UNIVERSIDADE FEDERAL DO RIO GRANDE DO SUL
INSTITUTO DE CIENCIAS BASICAS DA SAUDE
PROGRAMA DE POS-GRADUACAO EM CIENCIAS BIOLOGICAS:
BIOQUIMICA

Julia Pramio

O SULFITO CAUSA DISFUNCAO BIOENERGETICA E REDOX EM CEREBRO DE
ANIMAIS NEONATOS E CULTURAS DE ASTROCITOS

Porto Alegre
2020



Julia Pramio

O SULFITO CAUSA DISFUNCAO BIOENERGETICA E REDOX EM CEREBRO DE
ANIMAIS NEONATOS E CULTURAS DE ASTROCITOS

Dissertacdo apresentada ao Programa de Pos-
Graduacdo em Ciéncias Biologicas: Bioquimica do
Instituto de Ciéncias Basicas da Satde da Universidade
Federal do Rio Grande do Sul como requisito parcial
para a obtencdo do titulo de mestra em Biogquimica.

Orientador: Prof. Dr. Guilhian Leipnitz
Coorientador: Dr. Mateus Grings

Porto Alegre
2020



CIP - Catalogagéo na Publicagio

Framip, Jélia

0 sulfito causa disfuncdo bicenergética = redom em
chrebro de animais necnatos = colturas de astrécitos
Jilia Pramioc. -- 20Z0.

122 £.

Orientador: Guilhian Leipnits.

Coorisntador: Matens Grings.

Disszrb:{ﬁch [Mestrado] -- Tniversidade Federal do
Rio Grande do Sul, Instituto de Cifncias Bisicas da
Satide, Programa de Pis-Graduacioc =m Cifncias
BiolfSgicas: Biogoimica, E‘nrtch'.!.lzg:l:zr BER-R3, 2020.

l. Deficifncia isclada da sulfito oxidase. 2.
Deficifncia do cofator molibdiénio. 2. 3ulfito. 4.
Feriodo neonatal. 5. Cérebro. I. Leipmits, Guilhian,
prient. IIL. Grings, Mateus, coorient. III. Titulo.

Blsborads pelo Sistema de Geragio Automética de Ficha Catslogrifica da UFRIGS
pelo Sizema dadoe fornecidos paloja) autor(g). omes



AGRADECIMENTOS

A minha familia, especialmente aos meus pais, pelo incentivo, suporte, torcida e apoio
as minhas escolhas. VVocés séo tudo pra mim!

A Universidade Federal do Rio Grande do Sul, pela formagdo gratuita e ensino de
qualidade.

Ao CNPq, pela bolsa de mestrado.

Ao Departamento de Bioquimica, por viabilizar a realizagdo desse trabalho.

Ao Guilhian, meu orientador, pela oportunidade, confianca, ensinamentos, incentivo e
amizade.

Ao Mateus, meu coorientador, por compartilhar todo o seu conhecimento e experiéncia,
pela amizade, paciéncia e convivéncia no laboratdrio.

Ao Prof. Dr. Moacir Wajner, pelas colaboragoes.

Aos meus colegas e também ao pessoal do laboratério 38, por toda a ajuda,
receptividade, amizade e convivéncia.

Aos alunos de iniciacgdo cientifica do laboratorio, pela dedicacdo, auxilio e amizade.

A todos 0s meus amigos, pelas conversas, conselhos e apoio.



SUMARIO

= I =S 1O 1
RESUMO .....c.ouicieeteeee ettt sttt sttt n st an s st en et eneens 2
ABSTRACT oottt sttt s sttt an st en st n et s st ensasens 3
LISTADE ABREVIATURAS. ..ot ee et ee s eses s sesss s sssas s sassassensasn s snsnnenns 4
I, L. INTRODUGAO ...ttt 6
I, 1.1. SULFITO OXIDASE (SO) ...coiveevierieiieeeiieissesiisessesissestesessssssessesessesssnessessssessensssenss 6

I, 1.2. DEFICIENCIA DA SO ....ociiiieeiieeeieeieeeeeieses s tes st enes st ssnes s 7

[, 1.2.1. Apresentacao ClHINICA.........coeiieiiiie i 9

I, 1.2.2. AChad0S NEUFOIOQICOS .......ecveiireieeie ettt sre e 10

I, 1.2.3. AChad0os LabOratOrials .....c..ecoviiiiiriieiirie ettt 10

[.  1.2.4. DiagnOstico Pré-Natal ..........ccooeiiiiiiiiii e 12

I ST I =1 = 1 =T (o PSSR 13

R 7 ST Sy o] o F= 1 (0] [0 - WSS 14

I, 1.3, HOMEOSTASE REDOX ......ccceuiiiiiisisiisesiesissessesesss s senissssenessesessessesesss s 15

I. 1.4 METABOLISMO ENERGETICO CEREBRAL .......ccceoovviieeiieeeereeeseeeee e 17

I.  1.4.1. Creatina CiNaSse (CK) .....coiieiiiieieee et 18

I.  1.5.DINAMICA MITOCONDRIAL E MITOFAGIA........cooovveeereeeeeeereeeeeeeseeenene 19

I. 1.6. PROTEINAS CINASES ATIVADAS POR MITOGENOS (MAPKS).................. 20

I, 1.7.PROTEINA TAU. ..ottt ees sttt 21

I, 2. OBJIETIVOS ...ttt sttt 22
I, 2.1 OBIETIVO GERAL ..ottt eeter e nas s 22

I. 2.2.OBJETIVOS ESPECIFICOS.........ooieiieeeieeeeteeeeseee vt 22

2 = I =S | T 23
L. CAPTTULO | oottt 24
N I =S 1 1 TS T 62
I 01 £ST 1 U 117X @ J OO 63
11, 2. CONCLUSODES ..ottt 70
1. 3. PERSPECTIVAS ..ottt anss st n s 71
REFERENCIAS BIBLIOGRAFICAS .......ovieeveieeieeeeeteeeves et es s sessenasnenns 72
ANEXO |ttt ettt a sttt n et s st an et aaneees 85



PARTE |



RESUMO

A deficiéncia isolada da sulfito oxidase (ISOD) e a deficiéncia do cofator molibdénio
(MoCD) sdo doencas metabdlicas hereditarias que afetam principalmente o sistema nervoso
central (SNC). Grande parte dos pacientes apresentam sintomas graves de inicio precoce,
incluindo crises convulsivas neonatais e encefalopatia de rapida progressdo, geralmente
levando a 6bito nos primeiros meses de vida. Estudos vém sendo realizados a fim de elucidar
0s mecanismos fisiopatoldgicos dessas doencas e indicam que o sulfito, principal metabolito
acumulado nos pacientes, € neurotdxico. Com o intuito de avaliar a toxicidade do sulfito no
periodo neonatal, ratos Wistar receberam uma injecdo intracerebroventricular (icv) de sulfito
(0,5 pmol/g) ou veiculo (PBS) no 1° dia de vida, sendo eutanasiados 30 min apds a
administracdo do metabdlito para a avaliacdo de parametros em cértex cerebral. Além disso,
avaliamos os efeitos do sulfito (100 — 1.000 uM), in vitro, em culturas primarias de astrocitos
corticais ap6s um periodo de incubacdo de 6 e 24 h. Primeiramente, observamos que a
administracdo icv de sulfito alterou a homeostase redox, pois diminuiu os niveis de glutationa
reduzida (GSH) e a atividade da enzima glutationa S-transferase (GST) e aumentou o
imunocontetdo de heme oxigenase-1 (HO-1). Com relacdo aos parametros de metabolismo
energético, o sulfito diminuiu a atividade das enzimas succinato desidrogenase (SDH) e creatina
cinase (CK), bem como dos complexos Il e II-11l da cadeia respiratoria. Por fim, também
observamos que o sulfito aumentou o imunocontetdo da cinase regulada por sinalizacdo
extracelular 1/2 (ERK 1/2) e da cinase p38, apesar de nédo alterar a fosforilacdo dessas proteinas.
Em culturas de astrocitos, o sulfito aumentou a oxidacao de 2°,7’- diclorofluorescina (DCFH)
e os niveis de lactato extracelular apos 6 e 24 h de incubacdo, respectivamente. Analisados em
conjunto, esses achados indicam que o sulfito causa um desequilibrio redox e altera o
metabolismo energético, 0 que pode estar contribuindo para as anormalidades cerebrais

observadas em pacientes recém-nascidos com a ISOD e a MoCD.

Palavras chave: Deficiéncia isolada da sulfito oxidase; Deficiéncia do cofator molibdénio;
Sulfito; Homeostase redox; Metabolismo energético; Periodo neonatal; Cérebro.



ABSTRACT

Isolated sulfite oxidase deficiency (ISOD) and molybdenum cofactor deficiency
(MoCD) are inherited metabolic diseases that affect mainly the central nervous system (CNS).
Most patients have severe early onset symptoms, that include neonatal seizures and rapidly
progressive encephalopathy, usually leading to death in the first months of life. Studies have
been carried out in order to elucidate the pathophysiology of these diseases and have shown
that sulfite, the main metabolite accumulated in patients, is neurotoxic. In order to assess the
toxicity of the sulfite in the neonatal period, Wistar rats received an intracerebroventricular (icv)
injection of sulfite (0.5 umol / g) or vehicle (PBS) on the first day of life, being euthanized 30
min after the administration of the metabolite for the evaluation of parameters in the cerebral
cortex. In addition, we evaluated the in vitro effects of sulfite (100 - 1,000 uM) in primary
cultures of cortical astrocytes after an incubation period of 6 and 24 h. First, we observed that
the icv administration of sulfite altered redox homeostasis, as verified by the decreased levels
of reduced glutathione (GSH) and activity of the enzyme glutathione S-transferase (GST) and
increased immunocontent of heme oxygenase-1 (HO-1). Regarding the parameters of energy
metabolism, sulfite decreased the activity of the enzymes succinate dehydrogenase (SDH) and
creatine kinase (CK), as well as of complexes Il and II-111 of the respiratory chain. Finally, we
observed that sulfite increased the immunocontent of extracellular signal-regulated kinase 1/2
(ERK 1/2) and p38 kinase despite not altering the phosphorylation of these proteins. In astrocyte
cultures, sulfite increased 2',7'- dichlorofluorescin (DCFH) oxidation and the extracellular
lactate levels after 6 and 24 h of incubation, respectively. Taken together, these findings indicate
that sulfite causes a redox imbalance and alters energy metabolism, which may contribute to

the onset of brain abnormalities seen in neonates with 1ISOD and MoCD.

Keywords: Isolated sulfite oxidase deficiency; Molybdenum cofactor deficiency; Sulfite;

Redox homeostasis; Energy metabolism; Neonatal period; Brain.



