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RESUMO

A doenga hepdtica gordurosa ndo alcodlica (DHGNA) é definida como o acumulo
anormal de triglicerideos no interior de hepatécitos (esteatose) na auséncia de
alcoolismo crénico. Em situagdes de estresse sustentado, esta esteatose pode evoluir
para um padrdo inflamatorio e fibrético, predispondo a doengas hepaticas mais
severas. Nesse contexto, o presente estudo procurou investigar o papel das
perturbacdes na lipogénese e do estresse do reticulo endoplasmatico (ERE) induzidos
pelo consumo de sacarose e o desenvolvimento de DHGNA. Para isto, camundongos
Swiss recém desmamados foram alimentados com uma dieta rica em sacarose (HSD)
por 30, 60 e 90 dias e comparados ao grupo controle. O desenvolvimento de sindrome
metabodlica (MetS), o conteddo de gordura hepdtica, andlise histolégica e as
expressdes no tecido hepatico de genes relacionados a lipogénese e ERE foram
avaliados nos grupos experimentais. A exposi¢do a dieta HSD promoveu disturbios
metabdlicos de forma progressiva com o tempo, com estabelecimento total da MetS
apds 60 dias, caracterizada por obesidade central, hiperglicemia, dislipidemia e
resisténcia a insulina. Ademais, estes animais apresentaram elevacdo do conteudo
de gordura hepatica e esteatose microvesicular. Apés 30 dias de intervencao
nutricional foi observado um equilibrio entre a sintese de acidos graxos (ChREBP e
SCD1) e sua oxidacédo (PPARa) assim como expressao das vias adaptativas da UPR,
caracterizadas pela expressdo dos sensores da UPR (IRE1a, PERK e ATF®6),
chaperonas (GRP78 e PDI A1) e do fator de transcricdo de defesa antioxidante
(NRF2). Enquanto que a partir de 60 dias, observou-se de forma marcante aumento
dos fatores de transcricao da lipogénese (ChREBP e SREBP-1c), elevacéo
exponencial da sintese de acidos graxos (SCD1) e ERE caracterizado por um padrao
apoptético (CHOP). Em conjunto, nossos resultados demonstraram que as alteracdes
metabdlicas induzidas pelo consumo da sacarose promoveram desregulacdo da
sintese de novo de lipideos (DNL) e ativacdo de vias adaptativas em resposta ao
estresse do reticulo, entretanto com a persisténcia da dieta observou-se faléncia
destas vias seguida de ativacdo exacerbada da DNL, levando a crescente acumulo
de gordura nos hepatécitos e subsequente DHGNA.

Palavras-chave: Doenca hepatica gordurosa nao alcodlica; Estresse do reticulo
endoplasmatico; Lipogénese; Dieta rica em sacarose; Esteatose microvesicular;
Sindrome metabdlica.



ABSTRACT

Non-alcoholic fatty liver disease (NAFLD) is defined as the abnormal triglyceride
accumulation into hepatocytes (steatosis) in the absence of chronic alcoholism. Upon
unsolved stress, this steatosis evolve to inflammatory and fibrotic pattern, predisposing
to worsen hepatic diseases. In the context, the present study sought to investigate the
role of disrupted lipogenesis and endoplasmic reticulum (ER) stress sucrose intake-
induced to NAFLD development. For this, post-weaned Swiss mice were fed a high-
sucrose diet (HSD) for 30, 60 and 90 days and compared to control. Metabolic
syndrome (MetS) development, liver fat content, histological analysis and hepatic gene
expressions of lipogenesis and ER stress were assessed. Exposure to HSD promoted
progressive metabolic disturbances in a time-dependent manner leading to full
establishment of MetS upon 60 days, characterized by central obesity, hyperglicemia,
dyslipidemia and insulin resistance. Moreover, these animals presented increased fat
liver content and microvesicular steatosis. After 30 days of nutritional intervention were
found a balance between fatty acids synthesis (ChREBP and SCD1) and oxidation
(PPARa) as well as an UPR-adaptive pathways featured by gene expressions of UPR
sensors (IRE1a, PERK and ATF6), chaperones (GRP78 and PDI A1) and antioxidant
defense transcription factor (NRF2). Whereas since 60 days were marked by higher
gene expression of lipogenesis transcription factors (ChREBP and SREBP-1c),
exponential raise of fatty acids synthesis (SCD1), and ER stress characterized by an
apoptotic (CHOP) pattern. In summary, our results demonstrated that metabolic
changes induced by sucrose consumption promoted a disregulation of de novo
lipogenesis (DNL) and activation of adaptive pathways in response to ER stress,
however with diet maintainence, it was observed failure of these pathways followed by
an exacerbated DNL activation, which lead to increased fat accumulation in
hepatocytes and subsequent NAFLD.

KEYWORDS
Non-alcoholic fatty liver disease; Endoplasmic reticulum stress; Lipogenesis; High-
sucrose diet; Microvesicular steatosis; Metabolic syndrome



ACC

Acetil coA

AG
ALT
AST

ATF4
ATF6
ATF6f
Bak
Bax
Bcl2
BiP
C/EBP
ChREBP
CHOP
DGAT2

DHGNA
DNA
DNL

EHNA

elF2a
ERAD
ERE
EROS
FAS

GADD34
GRP78
IL-6

IMC

LISTA DE SIGLAS E ABREVIATURAS

Acetil CoA carboxilase
Acetil coenzima A

Acidos graxos

Alanina aminotransferase
Aspartato aminotranferase

Fator 4 de ativacdo transcricional

Fator 6 de ativacao transcricional

Fator 6 de ativacao transcricional fosforilado
Assassina/antagonista do Bcl2

Proteina X associada ao Bcl2

Célula B de linfoma 2

Proteina ligante de imunoglobulina (ver GRP78)

Proteinas ligantes ao amplificador CCAAT

Proteina de ligacao ao elemento responsivo a carboidrato
Proteina homéloga da C/EBP

Diacilglicerol acetiltransferase

Doenca hepatica gordurosa nao alcodlica
Acido desoxirribonucleico
sintese de novo de lipideos

Esteato hepatite ndo alcéolica

Fator eucariético iniciador de tradugéo 2, subunidade alfa
Mecanismo de degradacao associado ao reticulo endoplasmatico
Estresse do reticulo endoplasmatico

Espécies reativas de oxigénio

Acido graxo sintase

Indutor 34 de dano ao DNA

Proteina regulada por glicose 78 (ver BiP)

Interleucina 6

indice de massa corpérea



Insig Gene induzido por insulina

IRE1 Enzima 1 dependente de inositol

IkB Inibidor do Kappa B

JNK Quinase c-jun n-terminal

Keap1 Proteina kelch-associado como ECH-1

MTP Proteina de transferéncia microssomal

NAS Escore numérico de atividade

NF-kB Fator nuclear kappa B

NRF2 Fator nuclear eritroide 2 relacionado ao fator 2

p53 Gene supressor tumoral p53

PDI Proteina dissulfeto isomerase

PERK Proteina quinase do reticulo endoplasmatico PKR-like
PKC Proteina cinase C

PPARa Receptor alfa ativado por proliferadores de peroxissomas
PPARy Receptor gama ativado por proliferadores de peroxissomas
RE Reticulo endoplasmatico

RI Resisténcia a insulina

RIDD Mecanismo de decaimento regulado de RNAm Ire1 dependente
RNA Acido ribonucleico

RNAmM RNA mensageiro

SCAP Proteina ativadora da clivagem de SRBP

SCD1 Estearoil-CoA desaturase

SM Sindrome metabdlica

SREBP-1c Proteina 1c de ligacao ao elemento responsivo de esterol

SREBP2 Proteina 2 de ligagdo ao elemento responsivo de esterol

TG Triglicerideos

TNF-a Fator de necrose tumoral alfa

UPR Resposta a proteinas mal enoveladas (Unfolded protein response)
VLDL Lipoproteina de densidade muito baixa

XBP1 Proteina 1 de ligacdo a caixa X



Figura 1
Figura 2
Figura 3
Figura 4
Figura 5

Figura 6

LISTA DE FIGURAS

p.
Esteatose MiCrovesSiCular ...........cooomeeriniissmmssnnnnssssesssssssssssssnnees 18
Hepatécitos com balonizagao ..........ccceeemrnirmnnsssecssnssesss e 18
Hepatécitos com infiltrados inflamatorios .......cccceeccceeeenniiicinnees 19
Hepatocitos com progressiva fibrose ........ccccciviicecnnnnnnsssnennnn, 19
Respostas adaptativas iniciadas no reticulo endoplasmatico

em Situacoes de eStreSSe ......ccvvmrrrrinissnmmnrrinssemr s 24

Respostas adaptativas e pro-apoptoticas desencadeadas no
reticulo endoplasmatico em situacoes de estresse celular ....... 26



2.1.1
2.2
2.3

2.4

3.1
3.2

SUMARIO

p.
INTRODUGAO........cuuuuiiieeeeeeeeeeeeeeeeirieeeeeeeeseseeseeeeeessesaseseens 12
REFERENCIAL TEORICO .....ccooceviviiieieeeeiennieeeeeeeresssseseennnns 15
Aspectos gerais da Fisiopatologia da Doenca Hepatica

Gordurosa Nao alcooliCa .......ccccceerrrrrnsssnmmmerresssssmmee e e es s smmmee e ennnes 15
Alteracoes histoldgicas e Diagndstico da DHGNA ..................... 16

Dietas ricas em carboidratos e o desenvolvimento da DHGNA. 20
Estresse do reticulo endoplasmatico (ERE) e ativacao da
resposta a proteinas mal enoveladas (UPR) .......ccccccnririiinnnnnnns 22
Estresse do reticulo endoplasmatico e doenca hepatica

gordurosa Nao alCOOliCa ......cccuvvrrmrrrrssnmrrrssmn s e n e e 28
OBUETIVOS ......iiirrrsmrrsssnrsssssssssssssssmssssssssssmsssssnessssssessnssssnsssans 31
Objetivo geral ... 31
Objetivos eSPeCIfiCOS .....cccuurrcmrrrnrsmmnsssnrr s 31
RESULTADOS .....cocccciircerrnsnressmesssssssssssmnsssmsssssmssssnmssssasssssnssssnnenas 32
CONSIDERAGOES FINAIS .......ccoceeeeereercrereresesesssesssssssasssssssesnens 73
REFERENCIAS .......oiericurecssseesseesesessssessssesssssesssssssassssssssensas 75

ANEXOS .....oiiiiieerrrssess s s s s s e an e e e 86



12

1. INTRODUCAO

A doenca hepatica gordurosa nao alcodlica (DHGNA) € uma condicao clinica
de fisiopatologia complexa e multifatorial, que engloba um espectro de lesbes
hepaticas caracterizadas inicialmente pelo acumulo de gordura nos hepatécitos na
auséncia de alcoolismo cronico, infeccdes virais e outras doencas hepaticas (Tiniakos
et al., 2010). Este acumulo de gordura ectdpica hepatica (esteatose) pode progredir
para um estagio necro-inflamatério com ou sem presenga de fibrose denominado de
esteato hepatite ndo alcdolica (EHNA), o principal fator de risco para o
desenvolvimento de outras doencas hepaticas mais graves, tais como cirrose, faléncia
hepatica e carcinoma hepatocelular (Dietrich e Hellerbrand, 2014; Povero e Feldstein,
2016).

A DHGNA tém crescido em proporgdes epidémicas, acometendo cerca de
25% da populacdao adulta mundial e € considerada a manifestacdo hepatica da
sindrome metabdlica (SM) (Ahmed, 2015). A SM ¢ definida como um conjunto de
disfungbes metabdlicas interconectadas que aumentam o0s riscos para o
desenvolvimento de doengas cardiovasculares e diabetes mellitus tipo 2 (Alberti et al.,
2005). Obesidade central, resisténcia a insulina (RI), dislipidemia aterogénica,
DHGNA, hipertensao e disturbios tromboéticos sdo morbidades que compdem esta
sindrome (Hoffman et al., 2015). A DHGNA tém sido considerada um fator de risco
precoce para o desenvolvimento de doencas cardiovasculares em individuos obesos
(Vanwagner et al., 2012; Anstee et al., 2013).

Levantamentos epidemiol6gicos tém demonstrado que o aumento da
prevaléncia de DHGNA e de outras alteragbes associadas a SM esta diretamente
associado ao crescente consumo de agucares de adicdo (sacarose, frutose ou xarope
de milho), comumente utilizados como edulcorantes em refrigerantes e alimentos
processados (Bray et al., 2004; Moore et al., 2014; Wijarnpreecha et al., 2016).

O consumo destes acucares promove um balanco energético positivo com
consequente aumento dos depédsitos de gordura visceral, essenciais para o
desenvolvimento da obesidade, Rl e diabetes (Tappy e Le, 2012; Ma et al., 2015;
Stanhope, 2016). Adicionalmente, estes agucares atuam diretamente promovendo a
ativacao da sintese de novo de lipideos (DNL), que por sua vez esta relacionada a
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desregulagdo do metabolismo de lipideos e carboidratos e o desenvolvimento de
esteatose hepatica (Dinicolantonio et al., 2017).

A ativagéo desregulada da DNL induzida pelo consumo excessivo de glicose
e/ou frutose contribui para o desenvolvimento de DHGNA ao promover uma maior
sintese de &cidos graxos, aumento do conteudo intra-hepatico de triglicerideos (TG)
e seus produtos intermédiarios lipotéxicos, além do aumento da producao e secrecao
de lipoproteina de densidade muito baixa (VLDL), que favorece o acumulo ectdpico
de lipideos no musculo e a instalacdo do quadro de RI periferica (Lombardo et al.,
1996; Hein et al., 2010). Durante a desregulacdo da DNL ocorre a sobrecarga da 3-
oxidacao mitocondrial, estresse oxidativo, dislipidemias e sinais inflamatérios, que
favorecem a progressao de um esteatose simples para uma esteato-hepatite (Abid et
al., 2009; Choi et al., 2017; Softic et al., 2017).

Mesmo com o elevado numero de estudos, os mecanismos moleculares
envolvidos no desenvolvimento e progressao da DHGNA induzida por agucares ainda
continuam obscuros. Neste contexto, o quadro de estresse do reticulo endoplasmatico
(ERE) tém emergido como um possivel alvo no estudo da patogénese de doencas
hepaticas.

A desregulacdo do metabolismo lipidico no figado, além das alteracdes
metabdlicas associadas a SM proporcionam perturbacées na homeostase do reticulo
endoplasmatico (RE), podendo levar a inibicdo de atividades de chaperonamento e
de degradacdo proteassomal, causando desta forma acumulo de proteinas mal
enoveladas no lumen do RE (Lake et al., 2014). O desequilibrio entre a producao
destas proteinas mal enoveladas e a capacidade do reticulo de erradica-las define o
estresse do reticulo endoplasmatico (ERE), uma condicao celular favoravel para o
agravamento de diversas doencas (Rutkowski et al., 2008).

Com o objetivo de preservar a integridade celular e restaurar a homeostase
do RE induzido pelo estresse, uma série de eventos adaptativos conhecida como
resposta a proteinas mal enoveladas (Unfolded protein response - UPR) sao ativados.
Dentre os principais eventos adaptativos, destacam-se a inibicdo da sintese global de
proteinas, sintese de proteinas chaperonas, degradacdo proteassomal, sintese de
enzimas antioxidantes e autofagia (Hetz, 2012). Entretanto, em condigbes de
manutencdo deste ERE por um tempo prolongado (por exemplo, doengas crdnicas
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como a DHGNA e SM), as mesmas proteinas sensoras da UPR responsaveis por
iniciar uma sinalizacao pro-adaptativa ao estresse podem migrar para uma sinalizacéo
pré-apoptoética, levando a uma morte celular precoce (Rutkowski et al., 2006).

