalmonella typhimuriupHolloway et al. (Microbiol Rev43: 73-102, 1979)

for Bacillus subtilis Perkinset al. (Microbiol Rev46: 426-570, 1982) fdleurospora crassand the
Handbook of Genetics Vol. 1 (R. C. King, ed., PlarRress, 1974) fdaccharomyces cerevisiae

Restriction Enzymes

Cellular Microbiologyhas adopted the revised convention of naming oéisini enzymes without
italics. The previous style w&cdRlI, Kpnl, Hindlll, Sadl, etc. These should now be written EcoRl,
Kpnl, Hindlll, Sacll. For more information on th@dated guidelines to naming restriction enzymes
please consult Robers al. (Nucleic Acids Re31: 1805-1812).

Sequence Data Submission

Nucleotide sequence data can be submitted in efectform to any of the three major collaborative
databases: DDBJ/EMBL/GenBank. It is only necesgagubmit to one database, without regard to
where the sequence data will be published. Datayarieanged between DDBJ, EMBL and GenBank
on a daily basis. The suggested wording for rafgrtd accession number information is: 'These
sequence data have been submitted to the DDBJ/EGBiIBank databases under accession number
U12345'. Addresses for these databases can baedtapom theCellular MicrobiologyWeb site

( http://mww.cell-micro.com).

(New) Automated Data Repository Deposition

Cellular Microbiologyis part of a new initiative to streamline submissideposition, and permanent
archival of data files in association with manugisi This is a simple, free, and low-effort servize

all Cellular Microbiologyauthors. This service is specifically tailored diata files that are not
necessarily suitable for deposition into largenagoment/institutional repositories, i.e. small GSV
images, PDFs, etc. Often, these smaller datashkilkg valuable, are submitted as Supporting
Information; this new service does not replace 8ujimg Information, althouglellular
Microbiologyencourages authors to classify files that woulcehareviously been submitted as
Supporting Information as “Data Files” during thémission process. If you decide to take advantage
of this service, the following will happen, assumirour manuscript is accepted for publication:

1. Files submitted and categorized as “Data Filesl' lvélpermanently deposited into tGellular
Microbiologyfigshare repository: live examples are availdidee.
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2. These files will inherit metadata from your manigstcwith no effort required on your part.

3. Your files on figshare will be assigned a singlelD@aking them uniquely identified and citable.
4. The link/DOI for your files will be automaticallyilined into your manuscript, in a new section
called “Data Accessibility”: a simple example isadablehere.

Again, there is no cost for this service, using #s simple as selecting “Data Files” for appraigri
files during file submission, from the standardlygldwn menu in the submission system. No
additional effort is required on your part, althbugpu may, if you wish, create a “Data Accessiyilit
section in your manuscript ahead of time and pmgioime short context (e.g. the equivalent of
legends) for each of your files.

For additional information/FAQs, please refer tis fhage
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interest or relationship, financial or otherwidgttmight be perceived as influencing an author’s
objectivity is considered a potential source offtionof interest. These must be disclosed when
directly relevant or indirectly related to the wdhat the authors describe in their manuscript.
Potential sources of conflict of interest includg are not limited to patent or stock ownership,
membership of a company board of directors, merhijes an advisory board or committee for a
company, and consultancy for or receipt of spealiees from a company. The existence of a conflict
of interest does not preclude publication in thigrpal.

If the authors have no conflict of interest to dee| they must also state this at submission titds
responsibility of the corresponding author to rewthis policy with all authors and to collectivdigt
in the cover letter to the Editor, in the manudcfimder the Acknowledgment section), and in the
online submission system ALL pertinent commercial ather relationships.

Pre-submission English-language editing

Authors for whom English is a second language ntpse to have their manuscript professionally
edited before submission to improve the Englististof independent suppliers of editing services
can be foundhere. All services are paid for and arranged by théatand use of one of these
services does not guarantee acceptance or preggi@ngublication.

Copyright and Permissions

If your paper is accepted, the author identifiethasformal corresponding author for the paper will
receive an email prompting them to login into AutBervices; where via the Wiley Author Licensing
Service (WALS) they will be able to complete theehise agreement on behalf of all authors on the
paper.

For authors signing the copyright transfer agreemen

If the OnlineOpen option is not selected the cqoesling author will be presented with the copyright
transfer agreement (CTA) to sign. The terms andlitions of the CTA can be previewed in the
samples associated with the Copyright FAQs below:

CTA Terms and Conditionsttp://authorservices.wiley.com/bauthor/faqs_copymght.asp
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For authors choosing OnlineOpen

If the OnlineOpen option is selected the correspanduthor will have a choice of the following
Creative Commons License Open Access Agreement&OA

Creative Commons Attribution License OAA

Creative Commons Attribution Non-Commercial Lice&A

Creative Commons Attribution Non-Commercial -NoD®@srLicense OAA

To preview the terms and conditions of these operss agreements please visit the Copyright FAQs
hosted on Wiley Author Services. If you select@dineOpen option and your research is funded by
The Wellcome Trust and members of the ResearchdleuwK (RCUK) you will be given the
opportunity to publish your article under a CC-Bdehse supporting you in complying with

Wellcome Trust and Research Councils UK requiremdsdr more information on this policy and the
Journal’s compliant selfarchiving policy pleasetvisttp://www.wiley.com/go/funderstatement

NEW: Online production tracking is now available for your article through Author Services
Author services enables authors to track theiclartionce it has been accepted- through the
production process to publication online. Authaxa check the status of their articles on line and
choose to receive automated e-mails at key stdg@eduction so they don't need to contact the
production editor to check on progress. The authibreceive an email with a unique link that
enables them to register and have their articleraatically added to the system. Please ensurathat
complete e-mail address is provided when submittiegmanuscript.