LISTA DE ABREVIATURAS

AO — aldeido oxidase

CAC — Ciclo do &cido citrico

CAT — Catalase

CK — Creatina cinase

CLAE - Cromatografia liquida de alta eficiéncia
cPMP — Piranopterina ciclica monofosfato

CS — Citrato sintase

CTE - Cadeia transportadora de elétrons

DCFH — Diclorofluorescina

DRP1 — Proteina relacionada a dinamina 1

ERK 1/2 — Cinase regulada por sinalizagéo extracelular 1/2
ERNs — Espécies reativas de nitrogénio

EROs — Espécies reativas de oxigénio

G6PDH — Glicose-6-fosfato desidrogenase

GDH - Glutamato desidrogenase

GFAP — Proteina fibrilar glial acida

GPx — Glutationa peroxidase

GR — Glutationa redutase

GSH — Glutationa reduzida

GSSG — Glutationa oxidada

GST — Glutationa S-transferase

HO-1 — Heme oxigenase-1

Ibal — Molécula adaptadora de ligag&o ao célcio ionizado 1

ISOD — Deficiéncia isolada da sulfito oxidase



JNK — Cinase C-Jun N-terminal

MAPKSs — Proteinas cinases ativadas por mitégenos
MAPs — Proteinas associadas a microtubulos
MARCL1 e 2 — Componente redutor da amidoxima mitocondrial 1 e 2
MCTs — Transportadores de monocarboxilato
MDH — Malato desidrogenase

MFNL1 e 2 — Mitofusina 1 e 2

MKPs — MAPK fosfatases

MME — Membrana mitocondrial externa

MMI — Membrana mitocondrial interna

MoCD - Deficiéncia do cofator molibdénio
MoCo — Cofator molibdénio

MTT — Metiltiazolildifenil-tetrazolio

NeuN — Proteina nuclear especifica de neurénios
OPAL - Proteina atrofica Optica 1

PINK1 — Cinase 1 induzida por PTEN

SDH — Succinato desidrogenase

SNC — Sistema nervoso central

SO - Sulfito oxidase

SOD - Superoxido dismutase

XOR — Xantina oxidoredutase

A¥m — Potencial de membrana mitocondrial



I.1. INTRODUCAO
. 1.1. SULFITO OXIDASE (SO)

A SO estad localizada no espaco intermembranas mitocondrial (Tan et al., 2005;
Hoffmann et al., 2007; Claerhout et al., 2017) de diversos tecidos, sendo que figado, rim,
musculo esquelético, coracdo, placenta e cérebro estdo entre 0s que mais expressam o gene
desta enzima em seres humanos (Woo et al., 2003; Tan et al., 2005). A func¢do da SO é catalisar
a Ultima etapa da via de degradacdo de aminoacidos sulfurados, cisteina e metionina, oxidando
sulfito a sulfato (Johnson, 2003; Relinque et al., 2015; Atwal e Scaglia, 2016; Lee et al., 2017).
Além disso, a SO também é responsavel por metabolizar o sulfito derivado da exposicdo
ambiental ao didxido de enxofre (SO2) e ingerido por meio de alimentos e farmacos (Mendel e
Bittner, 2006; Pundir e Rawal, 2013; Kappler e Enemark, 2014; Velayutham et al., 2016),
mantendo sua concentracdo sérica em até 10 uM (Ji, Savon e Jacobsen, 1995; Pundir e Rawal,
2013).

A SO é um homodimero, tendo monémeros constituidos de trés dominios: o dominio
heme citocromo bs (N-terminal); o dominio catalitico central, que abriga o cofator molibdénio
(MoCo); e o dominio C-terminal, responsavel pela dimerizacdo (Schwarz, 2016; Bender et al.,
2019). O MoCo, que consiste em uma molécula de molibdopterina ligada a um molibdénio,
deve ser previamente sintetizado pelo organismo a partir de GTP (Figura 1) (Johnson, 2003;
Atwal e Scaglia, 2016; Schwarz, 2016). Durante a reacdo enzimatica, o molibdénio (VI) é
reduzido a molibdénio (IV) por dois elétrons provenientes do sulfito, resultando na formacéo
de sulfato. A reoxidagdo do molibdénio (IV) se da& primeiramente pela transferéncia
intramolecular dos elétrons para 0 heme citocromo bs, que, em seguida, é oxidado pelo

citocromo c da cadeia respiratoria (Garrett et al., 1998; Belaidi et al., 2015; Bender et al., 2019).
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Figura 1. Biossintese do cofator molibdénio (MoCo) e classificacdo da doenca de acordo com

a deficiéncia enzimatica (Adaptado de Alonzo Martinez et al., 2020).

l. 1.2. DEFICIENCIA DA SO

A deficiéncia da SO pode ocorrer de duas formas: deficiéncia isolada da SO (ISOD) ou
deficiéncia do cofator molibdénio (MoCD) (Kisker et al., 1997; Garrett et al., 1998; Edwards
et al., 1999; Basheer et al., 2007; Westerlinck et al., 2014; Relinque et al., 2015; Sharawat et
al., 2020). Ambas sdo doencas neurometabdlicas genéticas raras (Tan et al., 2005; Relinque et
al., 2015; Durmaz e Ozbakir, 2018; Sharawat et al., 2020) e possuem padrdo de heranca
autossdémico recessivo (Johnson, 2003; Rocha et al., 2014; Relinque et al., 2015; Cornet, Sands
e Cilio, 2018), logo, heterozigotos ndo manifestam a doenca (Edwards et al., 1999; Johnson,
2003). Enquanto os pacientes portadores da 1ISOD apresentam mutag¢fes no gene SUOX, que
codifica a SO (Claerhout et al., 2017; Lee et al., 2017), individuos com a MoCD apresentam
mutagdes nos genes MOCS1, MOCS2, MOCS3 ou GPHN, que codificam enzimas envolvidas

na biossintese do MoCo (Sass et al., 2010; Westerlinck et al., 2014; Zaki et al., 2016; Durmaz



e Ozbakir, 2018; Alonzo Martinez et al., 2020). Dois tercos dos casos de MoCD s&o causados
por mutagdes no gene MOCSL1 (Belaidi et al., 2015; Atwal e Scaglia, 2016; Zaki et al., 2016;
Cornet, Sands e Cilio, 2018) e apenas dois pacientes s&o descritos com mutagdes no gene GPHN
(c.65-?_102+7del, resultando em Exon2/3del, e ¢.1739A>C, resultando na substituicdo
p.D580A) (Reiss e Hahnewald, 2010; Bayram et al., 2013; Atwal e Scaglia, 2016; Scelsa et al.,
2019). Atwal e Scaglia (2016) relataram haver mais de 60 variantes patogénicas em MOCS1 e
MOCS2. Quanto ao gene MOCS2, Arican et al. (2019) contabilizaram vinte e nove diferentes
mutac0es descritas, incluindo dele¢des, duplicactes, variacbes missense, nonsense e frameshift.
As mutagdes 956G>A (R319Q), 418+1G>A e 1523del2 em MOCS1 parecem frequentes,
sendo, cada uma, ja identificada em pelo menos dez familias, segundo Johnson (2003).
Recentemente, um paciente com mutacdo missense no gene MOCS3 também foi identificado
(c.769G>A,; substituicdo p.Ala257Thr) (Huijmans et al., 2017). J& no gene SUOX, mutacdes
missense, nonsense e frameshift foram observadas. Mutagdes missense podem estar
relacionadas a alteracdes na conformacao do sitio ativo da SO, na sua dimerizacao e em residuos
de ligacdo do MoCo (Johnson et al., 2002; Karakas e Kisker, 2005). De acordo com Tan et al.
(2005), a mutacdo 479G>A (substituicdo R160Q) ocorreu em pelo menos quatro pacientes.
Aproximadamente cinquenta individuos com ISOD e cento e cinquenta com MoCD séo
relatados na literatura. A prevaléncia dessas doencas é desconhecida, mas estima-se que 1 a
cada 100.000 a 200.000 nascidos vivos sejam portadores da MoCD (Zaki et al., 2016; Bindu et
al.,, 2017; Alonzo Martinez et al.,, 2020). Devido a similaridade fenotipica com outras
patologias, deve ser destacado que a ISOD e a MoCD sdo possivelmente subdiagnosticadas

(Reiss e Hahnewald, 2010; Atwal e Scaglia, 2016; Bindu et al., 2017; Durmaz e Ozbakir, 2018).



I.1.2.1. Apresentacéo Clinica

O MoCo é necessario para a atividade ndo apenas da SO, mas também da xantina
oxidoredutase (XOR), da aldeido oxidase (AO) e do componente redutor da amidoxima
mitocondrial (MARC1 e mARC2). Apesar de pacientes com a MoCD também apresentarem
deficiéncia dessas trés outras enzimas (Reiss e Hahnewald, 2010; Belaidi e Schwarz, 2013;
Atwal e Scaglia, 2016; Schwarz, 2016; Alonzo Martinez et al., 2020), sabe-se que 0s sintomas
observados séo decorrentes da atividade deficiente da SO (Kisker et al., 1997; Edwards et al.,
1999; Johnson, 2003; Schwarz, 2016), j& que portadores de xantindria tipo 1 (deficiéncia de
XOR) ou xantindria tipo 2 (deficiéncia de XOR e AO) ndo manifestam problemas neuroldgicos
e sdo, muitas vezes, assintomaticos (Tan et al., 2005; Schwarz, 2016; Claerhout et al., 2017).
Até o presente momento, também ndo foram descritas na literatura patologias decorrentes da
deficiéncia isolada da AO ou do mARC (Tan et al., 2005; Claerhout et al., 2017; Alonzo
Martinez et al., 2020).

Dessa forma, a ISOD e a MoCD sédo clinicamente indistinguiveis (Kisker et al., 1997;
Reiss e Hahnewald, 2010; Belaidi e Schwarz, 2013; Belaidi et al., 2015; Atwal e Scaglia, 2016;
Zaki et al., 2016), manifestando-se na maioria das vezes de forma grave e ainda no periodo
neonatal, apesar de formas mais leves e de inicio tardio também ja terem sido relatadas
(Johnson, 2003; Hoffmann et al., 2007; Rocha et al., 2014; Relinque et al., 2015; Bindu et al.,
2017; Claerhout et al., 2017; Alonzo Martinez et al., 2020; Sharawat et al., 2020). O tipo de
mutacao e a consequente atividade residual enzimatica parecem estar associados a gravidade
da doenca (Claerhout et al., 2017). Os pacientes acometidos pela forma classica (grave e
precoce) da doenga apresentam crises convulsivas refratarias a terapia, retardo psicomotor
grave, dificuldades alimentares, face com caracteristicas dismdrficas, microcefalia, hipotonia
axial e hipertonia periférica (Hoffmann et al., 2007; Reiss e Hahnewald, 2010; Rocha et al.,

2014; Relinque et al., 2015; Schwarz, 2016; Bindu et al., 2017; Claerhout et al., 2017; Alonzo



Martinez et al., 2020; Sharawat et al., 2020). Além disso, ectopia lentis € comumente observada
em pacientes que sobrevivem ao periodo neonatal (Johnson, 2003; Reiss e Hahnewald, 2010;

Bindu et al., 2017; Lee et al., 2017).

I.1.2.2. Achados Neuroldgicos
Exames de neuroimagem e neuropatoldgicos realizados em pacientes com a ISOD e a
MoCD j& evidenciaram alteracGes como encefalomalécia cistica, atrofia cerebral e cerebelar
progressiva, edema difuso, dilatacdo dos ventriculos, hipoplasia do corpo caloso, ganglios
basais e tronco cerebral, perda neuronal massiva, desmielinizacao, gliose e alteragdes focais ou
bilaterais do globo palido e regides subtaldmicas (Tan et al., 2005; Schwarz, 2016; Zaki et al.,

2016; Bindu et al., 2017; Lee et al., 2017; Yoganathan et al., 2018).

I.1.2.3. Achados Laboratoriais

Os individuos portadores da 1ISOD e da MoCD apresentam elevados niveis de sulfito
nos tecidos e liquidos bioldgicos, além de niveis aumentados de tiossulfato e S-sulfocisteina,
produtos da conjugacdo do sulfito ao sulfeto de hidrogénio (H.S) e a cist(e)ina, respectivamente
(Figura 2A) (Mills et al., 2012; Atwal e Scaglia, 2016; Zaki et al., 2016; Lee et al., 2017; Wyse
et al., 2018). O sulfito é facilmente detectado na urina utilizando-se fitas indicadoras, mas por
ser uma molécula muito instavel, podendo ser oxidado em poucas horas, deve ser mensurado
em amostra fresca a fim de evitar falsos-negativos. Resultados falsos-positivos podem ocorrer
pelo aumento de acido succinico, acido benzoico, acido 2-hidroxiglutarico e uracil na urina
decorrentes de degradacdo bacteriana, pela presenca de certos antibioticos (cefotaxima,
cefuroxima, ampicilina e benzilpenicilina) ou por drogas que contenham grupo sulfidril
alifatico livre (N-acetilcisteina, mercaptamina, dimercaprol e 2-mercaptoetano sulfonato)

(Hobson et al., 2005; Tan et al., 2005; Basheer et al., 2007; Reiss e Hahnewald, 2010; Sass et
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al., 2010; Bindu et al., 2017; Claerhout et al., 2017; Alonzo Martinez et al., 2020). Ja o
tiossulfato e a S-sulfocisteina sdo mais estaveis e podem ser Uteis para refor¢ar o resultado (Tan
et al., 2005; Sass et al., 2010; Bindu et al., 2017). O tiossulfato pode ser determinado na urina
por espectrofotometria, e a S-sulfocisteina, no plasma ou na urina, por espectrometria de massas
em tandem ou cromatografia liquida de alta eficiéncia (CLAE) (Tan et al., 2005; Relinque et
al., 2015; Bindu et al., 2017; Alonzo Martinez et al., 2020). O aumento de taurina também é
observado em plasma e urina de pacientes devido ao aumento da degradacdo de cisteina-
sulfinato (Mills et al., 2012; Claerhout et al., 2017; Wyse et al., 2018).