Neste contexto, evidéncias atuais indicam que o consumo de dietas ricas em
carboidratos associado ao aumento de &cidos graxos saturados provenientes da DNL
podem desencadear ERE, contribuindo dessa forma para o desenvolvimento de
estatose simples e a progressdao da mesma para esteato-hepatite. No entanto os
mecanismos pelos quais isto ocorre ainda ndo se encontram totalmente elucidados
(Zhang et al., 2012; Liu et al., 2015; Balakumar et al., 2016).

Desta forma, hipotetizamos em nosso estudo que as alteracées metabdlicas
da SM induzidas pelo consumo de sacarose promovem a desregulacdo da DNL e
ERE, que em conjunto contribuem para um maior acumulo de gordura hepatica e
desenvolvimento de DHGNA e hepatopatias mais severas. A partir disso, nosso
estudo tem como objetivo principal investigar a relacdo entre o0 consumo de dieta rica
em sacarose em camundongos, ativagdo das vias de sinalizacdo de lipogénese e
estresse do reticulo endoplasmatico e o desenvolvimento de doenca hepatica
gordurosa nao alcodlica.

Esta caracterizagdo € essencial para um maior entendimento das vias
bioquimicas e moleculares responsaveis pelo acumulo de gordura hepatica,
facilitando a elaboragéo de estratégias profilaticas e/ou terapéuticas mais eficazes no
combate dessa doenca.



15

2. REFERENCIAL TEORICO

2.1 Aspectos gerais da sindrome metabdlica e doenca hepatica gordurosa nao
alcodlica

A sindrome metabdlica (SM) é definida como um conjunto de disfuncdes
metabdlicas interconectadas que aumentam os riscos para o desenvolvimento de
doencas cardiovasculares e diabetes mellitus tipo 2 (Alberti et al., 2005). Obesidade
central, resisténcia a insulina (RI), dislipidemia aterogénica, hipertensao e disturbios
trombdticos sdo morbidades que compdem esta sindrome (Hoffman et al., 2015).
Todas estas morbidades metabdlicas sdo considerados fatores de risco para o
desenvolvimento da doenca hepética gordurosa nao alcodlica (DHGNA) (Gastaldelli,
2010; Kim et al., 2018; Lim e Bernstein, 2018), assim como a DHGNA é considerada
um fator predisponente para o desenvolvimento dos componentes da SM
(Lindenmeyer e Mccullough, 2018; Lonardo et al., 2018).

A DHGNA é o espectro de lesbes relacionadas ao acumulo excessivo de
lipideos no citoplasma dos hepatocitos, em individuos sem histérico de ingestdo de
alcool relevante (Chalasani et al., 2012; Anstee et al.,, 2013). A DHGNA tem sido
considerada uma doenca multifatorial envolvendo fatores genéticos, ambientais e
relacionados ao estilo de vida (dieta e sedentarismo), que apresenta um amplo
espectro clinico-histolégico que varia da esteatose simples, acumulo de gordura sem
evidéncia de lesao hepatocelular (balonizacao), até a esteatohepatite ndo alcodlica
(EHNA) caracterizada pela presenca de esteatose, infilirado inflamatério e
balonizacdo com ou sem a presenca de fibrose. A EHNA pode progredir para formas
mais graves como cirrose, faléncia hepatica e carcinoma hepatocelular (Tiniakos et
al., 2010; Satapathy e Sanyal, 2015; Marengo et al., 2016).

A prevaléncia da DHGNA esta aumentando em todo o mundo, paralelamente
associada com o aumento da obesidade e diabetes tipo 2 (Younossi et al., 2016;
Jensen et al., 2018). Estima-se que a prevaléncia da DHGNA na populagéo geral varia
entre 20-30%, enquanto em individuos com indice de massa corporal acima de 30
Kg/m? a prevaléncia varia entre 80-95% e, entre pacientes diabéticos do tipo 2 varia
de 45 a 85% (Sayiner et al., 2016; Dai et al., 2017).
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Na literatura cientifica sdo descritos dois modelos que tentam explicar as
bases fisiopatolégicas envolvidas com progressao da esteatose simples para EHNA.
O primeiro modelo foi proposto em 1998 por Day & James, conhecido como modelo
de dois impactos (two hits), no qual o desenvolvimento da EHNA envolve um insulto
inicial que aumenta a predisposicao para injarias e desfechos celulares mais severos.
Os insultos iniciais denominados de primeiro impacto (first hit) podem ser gerados pela
obesidade, sedentarismo, consumo de dietas ricas em gorduras ou Rl, que em
conjunto provocam o acumulo de &cidos graxos (AG) nos hepatdcitos. Estes acidos
graxos aumentam a predisposi¢ao para a ocorréncia do segundo impacto (second hit),
caracterizado pelo estresse oxidativo, gerado pela elevacdo da beta oxidacédo e
reducédo das defesas antioxidantes, promovendo uma agao lesiva e persistente no
hepatécito, que favorece o surgimento do processo inflamatério e o desenvolvimento
da EHNA (Day e James, 1998).

No entanto, essa teoria apresenta uma visao simplificada dos diversos fatores
envolvidos no desenvolvimento da DHGNA. Atualmente, defende-se que a génese da
DHGNA envolve multiplos fatores, atuando de forma sinérgica e simultdnea em
individuos geneticamente predispostos, resultando nos processos inflamatérios e
fibréticos que contribuem para o desenvolvimento da EHNA (Buzzetti et al., 2016).
Esta teoria destaca a RI periférica como condicao inicial para o acimulo de AG no
hepatocito (primeiro hif), uma vez que favorece a lipogénese e inibe a lipdlise,
aumentando excessivamente o aporte desse substrato para o figado. Como resultado
disto, o figado esteatotico se torna vulneravel a multiplos impactos (multiple hits), nao
apenas 0 estresse oxidativo, mais também ao estresse do reticulo endoplasmatico
(ERE), as citocinas proé-inflamatérias produzidas pelo tecido adiposo e pela microbiota,
que proporcionam o desenvolvimento das les6es hepatocelulares, inflamacao e
fibrose (Tilg e Moschen, 2010).

2.1.1 Alteracoes histoldgicas e diagndéstico da DHGNA

A maioria dos pacientes com DHGNA s&o assintomaticos, embora alguns
individuos possam apresentar fadiga, hepatoesplenomegalia e dispepsia
(Fierbinteanu-Braticevici et al., 2017). O diagnostico em geral ocorre com a detecgcéao

da elevagdo de enzimas hepéticas (aspartato aminotranferase-AST e alanina
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aminotransferase-ALT) em exames de rotina. Outras formas de diagndéstico envolvem
0s métodos de imagem (ultrassonografia, espectroscopia por ressonancia magnética)
e a biopsia hepética (Shen e Lu, 2016; Hadizadeh et al., 2017). A elevagao das
aminotransferases AST/ALT, assim como os exames de imagem ndo permitem a
diferenciacao entre a esteatose e a EHNA, sendo a biopsia hepatica o padrdao ouro
para o diagnostico, avaliagdo do tratamento e prognéstico da DHGNA (Xiao et al.,
2017).

A DHGNA é caracterizada histologicamente pela presenca de esteatose em
5% dos hepatécitos e ndo requer definicdo de localizagdo, enquanto a EHNA é
caracterizada pela presenca de esteatose e inflamacado hepatica com lesao
hepatocitaria (balonizagéo), com ou sem fibrose (EASL-EASD-EASO Clinical Practice
Guidelines for the management of non-alcoholic fatty liver disease, 2016a).

As alteracoes morfolégicas da esteatose hepatica manifestam-se com o
acumulo de gordura em pequenas (microvesicular) ou grandes goticulas
(macrovesicular). A esteatose do tipo macrovesicular é a forma de maior
predominancia entre pacientes e € caracterizada pela presenga de um grande e Unico
vacuolo de gordura que desloca o nucleo do hepatécito para periferia, enquanto a
esteatose microvesicular é formada por pequenos e numerosos vacuolos de gordura
sem a descentralizacdo do nucleo e reflete alteracées mais graves do metabolismo
celular relacionadas a prejuizos da B-oxidacao mitocondrial (Figura 1). Na DHGNA a
esteatose acomete primeiramente a zona 3 do acino, e nos casos em que ha evolugao
para cirrose esse achado histologico pode diminuir ou até mesmo desaparecer
(Dietrich e Hellerbrand, 2014; Kleiner e Makhlouf, 2016).

A presenca de degeneracao hepatica (balonizacdo) é caracterizada por
hepatécitos arredondados com citoplasma finamente granulares decorrentes de
alteracées da permeabilidade celular (Figura 2). A presenca deste achado é
fundamental para o diagnéstico de EHNA e esta relacionada com o risco de
progressao para fibrose. As células baloniformes podem conter em seu citoplasma
agregados de proteinas do citoesqueleto formando inclusbes homogéneas,
eosinofilicas e perinucleares denominadas de Corpusculos de Mallory, que sao
inclusées frequentemente circundadas por neutréfilos devido sua propriedade

quimiotaxica. Outro achado sdo as megamitocondrias, que aparecem como inclusdes
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citoplasmaticas em formas de agulhas ou arredondadas (Nalbantoglu e Brunt, 2014;
Takahashi e Fukusato, 2014).

Figura 1. Esteatose microvesicular. A, padrdo de esteatose microvesicular (40x); B, ampliagcdo em
100x; e C, ampliagdo em 600x. Fonte: Kleiner e Makhlouf (2016).

Figura 2. Hepatocitos com balonizagdo. A, hepatécitos balonizados (400x); B, ampliagdo da lamina
A (600x). Fonte: Kleiner e Makhlouf (2016).

A inflamacao na EHNA apresenta um padrao discreto e lobular com infiltrados
inflamatérios caracterizados pela presenca mista de células mono- e
polimorfonucleares, enquanto o infiltrado portal pode ser discreto e composto por
mononucleares (Figura 3) (Dietrich e Hellerbrand, 2014; Kleiner, 2017). Por fim, a
fibrose é caracterizada pelo acumulo de matriz extracelular composta principalmente
por colageno, é produzida pelas células estreladas hepaticas apds a lesdo celular e
sendo inicialmente observada na regiao perivenular/perisinusoidal da zona 3 do acino
hepatico formando um padrao de fibrose pericelular (forma de cerca) (Figura 4). A
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medida que ocorre a progressao do dano hepatico a fibrose se estende para as veias
centrolobulares e espacgos portais formando septos interligados culminando no
desenvolvimento da cirrose. A esteatose microvesicular, Corpusculos de Mallory e
megamitocondrias, inflamacao portal e fibrose nao sao critérios obrigatérios para o
diagnéstico de EHNA, no entanto a presenca delas, especialmente de fibrose constitui

um fator de risco para o desenvolvimento de cirrose (Enomoto et al., 2015).

Figura 3. Hepatocitos com infiltrados inflamatérios. A, hepatécitos com inflamagéo lobular (600x);
B, hepatdcitos com inflamagéao lobular (400x). Fonte: Kleiner e Makhlouf (2016).

Figura 4.Hepatocitos com progressiva fibrose. A, fibrose perisinusoidal precoce (600x); B, fibrose
perisinusoidal avangada (200x); C, extensiva rede de fibrose (100x); D, cirrose estabelecida (40x).
Fonte: Kleiner e Makhlouf (2016).
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Atualmente o sistema de gradacdo e classificacdo histolégica da DHGNA
descrito na literatura para estudos clinicos € o escore numérico de atividade (NAS),
que € definido pela soma ndo ponderada dos escores para esteatose (0-3), inflamacao
lobular (0-3) e balonizagéo (0-2). A fibrose n&o foi incluida como um componente de
atividade inflamatéria sendo considerada como resultado da atividade da doenca. Os
valores da soma podem variar de 0 a 8 em que NAS = 5 é associado ao diagnéstico
de EHNA, enquanto NAS < 3 ndo-EHNA, ou seja, presenca apenas de esteatose
simples (Kleiner et al., 2005; EASL-EASD-EASO Clinical Practice Guidelines for the

Management of Non-Alcoholic Fatty Liver Disease, 2016b).

2.2 Dietas ricas em carboidratos e o desenvolvimento da DHGNA

O consumo excessivo de dietas ricas em carboidratos representa um
importante fator nutricional que favorece um balango energético positivo no organismo
com consequente aumento dos depédsitos de gordura corporal, que sao essenciais
para o desenvolvimento da obesidade, resisténcia a insulina e diabetes tipo 2, fatores
diretamente envolvidos com o desenvolvimento da DHGNA (Stanhope, 2016; Burgeiro
etal., 2017; Schwarz et al., 2017).

Com a maior ingesta destas dietas, o excesso de glicose na circulagao
estimula a maior secrecao de insulina pelas células-p pancreaticas, que facilitam a
entrada desse monossacarideo nos tecidos insulino-depententes ou dependes do
GLUT4 (ex: adiposo e muscular) (Samuel e Shulman, 2016). Entretanto, manutencao
cronica de hiperglicemia resulta no processo de glicotoxicidade, onde ocorre uma
sobrecarga mitocondrial para metabolizar esse excesso de glicose resultado em maior
producdo de espécies reativas de oxigénio e quadro de RI, fazendo com que a
hiperinsulinemia que antes era transitéria se torne crénica (Keane et al., 2015).

Na Rl ocorre aumento da atividade enzimatica da lipase horménio sensivel
sobre o tecido adiposo hipertréfico, aumentando assim a disponibilidade de acidos
graxos (AG) na circulacdo, seguida de sua maior captacao pelo figado, promovendo
sobrecarga na B-oxidagdo mitocondrial. Em conjunto, esses fatores promovem o
acumulo excessivo de AG e metabdlitos lipotdxicos (ceramidas e diacilglicerois)
envolvidos com a RI hepatica e consequente aumento da gliconeogénese, que
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associada a menor captacao de glicose pelo musculo gera o quadro de hiperglicemia
cronica e hiperinsulinemia compensatéria (Chavez e Summers, 2012).

Varios trabalhos tém demonstrado a relacao de dietas ricas em carboidratos
com a indugao dos componentes da SM e o desenvolvimento da DHGNA em modelos
animais (Gutman et al., 1987; Lombardo et al., 1996; Lima et al., 2016; Burgeiro et al.,
2017) e humanos (Ma et al., 2015; Stanhope, 2016; Dinicolantonio et al., 2017).

Além disso, o consumo excessivo de dietas ricas em carboidratos ativa
diretamente a sintese de novo de lipideos (DNL) de forma descontrolada, que esta
relacionada a desregulacdo do metabolismo de lipideos e carboidratos e o
desenvolvimento de esteatose hepatica (Zago et al., 2010; Dinicolantonio et al., 2017;
lizuka, 2017). A DNL é responsavel pela conversdo do excesso de carboidratos da
dieta em triacilgliceréis, que serdo transportados para o tecido adiposo. Esta rota
metabdlica envolve a geracao de acetil coenzima A (acetil-CoA) via glicélise seguida
do processo de lipogénese, que converte a acetil-CoA em acido graxos que serao
esterificados a triacilglicerois ou exportados na forma de lipoproteina de densidade
muito baixa (VLDL) (Wang, Y. et al., 2015). As enzimas envolvidas em cada etapa
desse processo sao dinamicamente reguladas por fatores transcricionais como a
proteina de ligacdo ao elemento responsivo de esterol (SREBP) e a proteina de
ligagdo ao elemento responsivo a carboidrato (ChREBP). (Weber et al., 2004; Rui,
2014).