Visit http://authorservices.wiley.com/bauthor/for more details on online production tracking and
wealth of resources including FAQs and tips orckfpreparation, submission and more.

Accepted Atrticles

Cellular Microbiologyoffers Accepted Articles. Accepted Articles havemaccepted for publication
and undergone full peer review but have not bemugh the copyediting, typesetting, pagination and
proofreading process. Accepted Articles are pubtisbnline a few days after final acceptance, appear
in PDF format only, are given a Digital Object Itiéar (DOI), which allows them to be cited and
tracked, and are indexed by PubMed.

Proofs

Authors will receive an e-mail notification withliak and instructions for accessing HTML page
proofs online. Page proofs should be carefully fvezal for any copyediting or typesetting errors.
Online guidelines are provided within the systern.dgecial software is required, all common
browsers are supported. Authors should also maieetbat any renumbered tables, figures, or
references match text citations and that figuremelg correspond with text citations and actual
figures. Proofs must be returned within 48 hourseokipt of the email. Return of proofs via e-nisiil
possible in the event that the online system cabeatsed or accessed.

ELocators

This journal now uses elLocators. eLocators areugnidentifies for an article that service the same
function page numbers have traditionally servetth@print world. When citing this article, please
insert the eLocator in place of the page numbarnkwe information, please visit the Author Sersice
elLocator pagéere.



105

Referrals to the Open Access Journa\licrobiologyOpen

This journal works together with one of Wiley's op& access journalsMicrobiologyOpen to
enable rapid publication of good quality researchhat is unable to be accepted for publication
by our journal. Authors may be offered the option & having the paper, along with any related
peer reviews, automatically transferred for consideation

by MicrobiologyOpen.MicrobiologyOpen is a Wiley open access journals and article publi¢i@n
fees apply. For more information, please go to wwwicrobiologyopen.com/info.

Offprints

Free access to the final PDF offprint or your artite will be available via author services only.
Please therefore sign up for author services if yowould like to access your article PDF offprint
and enjoy the many other benefits the service offer

Video Abstracts

A video abstract can be a quick way to make thesagsof your research accessible to a much larger
audience. Wiley and its partner Research Squaee af§ervice of professionally produced video
abstracts, available to authors of articles acckipt¢his journal. You can learn more about it
atwww.wileyauthors.com/videoabstractsIf you have any questions, please direct them to
videoabstracts@wiley.com

Distribution of Strains
The publication of an article i@ellular Microbiologyis subject to the understanding that authors will
distribute freely any strains, clones or antibodiescribed therein for use in academic research.

Cellular Microbiology

are welcomed by the Editors. It is preferable,mitessential, that these should be related to
submitted papers. A free pdf offprint of the cowelt be provided to the author whose photograph is
reproduced thereon.
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ANEXO C - Normas para publicacéo no periodigie Sciences

Your Paper Your Way

We now differentiate between the requirements &w and revised submissions. You may choose to
submit your manuscript as a single Word or PDFtéilee used in the refereeing process. Only when
your paper is at the revision stage, will you lepuessted to put your paper in to a ‘correct forfoat'
acceptance and provide the items required for tidigation of your article.

To find out more, please visit the Preparation seimn below.

m Introduction

Life Sciences an international journal publishing articlesttaenphasize the molecular, cellular, and
functional basis of therapy. All articles are rigosly reviewed. The Journal favors publicationudkf
length papers where modern scientific technologiesused to explain molecular, cellular and
physiological mechanisms. Articles that merely répbservations are rarely accepted. Articles
should be written at a level accessible to readsare non-specialists in the topic of the article
themselves, but who are interested in the research.

The Journal welcomes reviews on topics of wider@sieto investigators in the life sciences. We
particularly encourage submission of focused resieantaining high-quality artwork and mechanistic
diagrams.

IMPORTANT INFORMATION

« Submission of a paper will be held to imply that thanuscript contains original unpublished work
and is not being submitted for publication elsewher

« Manuscripts should present novel findings addressignificant biological questions. Studies that
fail to do so may be rejected without review.

* Quantitative conclusions must be based on trulytiisive methods.

« Life Sciencesdloes not publish work on the actions of biologieracts of unknown chemical
composition. Compounds studied must be of knowmated structure and concentration.

» The study must be reproducible; materials used beuatvailable to other researchers so they can
repeat the experiment.

For more details on how to write a world class papkease visit our Pharmacology Author Resources
page.

Please include word count and figure/table count othe cover page of your manuscript.

Authors are encouraged to submit video material oanimation sequenceso support and enhance
your scientific research. For more information pkeaee the paragraph on video data below.

Types of article

e Original research articles
* Reviews



107

Submission checklist

You can use this list to carry out a final checkyofir submission before you send it to the joufoal
review. Please check the relevant section in thisi€&for Authors for more details.