Por outro lado, os pacientes apresentam diminuicdo de cistina e homocisteina total no
plasma, decorrentes da reacdo do sulfito a seus grupos tiois livres (Figura 2A). A homocisteina
total plasmatica torna-se praticamente indetectavel, representando um indicador sensivel e
especifico dessas patologias (Sass et al., 2004; Tan et al., 2005; Basheer et al., 2007; Sass et al.,
2010; Bindu et al., 2011; Rocha et al., 2014; Bindu et al., 2017). Nos casos de MoCD, devido
ao comprometimento da atividade da XOR, também séo observados aumentos na excregdo
urinaria de xantina e hipoxantina e diminuicdo de acido Urico em plasma e urina (Figura 2B)
(Tan et al., 2005; Reiss e Hahnewald, 2010; Sass et al., 2010; Atwal e Scaglia, 2016). A partir
desses achados bioquimicos, a confirmacdo do diagndstico é entdo realizada por analise
mutacional e determinacdo da atividade da SO em cultura de fibroblastos (Sass et al., 2010;

Salas e Arca, 2018; Alonzo Martinez et al., 2020).
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Figura 2. Vias metabdlicas de enzimas dependentes do MoCo: o metabolismo de aminoacidos
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sulfurados (A) e 0 metabolismo de purinas (B) (Adaptado de Alonzo Martinez et al., 2020).

I. 1.2.4. Diagnéstico Pré-Natal

Na literatura, ha poucos casos diagnosticados no periodo pré-natal, que geralmente
ocorrem ap6s uma primeira gravidez, quando se tem irmdos previamente afetados (Alonzo
Martinez et al., 2020). A atividade da SO pode ser mensurada a partir de bidpsia das vilosidades
coridnicas, enguanto que o liquido amniotico pode ser usado para a dosagem de metabolitos. O
diagnostico por analise mutacional é geralmente realizado quando o gene afetado ja é conhecido
(Edwards et al., 1999; Johnson, 2003; Carmi-Nawi et al., 2011; Alonzo Martinez et al., 2020).

AvaliagGes neuroldgicas ja mostraram o surgimento de altera¢fes durante a gestacdo,
indicando que a ISOD e a MoCD podem levar a interrupcéo do neurodesenvolvimento no feto
(Carmi-Nawi et al., 2011; Lee et al., 2017). Carmi-Nawi et al. (2011) relataram dano cerebral
difuso com ventriculomegalia, mega cisterna magna, disgenesia do corpo caloso, multiplos
cistos subcorticais e cerebelo hipoplasico em um feto a partir da 352 semana de gestacdo. Ja

Alonzo Martinez et al. (2020) apresentaram exames de ultrassom de um feto a partir da 262
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semana de gestacdo com mega cisterna magna, cavum vergae e dilatacdo ventricular, enquanto
Lee et al. (2017) relataram baixa rotagéo e diferenciacdo das camadas corticais, por ressonancia
magnética cerebral, na 212 semana de idade gestacional. Chen et al. (2014) também observaram
achados como mega cisterna magna e leucoencefalopatia multicistica em um recém-nascido

com 14 horas de vida, sugerindo inicio pré-natal.

l.1.2.5. Tratamento

A fim de melhorar a qualidade e perspectiva de vida dos pacientes, é¢ feita a
implementacdo de uma dieta com restricdo de aminoacidos sulfurados que, apesar de levar a
uma reducdo dos niveis de sulfito, promove melhora clinica especialmente em casos mais leves
da doenca (Reiss e Hahnewald, 2010; Rocha et al., 2014; Relinque et al., 2015; Schwarz, 2016;
Bindu et al., 2017; Claerhout et al., 2017). Alguns compostos ja foram testados sem sucesso
clinico, como é o caso da betaina (usada para ocasionar a remetilagdo da homocisteina a
metionina, diminuindo a formacao de cisteina e sulfito) e da D-penicilamina (com o intuito de
ligar sulfito a seus grupos tiois eliminando S-sulfopenicilamina), por exemplo (Tan et al., 2005;
Bindu et al., 2017; Alonzo Martinez et al., 2020).

Recentemente, a terapia de reposi¢do com piranopterina ciclica monofosfato (cPMP),
intermediério da biossintese do MoCo, tem se mostrado eficaz para pacientes com mutacées
em MOCS1 (MoCD tipo A) (Figura 1), que apresentaram normalizacdo dos indices
metabdlicos, melhora das convulsdes e controle da deterioracdo neuroldgica. Contudo, como
ndo h& reversdo dos danos cerebrais observados antes da suplementacdo com cPMP, o
diagnostico precoce é fundamental para um resultado favoravel. Pacientes tratados
precocemente podem apresentar um neurodesenvolvimento praticamente normal (Reiss e
Hahnewald, 2010; Veldman et al., 2010; Schwarz, 2016; Cornet, Sands e Cilio, 2018; Alonzo

Martinez et al., 2020).
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Diferentemente da MoCD tipo A, a ISOD e a MoCD tipo B e C (Figura 1) ndo possuem
um tratamento efetivo, o qual se limita apenas a restri¢do da dieta e a0 manejo dos sintomas,
com antiepilépticos para tentar controlar as convulsdes e sonda de gastrostomia para facilitar a
degluticdo. Nestes casos, 0 prognostico da doenca € frequentemente ruim e 0s pacientes
geralmente v&o a Obito nos primeiros meses de vida (Sass et al., 2010; Veldman et al., 2010;
Carmi-Nawi et al., 2011; Belaidi et al., 2015; Relinque et al., 2015; Atwal e Scaglia, 2016;

Bindu et al., 2017; Claerhout et al., 2017).

I. 1.2.6. Fisiopatologia

Diversos estudos vém sendo desenvolvidos para elucidar mecanismos de toxicidade do
sulfito que possam levar a encefalopatia grave observada nos pacientes com deficiéncia da SO
(Hoffmann et al., 2007; Relinque et al., 2015; Claerhout et al., 2017). Nesse sentido, ja foi
evidenciado que o sulfito pode se auto-oxidar na presenca de metais ou sofrer oxidagédo
enzimatica por peroxidases e formar radicais de enxofre, além de ser capaz de produzir peroxido
de hidrogénio (H20-) e superdxido (O2*") diretamente (Izgut-Uysal et al., 2005; Kocamaz et al.,
2012). Um aumento da oxidagdo de 2’,7'- diclorofluorescina (DCFH) ocasionado pelo sulfito
ja foi observado em hipocampo e cortex cerebral de ratos in vitro, bem como o aumento de
H>02 em hipocampo e em mitocondrias isoladas de cérebro (Grings et al., 2013; de Moura
Alvorcem et al., 2017). Além disso, estudos ja demonstraram que o sulfito induz peroxidagéo
lipidica em cérebro, eritrdcitos e plasma de ratos deficientes para a SO (Kiiglikatay et al., 2006;
Herken et al., 2008; Ozturk et al., 2010), sendo que no plasma também foram observados
aumento do estado oxidante total e diminui¢do do contetdo de sulfidrilas livres (Herken et al.,
2008). O aumento da peroxidacdo lipidica, além da diminuicdo da atividade da catalase (CAT)
também ocorreu in vitro em cortex cerebral, hipocampo e estriado de ratos de 10 e 60 dias de

idade (Chiarani et al., 2007). Kucukatay et al. (2007) observaram aumento da atividade de
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enzimas antioxidantes em hipocampo de ratos normais ap6s administracdo de sulfito, enquanto
que Kocamaz et al. (2012) mostraram que o sulfito leva a perda de neurdnios hipocampais tanto
em ratos normais como em deficientes para a SO. Em linhagens de células neuronais (Neuro-
2a e PC12) e hepéticas (HepG2 e células fetais humanas), o sulfito aumentou a producdo de
espécies reativas de oxigénio (EROs) e provocou deplecdo do ATP intracelular (Zhang et al.,
2004). J& em mitocondrias isoladas de cérebro de ratos, o sulfito diminuiu o consumo de
oxigénio (O2), a biossintese de ATP e a atividade das enzimas glutamato desidrogenase (GDH)
e malato desidrogenase (MDH) (Zhang et al., 2004; Grings et al., 2014). Além disso, Grings et
al. (2014) constataram que, na presenca de célcio exdgeno, o sulfito induz inchamento
mitocondrial e reduz o potencial de membrana mitocondrial (A¥m), a capacidade de retencéo
de célcio, o contetdo de NADPH e de citocromo ¢ devido a abertura do poro de transi¢do da
permeabilidade mitocondrial em mitoc6ndrias de cérebro de ratos. Em outro trabalho, Grings
et al. (2017) verificaram que o acimulo de sulfito leva a disfuncdo mitocondrial, diminui as
defesas antioxidantes, induz reatividade glial e dano neuronal em estriado de ratos jovens. Por
fim, o sulfito também diminui a atividade da creatina cinase (CK) in vitro em cortex cerebral,
hipocampo, cerebelo e estriado (Grings et al., 2013; de Moura Alvorcem et al., 2017) e in vivo
em estriado de ratos jovens (Grings et al., 2017). Embora muito ja se saiba a respeito da
toxicidade do sulfito, & importante ressaltar que ndo ha trabalhos na literatura visando
estabelecer a fisiopatologia neonatal da deficiéncia da SO, periodo em que grande parte dos

pacientes séo acometidos pela doenca.

I. 1.3. HOMEOSTASE REDOX
EROs compreendem um grupo de moléculas (radicais e ndo radicais) que derivam do
O, abrangendo espécies iniciais formadas pela sua reducdo (O2°* e H202) e também produtos

reativos secundarios (Turrens, 2003; Winterbourn, 2008; Lambert e Brand, 2009; Pisoschi e
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Pop, 2015). A redugdo do Oz por um elétron resulta na formagdo de O.*. A principal fonte
desse radical € a respiragdo mitocondrial, devido ao vazamento de elétrons de centros redox da
cadeia transportadora de elétrons (CTE). Além disso, o O2*" também pode ser gerado por
enzimas como NADPH oxidases, oxigenases dependentes de citocromo P450, ciclooxigenases
e xantina oxidases, bem como pela reducdo direta do O, por coenzimas e xenobioticos
reduzidos, por exemplo.

A formacéo desse radical pode mediar reacdes oxidativas em cadeia. O O2*" pode sofrer
dismutacdo e gerar H202, o qual também pode ser formado diretamente a partir da transferéncia
de dois elétrons para o O por urato oxidases, glicose oxidases e D-aminoacido oxidases. O
H>0> pode reagir com metais de transi¢do reduzidos e levar a formacao do radical hidroxila
(OH®) (Turrens, 2003; Pisoschi e Pop, 2015) ou ser convertido por peroxidases e resultar na
formacdo de 4cido hipocloroso (HOCI), oxigénio singlet (*O2) e outras espécies (Winterbourn,
2008; Brieger et al., 2012).