Os fatores de transcricao SREBP-1c e ChREBP promovem a transcrigcédo de
varios genes que codificam as enzimas envolvidas na sintese e esterificacdo de
acidos graxos como acido graxo sintase (FAS), acetil CoA carboxilase (ACC),
diacilglicerol acetiltransferase (DGAT2), estearoil-CoA desaturase (SCD1). A SREBP-
1c € sintetizada como uma precursora inativa vinculada a proteina ativadora da
clivagem de SRBP (SCAP) e a proteina do gene induzido pela insulina (Insig2a)
formando o complexo inativo SREBP/SCAP/Insig2a ancorado a membrana do reticulo
endoplasmatico (RE) (Moon, 2017). A ativacao proteolitica no aparelho de Golgi do
complexo para liberacdo de SREBP-1c¢ envolve a hiperinsulinemia e o excesso de
acucares de adicdo da alimentacdo (Weber et al., 2004). Enquanto a ativacdo da
ChREBP depende da sua translocagdo nuclear que ocorre apds a desfosforilacao
mediada pela glicose por meio da enzima fosfatase 2A ou através do receptor X
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hepatico, o principal mediador da regulacao lipidica hepatica (Abdul-Wahed et al.,
2017).

Outro importante fator de transcricao envolvido com o desenvolvimento da
DHGNA é o receptor ativado pelo proliferador de peroxissomo alfa (PPAR-a), que
regula a beta-oxidacdo e o transporte dos acidos graxos em nivel mitocondrial,
desempenhando um importante papel na transcricdo de genes envolvidos com a
absorcao de acidos graxos e o transporte reverso do colesterol, prevenindo o acumulo
hepéatico de gordura e a hipertrigliceridemia (Wang et al., 2017). A reducdo da
expressao do PPAR-a associada ao aumento da razao SREBP-1c/PPAR-a
representa o desequilibrio entre a sintese e a oxidacao de acidos graxos influenciando
diretamente o desenvolvimento da esteatose hepatica (Mansour, 2014). O consumo
de dietas ricas em sacarose em modelos animais produziram diminuigcdo dos niveis
de PPAR-a associada ao quadro de esteatose hepatica e hipertrigliciridemia (Hein et
al., 2010; Lucero et al., 2015)

Assim a elevacao da expressao desses fatores de transcricdo lipogénicos
associados a menor B-oxidacdo mitocondrial no figado de alimentados com dietas
ricas em carboidratos contribuem para o desenvolvimento da DHGNA, dislipidemia e
instalacao do quadro de RI (Lucero et al., 2015; Burgeiro et al., 2017).

2.3 Estresse do reticulo endoplasmatico (ERE) e ativacao da resposta a
proteinas mal enoveladas (UPR)

A grande maioria dos processos metabdlicos exercidos pelo hepatécito
ocorrem no RE, uma organela citoplasmatica formada a partir de invaginacdes da
membrana nuclear, que se ramificam em um sistema de tubulos e vesiculas
achatadas interligando o nucleo as demais organelas citoplasmaticas (Shibata et al.,
2006). O RE ¢ estruturalmente classificado em RE rugoso e RE liso, de acordo com a
presencga ou auséncia de ribossomos aderidos em suas paredes, respectivamente.
Esta organela é considerada o maior reservatério de calcio celular, e é responsavel
pela sintese, maturagdo e correto enovelamento das proteinas, além de exercer um
papel importante na biossintese de lipidios, montagem da bicamada lipidica,
metabolismo de carboidratos e produgdo de enzimas de detoxificagdo (Dufey et al.,
2014; Smith e Wilkinson, 2017).
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O RE rugoso do hepatdcito é o principal sitio de sintese e enovelamento de
proteinas plasmaticas, fatores da coagulacdo e apoliproteinas necesséarias para
formacao das particulas de VLDL (Fagone e Jackowski, 2009; Lallukka et al., 2017).
O processo de enovelamento proteico inicia-se logo apds a translocac¢ao cotraducional
das cadeias polipeptidicas lineares de proteinas nascentes produzidas pelos
ribossomos, que no lumen do RE sédo submetidas a acao de proteinas chaperonas e
enzimas responsaveis pelo enovelamento final proteico por meio de diversos
processos, com destaque para a clivagem do peptideo sinal, n-glicosilacdo e
deglicosilacdo, adicdo de pontes de dissulfeto e dobramento visando converter
cadeias peptidicas lineares em estruturas terciarias ou quartenarias (Ron e Walter,
2007; Grek e Townsend, 2014).

Com o sucesso da maturagcdo proteica apds sucessivos ciclos de
chaperonamento, a proteina nascente inicial agora ja finalizada é exportada do RE e
encaminhada para o aparelho de Golgi para processamento final e distribuicao para o
citosol (Barlowe e Miller, 2013). Entretanto, a maquinaria de controle de qualidade de
enovelamento do RE € extremamente sensivel, podendo ser prejudicada por diversas
condicbes adversas, tais como estresse oxidativo, excesso de lipideos e/ou
carboidratos, desnutricao, sintese proteica excessiva e alteragdes na homeostase do
célcio, levando a perturbagdes no correto enovelamento proteico e gerando um maior
namero de proteinas mal enoveladas (unfolded proteins), que se acumulam e
prejudicam a homeostase celular (Hetz, 2012). Neste cenario, estas proteinas mal
enoveladas podem ser submetidas a novos processos de chaperonamento e/ou sofrer
poliubiquitinacdo e serem encaminhadas para o0 processo de degradacgao
proteassomal (ERAD) para destruicdo das mesmas (Mccaffrey e Braakman, 2016). O
desequilibrio entre a producao de proteinas mal enoveladas e reduc¢ao da capacidade
de correcdo/degradacdo das mesmas, gerando crescente acumulo no lumen é
denominado de estresse do reticulo endoplasmatico (ERE) (Malhotra e Kaufman,
2007) (Figura 5).
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Figura 5. Respostas adaptativas iniciadas no reticulo endoplasmatico em situacoes de estresse.
Situacdes de estresse como excesso de lipideos e/ou carboidratos, desnutricdo e sintese proteica
desregulada sao condicoes adversas que promovem um desequilibrio no processo de enovelamento
proteico, favorecendo o acimulo luminal de proteinas mal enoveladas. Nesta situacdo, chaperonas sédo
ativadas para corrigir o enovelamento incorreto. Em paralelo outras respostas adaptativas séo ativadas,
tais como: processo de degradacao proteica via complexo ubiquitina-proteassoma (ERAD); processo
de autofagia; e processo de resposta a proteinas mal enoveladas (UPR) via ativagao de proteinas
sensoras IRE1, PERK e ATF6. Em conjunto, estes processos visam garantir o correto enovelamento
proteico, a destruicdo de proteinas mal enoveladas, degradagéo controlada da organela prejudicada e,
por fim, reducdo da sintese proteica e garantia da homeostase da maquinaria de enovelamento do
reticulo endoplasmatico. Fonte: Baiceanu, A. et al. (2016).

Na tentativa de controle do ERE, em paralelo ao chaperonamento e ERAD, o
RE inicia a proxima linha de defesa denominada de resposta a proteinas mal
enoveladas (Unfolded protein response - UPR), uma série de eventos adaptativos que
visam preservar a integridade celular e restaurar a homeostase do RE em condicdes
mais severas (Schroder e Kaufman, 2005; Fu et al., 2012) (Figura 2).

As respostas adaptativas da complexa rede de sinalizacdo da UPR se iniciam
a partir da ativacdo de trés vias: a quinase do reticulo endoplasmatico semelhante a
proteina quinase do RNA (PERK), o fator 6 de ativagdo de transcricao (ATF6) e a
enzima requerente do inositol 1 (IRE1). Estas trés proteinas transmembrana

apresentam um dominio sensivel a presenca de proteinas mal enoveladas e um
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dominio citosélico que transmite os sinais transcricionais ou promove modificacdes
translacionais no interior do RE (Rutkowski e Kaufman, 2004). Em condicdes de
homeostasia, a chaperona proteina 78 regulada por glicose (GRP78) se encontra
acoplada as proteinas sensoras, mantendo as mesmas inativadas. Em condi¢des de
ERE, na tentativa de promover um correto enovelamento proteico, ocorre um
desacoplamento da GRP78, que se mobiliza para o lumen do RE e promove a
ativacao das trés vias da UPR (Pfaffenbach e Lee, 2011) (Figura 5).

Apos a dissociacao de GRP78, a PERK se dimeriza e autofosforila ativando
sua fungao quinase, que fosforila o fator 2 de iniciagdo de tradugao eucaridtico (elF2a)
reduzindo assim a sintese global de proteinas no Iimen do RE. No entanto,
paradoxalmente elF2a codifica o fator de transcricao ATF4, que migra para o nucleo
para promover respostas adaptativas, tais como a inibicdo da sintese global de
proteinas, sintese de proteinas chaperonas, degradacao proteassomal, sintese de
enzimas antioxidantes e autofagia (Rutkowski e Kaufman, 2004) (Figura 6).

Adicionalmente, a PERK fosforila e ativa o fator 2 relacionado ao fator nuclear
eritroide 2 (NRF2), que se encontra inativo no citoplasma ligado a proteina Kelch-like
ECH-associated protein 1 (Keap1) (Cullinan e Diehl, 2006). Apds a dissociacédo da
proteina repressora Keap1, o fator NRF2 migra para o ndcleo da célula, promovendo
sintese de enzimas antioxidantes (superoxido dismutase, catalase, glutationa
peroxidase, peroxirredoxinas e tiorredoxina) e enzimas de detoxificacdo de fase Il
(glutationa-S-transferase, UDP-glucuronosil-transferase, etc.), que desempenham um
papel importante na protegéo da célula contra o dano oxidativo (Chambel et al., 2015;
Schmoll et al., 2017).

A segunda via de sinalizagao da UPR é mediada pela IRE1 (isoformas a e ()
uma proteina transmembrana com um dominio citosélico que apresenta atividade
quinase e endoribonuclease. Apds a ativacdao, IRE também sofre processo de
dimerizacdo e autofosforilacdo dos dominios quinases, ativando sua atividade
endonucleasica luminal. A ativagdo do dominio endorribonuclease da IRE1a catalisa
a remocao de um intron de 26 nucleotideos do RNAm da proteina 1 de ligacao (XBP1),
resultando na expressao do fator de transcricdo XBP1 spliced, que se transloca para
0 nucleo da célula de forma semelhante ao ATF4. Além disso, a funcao nucleasica de
IRE1 € requerida para ativar o mecanismo de degradacdao de RNAm associado a
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membrana, processo conhecido como mecanismo de decaimento regulado de RNA
mensageiro IRE1-dependente (RIDD) (Gardner e Walter, 2011; Maurel et al., 2014)
(Figura 6).

ER stress
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Figura 6. Respostas adaptativas e pré-apoptoticas desencadeadas no reticulo endoplasmatico
em situacoes de estresse celular. Em situagdes de estresse, a chaperona GRP78/BiP se desacopla
das proteinas sensoras transmembrana encontradas no limen do reticulo endoplasmético. Ao fazer
isto, estas proteinas sensoras se autofosforilam e dimerizam, iniciando uma cascata de sinalizagédo
adaptativa que visa controlar o acumulo de proteinas mal enoveladas luminais. Estes processos sao
denominados de respostas a proteinas mal enoveladas (UPR). Sao trés as proteinas sensoras: PERK,
ATF6 e IRE1. Entretanto, em condigbes de estresse cronico, estas mesmas proteinas sensoras
responsaveis inicialmente por uma sinalizacdo adaptativa ao estresse pode migrar para um padrao
apotético. A PERK ativada inibe o processo de tradugao proteica; ativa o fator Nrf2, relacionado a
sintese de enzimas antioxidantes; e ativa o fator de transcricao ATF4, que no estresse agudo promove
respostas adaptativas e no estresse crdnico ativa a CHOP, responsavel por apoptose. O ATF6 ativado
migra para o aparelho de Golgi, onde é clivado pelas proteases S1P e S2P, liberando o fator de
transcricdo ATF6f que migra para o nucleo e realiza as mesmas fungdes exercidas pelo ATF4. Por fim,
A IRE1 ativada promove o processo de ativacao do fator de transcricdo XBP1, responséavel por fungcdes
adaptativas. Adicionalmente, ativa também o mecanismo de RIDD, que degrada RNAm’s aberrantes.
Em situagbes de estresse cronico, a IRE1 promove a ativacdo da JNK, que acelera processo de
apoptose. Dentre as respostas adaptativas ativadas pelos fatores no nucleo, destacam-se: sintese de
chaperonas, ativagdo da ERAD, autofagia, sintese de enzimas antioxidantes, transporte de
aminodcidos, inibicdo da tradugdo global proteica e degradagdo de RNAm’s aberrantes. Fonte:
Baiceanu, A. et al. (2016).
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A terceira via de sinalizacdo da UPR é mediada pelo ATF6 (isoformas a e )
uma proteina transmembrana com uma porcao carboxi-terminal com sinalizagéo
especifica para clivagem no aparelho de Golgi voltada para o lumen do RE e ligada a
GRP78. Apos ativagéo, o ATF6 se transloca para o aparelho de Golgi onde é clivado
no fator de transcricao ativo (ATF6f) que migra para o nucleo (Shen e Prywes, 2005)
(Figura 6). No figado, ATF6 antagoniza os efeitos de SREBP2, o que possibilitaria as
células lidarem com a condicdo de estresse e salvaguardar as reservas de energia
(Zeng et al., 2004).

Em conjunto, os fatores de transcricao nuclear ATF4, XBP1 spliced e ATF6f
induzem diversas respostas adaptativas de controle ao ERE, com destaque para a
sintese de proteinas chaperonas, ERAD, autofagia e regulagdo dos metabolismos
lipidico e de aminoacidos. Ao mesmo tempo, outras respostas adaptativas
independentes dos fatores de transcrigdo também sdo ativadas via UPR, como
inibicdo da tradugdo proteica, sintese de enzimas antioxidantes e degradacao de
RNAm aberrantes (Manie et al., 2014).

Em condicbes de manutencdo do ERE por periodos prolongados, as
respostas adaptativas da UPR podem nao ser capazes de controlar a “expansao” de
efeitos deletérios do Iimen do RE para a célula. Nestas condi¢cdes de ERE crdnico,
as mesmas vias sensoras da UPR podem iniciar uma sinalizagédo pré-apoptética, com
ativacao de CHOP mediada por ATF4 e ATF6f, ativacao de JNK mediada por IRE1a
e de forma ainda ndo muito clara ativacdo de enzimas caspases e do gene p53,
acelerando processos de morte celular por apoptose e/ou necrose (Rasheva e
Domingos, 2009; lurlaro e Munoz-Pinedo, 2016).

A CHOP esta envolvida com o processo de apoptose através da supressao
do fator anti-apoptético célula B de linfoma 2 (Bcl-2); maior expresséo de fatores pré-
apoptoticos como o Bh3-only, proteinas X associada ao Bcl2 (BAX) e da
assassina/antagonista de Blc2 (BAK), que alteram a permeabilidade da membrana do
RE e permitem a translocagdo das caspases; aumenta expressao do indutor 34 de
dano ao DNA (GADD34), que promove retorno de traducdo proteica, producédo de
EROs e perda da homeostase do calcio; e ativacdo de caspases. Adicionalmente, a
CHOP também inibe a producdo de GRP78 favorecendo o ERE (Rutkowski et al.,
2006; Guo et al., 2017).
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A UPR também pode ativar o fator nuclear de transcricao (NF-«kB), através da
supressao da transcricdo do inibidor do Kappa B (IkB) por mecanismos que envolvem
a PERK e IRE1a/JNK resultando na regulacao de mediadores inflamatérios, como IL-
6 e TNF-a, que contribuem para o desenvolvimento da esteato-hepatite nao alcdolica
(Urano et al., 2000; Deng et al., 2004)

2.4 Estresse do reticulo endoplasmatico e doenca hepatica gordurosa nao
alcoolica

O figado durante a execucdo de suas fungdes fisioldgicas ativa
transitoriamente as vias da UPR, entretanto a ativacdo crénica dessas vias favorecem
a desregulacao do metabolismo lipidico culminando no desenvolvimento de esteatose
e favorecendo a progressdao da EHNA. Adicionalmente, o acumulo de lipideos no
hepatécito é capaz de induzir o ERE, e por sua vez promover a DNL hepatica, criando
um ciclo vicioso (Baiceanu, Andrei et al., 2016).