Ensure that the following items are present:

One author has been designated as the correspandimgr with contact details:
e E-mail address
« Full postal address

All necessary files have been uploaded:
Manuscript
* Include keywords
« All figures (include relevant captions)
» All tables (including titles, description, footnsje
« Ensure all figure and table citations in the teatch the files provided
« Indicate clearly if color should be used for argufies in prinlGraphical Abstracts / Highlights
files (where applicableupplemental filegvhere applicable)

Further considerations

« Manuscript has been 'spell checked' and 'gramnesukeldl’

* All references mentioned in the Reference Listciter in the text, and vice versa

» Permission has been obtained for use of copyrighmizerial from other sources (including the
Internet)

* A competing interests statement is provided, ef/éreiauthors have no competing intereststo
declare

« Journal policies detailed in this guide have besrewed

» Referee suggestions and contact details providesbon journalrequirements For further

information, visit our Support Center.

g Before You Begin

Ethics in publishing

Please see our information pages on Ethics in ghiblj and Ethical guidelines for journal
publication.

Studies in humans and animals

If the work involves the use of human subjects,abtnor should ensure that the work described has
been carried out in accordance with The Code atkibf the World Medical

Association (Declaration of Helsinki) for experintginvolving humans. The manuscript should be in
line with the Recommendations for the Conduct, Repg Editing and Publication of Scholarly

Work in Medical Journals and aim for the inclusaimepresentative human populations (sex, age and
ethnicity) as per those recommendations. The tearsand gender should be used correctly.



108

Authors should include a statement in the manustirgi informed consent was obtained for
experimentation with human subjects. The privaghts of human subjects must always be observed.

All animal experiments should comply with the ARRB\guidelines and should be carried out in
accordance with the U.K. Animals (Scientific Progess) Act, 1986 and associated guidelines, EU
Directive 2010/63/EU for animal experiments, or Negional Institutes of Health guide for the care
and use of Laboratory animals (NIH Publications 8@R23, revised 1978) and the authors should
clearly indicate in the manuscript that such guided have been followed. The sex of animals must be
indicated, and where appropriate, the influenceagsociation) of sex on the results of the study.

Conflict of Interest Policy

The Journal requires full disclosure of all potehtionflicts of interest. At the end of the manigscr
text, under a subheading "Conflict of Interestestant”, all authors must disclose any financial and
personal relationships with other people or orgetioas that could inappropriately influence (bias)
their work. If there are no conflicts of intereste authors should state: "The authors declardlibas
are no conflicts of interest.” See also https://wealgevier.com/conflictsofinterest. A signed Cortflic
of Interests Policy Form is required upon submissiche corresponding author is responsible for
completing the form, and signing it on behalf dfaalthors.

Submission declaration and verification

Submission of an article implies that the work dibsd has not been published previously (except in
the form of an abstract, a published lecture odewdc thesis, see '‘Multiple, redundant or conctirren
publication' for more information), that it is nabder consideration for publication elsewhere, itisat
publication is approved by all authors and taaitlyexplicitly by the responsible authorities where
work was carried out, and that, if accepted, it malt be published elsewhere in the same form, in
English or in any other language, including eleditally without the written consent of the copyitigh
holder. To verify originality, your article may lohecked by the originality detection service Creksr
Similarity Check.

Use of inclusive language

Inclusive language acknowledges diversity, convegpect to all people, is sensitive to differences,
and promotes equal opportunities. Articles shoudttemno assumptions about the beliefs or
commitments of any reader, should contain nothihgclwmight imply that one individual is superior
to another on the grounds of race, sex, cultuangrother characteristic, and should use inclusive
language throughout. Authors should ensure thaingris free from bias, for instance by using 'he o
she’, ‘his/her' instead of 'he’ or 'his’, and bkintause of job titles that are free of stereotgp(e.qg.
‘chairperson' instead of 'chairman' and 'flightradant’ instead of 'stewardess').

Author contributions

For transparency, we encourage authors to subnaitinor statement file outlining their individual
contributions to the paper using the relevant CRedlies: Conceptualization; Data curation; Formal
analysis; Funding acquisition; Investigation; Methlmgy; Project administration; Resources;
Software; Supervision; Validation; VisualizationplRs/Writing - original draft; Writing - review &
editing. Authorship statements should be formattid the names of authors first and CRediT role(s)
following. More details and an example
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Authorship

All authors listed on your paper must have madeitgnt contributions to the study. To ensure
clarity, you are required upon submission to etiterspecific details of each author's contribution,
which must substantiate the inclusion of each geosothe manuscript. This information is required
to be filled in on the Conflict of Interests Poliapd Author Statement Form.

Changes to authorship

Authors are expected to consider carefully thealist order of authotseforesubmitting their
manuscript and provide the definitive list of authat the time of the original submission. Any
addition, deletion or rearrangement of author naiméise authorship list should be made

only before the manuscript has been accepted and only if apdrby the journal Editor. To request
such a change, the Editor must receive the follgvfiam thecorresponding author. (a) the reason
for the change in author list and (b) written confition (e-mail, letter) from all authors that they
agree with the addition, removal or rearrangemarthe case of addition or removal of authors, this
includes confirmation from the author being addeckmoved.

Only in exceptional circumstances will the Editonsider the addition, deletion or rearrangement of
authorsafter the manuscript has been accepted. While the Echitmsiders the request, publication of
the manuscript will be suspended. If the manustidgtalready been published in an online issue, any
requests approved by the Editor will result in erigendum.