O 0O2* também pode reagir com o Oxido nitrico (NO®) e gerar peroxinitrito (ONOQO)
(espécie reativa de nitrogénio - ERN). As ERNs sdo derivadas de NO®, gerado a partir de L-
arginina pela éxido nitrico sintase ou através da reducdo de nitrato inorganico (Turrens, 2003;
Winterbourn, 2008; Pisoschi e Pop, 2015).

As espécies reativas sdo continuamente produzidas pelo organismo como resultado do
metabolismo celular normal. Em niveis baixos e regulados, desempenham funcdes fisiologicas
essenciais, estando envolvidas tanto na sinalizacdo celular (proliferacdo, diferenciagéo,
crescimento, sobrevivéncia, apoptose, etc.) como em processos biossintéticos (producdo de
horménio tireoidiano, por exemplo). Além disso, também sdo importantes na defesa do
hospedeiro contra microrganismos. No entanto, em altas concentragdes podem causar dano

oxidativo e nitrosativo a biomoléculas, como acidos nucleicos, proteinas, carboidratos e
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lipideos (Turrens, 2003; Winterbourn, 2008; Lambert e Brand, 2009; Birben et al., 2012;
Brieger et al., 2012; Atashi, Modarressi e Pepper, 2015).

A regulacdo do estado redox ocorre pelo equilibrio entre a geracdo de espécies reativas
e sua neutralizacdo por sistemas antioxidantes (Atashi, Modarressi e Pepper, 2015). Os sistemas
de defesa antioxidantes podem tanto impedir a producdo como bloquear espécies reativas ja
formadas por meio de processos enzimaticos e ndo-enzimaticos. Além disso, também estdo
envolvidos no reparo de biomoléculas danificadas (Sies, 1997; Winterbourn, 2008; Pisoschi e
Pop, 2015). Certas condicBes patoldgicas podem levar ao desequilibrio entre producédo e
remocao de espécies reativas, seja pelo aumento da producédo ou pela diminuigdo da capacidade
antioxidante, causando estresse oxidativo e podendo acarretar em morte celular por apoptose

(Turrens, 2003; Lambert e Brand, 2009; Ray, Huang e Tsuji, 2012; Pisoschi e Pop, 2015).

l. 1.4. METABOLISMO ENERGETICO CEREBRAL

O cérebro possui alta demanda metabdlica para exercer suas funcdes e requer um influxo
continuo de substratos sanguineos, ja que apresenta baixa capacidade de reserva energética
(Bélanger, Allaman e Magistretti, 2011; Camandola e Mattson, 2017). Em condic¢des normais,
a glicose € o principal substrato para o cérebro adulto. No entanto, durante o periodo neonatal,
devido ao alto consumo de gordura durante a lactagéo, os corpos cetdnicos também s&o usados
como fonte energética (Brekke, Morken e Sonnewald, 2015; Magistretti e Allaman, 2015).
Transportadores de monocarboxilato (MCTSs), que promovem a entrada de corpos cetbnicos no
cérebro, sdo muito mais abundantes durante o desenvolvimento, uma vez que esses nutrientes
podem fornecer de 30 a 70% da energia necessaria nesse periodo (Brekke, Morken e
Sonnewald, 2015; Camandola e Mattson, 2017).

Apesar de o cérebro possuir outras fontes de energia, a glicose € indispensavel para a

sintese de nucleotideos e producdo de NADPH através da via das pentoses fosfato. O
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equivalente redutor NADPH € usado tanto para a sintese lipidica como para manter as defesas
antioxidantes cerebrais, regenerando glutationa reduzida (GSH) (Brekke, Morken e Sonnewald,
2015; Camandola e Mattson, 2017). A via das pentoses fosfato representa de 5 a 15% do
metabolismo da glicose no cérebro de ratos de 7 dias e essa porcentagem € ainda mais
significativa em recém-nascidos (Brekke, Morken e Sonnewald, 2015).

O ciclo do écido citrico (CAC) ¢ a via final comum da oxidagdo de amino&cidos,
triacilglicerdis, carboidratos e corpos cetdnicos. Esse processo ocorre na matriz mitocondrial e
produz, dentre outras moléculas, coenzimas reduzidas (NADH e FADH2) que doam elétrons
para complexos da CTE incorporados na membrana mitocondrial interna (MMI). A
transferéncia de elétrons entre os complexos, com o consumo de O, permite a formagéo de um
gradiente eletroquimico de prétons que impulsiona a sintese de ATP pela ATP sintase (Akram,
2013; Nelson e Cox, 2017; Van der Bliek, Sedensky e Morgan, 2017). O acoplamento entre a
CTE e a fosforilagdo oxidativa gera grande parte do ATP necessario para o cérebro (Erecinska

e Silver, 1994; Nelson e Cox, 2017).

I. 1.4.1. Creatina cinase (CK)

A CK esta presente em tecidos com alta demanda energética, como o cérebro, e catalisa
a transferéncia reversivel de um fosfato do ATP para a creatina, produzindo ADP e
fosfocreatina (Wendt, Schlattner e Wallimann, 2002). Essa enzima apresenta diferentes
isoformas, trés citosodlicas e duas mitocondriais (Wang et al., 2001; Wallimann, Tokarska-
Schlattner e Schlattner, 2011), sendo que, nos tecidos, uma isoforma citosélica é sempre co-
expressada com uma isoforma mitocondrial. Assim, a CK participa da homeostase energética
celular, podendo regenerar ATP prontamente e transportar energia intracelular de sitios de

producdo de ATP (fosforilacdo oxidativa mitocondrial) para sitios de consumo (por proteinas

18



motoras, bomba de ions, etc.) (Wendt, Schlattner e Wallimann, 2002; Wallimann, Tokarska-

Schlattner e Schlattner, 2011; Schlattner et al., 2016).

l. 1.5. DINAMICA MITOCONDRIAL E MITOFAGIA

As mitocondrias sdo organelas altamente dindmicas, capazes de se fragmentar e de
formar redes hipertubulares através de processos de fissdo e fusdo, respectivamente, para
atender as necessidades metabdlicas das células (Bertholet et al., 2016; Lee e Yoon, 2016; Wai
e Langer, 2016; Yoo e Jung, 2018). A morfologia das mitocondrias esta diretamente associada
as suas fungbes: producdo de ATP, biossintese de esteroides, regulacdo da morte celular
programada, homeostase do calcio, geracdo e controle de EROs, dentre outras (Lee e Yoon,
2016; Wai e Langer, 2016). Enquanto redes mitocondriais parecem ser mais eficientes na
geracdo de ATP, a fragmentacdo mitocondrial pode permitir a distribuicdo de mitocondrias na
célula antes da divisao celular, facilitar a apoptose através da liberacdo de citocromo c e isolar
mitocondrias disfuncionais para posterior eliminacdo via mitofagia. Por outro lado, uma
mitocondria danificada também pode ser recuperada através da fusdo com uma mitocdndria
viavel, tendo seus componentes danificados ou mtDNA mutado compensados por componentes
funcionais (Bertholet et al., 2016; Wai e Langer, 2016; Meyer, Leuthner e Luz, 2017).

As principais proteinas envolvidas nos processos de dindmica mitocondrial sdo GTPases
da familia da dinamina. A proteina relacionada a dinamina 1 (DRP1) medeia a fissdo
mitocondrial ao ser recrutada do citosol para a superficie mitocondrial, onde se oligomeriza
formando anéis de constricdo em locais de divisdo. Ja as mitofusinas, em suas duas isoformas
(MFN1 e MFN2), encontram-se ancoradas a membrana mitocondrial externa (MME) e
realizam a fusdo destas membranas por meio de interacdes homo (MFN1-MFN1 e MFN2-

MFN2) ou heterotipicas (MFN1-MFN2). A proteina atrofica optica 1 (OPAL), por sua vez,
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realiza a fuséo da MMI (Chan, 2012; Lee e Yoon, 2016; Pernas e Scorrano, 2016; Wai e Langer,
2016).

Assim como a fissdo e a fusdo, a mitofagia também age para manter a homeostase
mitocondrial e celular (Vasquez-Trincado et al., 2016). Esse processo tem um importante papel
no controle de qualidade mitocondrial, sendo responsavel pelo reconhecimento e remocao de
mitocondrias danificadas (Um e Yun, 2017; Guan et al., 2018; Yoo e Jung, 2018). Uma das
vias de reconhecimento de mitocdndrias danificadas para posterior degradacdo € a da cinase 1
induzida por PTEN (PINK1) - Parkin.

Em condigdes normais, a PINK1 é direcionada para as mitocondrias, onde é
rapidamente degradada por peptidases e proteases. Todavia, a despolarizacdo da membrana
mitocondrial que ocorre em mitocdndrias danificadas impede a importagdo de PINK1 através
da MM, levando ao seu acimulo na MME e consequente recrutamento de Parkin do citosol. A
PINK1 ativa entdo a Parkin por fosforilacdo, a qual ubiquitina proteinas mitocondriais,
promovendo a degradacdo proteossomal e o recrutamento de receptores de autofagia que
direcionam as mitocéndrias danificadas para os fagoforos (Ashrafi e Schwarz, 2012; Durcan e
Fon, 2015; Véasquez-Trincado et al., 2016; Um e Yun, 2017; Yoo e Jung, 2018). O fagoforo
envolve a organela formando uma estrutura de membrana dupla, chamada autofagossomo. Por
fim, o autofagossomo se funde ao lisossomo para formar um autolisossomo, onde ocorre a
degradacdo hidrolitica do contetdo do autofagossomo (Ashrafi e Schwarz, 2012; Vasquez-

Trincado et al., 2016; Um e Yun, 2017; Guan et al., 2018).

l. 1.6. PROTEINAS CINASES ATIVADAS POR MITOGENOS (MAPK3S)
As MAPKs compreendem uma familia de serina/treonina cinases que, frente a diversos
estimulos extracelulares, sdo ativadas por uma cascata fosforilativa de transducdo de sinal e

passam a fosforilar alvos especificos (fatores de transcricdo, fosfolipases, proteinas associadas
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a microtibulos - MAPs, proteinas prd e anti-apoptéticas, etc.), levando a uma resposta
adaptativa celular (Chico, Van Eldik e Watterson, 2009; Danquah et al., 2014; Kim e Choi,
2015; Sun e Nan, 2016). Elas estdo envolvidas em diversos processos celulares como
proliferacdo, diferenciagédo, sobrevivéncia, apoptose, inflamagéo e imunidade inata (Kim e
Choi, 2015). Trés subfamilias de MAPKs sdo mais estudadas: a cinase regulada por sinalizacéo
extracelular 1/2 (ERK1/2), a cinase C-Jun N-terminal (JNK) e a cinase p38 (Sun e Nan, 2016;
Du et al., 2019). Enquanto a via de sinalizacdo da ERK 1/2 vem sendo principalmente
relacionada a proliferacdo e diferenciacdo celular, as vias da p38 e da JNK séo principalmente

relacionadas ao estresse e a apoptose celular (Du et al., 2019; Guo et al., 2020).

l. 1.7. PROTEINA TAU

A Tau é uma fosfoproteina pertencente a familia de MAPs, expressa principalmente em
neurbnios. Esta envolvida na montagem e estabilizacdo dos microtibulos, constituintes do
citoesqueleto que sdo fundamentais para a manutencdo da forma celular, mitose e transporte
axonal. Além disso, a Tau também promove ligacdes entre microtibulos e outros elementos do
citoesqueleto, organelas e membrana plasmatica. A interacdo da Tau com os microtibulos é
altamente dindmica e regulada negativamente por fosforilacdo. Alteracdes na quantidade ou na
estrutura dessa proteina podem afetar a organizagédo celular e provocar danos patologicos (Buéee
et al., 2000; Avila et al., 2004; Mandelkow e Mandelkow, 2012; Ferrari e Rudiger, 2018;

Goedert, 2018).
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l.2. OBJETIVOS
I. 2.1. OBJETIVO GERAL
Visando contribuir para o esclarecimento dos mecanismos neurotoxicos do sulfito na
ISOD e na MoCD, o objetivo deste trabalho foi investigar os efeitos in vivo desse metabdlito
sobre a homeostase redox e mitocondrial e sobre proteinas de sinalizagdo celular em cortex
cerebral de ratos neonatos (1 dia de vida), bem como os efeitos in vitro sobre a homeostase
redox, metabolismo energético e viabilidade celular em culturas primérias de astrocitos

corticais.