A manutencgao do equilibrio homeostatico do RE no figado durante a DNL, a
sintese e armazenamento de TGs, sintese de fosfolipideos de membrana e a
montagem e secrecao das particulas de VLDL sao de suma importancia para o correto
metabolismo e transporte de lipideos evitando assim o desenvolvimento da DHGNA e
outros disturbios metabdlicos associados (Engin, 2017).

As trés vias da UPR estédo envolvidas com o metabolismo lipidico, portanto
alteracdes nessas vias desempenham um importante papel no desenvolvimento da
esteatose hepatica (Bozaykut et al., 2016). Animais com delecao hepatica de IRE1a
desenvolvem esteatose grave em resposta ao ERE induzido por agentes
farmacoldégicos. Estes achados indicam que a IRE1a em condi¢cdes de ERE agudo,
atua na supressao génica das proteinas ligantes ao amplificador CCAAT (C/EBPs),
do receptor gama ativado por proliferadores de peroxissomas (PPAR-y) e de enzimas
envolvidas com a sintese de TG, modulando positivamente a lipogénese e
favorecendo a secrecéo das particulas de VLDL (Zhang et al., 2011). Em contraste, o
ERE crénico tém demonstrado inibir o eixo IRE1a/XBP1/PDI, essencial para o
funcionamento da proteina de transferéncia microssomal (MTP) e, desta forma,
reduzindo a montagem de VLDL, agravando o desenvolvimento da DHGNA (Wang et
al., 2012).
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A delecao especifica de XBP1 no figado de camundongos alimentados com
dieta rica em carboidrato reduz a esteatose, pois nesse modelo ocorre a inibicao da
DNL sem ocorrer a alteracdo da montagem do VLDL. Estes dados evidenciam o papel
da XBP1 na ativagao direta das enzimas lipogénicas como FAS, SCD1, ACC1, ACC2
de forma independente de SREBP-1c (Lee et al., 2008). Por outro lado, em um modelo
de dieta rica em gordura, a ativacdo da DNL via XBP1 se mostrou diretamente ligada
a interagdo com SREBP-1c (Kitteringham et al., 2010; Ning et al., 2011; Ramadori et
al., 2016). Adicionalmente, a ativacao constante do mecanismo de IRE1o/RIDD
durante o ERE foi descrito como um ativador de SREBP-1c por meio da degradacao
do RNAm responséavel pela expressao de Insig-1 (Lee e Ye, 2004).

Apesar da vasta literatura sobre o efeito lipogénico da XBP1, um recente
conduzido por Herrema et al. (2016) descreveu pela primeira vez a acao anti-
lipogénica da XBP1 spliced em camundongos alimentados com dieta rica em gordura.
Neste trabalho a superexpressao de XBP1 reduziu o contetudo de TG hepatico e seus
intermediarios lipotdxicos, especialmente o diacilglicerol, e reduziu a ativagao da PKCe
evitando o desenvolvimento de Rl hepatica. Porém, esse efeito nao foi reproduzido
em animais alimentados com dieta rica em frutose apesar da redugdo das enzimas
lipogénicas e dos triglicerideos plasmaticos.

A inibicdo da sintese global de proteinas promovida pelo brago PERK/elF2q,
prejudica a sintese de Insig, favorecendo a translocacao de SRBP-1c para o ndcleo e
ativacao das enzimas lipogénicas no figado (Zhang et al., 2012; Afrin et al., 2016). O
quadro de Rl observado em modelos dietéticos contribui com a ativagdo continua do
bragco da PERK/elF2a promovendo a ativacdao de C/EBP, que consequentemente
aumentam a gliconeogénese e a DNL, favorecendo ainda mais o quadro de RI
periférica e de esteatose (Oyadomari et al., 2008; Birkenfeld et al., 2011).
Adicionalmente, ativagdo de PERK/elF2a/ATF4 em condigdes de estresse induzido
por dieta rica em gordura aumenta a expressao do receptor de VLDL nos hepatécitos
favorecendo a esteatose (Jo et al., 2013).

O brago da PERK/elF2a/ ATF4 apresenta um envolvimento na lipogénese em
diferentes tecidos. A delecao de PERK inibe a expressdo de enzimas lipogénicas
como FAS e SCD1 em glandulas mamarias de ratos (Bobrovnikova-Marjon et al.,
2008). A desfosforilacao sustentada de elF2a no figado de animais transgénicos
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alimentados com dieta rica em gordura protege contra o desenvolvimento da
obesidade e da esteatose hepatica por meio de supressao de PPARy, SREBP-1c,
ACC e SCD1 (Oyadomari et al., 2008). Resultados semelhantes sédo observados em
animais com delegdo de ATF4 alimentados com dieta rica em frutose (Xiao et al.,
2013). Um recente estudo demonstrou um papel protetor hepatico da
PERK/elF2a/ATF4 ao reduzir os danos oxidativos pela eliminagcao do colesterol livre
em condi¢cdes basais e de ERE (Fusakio et al., 2016).

Outra via ativada diretamente pela PERK envolve o sistema de defesa
antioxidante mediado pelo fator NRF2, responsavel por evitar o dano oxidativo, inibir
lipogénese e melhorar o processo de B-oxidagdo mitocondrial em modelos dietéticos
ricos em frutose ou em combinagao com dietas ricas em gorduras (Kitteringham et al.,
2010; Ramadori et al., 2016; Nigro et al., 2017).

A ativacdo da CHOP associada ao estresse oxidativo sdo responsaveis por
desencadear a morte celular através da ativacao da apoptose na DHGNA e na EHNA
(Adkins et al., 2013; Lake et al., 2014; Wang, H. et al., 2015). O tratamento de animais
alimentados com dieta rica em frutose com uma chaperona sintética promoveu a
melhora do ERE, marcado por reducao da expressdao de CHOP e estresse oxidativo
no figado (Ren et al, 2013). Por outro lado, a dele¢cdo de CHOP inibe o
desenvolvimento de esteatose e fibrose em animais com dieta deficiente em metionina
e colina (Tamaki et al., 2008). Uma série de evidéncias tém demonstrado o papel da
CHOP no desenvolvimento do hepatocarcinoma por meio da ativacao de mecanismos
inflamatorios e apoptéticos mediados pelo ERE (Dezwaan-Mccabe et al., 2013; Willy
et al., 2015; Lei et al., 2017).

A via do ATF6 desempenha um papel protetor no desenvolvimento da
esteatose em modelo de ablagdo genética apds estresse induzido por tunicamicina,
levando a reducao de PPARa, aumento de CHOP e redugéo da produgéo de VLDL
(Yamamoto et al., 2010). Quando estes animais foram alimentados com dieta rica em
gordura, observou-se um quadro mais grave de esteatose (Usui et al., 2012). ATF6
também atenua a lipogénese através da complexacdo com SREBP2, reduzindo a
expressao de enzimas envolvidas com o metabolismo do colesterol (Zeng et al.,
2004).
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3. OBJETIVOS

3.1.Objetivo Geral

Investigar a relacdo temporal entre a ativacdo de vias de sinalizagcdo de
lipogénese e estresse do reticulo endoplasmatico e o desenvolvimento de
doenca hepatica gordurosa nao alcodlica em camundongos com obesidade

induzida por dieta rica em sacarose.

3.2. Objetivos Especificos

Caracterizar o quadro de sindrome metabdlica em camundongos com
obesidade induzida por dieta rica em sacarose em diferentes periodos de
exposicao;

Caracterizar histologicamente a evolugdo de doenga hepatica gordurosa nao
alcoolica;

Investigar o efeito do consumo de dieta rica em sacarose na expressao génica
de fatores de transcri¢cdo e enzimas envolvidas na sintese de novo de lipideos;
Investigar o efeito do consumo de dieta rica em sacarose na expressao génica

de marcadores do estresse do reticulo endoplasmatico.
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ABSTRACT

Non-alcoholic fatty liver disease (NAFLD) is defined as the abnormal triglyceride
accumulation into hepatocytes in the absence of chronic alcoholism. Upon
unsolved stress, steatosis evolve to liver inflammation and fibrosis, predisposing to
worsen hepatic diseases. The present study sought to investigate the role of
disrupted de novo lipogenesis (DNL) and endoplasmic reticulum (ER) stress on
NAFLD development. For this, post-weaned Swiss mice were fed a high-sucrose
diet (HSD) for 30, 60 and 90 days and compared to control. Metabolic syndrome
(MetS) development, liver fat content, histological analysis and hepatic gene
expressions of lipogenesis and ER stress were assessed. Exposure to HSD
promoted progressive metabolic disturbances in a time-dependent manner leading
to full establishment of MetS upon 60 days, characterized by central obesity,
hyperglicemia, dyslipidemia and insulin resistance. Moreover, these animals
presented increased fat liver content and microvesicular steatosis. After 30 days of
nutritional intervention it was found a balance between fatty acids synthesis
(ChREBP and SCD1) and oxidation (PPARa), as well as upregulated UPR-
adaptive pathways featured by increased gene expression of UPR sensors (IRE1a,
PERK and ATF6), chaperones (GRP78 and PDIA1) and antioxidant defense
(NRF2). However, from 60 days on HSD, there was marked increase in gene
expression of lipogenesis transcription factors (ChREBP and SREBP-1c),
exponential raise of fatty acids synthesis (SCD1), and ER stress moving toward a
pro-apoptotic (CHOP) pattern. In summary, our study originally demonstrates a
temporal relationship between DNL and ER stress pathways toward MetS and

NAFLD development in rats fed a high-sucrose diet.
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1. INTRODUCTION

Non-alcoholic fatty liver disease (NAFLD) is an emerging obesity-related
disorder, whose prevalence has doubled over the last 20 years and already affects
25% of global population and 90% of obese people [1]. NAFLD is characterized by
abnormal intrahepatic triglyceride accumulation (steatosis) in the absence of
chronic alcoholism, viral infections or others liver diseases. Upon hepatic
inflammation, NAFLD progress to nonalcoholic steatohepatitis (NASH) with or
without cellular ballooning and fibrosis, predisposing people to severe hepatic
diseases, such as cirrhosis and hepatocarcinoma [2]. Besides being considered
the hepatic manifestation of metabolic syndrome (MetS), NAFLD is also an
important and independent risk factor for cardiovascular diseases [3, 4].

The pathophysiology of NAFLD is intimately associated with nutritional
disorders resulting from either protein malnourishment or high fat/high sugar
overfeeding [5]. Evidence suggests a positive correlation between added sugars,
NAFLD and other MetS-related dysfunctions [6]. Added sugars, especially sucrose
and fructose, contribute to increased circulating insulin and triglyceride levels,
leading to increased hepatic de novo lipogenesis (DNL) and decreased insulin
sensitivity in the liver. A recent meta-analysis showed a straight relationship

between increased fructose intake and increased ectopic lipid accumulation, as
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well as impaired hepatic function [7]. Moreover, sugars contribute more than fat to
NAFLD development [8]. Indeed, added sugars intake is intrinsically related to
steatosis [9], and NASH [10, 11], being considered a major candidate for causing
NAFLD.

The molecular mechanisms involved in the onset and progression of
NAFLD are still elusive, although recent evidence has proposed a role for the
endoplasmic reticulum (ER) stress [12]. ER stress is triggered by unsolved
transient overload of misfolded proteins inside ER lumen. As consequence, a
series of adaptive signaling pathways, collectively known as unfolded protein
response (UPR), is activated to reestablish ER homeostasis. However, under
persistent ER stress, the UPR switches over from an adaptive to a pro-apoptotic
pattern, accelerating cell death [13]. Considering the role of ER in lipid synthesis,
disturbances in this organelle contribute to impaired lipid metabolism in liver [14].
Indeed, evidence shows that ER stress induced by hypercaloric diets [15] or
pharmacologic stressors (tunicamycin) [16] lead to hepatic lipid accumulation, as
well as more severe hepatic outcomes. On the other hand, it has also been
proposed that steatosis is in fact the main trigger of hepatic ER stress [17].
Therefore, ER stress could be classified as both causative and consequence of
lipid accumulation in liver, thus creating a positive feedback loop, which may
promote NAFLD recrudescence [18].

In spite of the abovementioned mechanisms, processes concurring for the
onset and progression of NAFLD caused by dietary and metabolic stressors are
still elusive. Thus, in the present study we sought to investigate the role of

disrupted ER homeostasis and DNL caused by high-sucrose intake on NAFLD
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development. Data herein presented successfully demonstrate for the first time that
high-sucrose diet induce metabolic alterations and early lipogenesis activation,
which trigger adaptive UPR pathways. However, upon sustained sucrose
overfeeding, ER stress progressed toward a pro-apoptotic pattern that in turn
aggravated DNL upregulation and promoted deeper metabolic damages paralleling

to NAFLD development.

2. MATERIALS AND METHODS

2.1. Animals and diets

Weaned male Swiss mice provided by the animal facility house of the
Federal University of Maranhao (11.65 + 0.57 g) were randomized into two groups:
control mice (CTR; n = 21), fed a standard chow (Nuvital®, Nuvilab, Brazil)
composed by 55.4% total carbohydrate (10% sucrose), 21% proteins, 5.2% total
lipids, totaling approximately 350 kcal-100 g'; or high-sucrose diet mice (HSD, n =
21), fed a high-sucrose chow composed by 65% total carbohydrates (25%
sucrose), 12.3% proteins, 4.3% total lipids, also approximately 350 kcal-100 g, as
previously described [19]. These groups were exposed to diets for 30, 60 and 90
days (euthanasia of 7 animals per period; HSD3so, HSDeo and HSDgo, respectively).
Animals were maintained in a controlled room (21 + 2 °C; 60% humidity and 12h
light/dark cycle) with water and chow ad libitum. Throughout dietary interventional
periods, body weight (g) and energy intake (Kcal/day/10g body weight) were
assessed twice a week. Lee index (body weight (g)'3-naso-anal length (cm)-'-100)

was calculated every month for assessment of obesity development [20].
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All procedures were performed in accordance with the rules of Brazilian
Council for the Control of Animal Experimentation (CONCEA) and approved by the
Ethical Committee on Animal Use and Welfare of the Federal University of

Maranhao, under ruling number 23115.002832/2017-25.

2.2. Euthanasia and tissue collection

At defined periods, overnight fasted animals were anesthetized (40:10
mg/kg ketamine:xylazine solution) for blood collection by cardiac puncture and
tissues upon laparotomy. Retroperitoneal, periepididymal and mesenteric white
adipose tissue fat pads and liver were weighed for morphometric assessment and
expressed as tissue mass (g) per 100 g body weight. Serum samples were used
for the assessment of biochemical and hormonal profile, whereas liver samples
were used for protocols of fat liver content measurement, histological analysis and

gene expression.