Copyright

Upon acceptance of an article, authors will be dsecomplete a 'Journal Publishing Agreement' (see
more information on this). An e-mail will be seantthe corresponding author confirming receipt ef th
manuscript together with a 'Journal Publishing &gnent' form or a link to the online version of this
agreement.

Subscribers may reproduce tables of contents @apedists of articles including abstracts for intd
circulation within their institutions. Permissiohtbe Publisher is required for resale or distridut
outside the institution and for all other derivatiworks, including compilations and translatioffis. |
excerpts from other copyrighted works are included,author(s) must obtain written permission from
the copyright owners and credit the source(s) éndtticle. Elsevier has preprinted forms for use by
authors in these cases.

For gold open access articles: Upon acceptance aftele, authors will be asked to complete an
'Exclusive License Agreement' (more informatiorgrrRitted third party reuse of gold open access
articles is determined by the author's choice ef lisense.

Author rights
As an author you (or your employer or institutibiayve certain rights to reuse your work. More
information.

Elsevier supports responsible sharing
Find out how you can share your research publigh&tsevier journals.
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Role of the funding source

You are requested to identify who provided finahsigport for the conduct of the research and/or
preparation of the article and to briefly desctite role of the sponsor(s), if any, in study design
the collection, analysis and interpretation of datahe writing of the report; and in the decision
submit the article for publication. If the fundisgurce(s) had no such involvement then this shioeild
stated.

Funding body agreements and policies
Elsevier has established a number of agreemerttsuvitiing bodies which allow authors to comply

with their funder's open access policies. Someifighdodies will reimburse the author for the gold
open access publication fee. Details of existingagents are available online.

Open access
This journal offers authors a choice in publishihgir research:

Subscription

« Atrticles are made available to subscribers asagetleveloping countries and patient groups
through our universal access programs.

* No open access publication fee payable by authors.

« The Author is entitled to post the accepted manpisicr their institution's repository and make this
public after an embargo period (known as green @ueess). The published journal article cannot be
shared publicly, for example on ResearchGate odéwsa.edu, to ensure the sustainability of peer-
reviewed research in journal publications. The exgpbgeriod for this journal can be found below.
Gold open access

* Articles are freely available to both subscriberd the wider public with permitted reuse.

« A gold open access publication fee is payable blyaaa or on their behalf, e.g. by their research
funder or institution.

Regardless of how you choose to publish your astitle journal will apply the same peer review
criteria and acceptance standards.

For gold open access articles, permitted thirdyp@e)use is defined by the following Creative
Commons user licenses:

Creative Commons Attribution (CC BY)

Lets others distribute and copy the article, createacts, abstracts, and other revised versions,
adaptations or derivative works of or from an #&tisuch as a translation), include in a collective
work (such as an anthology), text or data mineattiele, even for commercial purposes, as long as
they credit the author(s), do not represent thbauds endorsing their adaptation of the artiabel, @
not modify the article in such a way as to damégeauthor's honor or reputation.

Creative Commons Attribution-NonCommercial-NoDerivs (CC BY-NC-ND)

For non-commercial purposes, lets others distrinntécopy the article, and to include in a colle=ti
work (such as an anthology), as long as they ctiediauthor(s) and provided they do not alter or
modify the article.
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The gold open access publication fee for this jalisiuUSD 3400 excluding taxes. Learn more about
Elsevier's pricing policy: https://www.elsevier.ctmpenaccesspricing.

Green open access

Authors can share their research in a variety fiérint ways and Elsevier has a number of green
open access options available. We recommend awthersur open access page for further
information. Authors can also self-archive theimmscripts immediately and enable public access
from their institution's repository after an embmmgeriod. This is the version that has been acdepte
for publication and which typically includes authincorporated changes suggested during
submission, peer review and in editor-author comoations. Embargo period: For subscription

articles, an appropriate amount of time is needegbiurnals to deliver value to subscribing custmne
before an article becomes freely available to thiglip. This is the embargo period and it begingnfro
the date the article is formally published onlinets final and fully citable form. Find out more.

This journal has an embargo period of 12 months.

Elsevier Researcher Academy

Researcher Academy is a free e-learning platforsigded to support early and mid-career
researchers throughout their research journey:'Ié&&n" environment at Researcher Academy offers
several interactive modules, webinars, downloadgbides and resources to guide you through the
process of writing for research and going througérpeview. Feel free to use these free resouaces t
improve your submission and navigate the publicgpimcess with ease.

Language (usage and editing services)

Please write your text in good English (AmericarBdtish usage is accepted, but not a mixture of
these). Authors who feel their English language usaript may require editing to eliminate possible
grammatical or spelling errors and to conform to@ct scientific English may wish to use the Erglis
Language Editing service available from ElsevidtabShop.

Submission

Submission to this journal proceeds totally onlidse the following guidelines to prepare your #atic
Via the homepage of this journal (https://www.elsexom/journals) you will be guided stepwise
through the creation and uploading of the varidles fThe system automatically converts sourcs file
to a single Adobe Acrobat PDF version of the agtigthich is used in the peer-review process. Please
note that even though manuscript source files angarted to PDF at submission for the review
process, these source files are needed for fuptioeessing after acceptance. All correspondence,
including notification of the Editor's decision aratjuests for revision, takes place by e-mail dad v
the author's page in EES, removing the need fard-bopy paper trail.

Specific queries can be directed to lifesci@elgexoan.