. 2.2. OBJETIVOS ESPECIFICOS

Foram avaliados os efeitos do sulfito em cortex cerebral de ratos neonatos sobre:

a) Os niveis de GSH e atividade das enzimas antioxidantes superéxido dismutase
(SOD), glutationa peroxidase (GPx), glutationa S-transferase (GST), glicose-6-fosfato
desidrogenase (G6PDH) e glutationa redutase (GR);

b) A atividade da CK, de enzimas do CAC (citrato sintase — CS, succinato desidrogenase
- SDH e MDH) e dos complexos Il, lI-111 e IV da CTE;

¢) O imunocontetdo de heme oxigenase-1 (HO-1), MFN1, DRP1 e PINK1;

d) O imunoconteldo e grau de fosforilacdo de ERK1/2, p38, JNK e Tau;

Também foram estudados os efeitos do sulfito sobre a oxidacdo de DCFH, a
concentracdo de lactato extracelular e a reducdo de brometo de metiltiazolildifenil-tetrazolio

(MTT) em culturas primarias de astrécitos corticais.
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I11.1. DISCUSSAO

A ISOD e a MoCD s&o doencgas metabdlicas hereditarias que afetam principalmente o
sistema nervoso central (SNC) (Tan et al., 2005; Relinque et al., 2015; Atwal e Scaglia, 2016;
Schwarz, 2016; Durmaz e Ozbakir, 2018). Geralmente se manifestam de forma grave e precoce,
com crises convulsivas intrataveis logo nas primeiras horas ou dias de vida e encefalopatia de
répida progressdo (Johnson, 2003; Basheer et al., 2007; Rocha et al., 2014; Bindu et al., 2017;
Cornet, Sands e Cilio, 2018; Durmaz e Ozbakir, 2018). Exames neuroldgicos em pacientes
evidenciam alteragdes em diferentes regides cerebrais, incluindo anormalidades corticais como
lesBes cisticas, aumento dos sulcos decorrente de atrofia, edema, perda neuronal massiva e
gliose (Rocha et al., 2014; Zaki et al., 2016; Bindu et al., 2017; Lee et al., 2017; Cornet, Sands
e Cilio, 2018; Durmaz e Ozbakir, 2018; Alonzo Martinez et al., 2020).

Essas doencas sdo raras e pouco diagnosticadas, o que contribui para a dificuldade no
entendimento de seus mecanismos fisiopatoldgicos (Bindu et al., 2017; Durmaz e Ozbakir,
2018; Alonzo Martinez et al., 2020). Contudo, diversos estudos apontam para uma acao
neurotoxica do sulfito (Zhang et al., 2004; Chiarani et al., 2007; Kocamaz et al.; 2012; Grings
etal., 2013; Grings et al., 2014; Relinque et al., 2015; de Moura Alvorcem et al., 2017; Grings
et al., 2017). No entanto, embora a maioria dos pacientes apresente os sintomas neurolégicos
graves logo ap6s o nascimento, até onde sabemos, nao foram realizados estudos com o objetivo
de elucidar os patomecanismos nesse periodo da vida. Desse modo, no presente trabalho,
avaliamos primeiramente os efeitos da administracdo de sulfito sobre a homeostase redox e
mitocondrial, bem como sobre proteinas de sinalizacdo celular em cortex cerebral de ratos
neonatos. O cOrtex, por apresentar maior expressao de SO do que outras regides cerebrais, pode
desempenhar um papel critico no metabolismo de sulfito cerebral e, consequentemente, ser mais

suscetivel ao seu acumulo (Woo et al., 2003; Tan et al., 2005).
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Inicialmente, observamos que o sulfito diminuiu a concentracdo de GSH cortical, o tiol
de baixo peso molecular mais abundante nas células. Devido ao seu residuo de cisteina, a GSH
é prontamente oxidada por substancias eletrofilicas, sendo considerada a principal defesa
antioxidante do cérebro (Wu et al., 2004; Forman, Zhang e Rinna, 2009; Bélanger, Allaman e
Magistretti, 2011; Schwarz, 2016). Dessa forma, uma diminuic¢do de seus niveis pode indicar
uma inabilidade do cortex cerebral para combater o aumento de espécies reativas induzido pelo
sulfito (Izgit-Uysal et al., 2005; Kocamaz et al., 2012; Grings et al., 2013; de Moura Alvorcem
et al.,, 2017). Além disso, a formacdo de S-sulfocisteina a partir de sulfito poderia estar
diminuindo a disponibilidade de cistina e impactando a sintese de GSH, exacerbando o
desequilibrio redox (Schwarz, 2016). Nosso achado corrobora com outros estudos in vivo em
cerebro de ratos, onde o sulfito diminuiu os niveis de GSH em cortex cerebral de ratos
deficientes para SO (Grings et al., 2016) e em estriado de ratos normais (Grings et al., 2017).

Em seguida, ao avaliarmos a atividade das enzimas antioxidantes, verificamos que o
sulfito diminuiu a atividade da GST, enzima que catalisa a conjugacdo de compostos
eletrofilicos, como perdxidos organicos, a GSH (Lu, 2013; Espinosa-Diez et al., 2015;
Ruszkiewicz e Albrecht, 2015). Levando em consideracao que, além de atuar na remocao de
espécies reativas de forma direta, a GSH também serve como substrato para a GST (Bélanger,
Allaman e Magistretti, 2011), a diminuicdo de seus niveis induzida por sulfito poderia
contribuir ainda mais para a diminuigdo observada na atividade dessa enzima. Nesse sentido,
Shen et al. (1993) demonstraram que 0 H202 pode reagir com residuos de cisteina da GST,
levando a modificacdo de sua estrutura e consequente inativacdo, ao passo que, Grings et al.
(2013) e de Moura Alvorcem et al. (2017) evidenciaram que o sulfito induz a geragcdo dessa
ERO. Por outro lado, o sulfito poderia estar ocasionando a lise de glutationa oxidada (GSSG),
que resulta na formacdo de glutationa S-sulfonato, um potente inibidor da atividade desta

enzima (Menzel, Keller e Leung, 1986). Uma diminui¢do na atividade da GST pelo sulfito
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também foi evidenciada in vivo em estriado de ratos normais (Grings et al., 2017) e em cOrtex
e cerebelo de ratos deficientes para a SO (Grings et al., 2016), bem como in vitro em diversas
estruturas cerebrais de ratos (Parmeggiani et al., 2015; de Moura Alvorcem et al., 2017). Por
outro lado, a atividade das enzimas SOD, GPx, G6PDH e GR néo foram alteradas no nosso
modelo.

A HO-1 é considerada uma defesa antioxidante pois, ao degradar heme livre, impede
que ele participe de reacOes pro-oxidantes. Assim, por gerar EROs, o heme livre é
potencialmente toxico e sua concentracdo deve ser controlada para a manutencdo da homeostase
celular. A HO-1 é a isoforma induzivel da enzima, que responde a estimulos relacionados ao
estresse. Além do heme, seu indutor prototipico, a HO-1 também é estimulada por oxidantes,
mediadores inflamatorios, metais pesados, radiacdo UV, endotoxinas, horménios, entre outros.
O heme é um complexo formado por ferro e protoporfirina IX que serve como grupo prostético
para diversas hemoproteinas (hemoglobina, mioglobina, citocromos, CAT, GPx, 6xido nitrico
sintases, etc.) (Choi e Alam, 1996; Ryter e Tyrrell, 2000; Chiang, Chen e Chang, 2018; Szabo
et al., 2018; Vijayan, Wagener e Immenschuh, 2018). Dessa forma, sabendo que o aumento de
grupamentos heme livres pode ocorrer pelo ataque oxidativo a estrutura de hemoproteinas
(Ryter e Tyrrell, 2000), acreditamos que 0 aumento no conteldo de HO-1 induzido pelo sulfito
nesse estudo possa representar uma estratégia de citoprotecdo como consequéncia do
desequilibrio redox gerado por esse metabdlito.

Considerando que a SO é uma enzima mitocondrial, pode-se presumir que sua
deficiéncia gere altos niveis de sulfito nessa organela (Rupar et al., 1996). Logo, avaliamos 0s
efeitos desse composto sobre a atividade de enzimas do CAC e complexos da cadeia
respiratoria, a principal maquinaria energética da célula. Observamos que o sulfito diminuiu a
atividade da SDH e dos complexos Il e II-11l da CTE. Esses resultados indicam um possivel

prejuizo mitocondrial na producdo de coenzimas reduzidas e na transferéncia de elétrons atraves
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da cadeia respiratdria, que poderiam estar acarretando em redugdo do A¥m, do consumo de O>
e da producéo de ATP, observados em outros estudos (Zhang et al., 2004; Grings et al., 2014;
Grings et al., 2019). De acordo com isso, um aumento do metabolismo glicolitico como
mecanismo compensatorio da disfuncdo mitocondrial poderia explicar o0 aumento de lactato
observado em pacientes com a deficiéncia da SO (Teksam, Yurdakok e Coskun, 2005; Basheer
et al., 2007; Holder et al., 2014; Lee et al., 2017; Alonzo Martinez et al., 2020). As atividades
da CS, MDH e do complexo IV ndo foram modificadas nesse estudo.

Outro componente importante para a homeostase energética celular é a atividade da CK.
Foi demonstrado que o sulfito diminuiu essa atividade enzimatica, o que também j& havia sido
observado in vitro em diversas estruturas cerebrais (Grings et al., 2013; de Moura Alvorcem et
al., 2017) e in vivo em estriado de ratos (Grings et al., 2017), indicando que esse metabolito
prejudica a transferéncia e o tamponamento de ATP celular. Acreditamos que a producédo de
espécies reativas desencadeada pelo sulfito possa estar contribuindo para a oxidacao de residuos
de aminoacidos da CK, como a cisteina do sitio ativo da enzima, que € bastante vulneravel a
oxidantes (Wendt, Schlattner e Wallimann, 2002; Li et al., 2011).

O comprometimento da fosforilacdo oxidativa e a producdo de EROs vem sendo
associados a alteracdes na dindmica mitocondrial. Tanto um prejuizo no processo de fusdo
como um aumento na taxa de fissdo favorecem a fragmentagcdo da rede mitocondrial. A
fragmentacdo mitocondrial, dentre outras funcdes, facilita a remocdo de mitocondrias
danificadas, isolando-as para posterior depuracao autofagica (mitofagia) (Wai e Langer, 2016;
Sprenger e Langer, 2019). Nesse sentido, considerando o disturbio energético e redox
ocasionado pelo sulfito, decidimos avaliar o imunocontedo de proteinas relacionadas a
dindmica mitocondrial (MFN1 e DRP1) e mitofagia (PINK1), porém ndo observamos
alteracdes. Apesar disso, experimentos anteriores realizados em fibroblastos de um paciente

com a MoCD constataram a diminui¢cdo de MFN1 e MFN2 e o aumento de DRP1 (Grings et
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al., 2019), mostrando o envolvimento desses mecanismos na doenga. Desse modo, acreditamos
que o fato de ndo termos observado nenhuma alteracdo nesses parametros possa estar
relacionado a janela temporal avaliada no nosso modelo. Pretendemos dar seguimento a esses
estudos, verificando o conteido dessas proteinas em diferentes tempos de exposicdo ao sulfito.