2.3. Assessment of serum biochemical profile

For glucose levels, tail vein blood drops were collected and measured
through glucometer (Accucheck Active®, Roche Diagnostic, Germany) after
overnight fasting or post-prandial state. Serum samples were obtained by
centrifugation (3500 rpm; 10min; 4 °C) and used for colorimetric measurement of
triglycerides, total cholesterol (Labtest, Brazil) and free fatty acids (Sigma-Aldrich,
USA) levels according to manufacturer’s instructions. Serum insulin levels were
assessed by immunoassay (Sigma-Aldrich, USA) according to manufacturer’s

instruction.
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2.4. Assessment of insulin resistance

For oral glucose tolerance test (GTT), animals were submitted to 8h fasting
prior to administration of oral gavage of glucose 4 g/kg. Tail vein blood drops were
collected immediately before (time 0) and 15, 30, 60 and 120 min after glucose
administration for glucose measurement. Data were expressed as area under
glycemic curve (AUC). Similar procedure was carried out for intraperitoneal insulin
tolerance test (ITT), excepting animals were fed, received 1 Ul/kg insulin (Humulin
70/30%, Lilly, USA) and were evaluated for 0, 10, 15, 30 and 45 minutes. Glucose
disappearance rate (kITT) was derived from ITT curve and calculated as
percentage decline in glucose per minute [21]. Insulin sensitivity was inferred by
calculation of homeostasis model assessment (HOMA) Index (HOMA-IR = fasting
glucose (mM)-fasting insulinemia (uU/ml)-22.5") [22] and TyG index (In-(fasting

glucose (mg/dL)-fasting triglyceride (mg/dL))-2-) [23].

2.5. Assessment of liver fat content

Liver fat accumulation was assessed from 500 mg liver samples, as
previously described [24]. Briefly, samples were homogenized with
chloroform/methanol solution (2:1) and resulting supernatant was paper-filtered
and diluted in 0.9% NaCl (5:1). The organic phase was collected, airflow oven-
dried at 40 °C for the measurement of the total fat content (mg) per tissue mass
(9). The total fat was resuspended in Triton X/methanol (2:1) for colorimetric
measurement of total cholesterol and triglycerides. Results were expressed as total

cholesterol (mg) per tissue mass (g) and triglycerides (mg) per tissue mass ().
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2.6. Histological analysis

Liver samples were fixed for 1 day at room temperature in 10% buffered
formalin, preserved in 70% ethanol and embedded in paraffin. Sections were
prepared (5 um thick) and stained with hematoxylin and eosin for visualization of
hepatocyte morphology, and with Masson's trichrome for fibrosis assessment. The
slides were analyzed according to score proposed by Kleiner et al [25] to classify

steatosis and steatohepatitis.

2.7. Gene expression by real time PCR (qPCR)

Liver samples (n = 5) were used for RNA extraction using Trizol®
(Invitrogen, Germany) as manufacturer’s instructions. RNA samples (3 ug) were
converted into cDNA using Super Script || Reverse Transcriptase® (Invitrogen,
Germany). The gPCR amplification and Platinum® SYBR® Green qPCR SuperMix-
UDG (Invitrogen, Germany) detection were performed using the 7500 Real time
PCR Applied Biosystems®, USA. Reactions were incubated at 50 °C for 2 min and
95°C for 2 min followed by 40 cycles of 95°C for 15 s and 60°C for 1 min. To melt
curve stage, reactions were incubated at 95 °C for 15s, 60 °C for 60 min and 95 °C
for 15 s. Primers were designed using Primer Express® software (Applied
Biosystem, USA) and manufactured by Invitrogen, Brazil (Supplementary Table 1).
All samples were normalized to the relative levels of GAPDH and results were
expressed as the fold change (FC) values of 2-22CT | as determined by real-time

amplification.
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2.8. Statistical analysis

Data were expressed as mean + SEM and submitted to normality test
(Shapiro-Wilk) followed by parametrical analysis through unpaired ¢ test (one-
tailed) or two-way ANOVA (Posttest Bonferroni) for a significance level of 5% (p <

0.05) using GraphPad Prism 7.0 software (GraphPad Software Inc., USA).

3. RESULTS

3.1. Exposure to HSD induces metabolic syndrome in a time-dependent way

Post-weaning exposure to HSD promoted progressive metabolic
disturbances in a time-dependent manner leading to plenty establishment of MetS
upon 60 days. HSD3o mice did not present altered body weight nor Lee index
(Figure 1A and 1C), but had increased fat accumulation in both retroperitoneal and
periepididymal fat pads (Figure 1D). Upon longer periods, HSDeso and HSDgo
animals had significant increase of body weight, Lee index, as well as visceral and
non-visceral fat pads, as compared to their controls (Figure 1A, 1C, 1D).
Notoriously, all these changes occurred under lower energy intake by HSD mice
throughout the interventional period (Figure 1B).

Serum biochemical profile assessment showed HSD mice had elevated
fasting and fed glucose (Figure 2A), as well as cholesterol levels at all times
(Figure 2B), whereas triglyceride and free fatty acids levels were increased only
after 60 days of nutritional intervention (Figure 2B). HSD animals presented
glucose intolerance at all times (Figure 2C-E), but had increased serum insulin

levels (Figure 2F) and impaired insulin sensitivity only after a 60-day period (Figure
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2D). In accordance, assessment of insulin resistance (HOMA-IR and TyG) indexes
were increased only in HSDeo and HSDgo groups (Figure 2H and 21). Noteworthy,
most of morphometric and metabolic parameters were influenced by both HSD and
nutritional intervention period, resulting in significant interaction between these
variables (Supplementary Tables 2 and 3). This set of data importantly showed that
early and sustained exposure to HSD time-dependently produced metabolic

alterations leading to plenty MetS onset within a period as short as 60 days.

3.2. Exposure to HSD promotes hepatic lipid accumulation and
microvesicular steatosis

Relative liver weight from HSD mice did not differ from their age-mated
controls (Figure 3A). After 60 days of nutritional intervention, HSD animals
presented higher hepatic total fat accumulation (Figure 3B), when triglyceride
content increased by nearly 50% in comparison to CTReo (Figure 3C). Upon 90
days of intervention, total cholesterol content also arose (Figure 3D) in addition to
total fat and triglyceride content. These variables independently influenced the
progression of hepatic lipid accumulation (Supplementary Table 4). Accordingly,
histological analysis of HE-stained liver sections showed presence of
microvesicular steatosis in HSDso and HSDgo with no detectable cellular ballooning
or inflammation (Figure 4). CTR mice did not present any hepatic degeneration
throughout the study. This set of data strongly parallels ectopic lipid accumulation
in the liver (Figure 3B) with the onset of insulin resistance (Figure 2D-I) and
hypertriglyceridemia (Figure 2B), which were also detected only after 60 days

under HSD consumption.
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3.3. Exposure to HSD activates carbohydrate-derived de novo lipogenesis
To investigate the impact of sucrose intake on DNL, we first assessed the
gene expression of lipogenesis transcription factors. ChREBP, which is activated
upon carbohydrate intake, was overexpressed throughout the nutritional
intervention period (Figure 5A), whereas SREBP-1c upregulation was observed
only after 90 days of exposure to HSD (Figure 5A). Accordingly, SCD1 gene
expression was also upregulated throughout the study’s period (Figure 5B), as a
possible result of ChREBP action on its promoter. On the other hand, HSD had no
effect on FAS gene expression (Figure 5B). Concerning the contra regulatory role
of fatty acid oxidation, we found increased gene expression of PPARa on HSD3o
and HSDeo, which was blunted in HSDgo, as compared to their controls (Figure 5C).
Interestingly, failure of PPARa response on HSDgo (Figure 5C) coincided with the
later upregulation of SREBP-1c (Figure 5A) and a strong 6-fold increase of SCD1

gene expression (Figure 5B).

3.4. Exposure to HSD causes early hepatic ER stress

Finally, as an attempt to identify molecular pathways underlying the
disruption of hepatic lipid homeostasis caused by high-sucrose intake, we
assessed gene expression of ER stress markers involved in both pro-adaptive and
pro-apoptotic UPR branches. Data in Figures 6A and 6B show that HSD3so mice
had increased expression of UPR-sensors (IRE1a, PERK and ATF6) and
chaperones (GRP78 and PDI 1A). NRF2, an important transcription factor related
to antioxidant defense, was also upregulated (Figure 6B). In accordance, HSD3o

mice had no change on CHOP expression (Figure 6C). On the other hand, a
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completely different scenario was observed on HSDeo and HSDgo animals, featured
by abolishment of UPR-driven pro-adaptive response. UPR-sensors, as well as
PDI A1 expression, were downregulated in comparison to their age-mated controls,
leading to attenuation of GRP78 and NRF2 expression (Figures 6A and 6B).
Contrariwise, these animals presented a 1.7-fold increase of CHOP expression. In
a whole, this set of data allow us to infer that sustained exposure to HSD induces
an early activation of ER stress pro-adaptive pathways, which shortly transitioned
to a pro-apoptotic pattern in parallel with the establishment of peripheral IR

(Figures 2G — 2l) and dyslipidemia (Figures 2B).

4. DISCUSSION

The growing consumption of added sugars has been directly associated to
the exponential rise of MetS and its comorbidities, particularly NAFLD [26].
Activation of lipogenic genes imposed by liver uptake of monosaccharides, mainly
glucose and fructose, leads to the later, whereas precise mechanisms are still
elusive [27]. In this context, the present study offers a body of evidence supporting
a close interrelationship between DNL and ER stress towards NAFLD onset in
HSD-fed mice. Firstly, post-weaning exposure to HSD triggered metabolic
alterations leading to MetS after 60 days of nutritional intervention. Secondly,
concurrent activation of carbohydrate-derived DNL and UPR pro-adaptive
pathways in the liver preceded MetS onset. Thirdly, transition of ER stress

pathways toward a pro-apoptotic pattern additionally upregulated DNL aggravating
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MetS-associated disturbances on HSD mice upon 90 days of sucrose
consumption.

Metabolism of sucrose-derived monosaccharides, glucose and fructose, is
starkly different in spite of them to be 6-carbon isomers [28]. Fructose is primarily
metabolized by the liver in an insulin-independent manner, while glucose is used
as fuel source by virtually every cell in the body, as well as promotes strong insulin
secretion, an effect not driven by fructose [27]. Both monossacharides are uptaken
by hepatocytes and activate DNL transcription factors ChREBP and SREBP-1c,
which together translate enzymes which convert that substrates into fatty acids and
triglycerides [27, 29]. Sustained DNL activation promotes more ectopic lipid
accumulation and VLDL secretion, that later lead to gluco- and lipotoxicity, insulin
signaling impairment, oxidative stress and poor hepatic damages [30].

Post-weaning feeding of male Swiss mice with HSD progressively led to
metabolic disturbances compatible with plenty establishment of MetS within a 60-
day follow-up period. At 30 days, HSD mice showed glucose intolerance
characterized by augmented blood glucose levels at both fasting and fed states
allied to higher adipose tissue storage. At 60 days, HSD mice presented impaired
insulin sensitivity assessed by insulin tolerance test, which led to additionally
increased serum levels of lipids (total cholesterol, triglycerides and free fatty acids)
as well as compensatory hyperinsulinemia. Metabolic alterations observed in
HSDgo mice were similar to those found in HSDeo. In parallel to the establishment
of insulin resistance, HSD mice began to present higher body mass and central
obesity around 60 days of nutritional intervention. Notwithstanding, NAFLD onset

also coincided with the triggering of peripheral insulin resistance. MetS
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development herein described is corroborated by previous studies, which reported
similar development of central obesity, hypertriglyceridemia, glucose intolerance,
hyperinsulinemia and insulin resistance, besides applying higher supplementary
sucrose concentrations (35 — 63%) for at least 12 weeks in rodents [31-34].

Assessment of liver morphometry, lipid content and histological analysis
showed our HSDeo-90 mice presented hepatic ectopic fat deposition in parallel with
triglycerides levels arise even without liver weight differences when compared to
CTR. Evidence shows that sucrose exposure leads to higher liver mass [35-37],
although some studies like ours did not observe any change [27, 38]. In
agreement, histological slices revealed a predominance of multiple small lipid
vesicles, defining a microvesicular steatosis without inflammation. Hepatic
microvesicular steatosis is a clue of worse prognosis and has been associated with
higher risk to ballooning, mitochondrial dysfunction, and more severe NAFLD
phenotype [39]. It occurs because of impaired mitochondrial -oxidation, which in
turn leads to accumulation of fatty acids in the form of triglyceride and formation of
small lipid droplets in hepatocyte’s cytosol [40]. Noteworthy, other studies
consistently support hepatic fat accumulation and cellular damages as a result of
high-sucrose intake, driving hepatocytes to NAFLD-related outcomes such as
isolated microvesicular steatosis [37], concomitant macro- and microvesicular
steatosis [9, 41, 42] and NASH [43].

Our data consistently support that early-in-life introduction of HSD diet
induces DNL. HSD-containing monosaccharides activate the transcription factor
ChREBP, which in turn elevated SCD1 gene expression in all assessed ages.

SCD1 is a key lipogenic enzyme which catalyzes the hepatic triglyceride synthesis
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[44]. In contrast, only at 90 days of exposure was observed the raise of
transcription factor SREBP-1c, which considerably contributed to the even greater
increase of SCD1. Our findings are supported by several studies demonstrating
that fructose can directly induce hepatic expression of ChREBP and SREBP-1c
[27, 45, 46], whereas glucose primarily activate ChREBP [47, 48], although the late
hyperinsulinemia also acts like a potent activator of SREBP-1c [49]. In the
meantime, the expansion of the DNL was concomitant to gradual reduction of
PPARa expression, which has a crucial role in beta-oxidation and exerts beneficial
effects on obesity and management of hepatic steatosis [41]. Furthermore, PPARa
suppresses the translocation of SREBP-1c to the Golgi apparatus, avoiding
sequential cleavage and nuclear translocation, consequently resulting in inhibition
of lipogenesis [50]. Thereby, our data suggest that HSD induces a switch-over from
lipid oxidation lipogenesis in liver via suppression of PPARa and consequent over
activation of SCD1, a pivotal mechanism involved in triglyceride storage and later
hepatic steatosis.

As aforementioned, ER stress is a central driver of NAFLD onset and
progression [18]. An impaired UPR signaling is associated to NAFLD development
in distinct conditions, such as exposure to high-fat [51], high-fructose diet [52], and
even in human obesity [53]. At 30 days of follow-up, our set of data allowed to sight
the upregulation of UPR sensors, chaperones and antioxidant defense in response
to impaired lipid metabolism induced by diet. UPR sensors and their network of
associated chaperones efficiently coordinate cellular changes to maintain protein-
folding in the ER and preserve the hepatic lipid homeostasis [54]. Indeed,

overexpression of GRP78 has been shown to inhibit lipogenesis through decrease
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of SREBP-1c activation, alleviating hepatic steatosis in ob/ob mice [55]. Other
chaperones such as GRP94 and PDI also appear to promote the same effect [56].
Besides, PDI chaperonates VLDL particles assembly and secretion, contributing to
diminish the fat accumulation in the liver [57]. In addition, growing evidence reports
that NRF2 is not only involved in redox defense but also have a protective role
against steatosis by repressing SREBP-1c expression, which enhances fatty acid
oxidation and antagonizes inflammation in hepatocytes [58, 59]. Notwithstanding,
several factors assessed in our study can explain the absence of CHOP over
expression in the first 30-day period, such as increased expression of UPR
sensors, chaperones and NRF2, although we cannot rule out the possibility of
CHOP expression to be restrained by PPARa activation, protecting liver from
injuries related to inflammation [60].