Referees

To expedite the review process, authors must sutemiies of 4 - 6 individuals who are qualified to
review their work. Include the email address ofhgpotential referee, as much contact information as

possible, and why you feel this person is compdtergview your work. You should not have
collaborated with the suggested reviewers at ang th the past five years. In our effort to enhance
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global perspective and communication of scienassehndividuals should be associated with
institutions from as many different regions as fimegEurope, North America, Asia, etc.). Exception
Symposium submissions which have been previousigwed and approved by their Organizing
Committee.

u Preparation

NEW SUBMISSIONS

Submission to this journal proceeds totally onkmel you will be guided stepwise through the creatio
and uploading of your files. The system automdijaadnverts your files to a single PDF file, whish
used in the peer-review process.

As part of the Your Paper Your Way service, you rolagose to submit your manuscript as a single
file to be used in the refereeing process. Thisbeaa PDF file or a Word document, in any format or
lay-out that can be used by referees to evaluateryanuscript. It should contain high enough qualit
figures for refereeing. If you prefer to do so, yoay still provide all or some of the source fisgghe
initial submission. Please note that individuaufig files larger than 10 MB must be uploaded
separately.

References

There are no strict requirements on reference fiimgaat submission. References can be in any style
or format as long as the style is consistent. Whpmicable, author(s) name(s), journal title/book
title, chapter title/article title, year of publit@n, volume number/book chapter and the articiminer

or pagination must be present. Use of DOI is higinlgouraged. The reference style used by the
journal will be applied to the accepted articleHdgevier at the proof stage. Note that missing daita

be highlighted at proof stage for the author toectr

Formatting requirements

There are no strict formatting requirements butrahuscripts must contain the essential elements
needed to convey your manuscript, for example AbstKeywords, Introduction, Materials and
Methods, Results, Conclusions, Artwork and Tabligh @aptions.

If your article includes any Videos and/or othepflementary material, this should be included in
your initial submission for peer review purposes.

Divide the article into clearly defined sections.

Figures and tables embedded in text

Please ensure the figures and the tables includiégisingle file are placed next to the relevaxt in
the manuscript, rather than at the bottom or tpeofdhe file. The corresponding caption should be
placed directly below the figure or table.

Peer review

This journal operates a double blind review procafiscontributions will be initially assessed Hyet
editor for suitability for the journal. Papers demhsuitable are then typically sent to a minimum of
two independent expert reviewers to assess thetsiceuality of the paper. TheEditor is respdiiei
for the final decision regarding acceptance orctae of articles. The Editor's decision is finlslore
information on types of peer review.
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Double-blind review

This journal uses double-blind review, which metesidentities of the authors are concealed fraan th
reviewers, and vice versa. More information is @& on our website. To facilitate this, pleasgude
the following separately:

Title page (with author details¥his should include the title, authors' namesliafions,
acknowledgements and any Declaration of Interestistent, and a complete address for the
corresponding author including an e-mail address.

Blinded manuscript (no author detailgjhe main body of the paper (including the refersnégures,

tables and any acknowledgements) should not incagiédentifying information, such as the authors'
names or affiliations.

Language

Please write your text in good English (AmericarBdtish usage is accepted, but not a mixture of
these). For language assistance, please see Lan§eagces, above. Use decimal points (not decimal
commas); use a space for thousands (10 000 ane)abov

Use of word processing software

Regardless of the file format of the original sugsion, at revision you must provide us with an
editable file of the entire article. Keep the layotithe text as simple as possible. Most formgttin
codes will be removed and replaced on processmagiticle. The electronic text should be prepaned i
a way very similar to that of conventional manystri(see also the Guide to Publishing with
Elsevier). See also the section on Electronic akwo

To avoid unnecessary errors you are strongly advisese the 'spell-check’ and ‘grammar-check’
functions of your word processor.

Organization of the manuscript

Beginning with the first page, present your manipsan the order below:

1. Title: First letter capitalized, subsequentdettin lower case. Maximum length 150 characters
including spaces. Avoid abbreviations.

2a. Names of all authors.

2b. Affiliations of all authors. If necessary, agerscripted lowercase letters after the autharise

to distinguish affiliations.

3. Author to whom proofs and correspondence shoukebg, including name, mailing address,
telephone and fax numbers, and e-mail address.

4. A structured abstract has to be submitted forléugth articles (not for reviews) of no more than
250 words. The following headings must be used:

Aims:

Main methods:

Key findings:

Significance:

5. Three or more key words for indexing purposesdditzon to key words from the title, please
suggest other terms that help define the studyeki¢eurage authors to test the relevance of thgir ke
words by using them for a database search and corgphe results with the topic of their own paper.

Word limits: In full papers, individual sections should be no longer than fditt250 words,
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Introduction 500 words, Discussion 1500 words, Qusion 150 words. Materials and Methods and
Results sections should be concise but there fernmal word limit.

Headings: Papers must include the major headings Abstraitgdaction, Materials and Methods,
Results, Discussion, Conclusion, Acknowledgmenid, References. Include subheadings as
appropriate. Review articles must contain Absteenct Introduction, with subsequent headings and
subheadings as appropriate.

I ntroduction
State the objectives of the work and provide amadte background, avoiding a detailed literature
survey or a summary of the results.