Alteracdes nas vias das MAPKSs tém sido relacionadas a patogénese de diversas doencas,
uma vez que estas cinases respondem a uma grande variedade de estimulos como
neurotransmissores, hormonios, fatores de crescimento, fatores inflamatorios e condi¢des de
estresse, estando envolvidas na regulacdo de muitas funcées celulares (Kim e Choi, 2015; Sun
e Nan, 2016). Nesse sentido, buscamos elucidar se o sulfito altera a sinalizagdo das MAPKSs,
determinando o imunocontetdo e grau de fosforilacdo de ERK1/2, p38 e JNK. Nossos dados
mostram que a administracdo de sulfito induziu o aumento do imunocontetdo de ERK1/2 e
p38, possivelmente por aumentar a expressdo génica dessas proteinas. Apesar disso, ndo
observamos uma maior atividade nem de ERK1/2 nem de p38, pois a fosforilacdo de ambas
ndo foi alterada. Especulamos que a maior expressao de MAPK fosfatases (MKPs) ou a inibicao
de cinases relacionadas a essas vias possam estar mantendo a fosforilacdo dessas proteinas
normais.

Exames neuroldgicos de pacientes com a ISOD e a MoCD revelam, dentre outros
achados, perda neuronal massiva (Hobson et al., 2005; Bindu et al., 2011; Carmi-Nawi et al.,
2011; Lee et al., 2017) e estudos em modelos animais mostram que o sulfito leva a perda de
neurdnios em estriado e hipocampo de ratos (Kocamaz et al., 2012; Grings et al., 2017). Devido
ao envolvimento da Tau com o dano neuronal em diversas doengas neurodegenerativas (Buée
etal., 2000; Avila et al., 2004, Ferrari e Rldiger, 2018) , buscamos verificar se alteragdes nessa
proteina poderiam estar relacionadas com a morte neuronal observada em cortex cerebral de
pacientes afetados pela 1ISOD e MoCD (Rupar et al., 1996; Lee et al., 2017). Contudo, ao

determinarmos seu imunoconteudo e grau de fosforilagdo, ndo vimos mudancas significativas.
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Apesar de a Tau néo ter sido modificada pelo sulfito, outros marcadores de dano neuronal, tais
como marcacgdo da proteina nuclear especifica de neurénios (NeuN), conteido de sinaptofisina
e de caspases, além de experimentos em culturas priméarias de neurdnios, devem ainda ser
realizados.

Os astrocitos sdo células gliais importantes para 0 metabolismo energético, defesa
antioxidante, resposta inflamatdria, homeostase de ions, excitabilidade neuronal, plasticidade
sinaptica, dentre outras fungdes no SNC (Bélanger, Allaman e Magistretti, 2011; Sun et al.,
2017). Visto que individuos com deficiéncia da SO também apresentam gliose (Zaki et al.,
2016; Lee et al., 2017; Durmaz e Ozbakir, 2018) e a fim de melhor avaliar os efeitos do sulfito
sobre a homeostase redox e energética cerebral, submetemos culturas primarias de astrocitos
corticais a incubacdes de 6 e 24 h com sulfito (100, 500 ou 1.000 uM) e investigamos a oxidagéo
de DCFH, os niveis de lactato extracelular e a reducdo de MTT.

Primeiramente, observamos que o sulfito, na concentragdo de 1.000 uM, aumentou a
geracdo de EROs apds 6 h de exposicdo. No cérebro, 0s astrdcitos apresentam uma capacidade
antioxidante significativamente maior em relacdo aos neurbnios, apesar de ser nos neurénios
que ocorra grande parte do metabolismo oxidativo cerebral, que é uma importante fonte de
EROs (Bélanger, Allaman e Magistretti, 2011). Sabendo que astrdcitos sao mais resistentes ao
dano celular por pro-oxidantes (Bélanger, Allaman e Magistretti, 2011), nosso achado sugere
que o sulfito é altamente toxico para o cortex cerebral. Avaliamos ainda a oxidacdo de DCFH
em um periodo maior de incubagdo (24 h), porém ndo observamos mais alteragdes, 0 que pode
ter ocorrido devido a metabolizagdo do sulfito ou a inducdo de genes antioxidantes nos
astrocitos.

Em seguida, observamos que o sulfito (1.000 uM) aumentou a liberagéo de lactato apos
24 h de exposicdo, ou seja, acelerou o metabolismo glicolitico astrocitario. Em condicGes

fisiolégicas, devido aos padrGes de expressdo génica, 0s astrdcitos apresentam um perfil
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predominantemente glicolitico e grande parte da glicose utilizada por essas células é liberada
no espaco extracelular na forma de lactato. Por outro lado, os neurénios tém um metabolismo
predominantemente oxidativo e usam o lactato para suprir suas necessidades energéticas,
alimentando o CAC e a CTE, levando a producdo de ATP via fosforilacdo oxidativa. Além de
atender as demandas energéticas neuronais, visto a complementariedade metabdlica existente
entre astrécitos e neurénios, o lactato também age como uma molécula sinalizadora, sendo
capaz de modular processos como excitabilidade e plasticidade neuronal e neuroprotecdo. E
importante ressaltar ainda que, apesar do metabolismo glicolitico predominar em astrécitos,
eles também sdo capazes de oxidar totalmente a glicose, do mesmo modo que neurbnios
também realizam glicdlise, porém em um grau menor (Bélanger, Allaman e Magistretti, 2011;
Magistretti e Allaman, 2015; Magistretti e Allaman, 2018). Nesse sentido, acreditamos que 0
aumento nos niveis de lactato astrocitario possa ser reflexo do prejuizo que o sulfito exerce no
metabolismo mitocondrial, como previamente demonstrado neste trabalho.

Quanto a reducdo de MTT, ndo foram vistas alteracGes ap0s 24 h de exposicdo,
indicando que o sulfito ndo altera a viabilidade celular de astrocitos corticais. Do mesmo modo,
Parmeggiani et al. (2015) também nédo observaram alterac6es na reducdo de MTT em fatias de
cortex cerebral ap6s 1 h de incubacdo com sulfito.

Se analisados em conjunto os resultados in vivo e in vitro desse trabalho, pode-se
concluir que eles sdo complementares. Enquanto verificamos que o sulfito alterou as defesas
antioxidantes in vivo, 0 aumento da geracdo de EROs foi demonstrado in vitro. Do mesmo
modo, a inibi¢do da atividade de enzimas do metabolismo oxidativo in vivo corrobora com a
aceleragcdo do metabolismo glicolitico in vitro. Esses achados indicam que o sulfito causa um
desequilibrio redox e energético, o que pode estar contribuindo para as anormalidades corticais

observadas em recém-nascidos com deficiéncia da SO.
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I11.2. CONCLUSOES

e O sulfito diminuiu os niveis de GSH e a atividade da enzima GST, mas aumentou 0
imunocontetdo de HO-1, indicando alteracdo nas defesas antioxidantes em cortex cerebral de
ratos neonatos;

e O sulfito diminuiu a atividade da enzima SDH e dos complexos Il e II-11l da CTE,
indicando que prejudica a producdo mitocondrial de coenzimas reduzidas e a transferéncia de
elétrons através da CTE em cortex cerebral de ratos neonatos;

e O sulfito diminuiu a atividade da enzima CK, sugerindo um dano na transferéncia e
no tamponamento de ATP celular em cortex cerebral de ratos neonatos;

e O sulfito aumentou o imunocontetdo de ERK 1/2 e p38, indicando que induz maior
expressdo génica dessas proteinas em cortex cerebral de ratos neonatos;

e O sulfito, na concentracdo de 1.000 uM, aumentou a oxidagdo de DCFH em cultura
priméria de astrocitos corticais apds 6 h de incubacéo, indicativo de aumento na producéo de
EROs;

e O sulfito, na concentracdo de 1.000 uM, aumentou os niveis de lactato extracelular
em cultura primaria de astrocitos corticais apds 24 h de incubacdo, indicando inducdo do
metabolismo glicolitico astrocitario;

e Nossos dados indicam que alteracbes na homeostase redox e energética estdo
envolvidas na disfuncéo neurologica encontrada no periodo neonatal em doencas com acumulo

de sulfito.
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111.3. PERSPECTIVAS

e Avaliar o contetdo de MFN1, DRP1 e PINK1, bem como de outras proteinas
envolvidas na dindmica mitocondrial e mitofagia em diferentes tempos de exposicdo dos
animais neonatos ao sulfito administrado por via icv;

e Avaliar os efeitos da injecao icv de sulfito sobre a marcacdo de NeuN e o contetdo de
sinaptofisina e de caspases em ratos neonatos;

e Avaliar os efeitos in vitro do sulfito sobre a homeostase redox e energética em culturas
de neurdnios;

e Avaliar os efeitos da injecéo icv de sulfito sobre a marcacao da proteina glial fibrilar
acida (GFAP) e da molécula adaptadora de ligacdo ao célcio ionizado 1 (Ibal) em ratos
neonatos;

e Avaliar os efeitos da injecdo icv de tiossulfato sobre a homeostase redox e
mitocondrial e sobre a via das MAPKSs em ratos neonatos;

e Avaliar os efeitos in vitro do tiossulfato sobre a homeostase redox e energética em

culturas de astrocitos.
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MSOffice files are also acceptable.

¢ Vector graphics containing fonts must have the fonts embedded in the files.

e Name your figure files with "Fig" and the figure number, e.g., Figl.eps.

Line Art

e Definition: Black and white graphic with no shading.

¢ Do not use faint lines and/or lettering and check that all lines and lettering within the figures
are legible at final size.

e All lines should be at least 0.1 mm (0.3 pt) wide.

e Scanned line drawings and line drawings in bitmap format should have a minimum resolution
of 1200 dpi.

¢ Vector graphics containing fonts must have the fonts embedded in the files.

Halftone Art

¢ Definition: Photographs, drawings, or paintings with fine shading, etc.

e If any magnification is used in the photographs, indicate this by using scale bars within the

figures themselves.
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¢ Halftones should have a minimum resolution of 300 dpi.

Combination Art

¢ Definition: a combination of halftone and line art, e.g., halftones containing line drawing,
extensive lettering, color diagrams, etc.

e Combination artwork should have a minimum resolution of 600 dpi.

Color Art

e Color art is free of charge for online publication.

e If black and white will be shown in the print version, make sure that the main information
will still be visible. Many colors are not distinguishable from one another when converted to
black and white. A simple way to check this is to make a xerographic copy to see if the
necessary distinctions between the different colors are still apparent.

o |f the figures will be printed in black and white, do not refer to color in the captions.

e Color illustrations should be submitted as RGB (8 bits per channel).

Figure Lettering

e To add lettering, it is best to use Helvetica or Arial (sans serif fonts).

o Keep lettering consistently sized throughout your final-sized artwork, usually about 2-3 mm
(8-12 pt).

¢ Variance of type size within an illustration should be minimal, e.g., do not use 8-pt type on
an axis and 20-pt type for the axis label.

¢ Avoid effects such as shading, outline letters, etc.

¢ Do not include titles or captions within your illustrations.

Figure Numbering

o All figures are to be numbered using Arabic numerals.

e Figures should always be cited in text in consecutive numerical order.

e Figure parts should be denoted by lowercase letters (a, b, c, etc.).
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e If an appendix appears in your article and it contains one or more figures, continue the
consecutive numbering of the main text. Do not number the appendix figures,"Al, A2, A3, etc."”
Figures in online appendices (Electronic Supplementary Material) should, however, be
numbered separately.

Figure Captions

e Each figure should have a concise caption describing accurately what the figure depicts.
Include the captions in the text file of the manuscript, not in the figure file.

e Figure captions begin with the term Fig. in bold type, followed by the figure number, also in
bold type.

¢ No punctuation is to be included after the number, nor is any punctuation to be placed at the
end of the caption.

o Identify all elements found in the figure in the figure caption; and use boxes, circles, etc., as
coordinate points in graphs.

o |dentify previously published material by giving the original source in the form of a reference
citation at the end of the figure caption.