The ER stress pattern observed after 60 days of nutritional intervention
was marked by failure of all adaptive UPR-signaling pathway herein assessed. It
was allied to sustained CHOP overexpression, which resulted in exponential raise
of DNL pathways, deepening the deleterious outcomes in the liver. On the other
hand, it cannot be ignored that overexpressed DNL also contributes to
maintenance of ER stress, generating a vicious cycle with higher negative impacts
[12, 54]. In confluence with our data, exposure to fructose in different presentations
lead to UPR signaling and later ER stress accompanied by lipogenic transcription
factors expression and micro- or macrovesicular steatosis [52, 61, 62]. In
agreement, ER stress treatment by use of the chemical chaperone phenylbutyric
acid (PBA) has demonstrated a protective effect against hepatic lipid accumulation

in fructose-evoked NAFLD [46, 63]. Our data are further supported by distinct
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models of genetic ablation of either UPR sensors or ER quality control genes,
which promote unsolved ER stress characterized by CHOP overexpression and
consequent suppression of lipid homeostasis regulators, such as SREBP-1¢ and
PPARa [16].

In conclusion, our study was successful in establish a temporal relationship
between DNL and ER stress pathways toward MetS and NAFLD development.
After 30 days of high-sucrose intake, even missing consistent MetS-related
outcomes, adaptive UPR pathways were activated as an attempt to repair the ER
homeostasis disruption caused by early DNL activation. However, upon long-term
nutritional intervention, chronic ER stress led to a switch-over from an adaptive to a
pro-apoptotic pattern, which further disrupted the balance between fatty acid
synthesis and oxidation, allowing greater hepatic fat accumulation. To our
knowledge, this is the first time that such transitional pattern of DNL and ER stress
pathways is experimentally demonstrated for diet-induced NAFLD. Nevertheless,
future studies should assess the outcomes from longer periods of high-sucrose
feeding, as well as the consequences of similar nutritional interventions in older
mice. Finally, our study importantly warns for the hazardous metabolic
consequences of early introduction of added sugars in infant diet shortly after

breastfeeding period, which may eventually be established already at young ages.
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FIGURE LEGENDS

Figure 1. Morphometric parameters. A, body weight (BW, g); B, energy intake
(Kcal/day/10g BW); C, Lee index (g cm™ x 100); D, relative weight (g/10g BW) of
retroperitoneal, periepididymal and mesenteric fats assessed in mice fed a
standard chow (CTR, n = 7) and high-sucrose diet (HSD, n = 7) for 30, 60 and 90-
days from weaning. Points and bars represent mean £ SEM (unpaired t-test one-

tailed). "p > 0.05, **p < 0.01, ***p < 0.001.

Figure 2. Biochemical profile and insulin resistance. A, blood glucose levels
(mg/dL) in fasting and fed states; B, serum total cholesterol, triglycerides and free
fatty acids levels (mg/dL); C-E, blood glucose levels (mg/dL) during oral glucose
tolerance test (GTT) and their respective AUC; F, serum insulin levels (uLU/mL);
G, blood glucose disappearance rate (KITT) after insulin tolerance test (ITT);; H,
HOMA-IR index; I, TyG index assessed in mice fed a standard chow (CTR, n = 7)
and high-sucrose diet (HSD, n = 7) for 30, 60 and 90-days, respectively, from
weaning. Points and bars represent mean + SEM (unpaired t-test one-tailed). "*p >

0.05, *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001.

Figure 3. Morphometric and lipid profile of liver. A, relative weight (g/100g BW)
of liver; B, relative weight (mg/g of liver) of hepatic total fat; C, relative weight (mg/g
of liver) of triglycerides in liver; D, relative weight (mg/g of liver) of total cholesterol
in liver assessed in mice fed a standard chow (CTR, n = 7) and high-sucrose diet
(HSD, n = 7) for 30, 60 and 90-days from weaning. Points and bars represent

mean + SEM (unpaired t-test one-tailed). "p > 0.05, *p < 0.05, **p < 0.01.
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Figure 4. Histological analysis of liver. Sections of liver samples stained with
H&E for visualization of hepatocytes morphologies and score for steatosis,
ballooning and inflammation assessed in mice fed a standard chow (CTR, n =7)
and high-sucrose diet (HSD, n = 7) for 30, 60 and 90-days from weaning. Values

represent mean £ SEM (unpaired t-test one-tailed). *p < 0.05.

Figure 5. Gene expression of lipogenic markers in liver. A-C, relative mRNA
expressions of genes involved in lipogenesis (ChREBP and SREBP-1c); fatty acid
synthesis (SCD1 and FAS); and fatty acid oxidation (PPARa) assessed in liver of
mice fed a standard chow (CTR, n = 5) and high-sucrose diet (HSD, n = 5) for 30,
60 and 90-days, respectively, from weaning. All samples were normalized to the
relative levels of GAPDH and results are expressed as the fold change values of 2-
AACT " as determined by real-time amplification. Bars represent mean + SEM
(unpaired t-test one-tailed). "Sp > 0.05, *p < 0.05, **p < 0.01, ***p < 0.001, ****p <

0.0001.

Figure 6. Gene expression of endoplasmic reticulum stress markers in liver.
A-C, relative mRNA expressions of UPR sensors (IRE1a, PERK and ATF6);
chaperones (GRP78 and PDI 1A); antioxidant defense (NRF2); and apoptosis
(CHOP) assessed in liver of mice fed a standard chow (CTR, n = 5) and high-
sucrose diet (HSD, n = 5) for 30, 60 and 90-days, respectively, from weaning. All
samples were normalized to the relative levels of GAPDH and results are

expressed as the fold change values of 222CT_ as determined by real-time
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amplification. Bars represent mean + SEM (unpaired t-test one-tailed). "sp > 0.05,

*p < 0.05, **p < 0.01, ***p < 0.001.
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Inflammation 0.00 + 0.00 0.00 +0.00 0.00 £0.00 0.00 + 0.00 0.00 £0.00 0.00 +0.00
Total 0.14 £0.14 0.29+£0.18 0.00 £0.00 0.86%0.46* 0.00 +£0.00 0.86+0.46*
5
6 Figure4

7
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Supplementary Table 1. Primers sequences

Genes* Foward primer Reverse primer Amplicon GenBank n?
GAPDH 5-TAACATCAAATGGGGTGAGG-3 5-GTGAAGACACCAGTAGACTC-3 60 NM_001289726.1
ChREBP 5-TTAGTTCCTGAGCAGAGAGG-3’ 5-ACTAGTGCAAAGGCAAAGAG-3’ 58 NM_021455.4
SREBP-1c  5-GGCTGTTGTCTACCATAAGC-3 5-ATGTCCTCCTGTGTACTTGC-3’ 61 NM_011480.4
SCD1 5-AAAACTGGACATGTCTGACC-3 5-TACCTCCTCTGGAACATCAC-3 57 NM_009127.4
FAS 5-TGGAAAGATAACTGGGTGAC-3 5-AGAACCCAGAATGGATACCT-3 60 NM_007988.3
PPARa 5-ATGCCAGTACTGCCGTTTTC-3 5-GGCCTTGACCTTGTTCATGT-3 40 NM_001113418.1
IRE1a 5-AAGGTATGTTTGACAACCGA-3’ 5-AAGCTAAAACACTCAGGGAG-3 61 NM_023913.2
PERK 5-CGAGAATGATGGGAAAAAGC-3 5-GGCTAGATGAAACCAAGGAA-3’ 65 NM_010121.2
ATF6 5-CTCTCAGGTTGAACCATGAA-3’ 5-GTCCTTTCCACTTCATGTCT 3 58 NM_001081304.1
GRP78 5-ACACTTGGTATTGAAACTGTGG-3 5-GATCTGAGACTTCTTGGTGG-3 71 NM_001163434.1
PDI A1 5-AGCTGCCGCAAAACTGAA-3 5-TGGCATCCACCTTTGCTAGT-3 59 NM_011032.2
NRF2 5-CGTGAGTCCTGGTCATCAAA-3 5-AGCCTCTAAGCGGCTTGAAT-3 64 NM_010902.3
CHOP 5-TCACACGCACATCCCAAA-3 5-GGCCATAGAACTCTGACTGGAA-3 56 NM_001290183.1

* GAPDH: Glyceraldehyde-3-phosphate dehydrogenase; ChREBP: Carbohydrate-responsive element-binding protein;
SREBP-1c: Sterol regulatory element-binding protein 1c; SCD1: Stearoyl-CoA desaturase-1; FAS: Fatty acid synthase;
PPARa: Peroxisome proliferator-activated receptor alpha; IRE1a: Inositol-requiring enzyme 1 alpha; PERK: Protein kinase
RNA-like ER kinase; ATF6: Activating transcription factor 6; GRP78: Glucose regulated protein 78; PDI A1: Protein disulfide
isomerase family A member 1; NRF2: Nuclear factor, erythroid derived 2, like 2; CHOP: C/EBP-homologous protein.



Supplementary Table 2. Two-way ANOVA analysis for morphometric parameters
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Morphometric 30 days 60 days 90 days p-values

parameters CTR HSD CTR HSD CTR HSD Effect of Egﬁ;:“‘f Interaction
Body weight (g) 334104 3554+ 1.1 381407 419106 419114 4881138 0.1233 p<0.0001 p=<0.0001
[EK“CE[%;_‘],?E";W} 80310.09 562+02 7.05£0.15 571£0.17 6402 477017 0.0198 p<0.0001 p<0.0001
'ﬁﬁ,@;“f;‘nm 3189122 3252434 3326417 324116 3241415 3414429 p<0.0001 p<0.0001 01035
aﬂurg%%“““e“' fat 9 o39:0004 0057£0005 0.038+0.008 0.1310.02 0.042+0.005 0.089:0.015  p<0.0001 p<0.0205 0.0151
Pm‘f{gegpgﬂ}??“‘a' fat 012+0008  0.15+0.003 01:0005  01%029 0.1+0.01 0.29 + 0.05 p<0.0001 0.0270 0.0031
aﬁsug"ﬂtﬁgc fat 0.08+0.006  0.083+0.01 0.063+0.009 0.11£0.01 0.0490.009  0.11+0.01 0.0002  0.7725 0.0356

Mice fed a standard chow (CTR, n = 7) and high-sucrose diet (HSD, n = 7) for 30, 60 and 90-days from weaning. Data are expressed as mean £ SEM (two-way
ANOVA) to examine the effects of HSD and period, followed by Bonferroni post hoc analyses p < 0.05.
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Supplementary Table 3. Two-way ANOVA analysis for biochemical parameters

Biochemical 30 days 60 days 90 days p-values

parameters CTR HSD CTR HSD CTR HSD Gt ' peneq’ Interaction
fastng Glucose 975£32 1203456 97447 1174£65 108324 1223143 p<0.0001 02411 0.6568
(Fn?;dgﬂj“m"’e 142122 1773169 1332 7.1 152.4 42 1244£27 1427:23 p<0.0001 p<0.0001 01235
(T"?s;ad'g'“"e“"“" 901129 1241125 842144 1153 £ 4.1 983134 1387+75 p<0.0001 0.0015 0.6068
miglycerides 653:49 649229 468469 669169 397¢35  1083:115  p<0.0001 00727  0.0001
free fatty acids 173+16 1748426 21708 287408 239+16 384417 p<0.0001 p<0.0001 0.0006
A 9437429 1072193 8721353 11682529 10461146 1314395 p<0.0001 p<0.0001 00779
s, 156409 203126 8523 215423 8309 159428 p<0.0001 00362 01578
i) 1802 1901 16201 0602 201£02 07201 p<0.0001 0.0003  0.0007
HOMA IR 3902 45207 21: 08 5311 26403 50240 1 0.0015 07880 02286
TyG index 8.0:0.1 82+0.1 78201 82201 7701 8701 p<0.0001 02081 0.0002

Mice fed a standard chow (CTR, n = 7) and high-sucrose diet (HSD, n = 7) for 30, 60 and 90-days from weaning. Data are expressed as mean + SEM (two-way
ANOVA]) to examine the effects of HSD and period, followed by Bonferroni post hoc analyses p = 0.05.

41
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Supplementary Table 4. Morphometric and lipid profile of livers of mice fed for 30, 60 and 90-days from weaning

Morphometric and 30 days 60 days 90 days p-values

lipid profile of livers Effect of Effect of .
CTR HSD CTR HSD CTR HSD diet period Interaction

Liver 047 +0.01 047 +0.02 0.41+0.01 0.39+0.02 0.41 £ 0.01 0.40+ 0.01 0.71 p=0.0001 0.58

(9M10g BW)

Hepatic total fat 369125 37519 21313 34415 209141 353x486 0.0103 0.0014 0.3083

(mg'qg of liver)

Triglycerides in liver 6.6+06 7T2+04 38+06 65+11 31702 551+07 0.044 0.0044 0.31

(mgig of liver)

Total cholesterol in 34+02 3402 1701 1902 21912015 28212018 0.0672 p=0.0001 0259

liverimalg of liver)

Mice fed a standard chow (CTR, n = 7) and high-sucrose diet (HSD, n = T} for 30, 60 and 90-days from weaning. Data are expressed as mean + SEM (two-way
ANOVA) to examine the effects of HSD and period, followed by Bonferroni post hoc analyses p = 0.05.
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5. CONSIDERACOES FINAIS

Mesmo com o crescente numero de estudos destacando o papel de dietas
ricas em carboidratos sobre o desenvolvimento de DHGNA, as vias de sinalizacao
envolvidas ainda nao sao totalmente conhecidas. Neste contexto, a investigagao do
estresse do reticulo endoplasmatico como um modulador das vias lipogénicas
responsaveis pelo agravamento da DHGNA ganha um importante destaque.

Em nosso estudo demonstramos que a exposi¢cao a dieta rica em sacarose
apds o desmame e por periodos curtos de acompanhamento (30 dias), inicia discretas
alteracoes metabdlicas acompanhadas de uma sinalizacdo adaptativa ao estresse
mediada pelo reticulo endoplasmatico e um equilibrio entre a sintese e oxidagdo de
acidos graxos no figado, mantendo sob controle o surgimento de esteatose.

Entretanto, com a continuidade da exposicao a sacarose por periodos mais
cronicos (a partir de 60 dias) observa-se a instauracao de um perfil obesogénico
marcado por dislipidemias e resisténcia a insulina. Associado as alteragdes
metabdlicas, observou-se uma sinalizagdo lipogénica marcada por expressao de
genes relacionados a sintese de acidos graxos e estresse do reticulo endoplasmatico,
caracterizado por faléncia de qualquer resposta adaptativa e um padrao apoptético. A
lipogénese descontrolada associada ao estresse do reticulo endoplasmético sao
cruciais para o desenvolvimento de esteatose microvesicular, uma etapa precursora
para o surgimento de doengas hepaticas mais severas.

Considerando-se o elevado consumo de agucares de adicao pela populacao,
principalmente entre as criangas (Bray e Popkin, 2014; Mosca et al., 2016) os dados
apresentados em nosso estudo também reforcam os conceitos de programacao
metabdlica, que estabelecem que insultos em fases iniciais da vida (pés-desmame,
por exemplo) impactam sobre o genétipo do individuo, aumentando a predisposicao
para o desenvolvimento e/ou agravamento tardio de doencas crbnicas nao-
transmissiveis, como a SM e a DHGNA (Fuente-Martin et al., 2012; Tavares et al.,
2012; Zheng et al., 2016).