Material and methods

Provide sufficient details to allow the work to teproduced by an independent researcher. Methods
that are already published should be summarizetliraiicated by a reference. If quoting directly
from a previously published method, use quotatianksand also cite the source. Any modifications
to existing methods should also be described.

Results
Results should be clear and concise.

Discussion
This should explore the significance of the resoitthe work, not repeat them. Avoid extensive
citations and discussion of published literature.

Conclusions
Present the conclusions of the study in a shortlbsions section.

The Graphical Abstract is optional for researcitks, but mandatory for reviews. GAs should
summarize the contents of the article in a congigtorial form designed to capture the attentiba o
wide readership online. Graphical abstracts shbeldubmitted as a separate file in the online
submission system. Refer to the following websirenfiore

information https://www.elsevier.com/graphicalabsts.

Abbreviations

Abbreviations must be explained the first time they used, both in the Abstract and again in the
main text.

Abbreviations used as names of cell lines do netirie be explained, but the species and tissue of
origin should be made clear in text the first titne cell line is mentioned. Examples: "the human
colonic adenocarcinoma cell line Caco-2" or "thecpwe renal endothelial cell line LLC-PK1".

Acknowl edgements

Collate acknowledgements in a separate sectidreadrid of the article before the references and do
not, therefore, include them on the title pages &sotnote to the title or otherwise. List heresto
individuals who provided help during the reseasely.( providing language help, writing assistance o
proof reading the article, etc.).
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Please note that funding information must appedeuthe Acknowledgments heading.

Formatting of funding sources
List funding sources in this standard way to féaié compliance to funder's requirements:

Funding: This work was supported by the Nationatitutes of Health [grant numbers xxxx, yyyyl;
the Bill & Melinda Gates Foundation, Seattle, WAdgt number zzzz]; and the United States
Institutes of Peace [grant number aaaa].

It is not necessary to include detailed descrigtion the program or type of grants and awards. When
funding is from a block grant or other resourceailable to a university, college, or other research
institution, submit the name of the institute ogamization that provided the funding.

If no funding has been provided for the researtdgge include the following sentence:

This research did not receive any specific grasmnffunding agencies in the public, commercial, or
not-for-profit sectors.

Footnotes

Footnotes should be used sparingly. Number thersemnively throughout the article. Many word

processors build footnotes into the text, andféasure may be used. Should this not be the case,

indicate the position of footnotes in the text @nelsent the footnotes themselves separately atithe
of the article.

Artwork

Electronic artwork

General points

* Make sure you use uniform lettering and sizingairyoriginal artwork.

« Preferred fonts: Arial (or Helvetica), Times NewrRan (or Times), Symbol, Courier.

* Number the illustrations according to their seqeeincthe text.

* Use a logical naming convention for your artwotkdi

< Indicate per figure if it is a single, 1.5 or 2-goin fitting image.

« For Word submissions only, you may still providguties and their captions, and tables within a
single file at the revision stage.

» Please note that individual figure files largemtti® MB must be provided in separate source files.
A detailed guide on electronic artwork is available

You are urged to visit this site; some excerpts fim the detailed information are given here.
Formats

Regardless of the application used, when your releict artwork is finalized, please 'save as' or
convert the images to one of the following form@aiste the resolution requirements for line drawjngs
halftones, and line/halftone combinations giverohgi

EPS (or PDF): Vector drawings. Embed the font @edhe text as 'graphics’.

TIFF (or JPG): Color or grayscale photographs {ba#s): always use a minimum of 300 dpi. TIFF
(or JPG): Bitmapped line drawings: use a minimurh@30 dpi.

TIFF (or JPG): Combinations bitmapped line/halfddnolor or grayscale): a minimum of 500 dpi is
required.

Please do not:

« Supply files that are optimized for screen use. (&tf~, BMP, PICT, WPG); the resolution is too
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low.
e Supply files that are too low in resolution.
« Submit graphics that are disproportionately lagetie content.

Color artwork

Please make sure that artwork files are in an aabkpformat (TIFF (or JPEG), EPS (or PDF), or MS
Office files) and with the correct resolution. thgether with your accepted article, you submibiesa
color figures then Elsevier will ensure, at no éiddal charge, that these figures will appear iloico
online (e.g., ScienceDirect and other sites) rdgasdof whether or not these illustrations are
reproduced in color in the printed versi®ior color reproduction in print, you will receive

information regarding the costs from Elsevier afterreceipt of your accepted article Please

indicate your preference for color: in print or ioel only. Further information on the preparation of
electronic artwork.

Figure captions

Ensure that each illustration has a caption. Aiocaphould comprise a brief titlagton the figure
itself) and a description of the illustration. Keegt in the illustrations themselves to a minimiia
explain all symbols and abbreviations used.

References

Citation in text

Please ensure that every reference cited in thésteiso present in the reference list (and vizea).
Any references cited in the abstract must be gindull. Unpublished results and personal
communications are not recommended in the refergtcdut may be mentioned in the text. If these
references are included in the reference list #hepuld follow the standard reference style of the
journal and should include a substitution of thblation date with either 'Unpublished results' or
'Personal communication'. Citation of a referercénapress' implies that the item has been acdepte
for publication.

Reference links

Increased discoverability of research and highityupéer review are ensured by online links to the
sources cited. In order to allow us to create littkabstracting and indexing services, such as\&;op
CrossRef and PubMed, please ensure that data ptbiridhe references are correct. Please note that
incorrect surnames, journal/book titles, publicaty@ar and pagination may prevent link creation.
When copying references, please be careful asniagyalready contain errors. Use of the DOI is
highly encouraged.