Figure Placement and Size

¢ Figures should be submitted separately from the text, if possible.

e When preparing your figures, size figures to fit in the column width.

e For large-sized journals the figures should be 84 mm (for double-column text areas), or 174
mm (for single-column text areas) wide and not higher than 234 mm.

e For small-sized journals, the figures should be 119 mm wide and not higher than 195 mm.
Permissions

If you include figures that have already been published elsewhere, you must obtain permission
from the copyright owner(s) for both the print and online format. Please be aware that some

publishers do not grant electronic rights for free and that Springer will not be able to refund any
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costs that may have occurred to receive these permissions. In such cases, material from other
sources should be used.

Accessibility

In order to give people of all abilities and disabilities access to the content of your figures,
please make sure that

o All figures have descriptive captions (blind users could then use a text-to-speech software or
a text-to-Braille hardware)

e Patterns are used instead of or in addition to colors for conveying information (colorblind
users would then be able to distinguish the visual elements)

e Any figure lettering has a contrast ratio of at least 4.5:1

ELECTRONIC SUPPLEMENTARY MATERIAL

Springer accepts electronic multimedia files (animations, movies, audio, etc.) and other
supplementary files to be published online along with an article or a book chapter. This feature
can add dimension to the author's article, as certain information cannot be printed or is more
convenient in electronic form.

Before submitting research datasets as electronic supplementary material, authors should read
the journal’s Research data policy. We encourage research data to be archived in data
repositories wherever possible.

Submission

o Supply all supplementary material in standard file formats.

e Please include in each file the following information: article title, journal name, author names;
affiliation and e-mail address of the corresponding author.

e To accommodate user downloads, please keep in mind that larger-sized files may require very

long download times and that some users may experience other problems during downloading.
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Audio, Video, and Animations

e Aspect ratio: 16:9 or 4:3

e Maximum file size: 25 GB

e Minimum video duration: 1 sec

e Supported file formats: avi, wmv, mp4, mov, m2p, mp2, mpg, mpeg, flv, mxf, mts, m4v, 3gp
Text and Presentations

e Submit your material in PDF format; .doc or .ppt files are not suitable for long-term viability.
¢ A collection of figures may also be combined in a PDF file.

Spreadsheets

e Spreadsheets should be submitted as .csv or .xlsx files (MS Excel).

Specialized Formats

e Specialized format such as .pdb (chemical), .wrl (VRML), .nb (Mathematica notebook), and
.tex can also be supplied.

Collecting Multiple Files

e It is possible to collect multiple files in a .zip or .gz file.

Numbering

e If supplying any supplementary material, the text must make specific mention of the material
as a citation, similar to that of figures and tables.

e Refer to the supplementary files as “Online Resource”, e.g., "... as shown in the animation
(Online Resource 3)", “... additional data are given in Online Resource 4”.

e Name the files consecutively, e.g. “ESM_3.mpg”, “ESM_4.pdf”.

Captions

e For each supplementary material, please supply a concise caption describing the content of
the file.

Processing of supplementary files
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e Electronic supplementary material will be published as received from the author without any
conversion, editing, or reformatting.

Accessibility

In order to give people of all abilities and disabilities access to the content of your
supplementary files, please make sure that

e The manuscript contains a descriptive caption for each supplementary material

e Video files do not contain anything that flashes more than three times per second (so that

users prone to seizures caused by such effects are not put at risk)

ENGLISH LANGUAGE EDITING

For editors and reviewers to accurately assess the work presented in your manuscript you need
to ensure the English language is of sufficient quality to be understood. If you need help with
writing in English you should consider:

e Asking a colleague who is a native English speaker to review your manuscript for clarity.

e Visiting the English language tutorial which covers the common mistakes when writing in
English.

e Using a professional language editing service where editors will improve the English to
ensure that your meaning is clear and identify problems that require your review. Two such
services are provided by our affiliates Nature Research Editing Service and American Journal
Experts. Springer authors are entitled to a 10% discount on their first submission to either of
these services, simply follow the links below.

English language tutorial

Nature Research Editing Service

American Journal Experts
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Please note that the use of a language editing service is not a requirement for publication in this
journal and does not imply or guarantee that the article will be selected for peer review or
accepted.

If your manuscript is accepted it will be checked by our copyeditors for spelling and formal

style before publication.

ETHICAL RESPONSIBILITIES OF AUTHORS

This journal is committed to upholding the integrity of the scientific record. As a member of
the Committee on Publication Ethics (COPE) the journal will follow the COPE guidelines on
how to deal with potential acts of misconduct.

Authors should refrain from misrepresenting research results which could damage the trust in
the journal, the professionalism of scientific authorship, and ultimately the entire scientific
endeavour. Maintaining integrity of the research and its presentation is helped by following the
rules of good scientific practice, which include*:

e The manuscript should not be submitted to more than one journal for simultaneous
consideration.

¢ The submitted work should be original and should not have been published elsewhere in any
form or language (partially or in full), unless the new work concerns an expansion of previous
work. (Please provide transparency on the re-use of material to avoid the concerns about text-
recycling (‘self-plagiarism’).

¢ Assingle study should not be split up into several parts to increase the quantity of submissions
and submitted to various journals or to one journal over time (i.e. ‘salami-slicing/publishing’).
e Concurrent or secondary publication is sometimes justifiable, provided certain conditions are
met. Examples include: translations or a manuscript that is intended for a different group of
readers.
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e Results should be presented clearly, honestly, and without fabrication, falsification or
inappropriate data manipulation (including image based manipulation). Authors should adhere
to discipline-specific rules for acquiring, selecting and processing data.

e No data, text, or theories by others are presented as if they were the author’s own
(‘plagiarism’). Proper acknowledgements to other works must be given (this includes material
that is closely copied (near verbatim), summarized and/or paraphrased), quotation marks (to
indicate words taken from another source) are used for verbatim copying of material, and
permissions secured for material that is copyrighted.

Important note: the journal may use software to screen for plagiarism.

¢ Authors should make sure they have permissions for the use of software, questionnaires/(web)
surveys and scales in their studies (if appropriate).

¢ Research articles and non-research articles (e.g. Opinion, Review, and Commentary articles)
must cite appropriate and relevant literature in support of the claims made. Excessive and
inappropriate self-citation or coordinated efforts among several authors to collectively self-cite
is strongly discouraged.

¢ Authors should avoid untrue statements about an entity (who can be an individual person or
a company) or descriptions of their behavior or actions that could potentially be seen as personal
attacks or allegations about that person.

¢ Research that may be misapplied to pose a threat to public health or national security should
be clearly identified in the manuscript (e.g. dual use of research). Examples include creation of
harmful consequences of biological agents or toxins, disruption of immunity of vaccines,
unusual hazards in the use of chemicals, weaponization of research/technology (amongst
others).

e Authors are strongly advised to ensure the author group, the Corresponding Author, and the

order of authors are all correct at submission. Adding and/or deleting authors during the revision
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stages is generally not permitted, but in some cases may be warranted. Reasons for changes in
authorship should be explained in detail. Please note that changes to authorship cannot be made
after acceptance of a manuscript.

*All of the above are guidelines and authors need to make sure to respect third parties rights
such as copyright and/or moral rights.

Upon request authors should be prepared to send relevant documentation or data in order to
verify the validity of the results presented. This could be in the form of raw data, samples,
records, etc. Sensitive information in the form of confidential or proprietary data is excluded.
If there is suspicion of misbehavior or alleged fraud the Journal and/or Publisher will carry out
an investigation following COPE guidelines. If, after investigation, there are valid concerns,
the author(s) concerned will be contacted under their given e-mail address and given an
opportunity to address the issue. Depending on the situation, this may result in the Journal’s
and/or Publisher’s implementation of the following measures, including, but not limited to:

o |f the manuscript is still under consideration, it may be rejected and returned to the author.

o |f the article has already been published online, depending on the nature and severity of the
infraction:

- an erratum/correction may be placed with the article

- an expression of concern may be placed with the article

- or in severe cases retraction of the article may occur.

The reason will be given in the published erratum/correction, expression of concern or
retraction note. Please note that retraction means that the article is maintained on the platform,
watermarked “retracted” and the explanation for the retraction is provided in a note linked to
the watermarked article.

e The author’s institution may be informed
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¢ A notice of suspected transgression of ethical standards in the peer review system may be
included as part of the author’s and article’s bibliographic record.

Fundamental errors

Authors have an obligation to correct mistakes once they discover a significant error or
inaccuracy in their published article. The author(s) is/are requested to contact the journal and
explain in what sense the error is impacting the article. A decision on how to correct the
literature will depend on the nature of the error. This may be a correction or retraction. The
retraction note should provide transparency which parts of the article are impacted by the error.,
Suggesting / excluding reviewers

Authors are welcome to suggest suitable reviewers and/or request the exclusion of certain
individuals when they submit their manuscripts. When suggesting reviewers, authors should
make sure they are totally independent and not connected to the work in any way. It is strongly
recommended to suggest a mix of reviewers from different countries and different institutions.
When suggesting reviewers, the Corresponding Author must provide an institutional email
address for each suggested reviewer, or, if this is not possible to include other means of
verifying the identity such as a link to a personal homepage, a link to the publication record or
a researcher or author ID in the submission letter. Please note that the Journal may not use the

suggestions, but suggestions are appreciated and may help facilitate the peer review process.

AUTHORSHIP PRINCIPLES
These guidelines describe authorship principles and good authorship practices to which
prospective authors should adhere to.

Authorship clarified
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The Journal and Publisher assume all authors agreed with the content and that all gave explicit
consent to submit and that they obtained consent from the responsible authorities at the
institute/organization where the work has been carried out, before the work is submitted.

The Publisher does not prescribe the kinds of contributions that warrant authorship. It is
recommended that authors adhere to the guidelines for authorship that are applicable in their
specific research field. In absence of specific guidelines it is recommended to adhere to the
following guidelines*:

All authors whose names appear on the submission

1) made substantial contributions to the conception or design of the work; or the acquisition,
analysis, or interpretation of data; or the creation of new software used in the work;

2) drafted the work or revised it critically for important intellectual content;

3) approved the version to be published; and

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

* Based on/adapted from:

ICMJE, Defining the Role of Authors and Contributors,

Transparency in authors’ contributions and responsibilities to promote integrity in scientific
publication, McNultt at all, PNAS February 27, 2018

Disclosures and declarations

All authors are requested to include information regarding sources of funding, financial or non-
financial interests, study-specific approval by the appropriate ethics committee for research
involving humans and/or animals, informed consent if the research involved human
participants, and a statement on welfare of animals if the research involved animals (as

appropriate).
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The decision whether such information should be included is not only dependent on the scope
of the journal, but also the scope of the article. Work submitted for publication may have
implications for public health or general welfare and in those cases it is the responsibility of all
authors to include the appropriate disclosures and declarations.

Data transparency

All authors are requested to make sure that all data and materials as well as software application
or custom code support their published claims and comply with field standards. Please note that
journals may have individual policies on (sharing) research data in concordance with
disciplinary norms and expectations.

Role of the Corresponding Author

One author is assigned as Corresponding Author and acts on behalf of all co-authors and ensures
that questions related to the accuracy or integrity of any part of the work are appropriately
addressed.

The Corresponding Author is responsible for the following requirements:

e ensuring that all listed authors have approved the manuscript before submission, including
the names and order of authors;

e managing all communication between the Journal and all co-authors, before and after
publication;*

e providing transparency on re-use of material and mention any unpublished material (for
example manuscripts in press) included in the manuscript in a cover letter to the Editor;

e making sure disclosures, declarations and transparency on data statements from all authors
are included in the manuscript as appropriate (see above).