Em suma, nosso estudo, de forma inovadora, teve sucesso em estabelecer a
relacdo existente entre o desenvolvimento de sindrome metabdlica induzida por
sacarose, ativagcao desregulada da sintese de novo de lipideos e estresse do reticulo
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endoplasmatico, que em conjunto promoveram o surgimento de DHGNA. O maior
entendimento das vias de sinalizacdo envolvidas na patogénese destas doencas sao
relevantes para nortear possiveis abordagens terapéuticas e medidas preventivas

para reduzir sua incidéncia.
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Abstract Early-life environmental insults have been shown
to promote long-term development of chronic non-
communicable diseases, including metabolic disturbances
and mental illnesses. As such, premature consumption of
high-sugar foods has been associated to earlv onset of detn-
mental outcomes, whereas underlying mechanisms are still
poorly understood. In the present study, we sought to investi-
gate whether early and sustained exposure to high-sucrose diet
promotes metabolic disturbances that ultimately might antici-
pate neurological injuries. At postnatal day 21, weaned male
rats started to be fed a standard chow (10 % sucrose, CTR) or a
high-sucrose diet (25 % sucrose, HSD) for 9 weeks prior to
euthanasia at postnatal day 90. HSD did not alter weight gain
and feed efficiency between groups, but increased visceral,
non-visceral and brown adipose tissue accumulation. HSD
rats demonstrated elevated blood glucose levels in both fasting
and fed states, which were associated to impaired glucose
tolerance. Peripheral insulin sensitivity did not change, where-
as hepatic insulin resistance was supported by increased serum
triglyceride levels, as well as higher TyG index values.
Assessment of hippocampal gene expression showed endo-
plasmic reticulum (ER) stress pathways were activated in
HSD rats, as compared to CTR. HSD rats had overexpression
of unfolded protein response sensors, PERK and ATF6; ER
chaperone, PDIA2 and apoptosis-related genes, CHOP and
Caspase 3; but decreased expression of chaperone GRPTS.
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! Laboratory of Experimental Physiclogy, Deparment of
Physiological Sciences, Federal University of Maranhao, Sao
Luis, Maranhéo, Brazil

Laboratory of Vascular Biology, Heart Institute of the School of
Medicine, University of 3o Paulo, Sao Paulo, Sao Paulo, Brazl

Published online: 07 May 2016

Finally, HSDrats demonstrated impaired neuromuscular func-
tion and anxious behavior, but preserved cognitive parame-
ters. In conclusion, our data indicate that early exposure to
HSD promote metabolic disturbances, which disrupt hippo-
campus homeostasis and might precociously affect its neuro-
behavioral functions.

Keywords High-sucrose diet - Metabolic syndrome -
Hippocampus - Unfolded protein response - Neurological
impairment - Developmental o gins ofhealth and disease

Introduction

Metabolic syndrome (MetS) is conceptually defined as the co-
occurrence of at least three out of the following metabolic
disturbances: central/visceral obesity, hypertriglyceridemia,
hyperglycemia, insulin resistance, hyperinsulinemia and hy-
pertension (Alberti et al. 2009). While precise mechanisms
underlying the development of its clustered comorbidities
are not completely understood, MetS has rapidly reached ep-
idemic proportions worldwide in a straight relationship with
the access to sugar-rich foods and beverages, as well as less
physical activity (Bray et al. 2004). Additionally, accumulat-
ing data have suggested that metabolic (re)programming pro-
cesses subsequent to early-life insults, i.e. during pregnancy,
infancy or childhood, may lead to long-term development of
chronic non-communicable diseases, such as MetS, cancer,
mental illness, among others (Chan et al. 2015; Gluckman
et al. 2007; Inadera 2013). This hypothesis for the develop-
mental origins of health and disease (DOHaD) was first pro-
posed in the 1990°s by Dr. David Barker, and attracted increas-
ing attention of scientists, medical doctors, epidemioclogists
and policymakers around the world (Cooper 2013).

@ Springer
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permission to use figures or tables that have been published elsewhere.

Contributions may be classified as original research or review articles. Most review articles are invited
by the editor. Authors interested in submitting a review article should contact the editorial office.
The rapid publication of original manuscripts is a goal of the journal. Manuscripts must be written in
English. Each manuscript is considered for publication with the understanding that it has not been
submitted to any other journal. Upon acceptance for publication, papers are subject to editorial review
and revision.

All manuscripts submitted to JNB are checked for plagiarism. Any suspect of plagiarism or data
manipulation will result in automatic rejection of a manuscript, independent of stage of review or
publication process.

Dr. Bernhard Hennig, Editor-in-Chief

The Journal of Nutritional Biochemistry
University of Kentucky

S00 Limestone Street

Rm. 599, Wethington Health Sciences Building
Lexington, KY 40536-0200

E-mail address: INB@uky.edu

Fax: 859-257-1811

You can use this list to carry out a final check of your submission before you send it to the journal for
review. Please check the relevant section in this Guide for Authors for more details.

Ensure that the following items are present:

One author has been designated as the corresponding author with contact details:
* 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, footnotes)

¢ Ensure all figure and table citations in the text match the files provided
* Indicate clearly if color should be used for any figures in print
Graphical Abstracts / Highlights files (where applicable)

Supplemental files (where applicable)

Further considerations

* Manuscript has been 'spell checked' and 'grammar checked'

* All references mentioned in the Reference List are cited in the text, and vice versa

* Permission has been obtained for use of copyrighted material from other sources (including the
Internet)

* Relevant declarations of interest have been made

* Journal policies detailed in this guide have been reviewed

* Referee suggestions and contact details provided, based on journal requirements

AUTHOR INFORMATION PACK 8 Jun 2017 www.elsevier.com/locate/jnutbio 4



94

For further information, visit our Support Center.

BEFORE YOU BEGIN

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

All authors must disclose any financial and personal relationships with other people or organizations
that could inappropriately influence (bias) their work. Examples of potential conflicts of interest include
employment, consultancies, stock ownership, honoraria, paid expert testimony, patent applications/
registrations, and grants or other funding. If there are no conflicts of interest then please state this:
'Conflicts of interest: none'. More information.

All authors must disclose any financial and personal relationships with other people or organizations
that could inappropriately influence (bias) their work. Sources of funding for the article should
be acknowledged in a footnote on the title page. Affiliations of authors should include corporate
appointments relating to or in connection with products or companies mentioned in the article,
or otherwise bearing on the subject matter thereof. Other pertinent financial relationships, such
as consultancies, stock ownership or other equity interests or patent-licensing arrangements,
should be disclosed to the Editor-in-Chief in the cover letter at the time of submission.
Such relationships may be disclosed in the Journal at the discretion of the Editor-in-Chief
in footnotes appearing on the title page. Examples of potential conflicts of interest include
employment, consultancies, stock ownership, honoraria, paid expert testimony, patent applications/
registrations, and grants or other funding. See also http://www.elsevier.com/conflictsofinterest.
Further information and an example of a Conflict of Interest formm can be found at:
http://service.elsevier.com/app/answers/detail/a_id/286/supporthub/publishing.

Submission of an article implies that the work described has not been published previously (except
in the form of an abstract or as part of a published lecture or academic thesis or as an electronic
preprint, see 'Multiple, redundant or concurrent publication' section of our ethics policy for more
information), that it is not under consideration for publication elsewhere, that its publication is
approved by all authors and tacitly or explicitly by the responsible authorities where the work was
carried out, and that, if accepted, it will not be published elsewhere in the same form, in English or
in any other language, including electronically without the written consent of the copyright-holder. To
verify originality, your article may be checked by the originality detection service CrossCheck.

The cover letter must state that: all authors listed have contributed to the work, all authors have read,
approved and agreed to submit the manuscript to JNB, no part of the work has been published before,
except in abstract form, and all human and animal studies have been reviewed by the appropriate
ethics committees. All authors listed in @ manuscript submitted to JNB must have contributed
substantially to the work, participated in the writing of the manuscript, and seen and approved the
submitted version. All individuals who have contributed to the writing of the manuscript must be listed
as authors. The editor reserves the right to reject manuscripts that do not comply with the above-
mentioned requirements

All authors should meet the following criteria:

(1) Authors must have been involved in the the conception and design of the study, or acquisition of
data, or analysis and interpretation of data,

(2) Authors must have drafted the article or revised it critically for important intellectual content,
(3) Authors must have given final approval of the version to be submitted,

(4) Authors must agree to be accountable for all aspects of the work in ensuring that questions that
may arise related to the accuracy or integrity of any part of the work are appropriately investigated
and resolved.

Authors are expected to consider carefully the list and order of authors before submitting their
manuscript and provide the definitive list of authors at the time of the original submission. Any
addition, deletion or rearrangement of author names in the authorship list should be made only
before the manuscript has been accepted and only if approved by the journal Editor. To request such
a change, the Editor must receive the following from the corresponding author: (a) the reason
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for the change in author list and (b) written confirmation (e-mail, letter) from all authors that they
agree with the addition, removal or rearrangement. In the case of addition or removal of authors,
this includes confirmation from the author being added or removed.

Only in exceptional circumstances will the Editor consider the addition, deletion or rearrangement of
authors after the manuscript has been accepted. While the Editor considers the request, publication
of the manuscript will be suspended. If the manuscript has already been published in an online issue,
any requests approved by the Editor will result in a corrigendum.

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

Subscribers may reproduce tables of contents or prepare lists of articles including abstracts for internal
circulation within their institutions. Permission of the Publisher is required for resale or distribution
outside the institution and for all other derivative works, including compilations and translations. If
excerpts from other copyrighted works are included, the author(s) must obtain written permission
from the copyright owners and credit the source(s) in the article. Elsevier has preprinted forms for
use by authors in these cases.

For open access articles: Upon acceptance of an article, authors will be asked to complete an
'Exclusive License Agreement' (more information). Permitted third party reuse of open access articles
is determined by the author's choice of user license.

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

Elsevier supports responsible sharing
Find out how you can share your research published in Elsevier journals.

You are requested to identify who provided financial support for the conduct of the research and/or
preparation of the article and to briefly describe the role of the sponsor(s), if any, in study design; in
the collection, analysis and interpretation of data; in the writing of the report; and in the decision to
submit the article for publication. If the funding source(s) had no such involvement then this should
be stated.

Funding body agreements and policies

Elsevier has established a number of agreements with funding bodies which allow authors to comply
with their funder's open access policies. Some funding bodies will reimburse the author for the Open
Access Publication Fee. Details of existing agreements are available online.

After acceptance, open access papers will be published under a noncommercial license. For authors
requiring a commercial CC BY license, you can apply after your manuscript is accepted for publication.

This journal offers authors a choice in publishing their research:

Open access

» Articles are freely available to both subscribers and the wider public with permitted reuse.

* An open access publication fee is payable by authors or on their behalf, e.g. by their research funder
or institution.

Subscription

* Articles are made available to subscribers as well as developing countries and patient groups through
our universal access programs.

* No open access publication fee payable by authors.

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

For open access articles, permitted third party (re)use is defined by the following Creative Commons
user licenses:
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Creative Commons Attribution-NonCommercial-NoDerivs (CC BY-NC-ND)

For non-commercial purposes, lets others distribute and copy the article, and to include in a collective
work (such as an anthology), as long as they credit the author(s) and provided they do not alter or
modify the article.

The open access publication fee for this journal is USD 3000, excluding taxes. Learn more about
Elsevier's pricing policy: https://www.elsevier.com/openaccesspricing.

Green open access

Authors can share their research in a variety of different ways and Elsevier has a number of
green open access options available. We recommend authors see our green open access page for
further information. Authors can also self-archive their manuscripts immediately and enable public
access from their institution's repository after an embargo period. This is the version that has been
accepted for publication and which typically includes author-incorporated changes suggested during
submission, peer review and in editor-author communications. Embargo period: For subscription
articles, an appropriate amount of time is needed for journals to deliver value to subscribing customers
before an article becomes freely available to the public. This is the embargo period and it begins from
the date the article is formally published online in its final and fully citable form. Find out more.

This journal has an embargo period of 12 months.

Elsevier Publishing Campus

The Elsevier Publishing Campus (www.publishingcampus.com) is an online platform offering free
lectures, interactive training and professional advice to support you in publishing your research. The
College of Skills training offers modules on how to prepare, write and structure your article and
explains how editors will look at your paper when it is submitted for publication. Use these resources,
and more, to ensure that your submission will be the best that you can make it.

Language (usage and editing services)

Please write your text in good English (American or British usage is accepted, but not a mixture of
these). Authors who feel their English language manuscript may require editing to eliminate possible
grammatical or spelling errors and to conform to correct scientific English may wish to use the English
Language Editing service available from Elsevier's WebShop.

Our online submission system guides you stepwise through the process of entering your article
details and uploading your files. The system converts your article files to a single PDF file used in
the peer-review process. Editable files (e.g., Word, LaTeX) are required to typeset your article for
final publication. All correspondence, including notification of the Editor's decision and requests for
revision, is sent by e-mail.

Submit your article
Please submit your article via
http://www.evise.com/evise/faces/pages/navigation/NavController.jspx?JRNL_ACR=INB.

Please submit with the manuscript, the names, addresses and e-mail addresses of 4 to 6 potential
reviewers. Please be sure to give complete contact information with the e-mail address being the
most important. Note that the editor retains the sole right to decide whether or not the suggested
reviewers are used.

PREPARATION

This journal operates a single blind review process. All contributions will be initially assessed by the
editor for suitability for the journal. Papers deemed suitable are then typically sent to a minimum of
two independent expert reviewers to assess the scientific quality of the paper. The Editor is responsible
for the final decision regarding acceptance or rejection of articles. The Editor's decision is final. More
information on types of peer review.

Use of word processing software

It is important that the file be saved in the native format of the word processor used. The text
should be in single-column format. Keep the layout of the text as simple as possible. Most formatting
codes will be removed and replaced on processing the article. In particular, do not use the word
processor's options to justify text or to hyphenate words. However, do use bold face, italics, subscripts,
superscripts etc. When preparing tables, if you are using a table grid, use only one grid for each
individual table and not a grid for each row. If no grid is used, use tabs, not spaces, to align columns.
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The electronic text should be prepared in a way very similar to that of conventional manuscripts (see
also the Guide to Publishing with Elsevier). Note that source files of figures, tables and text graphics
will be required whether or not you embed your figures in the text. See also the section on Electronic
artwork.

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

Graphical abstract

Although a graphical abstract is optional, its use is encouraged as it draws more attention to the online
article. The graphical abstract should summarize the contents of the article in a concise, pictorial form
designed to capture the attention of a wide readership. Graphical abstracts should be submitted as a
separate file in the online submission system. Image size: Please provide an image with a minimum
of 531 x 1328 pixels (h x w) or proportionally more. The image should be readable at a size of 5 x
13 ¢m using a regular screen resolution of 96 dpi. Preferred file types: TIFF, EPS, PDF or MS Office
files. You can view Example Graphical Abstracts on our information site.

Authors can make use of Elsevier's Illustration and Enhancement service to ensure the best
presentation of their images and in accordance with all technical requirements: Illustration Service.

Highlights

Highlights are a short collection of bullet points that convey the core findings of the article. Highlights
are optional and should be submitted in a separate editable file in the online submission system.
Please use 'Highlights' in the file name and include 3 to 5 bullet points (maximum 85 characters,
including spaces, per bullet point). You can view example Highlights on our information site.

e Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid
abbreviations and formulae where possible.

* Author names and affiliations. Where the family name may be ambiguous (e.g., a double name),
please indicate this clearly. Present the authors' affiliation addresses (where the actual work was
done) below the names. Indicate all affiliations with a lower-case superscript letter immediately after
the author's name and in front of the appropriate address. Provide the full postal address of each
affiliation, including the country name and, if available, the e-mail address of each author.

* Corresponding author. Clearly indicate who will handle correspondence at all stages of refereeing
and publication, also post-publication. Ensure that phone numbers (with country and area
code) are provided in addition to the e-mail address and the complete postal address.
Contact details must be kept up to date by the corresponding author.

* Present/permanent address. If an author has moved since the work described in the article was
done, or was visiting at the time, a 'Present address' (or 'Permanent address') may be indicated as
a footnote to that author's name. The address at which the author actually did the work must be
retained as the main, affiliation address. Superscript Arabic numerals are used for such footnotes.