A DOl is guaranteed never to change, so you caiit asea permanent link to any electronic article.
An example of a citation using DOI for an articlat get in an issue is: VanDecar J.C., Russo R.M.,
James D.E., Ambeh W.B., Franke M. (2003). Aseistoiatinuation of the Lesser Antilles slab
beneath northeastern Venezuela. Journal of GeaptiyResearch,
https://doi.org/10.1029/2001JB000884. Please matddrmat of such citations should be in the same
style as all other references in the paper.

Data references

This journal encourages you to cite underlyingadevant datasets in your manuscript by citing them
in your text and including a data reference in yRaference List. Data references should include the
following elements: author name(s), dataset tithta repository, version (where available), yead, a
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global persistent identifier. Add [dataset] immeeign before the reference so we can properly ifienti
it as a data reference. The [dataset] identifidrnait appear in your published article.

Reference management software

Most Elsevier journals have their reference tengpdafailable in many of the most popular reference
management software products. These include allysts that support Citation Style Language
styles, such as Mendeley. Using citation plug-mosnfthese products, authors only need to select the
appropriate journal template when preparing theticla, after which citations and bibliographiedlwi
be automatically formatted in the journal's styieio template is yet available for this journdegse
follow the format of the sample references andioita as shown in this Guide. If you use reference
management software, please ensure that you reatidield codes before submitting the electronic
manuscript. More information on how to remove fietitles from different reference management
software.

Users of Mendeley Desktop can easily install thieremce style for this journal by clicking the
following link:

http://open.mendeley.com/use-citation-style/lifeeaces

When preparing your manuscript, you will then bkedb select this style using the Mendeley plug-ins
for Microsoft Word or LibreOffice.

Reference formatting

There are no strict requirements on reference fiimgaat submission. References can be in any style
or format as long as the style is consistent. Whpmicable, author(s) name(s), journal title/book
title, chapter title/article title, year of publit@n, volume number/book chapter and the articiminer

or pagination must be present. Use of DOI is higinlgouraged. The reference style used by the
journal will be applied to the accepted articleEdgevier at the proof stage. Note that missing daita

be highlighted at proof stage for the author toecir If you do wish to format the references yelfrs
they should be arranged according to the follovargmples:

Reference style

Text: Indicate references by number(s) in square bradkditse with the text. The actual authors can
be referred to, but the reference number(s) mustya be given.

Example: '..... as demonstrated [3,6]. BarnabyJomes [8] obtained a different result ....'

List: Number the references (numbers in square bradketisg list in the order in which they appear
in the text.

Examples:

Reference to a journal publication:

[1] J.van der Geer, J.A.J. Hanraads, R.A. Lupton,arhef writing a scientific article, J. Sci.
Commun. 163 (2010) 51-59. https://doi.org/10.10$6/2010.00372.

Reference to a journal publication with an artimlember:

[2] Van der Geer, J., Hanraads, J.A.J., Lupton, R@&L82The art of writing a scientific article.
Heliyon. 19, e00205. https://doi.org/10.1016/j.hefi.2018.e00205.

Reference to a book:

[8] W. Strunk Jr., E.B. White, The Elements of Stytyrth ed., Longman, New York, 2000.
Reference to a chapter in an edited book:

[4] G.R. Mettam, L.B. Adams, How to prepare an eledtrgersion of your article, in: B.S. Jones,
R.Z. Smith (Eds.), Introduction to the Electroniged E-Publishing Inc., New York, 2009, pp. 281-
304.

Reference to a website:
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[5] Cancer Research UK, Cancer statistics reporthiéotK.
http://www.cancerresearchuk.org/aboutcancer/siegisancerstatsreport/, 2003 (accessed 13 March

2003).

Reference to a dataset:

[dataset] [6] M. Oguro, S. Imahiro, S. Saito, T kidshizuka, Mortality data for Japanese oak wilt
disease and surrounding forest compositions, Megdeata, v1, 2015.
https://doi.org/10.17632/xwj98nb39r.1.

Video

Elsevier accepts video material and animation sscpgeto support and enhance your scientific
research. Authors who have video or animation fites they wish to submit with their article are
strongly encouraged to include links to these withie body of the article. This can be done in the
same way as a figure or table by referring to thew or animation content and noting in the body te
where it should be placed. All submitted files dddee properly labeled so that they directly retate
the video file's content. . In order to ensure ttoatr video or animation material is directly usgbl
please provide the file in one of our recommendeddrmats with a preferred maximum size of
150 MB per file, 1 GB in total. Video and animatifiles supplied will be published online in the
electronic version of your article in Elsevier Watoducts, including ScienceDirect. Please supply
'stills" with your files: you can choose any frafrem the video or animation or make a separate
image. These will be used instead of standard iaadswill personalize the link to your video data.
For more detailed instructions please visit ouewithstruction pages. Note: since video and
animation cannot be embedded in the print versidheojournal, please provide text for both the
electronic and the print version for the portiohshe article that refer to this content.

Data visualization

Include interactive data visualizations in your lizdtion and let your readers interact and engage
more closely with your research. Follow the instires here to find out about available data
visualization options and how to include them wijttur article.

Supplementary material

Supplementary material such as applications, imagdssound clips, can be published with your
article to enhance it. Submitted supplementarystane published exactly as they are received (Excel
or PowerPoint files will appear as such onlinegaBe submit your material together with the article
and supply a concise, descriptive caption for eagiplementary file. If you wish to make changes to
supplementary material during any stage of thege®cplease make sure to provide an updated file.
Do not annotate any corrections on a previous eer&tlease switch off the "Track Changes' option in
Microsoft Office files as these will appear in {blished version.

Research data

This journal encourages and enables you to shaaettiit supports your research publication where
appropriate, and enables you to interlink the datia your published articles. Research data refers
the results of observations or experimentationthatlate research findings. To facilitate
reproducibility and data reuse, this journal alsoceirages you to share your software, code, models,
algorithms, protocols, methods and other usefuenals related to the project.
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Below are a number of ways in which you can as$eclata with your article or make a statement
about the availability of your data when submittyrogir manuscript. If you are sharing data in one of
these ways, you are encouraged to cite the datauinmanuscript and reference list. Please refer to
the "References" section for more information almtatf citation. For more information on depositing,
sharing and using research data and other relessearch materials, visit the research data page.

Data linking

If you have made your research data availabledata repository, you can link your article direttly
the dataset. Elsevier collaborates with a numbegdsitories to link articles on ScienceDirecthwit
relevant repositories, giving readers access tenlyidg data that gives them a better understanaiing
the research described.

There are different ways to link your datasetsdoryarticle. When available, you can directly link
your dataset to your article by providing the raletvinformation in the submission system. For more
information, visit the database linking page.

For supported data repositories a repository bawileautomatically appear next to your published
article on ScienceDirect.

In addition, you can link to relevant data or eesithrough identifiers within the text of your
manuscript, using the following format: Databasexx(e.g., TAIR: AT1G01020; CCDC: 734053;
PDB: 1XFN).

Mendeley Data

This journal supports Mendeley Data, enabling yoddposit any research data (including raw and
processed data, video, code, software, algoritpnagocols, and methods) associated with your
manuscript in a free-to-use, open access reposibuming the submission process, after uploading
your manuscript, you will have the opportunity faad your relevant datasets directliyMendeley
Data. The datasets will be listed and directly accdsgibreaders next to your published article
online.

For more information, visit the Mendeley Data fouijnals page.

Datain Brief

You have the option of converting any or all paftyour supplementary or additional raw data into
one or multiple data articles, a new kind of aetitiat houses and describes your data. Data article
ensure that your data is actively reviewed, curdtathatted, indexed, given a DOI and publicly
available to all upon publication. You are encoexhtp submit your article fdbata in Briefas an
additional item directly alongside the revised 1@rf your manuscript. If your research article is
accepted, your data article will automatically nsferred over tBata in Briefwhere it will be
editorially reviewed and published in the open asa#ata journaData in Brief Please note an open
access fee of 600 USD is payable for publicatiobarte in Brief Full details can be found on

the Data in Brief website. Please use this temptaterite your Data in Brief.

MethodsX

You have the option of converting relevant protsad methods into one or multiple MethodsX
articles, a new kind of article that describesdbtails of customized research methods. Many
researchers spend a significant amount of timeemeldping methods to fit their specific needs or
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setting, but often without getting credit for tipiart of their work. MethodsX, an open access jaurna
now publishes this information in order to makedarchable, peer reviewed, citable and reproducible
Authors are encouraged to submit their MethodsXlarais an additional item directly alongside the
revised version of their manuscript. If your reskaatrticle is accepted, your methods article will
automatically be transferred over to MethodsX whevéll be editorially reviewed. Please note an
open access fee is payable for publication in Ma#g)o Full details can be found on the MethodsX
website. Please use this template to prepare yetinddsX article.

Data statement

To foster transparency, we encourage you to dtatavailability of your data in your submission.
This may be a requirement of your funding bodynatitution. If your data is unavailable to access o
unsuitable to post, you will have the opportundyrtdicate why during the submission process, for
example by stating that the research data is centii@a. The statement will appear with your
published article on ScienceDirect. For more infation, visit the Data Statement page.

u After Acceptance

Online proof correction

Corresponding authors will receive an e-mail wilink to our online proofing system, allowing
annotation and correction of proofs online. Theilrmmment is similar to MS Word: in addition to
editing text, you can also comment on figures/tabled answer questions from the Copy Editor. Web-
based proofing provides a faster and less errangpprocess by allowing you to directly type your
corrections, eliminating the potential introductiaerrors.

If preferred, you can still choose to annotate apidad your edits on the PDF version. All instrans
for proofing will be given in the e-mail we sendaothors, including alternative methods to theranli
version and PDF.

We will do everything possible to get your artipigblished quickly and accurately. Please use this
proof only for checking the typesetting, editingngleteness and correctness of the text, tables and
figures. Significant changes to the article as piazkfor publication will only be considered atsthi
stage with permission from the Editor. It is im@mtt to ensure that all corrections are sent bacis to
in one communication. Please check carefully befepdying, as inclusion of any subsequent
corrections cannot be guaranteed. Proofreadingédysyour responsibility.

Offprints
The corresponding author, at no cost, will be ptediwith a PDF file of the article via e-mail. The

PDF file is a watermarked version of the publishditle and includes a cover sheet with the journal
cover image and a disclaimer outlining the ternd @nditions of use.