* A running title of up to 50 characters;

* Grants, sponsors, and funding sources;

* Up to six key words

A concise and factual abstract is required. The abstract should state briefly (up to 250 words) the
purpose of the research, the principal results and major conclusions. An abstract is often presented
separately from the article, so it must be able to stand alone. For this reason, References should
be avoided, but if essential, then cite the author(s) and year(s). Also, non-standard or uncommon
abbreviations should be avoided, but if essential they must be defined at their first mention in the
abstract itself.

Immediately after the abstract, provide a maximum of 6 keywords, using American spelling and
avoiding general and plural terms and multiple concepts (avoid, for example, 'and’, 'of'). Be sparing
with abbreviations: only abbreviations firmly established in the field may be eligible. These keywords
will be used for indexing purposes.
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Divide your article into clearly defined and numbered sections consisting of Introduction, Materials
and Methods, Results, and Discussion. Subsections should be numbered 1.1 (then 1.1.1, 1.1.2, ...),
1.2, etc. (the abstract is not included in section numbering). Use this numbering also for internal
cross-referencing: do not just refer to 'the text'. Any subsection may be given a brief heading. Each
heading should appear on its own separate line.

Appendices

If there is more than one appendix, they should be identified as A, B, etc. Formulae and equations in
appendices should be given separate numbering: Eq. (A.1), Eq. (A.2), etc.; in a subsequent appendix,
Eq. (B.1) and so on. Similarly for tables and figures: Table A.1; Fig. A.1, etc.

Chemical compounds

You can enrich your article by providing a list of chemical compounds studied in the article. The list of
compounds will be used to extract relevant information from the NCBI PubChem Compound database
and display it next to the online version of the article on ScienceDirect. You can include up to 10
names of chemical compounds in the article. For each compound, please provide the PubChem CID
of the most relevant record as in the following example: Glutamic acid (PubChem CID:611). Please
position the list of compounds immediately below the 'Keywords' section. It is strongly recommended
to follow the exact text formatting as in the example below:

Chemical compounds studied in this article

Ethylene glycol (PubChem CID: 174); Plitidepsin (PubChem CID: 44152164); Benzalkonium chloride
(PubChem CID: 15865)

More information.

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

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

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

If no funding has been provided for the research, please include the following sentence:

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

Units
Follow internationally accepted rules and conventions: use the international system of units (SI). If
other units are mentioned, please give their equivalent in SI.

Math formulae

Please submit math equations as editable text and not as images. Present simple formulae in
line with normal text where possible and use the solidus (/) instead of a horizontal line for small
fractional terms, e.g., X/Y. In principle, variables are to be presented in italics. Powers of e are often
more conveniently denoted by exp. Number consecutively any equations that have to be displayed
separately from the text (if referred to explicitly in the text).

Embedded math equations
If you are submitting an article prepared with Microsoft Word containing embedded math equations
then please read this (related support information).

All laboratory data should be presented in SI units. See Young, DS. Implementation of SI units for
clinical laboratory data. J Nutr Biochem 1990; 1: 599-633.
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Footnotes

Footnotes should be used sparingly. Number them consecutively throughout the article. Many word
processors can build footnotes into the text, and this feature may be used. Otherwise, please indicate
the position of footnotes in the text and list the footnotes themselves separately at the end of the
article. Do not include footnotes in the Reference list.

Electronic artwork

General points

* Make sure you use uniform lettering and sizing of your original artwork.

* Embed the used fonts if the application provides that option.

* Aim to use the following fonts in your illustrations: Arial, Courier, Times New Roman, Symbol, or
use fonts that look similar.

» Number the illustrations according to their sequence in the text.

* Use a logical naming convention for your artwork files.

* Provide captions to illustrations separately.

¢ Size the illustrations close to the desired dimensions of the published version.

* Submit each illustration as a separate file.

A detailed guide on electronic artwork is available.

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

If your electronic artwork is created in a Microsoft Office application (Word, PowerPoint, Excel) then
please supply 'as is' in the native document format.

Regardless of the application used other than Microsoft Office, when your electronic artwork is
finalized, please 'Save as' or convert the images to one of the following formats (note the resolution
requirements for line drawings, halftones, and line/halftone combinations given below):

EPS (or PDF): Vector drawings, embed all used fonts.

TIFF (or JPEG): Color or grayscale photographs (halftones), keep to a minimum of 300 dpi.

TIFF (or JPEG): Bitmapped (pure black & white pixels) line drawings, keep to a minimum of 1000 dpi.
TIFF (or JPEG): Combinations bitmapped line/half-tone (color or grayscale), keep to a minimum of
500 dpi.

Please do not:

e Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); these typically have a
low number of pixels and limited set of colors;

o Supply files that are too low in resolution;

* Submit graphics that are disproportionately large for the content.

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or PDF), or
MS Office files) and with the correct resolution. If, together with your accepted article, you submit
usable color figures then Elsevier will ensure, at no additional charge, that these figures will appear
in color online (e.q., ScienceDirect and other sites) regardless of whether or not these illustrations
are reproduced in color in the printed version. For color reproduction in print, you will receive
information regarding the costs from Elsevier after receipt of your accepted article. Please
indicate your preference for color: in print or online only. Further information on the preparation of
electronic artwork.

Illustration services

Elsevier's WebShop offers Illustration Services to authors preparing to submit a manuscript but
concerned about the quality of the images accompanying their article. Elsevier's expert illustrators
can produce scientific, technical and medical-style images, as well as a full range of charts, tables
and graphs. Image 'polishing' is also available, where our illustrators take your image(s) and improve
them to a professional standard. Please visit the website to find out more.

Figure captions

Ensure that each illustration has a caption. Supply captions separately, not attached to the figure. A
caption should comprise a brief title (not on the figure itself) and a description of the illustration. Keep
text in the illustrations themselves to a minimum but explain all symbols and abbreviations used.
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Please submit tables as editable text and not as images. Tables can be placed either next to the
relevant text in the article, or on separate page(s) at the end. Number tables consecutively in
accordance with their appearance in the text and place any table notes below the table body. Be
sparing in the use of tables and ensure that the data presented in them do not duplicate results
described elsewhere in the article. Please avoid using vertical rules and shading in table cells.

Citation in text

Please ensure that every reference cited in the text is also present in the reference list (and vice
versa). Any references cited in the abstract must be given in full. Unpublished results and personal
communications are not recommended in the reference list, but may be mentioned in the text. If these
references are included in the reference list they should follow the standard reference style of the
journal and should include a substitution of the publication date with either 'Unpublished results' or
'Personal communication'. Citation of a reference as 'in press' implies that the item has been accepted
for publication.

Reference style

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

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

Examples:

Reference to a journal publication:

[1] Van der Geer ], Hanraads JAJ, Lupton RA. The art of writing a scientific article. J Sci Commun
2010;163:51-9.

Reference to a book:

[2] Strunk Jr W, White EB. The elements of style. 4th ed. New York: Longman; 2000.

Reference to a chapter in an edited book:

[3] Mettam GR, Adams LB. How to prepare an electronic version of your article. In: Jones BS, Smith
RZ, editors. Introduction to the electronic age, New York: E-Publishing Inc; 2009, p. 281-304.
Reference to a website:

[4] Cancer Research UK. Cancer statistics reports for the UK, http://www.cancerresearchuk.org/
aboutcancer/statistics/cancerstatsreport/; 2003 [accessed 13.03.03].

Reference to a dataset:

[dataset] [5] Oguro M, Imahiro S, Saito S, Nakashizuka T. Mortality data for Japanese oak wilt
disease and surrounding forest compositions, Mendeley Data, v1; 2015. https://doi.org/10.17632/
Xwj98nb39r.1.

Note shortened form for last page number. e.g., 51-9, and that for more than 6 authors the first 6
should be listed followed by 'et al.’ For further details you are referred to 'Uniform Requirements for
Manuscripts submitted to Biomedical Journals' (J Am Med Assoc 1997;277:927-34) (see also Samples
of Formatted References).

Reference links

Increased discoverability of research and high quality peer review are ensured by online links to
the sources cited. In order to allow us to create links to abstracting and indexing services, such as
Scopus, CrossRef and PubMed, please ensure that data provided in the references are correct. Please
note that incorrect surnames, journal/book titles, publication year and pagination may prevent link
creation. When copying references, please be careful as they may already contain errors. Use of the
DOI is encouraged.

A DOI can be used to cite and link to electronic articles where an article is in-press and full citation
details are not yet known, but the article is available online. A DOI is guaranteed never to change,
SO you can use it as a permanent link to any electronic article. An example of a citation using DOI
for an article not yet in an issue is: VanDecar J.C., Russo R.M., James D.E., Ambeh W.B., Franke M.
(2003). Aseismic continuation of the Lesser Antilles slab beneath northeastern Venezuela. Journal
of Geophysical Research, https://doi.org/10.1029/2001JB000884. Please note the format of such
citations should be in the same style as all other references in the paper.
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Data references

This journal encourages you to cite underlying or relevant datasets in your manuscript by citing them
in your text and including a data reference in your Reference List. Data references should include the
following elements: author name(s), dataset title, data repository, version (where available), year,
and global persistent identifier. Add [dataset] immediately before the reference so we can properly
identify it as a data reference. The [dataset] identifier will not appear in your published article.

Reference management software

Most Elsevier journals have their reference template available in many of the most popular reference
management software products. These include all products that support Citation Style Language
styles, such as Mendeley and Zotero, as well as EndNote. Using the word processor plug-ins from
these products, authors only need to select the appropriate journal template when preparing their
article, after which citations and bibliographies will be automatically formatted in the journal's style.
If no template is yet available for this journal, please follow the format of the sample references and
citations as shown in this Guide.

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

http://open.mendeley.com/use-citation-style/the-journal-of-nutritional-biochemistry

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

Web references

As a minimum, the full URL should be given and the date when the reference was last accessed. Any
further information, if known (DOQOI, author names, dates, reference to a source publication, etc.),
should also be given. Web references can be listed separately (e.g., after the reference list) under a
different heading if desired, or can be included in the reference list.

Journal abbreviations source
Journal names should be abbreviated according to the List of Title Word Abbreviations.

Elsevier accepts video material and animation sequences to support and enhance your scientific
research. Authors who have video or animation files that they wish to submit with their article are
strongly encouraged to include links to these within the body of the article. This can be done in the
same way as a figure or table by referring to the video or animation content and noting in the body
text where it should be placed. All submitted files should be properly labeled so that they directly
relate to the video file's content. In order to ensure that your video or animation material is directly
usable, please provide the files in one of our recommended file formats with a preferred maximum size
of 150 MB. Video and animation files supplied will be published online in the electronic version of your
article in Elsevier Web products, including ScienceDirect. Please supply 'stills' with your files: you can
choose any frame from the video or animation or make a separate image. These will be used instead
of standard icons and will personalize the link to your video data. For more detailed instructions please
visit our video instruction pages. Note: since video and animation cannot be embedded in the print
version of the journal, please provide text for both the electronic and the print version for the portions
of the article that refer to this content.

Supplementary material such as applications, images and sound clips, can be published with your
article to enhance it. Submitted supplementary items are published exactly as they are received (Excel
or PowerPoint files will appear as such online). Please submit your material together with the article
and supply a concise, descriptive caption for each supplementary file. If you wish to make changes to
supplementary material during any stage of the process, please make sure to provide an updated file.
Do not annotate any corrections on a previous version. Please switch off the 'Track Changes' option
in Microsoft Office files as these will appear in the published version.

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

Data linking

If you have made your research data available in a data repository, you can link your article directly to
the dataset. Elsevier collaborates with a number of repositories to link articles on ScienceDirect with
relevant repositories, giving readers access to underlying data that give them a better understanding
of the research described.

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

For supported data repositories a repository banner will automatically appear next to your published
article on ScienceDirect.

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

Mendeley data

This journal supports Mendeley Data, enabling you to deposit any research data (including raw and
processed data, video, code, software, algorithms, protocols, and methods) associated with your
manuscript in a free-to-use, open access repository. During the submission process, after uploading
your manuscript, you will have the opportunity to upload your relevant datasets directly to Mendeley
Data. The datasets will be listed and directly accessible to readers next to your published article online.

For more information, visit the Mendeley Data for journals page.

Data in Brief

You have the option of converting any or all parts of your supplementary or additional raw data into
one or multiple data articles, a new kind of article that houses and describes your data. Data articles
ensure that your data is actively reviewed, curated, formatted, indexed, given a DOI and publicly
available to all upon publication. You are encouraged to submit your article for Data in Brief as an
additional item directly alongside the revised version of your manuscript. If your research article is
accepted, your data article will automatically be transferred over to Data in Brief where it will be
editorially reviewed and published in the open access data journal, Data in Brief. Please note an open
access fee is payable for publication in Data in Brief. Full details can be found on the Data in Brief
website. Please use this template to write your Data in Brief.

Transparency

To foster transparency, we encourage you to state the availability of your data in your submission.
If your data is unavailable to access or unsuitable to post, this gives you the opportunity to indicate
why. If you submit this form with your manuscript as a supplementary file, the statement will appear
next to your published article on ScienceDirect.

The journal encourages authors to create an AudioSlides presentation with their published article.
AudioSlides are brief, webinar-style presentations that are shown next to the online article on
ScienceDirect. This gives authors the opportunity to summarize their research in their own words
and to help readers understand what the paper is about. More information and examples are
available. Authors of this journal will automatically receive an invitation e-mail to create an AudioSlides
presentation after acceptance of their paper.

Revised Manuscripts

Please provide a separate file that clearly addresses the reviewers concerns. Authors should use a red
colored font to mark any changes to the text in the revised manuscript. Once a revised manuscript
is accepted for publication, a proof is prepared and submitted for final review to the corresponding
author. Subsequently, the corrected proof will be published in JNB online as an 'article-in-press'
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available for immediate citation. The authors are solely responsible for the accuracy of their articles.
Once a manuscript is selected for inclusion in an issue, the article will be updated with volume, issue,
and page information.

Scientific Correspondence
Letters to the Editor will be considered for publication at the discretion of the editor. Submission of a
letter constitutes permission for publication. Letters are subject to editing and abridgement.

AFTER ACCEPTANCE

Corresponding authors will receive an e-mail with a link to our online proofing system, allowing
annotation and correction of proofs online. The environment is similar to MS Word: in addition to
editing text, you can also comment on figures/tables and answer questions from the Copy Editor.
Web-based proofing provides a faster and less error-prone process by allowing you to directly type
your corrections, eliminating the potential introduction of errors.

If preferred, you can still choose to annotate and upload your edits on the PDF version. All instructions
for proofing will be given in the e-mail we send to authors, including alternative methods to the online
version and PDF.

We will do everything possible to get your article published quickly and accurately. Please use this
proof only for checking the typesetting, editing, completeness and correctness of the text, tables and
figures. Significant changes to the article as accepted for publication will only be considered at this
stage with permission from the Editor. It is important to ensure that all corrections are sent back
to us in one communication. Please check carefully before replying, as inclusion of any subsequent
corrections cannot be guaranteed. Proofreading is solely your responsibility.

The corresponding author will, at no cost, receive a customized Share Link providing 50 days free
access to the final published version of the article on ScienceDirect. The Share Link can be used
for sharing the article via any communication channel, including email and social media. For an
extra charge, paper offprints can be ordered via the offprint order form which is sent once the
article is accepted for publication. Both corresponding and co-authors may order offprints at any
time via Elsevier's Webshop. Corresponding authors who have published their article open access do
not receive a Share Link as their final published version of the article is available open access on
ScienceDirect and can be shared through the article DOI link.

AUTHOR INQUIRIES

Visit the Elsevier Support Center to find the answers you need. Here you will find everything from
Frequently Asked Questions to ways to get in touch.

You can also check the status of your submitted article or find out when your accepted article will
be published.
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