* The requirement of managing all communication between the journal and all co-authors
during submission and proofing may be delegated to a Contact or Submitting Author. In this
case please make sure the Corresponding Author is clearly indicated in the manuscript.
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Author contributions

In absence of specific instructions and in research fields where it is possible to describe discrete
efforts, the Publisher recommends authors to include contribution statements in the work that
specifies the contribution of every author in order to promote transparency. These contributions
should be listed at the separate title page.

Examples of such statement(s) are shown below:

* Free text:

All authors contributed to the study conception and design. Material preparation, data collection
and analysis were performed by [full name], [full name] and [full name]. The first draft of the
manuscript was written by [full name] and all authors commented on previous versions of the
manuscript. All authors read and approved the final manuscript.

Example: CRediT taxonomy:

 Conceptualization: [full name], ...; Methodology: [full name], ...; Formal analysis and
investigation: [full name], ...; Writing - original draft preparation: [full name, ...]; Writing -
review and editing: [full name], ...; Funding acquisition: [full name], ...; Resources: [full
name], ...; Supervision: [full name],....

For review articles where discrete statements are less applicable a statement should be included
who had the idea for the article, who performed the literature search and data analysis, and who
drafted and/or critically revised the work.

For articles that are based primarily on the student’s dissertation or thesis, it is recommended
that the student is usually listed as principal author:

A Graduate Student’s Guide to Determining Authorship Credit and Authorship Order, APA
Science Student Council 2006

Affiliation
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The primary affiliation for each author should be the institution where the majority of their
work was done. If an author has subsequently moved, the current address may additionally be
stated. Addresses will not be updated or changed after publication of the article.

Changes to authorship

Authors are strongly advised to ensure the correct author group, the Corresponding Author, and
the order of authors at submission. Changes of authorship by adding or deleting authors, and/or
changes in Corresponding Author, and/or changes in the sequence of authors are not accepted
after acceptance of a manuscript.

¢ Please note that author names will be published exactly as they appear on the accepted
submission!

Please make sure that the names of all authors are present and correctly spelled, and that
addresses and affiliations are current.

Adding and/or deleting authors at revision stage are generally not permitted, but in some cases
it may be warranted. Reasons for these changes in authorship should be explained. Approval of
the change during revision is at the discretion of the Editor-in-Chief. Please note that journals
may have individual policies on adding and/or deleting authors during revision stage.

Author identification

Authors are recommended to use their ORCID ID when submitting an article for consideration
or acquire an ORCID ID via the submission process.

Deceased or incapacitated authors

For cases in which a co-author dies or is incapacitated during the writing, submission, or peer-
review process, and the co-authors feel it is appropriate to include the author, co-authors should
obtain approval from a (legal) representative which could be a direct relative.

Authorship issues or disputes

104



In the case of an authorship dispute during peer review or after acceptance and publication, the
Journal will not be in a position to investigate or adjudicate. Authors will be asked to resolve
the dispute themselves. If they are unable the Journal reserves the right to withdraw a
manuscript from the editorial process or in case of a published paper raise the issue with the
authors’ institution(s) and abide by its guidelines.

Confidentiality

Authors should treat all communication with the Journal as confidential which includes
correspondence with direct representatives from the Journal such as Editors-in-Chief and/or
Handling Editors and reviewers’ reports unless explicit consent has been received to share

information.

COMPLIANCE WITH ETHICAL STANDARDS

To ensure objectivity and transparency in research and to ensure that accepted principles of
ethical and professional conduct have been followed, authors should include information
regarding sources of funding, potential conflicts of interest (financial or non-financial),
informed consent if the research involved human participants, and a statement on welfare of
animals if the research involved animals.

Authors should include the following statements (if applicable) in a separate section entitled
“Compliance with Ethical Standards” when submitting a paper:

¢ Disclosure of potential conflicts of interest

¢ Research involving Human Participants and/or Animals

e Informed consent

Please note that standards could vary slightly per journal dependent on their peer review policies
(i.e. single or double blind peer review) as well as per journal subject discipline. Before
submitting your article check the instructions following this section carefully.
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The corresponding author should be prepared to collect documentation of compliance with
ethical standards and send if requested during peer review or after publication.

The Editors reserve the right to reject manuscripts that do not comply with the above-mentioned
guidelines. The author will be held responsible for false statements or failure to fulfill the above-

mentioned guidelines.

CONFLICTS OF INTEREST / COMPETING INTERESTS

Authors are requested to disclose interests that are directly or indirectly related to the work
submitted for publication. Interests within the last 3 years of beginning the work (conducting
the research and preparing the work for submission) should be reported. Interests outside the 3-
year time frame must be disclosed if they could reasonably be perceived as influencing the
submitted work. Disclosure of interests provides a complete and transparent process and helps
readers form their own judgments of potential bias. This is not meant to imply that a financial
relationship with an organization that sponsored the research or compensation received for
consultancy work is inappropriate.

Interests that should be considered and disclosed but are not limited to the following:
Funding: Research grants from funding agencies (please give the research funder and the grant
number) and/or research support (including salaries, equipment, supplies, reimbursement for
attending symposia, and other expenses) by organizations that may gain or lose financially
through publication of this manuscript.

Employment: Recent (while engaged in the research project), present or anticipated
employment by any organization that may gain or lose financially through publication of this
manuscript. This includes multiple affiliations (if applicable).

Financial interests: Stocks or shares in companies (including holdings of spouse and/or

children) that may gain or lose financially through publication of this manuscript; consultation
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fees or other forms of remuneration from organizations that may gain or lose financially; patents
or patent applications whose value may be affected by publication of this manuscript.

It is difficult to specify a threshold at which a financial interest becomes significant, any such
figure is necessarily arbitrary, so one possible practical guideline is the following: "Any
undeclared financial interest that could embarrass the author were it to become publicly known
after the work was published."

Non-financial interests: In addition, authors are requested to disclose interests that go beyond
financial interests that could impart bias on the work submitted for publication such as
professional interests, personal relationships or personal beliefs (amongst others). Examples
include, but are not limited to: position on editorial board, advisory board or board of directors
or other type of management relationships; writing and/or consulting for educational purposes;
expert witness; mentoring relations; and so forth.

Primary research articles require a disclosure statement. Review articles present an expert
synthesis of evidence and may be treated as an authoritative work on a subject. Review articles
therefore require a disclosure statement.Other article types such as editorials, book reviews,
comments (amongst others) may, dependent on their content, require a disclosure statement. If
you are unclear whether your article type requires a disclosure statement, please contact the
Editor-in-Chief.

Please note that, in addition to the above requirements, funding information (given that funding
is a potential conflict of interest (as mentioned above)) needs to be disclosed upon submission
of the manuscript in the peer review system. This information will automatically be added to
the Record of CrossMark, however it is not added to the manuscript itself. Under ‘summary of
requirements’ (see below) funding information should be included in the ‘Declarations’ section.

Summary of requirements
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The above should be summarized in a statement and placed in a ‘Declarations’ section before
the reference list under a heading of ‘Funding’ and/or ‘Conflicts of interests’/’Competing
interests’. Other declarations include Ethics approval, Consent, Data, Material and/or Code
availability and Authors’ contribution statements.

Please see the various examples of wording below and revise/customize the sample statements
according to your own needs.

When all authors have the same (or no) conflicts and/or funding it is sufficient to use one blanket
statement.

Examples of statements to be used when funding has been received:

e Partial financial support was received from [...]

e The research leading to these results received funding from [...] under Grant Agreement
Nol...].

e This study was funded by [...]

¢ This work was supported by [...] (Grant numbers [...] and [...]

Examples of statements to be used when there is no funding:

¢ The authors did not receive support from any organization for the submitted work.

¢ No funding was received to assist with the preparation of this manuscript.

¢ No funding was received for conducting this study.

¢ No funds, grants, or other support was received.

Examples of statements to be used when there are interests to declare:

¢ Financial interests: Author A has received research support from Company A. Author B has
received a speaker honorarium from Company Wand owns stock in Company X. Author C is
consultant to company Y.

Non-financial interests: Author C is an unpaid member of committee Z.

¢ Financial interests: The authors declare they have no financial interests.
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Non-financial interests: Author A is on the board of directors of Y and receives no
compensation as member of the board of directors.

¢ Financial interests: Author A received a speaking fee from Y for Z. Author B receives a
salary from association X. X where s/he is the Executive Director.

Non-financial interests: none.

¢ Financial interests: Author A and B declare they have no financial interests. Author C has
received speaker and consultant honoraria from Company M and Company N. Dr. C has
received speaker honorarium and research funding from Company M and Company O. Author
D has received travel support from Company O.

Non-financial interests: Author D has served on advisory boards for Company M, Company
N and Company O.

Examples of statements to be used when authors have nothing to declare:

e The authors have no relevant financial or non-financial interests to disclose.

e The authors have no conflicts of interest to declare that are relevant to the content of this
article.

o All authors certify that they have no affiliations with or involvement in any organization or
entity with any financial interest or non-financial interest in the subject matter or materials
discussed in this manuscript.

¢ The authors have no financial or proprietary interests in any material discussed in this article.
Authors are responsible for correctness of the statements provided in the manuscript. See also
Authorship Principles. The Editor-in-Chief reserves the right to reject submissions that do not

meet the guidelines described in this section.

RESEARCH INVOLVING HUMAN PARTICIPANTS, THEIR DATA OR BIOLOGICAL

MATERIAL
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Ethics approval

When reporting a study that involved human participants, their data or biological material,
authors should include a statement that confirms that the study was approved (or granted
exemption) by the appropriate institutional and/or national research ethics committee (including
the name of the ethics committee) and certify that the study was performed in accordance with
the ethical standards as laid down in the 1964 Declaration of Helsinki and its later amendments
or comparable ethical standards. If doubt exists whether the research was conducted in
accordance with the 1964 Helsinki Declaration or comparable standards, the authors must
explain the reasons for their approach, and demonstrate that an independent ethics committee
or institutional review board explicitly approved the doubtful aspects of the study. If a study
was granted exemption from requiring ethics approval, this should also be detailed in the
manuscript (including the reasons for the exemption).

Retrospective ethics approval

If a study has not been granted ethics committee approval prior to commencing, retrospective
ethics approval usually cannot be obtained and it may not be possible to consider the manuscript
for peer review. The decision on whether to proceed to peer review in such cases is at the
Editor's discretion.

Ethics approval for retrospective studies

Although retrospective studies are conducted on already available data or biological material
(for which formal consent may not be needed or is difficult to obtain) ethics approval may be
required dependent on the law and the national ethical guidelines of a country. Authors should
check with their institution to make sure they are complying with the specific requirements of
their country.

Ethics approval for case studies
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Case reports require ethics approval. Most institutions will have specific policies on this subject.
Authors should check with their institution to make sure they are complying with the specific
requirements of their institution and seek ethics approval where needed. Authors should be
aware to secure informed consent from the individual (or parent or guardian if the participant
Is a minor or incapable) See also section on Informed Consent.

Cell lines

If human cells are used, authors must declare in the manuscript: what cell lines were used by
describing the source of the cell line, including when and from where it was obtained, whether
the cell line has recently been authenticated and by what method. If cells were bought from a
life science company the following need to be given in the manuscript: name of company (that
provided the cells), cell type, number of cell line, and batch of cells.

It is recommended that authors check the NCBI database for misidentification and
contamination of human cell lines. This step will alert authors to possible problems with the
cell line and may save considerable time and effort.

Further information is available from the International Cell Line Authentication Committee
(ICLAC).

Authors should include a statement that confirms that an institutional or independent ethics
committee (including the name of the ethics committee) approved the study and that informed
consent was obtained from the donor or next of kin.

Research Resource Identifiers (RRID)

Research Resource Identifiers (RRID) are persistent unique identifiers (effectively similar to a
DOI) for research resources. This journal encourages authors to adopt RRIDs when reporting
key biological resources (antibodies, cell lines, model organisms and tools) in their manuscripts.
Examples:

Organism: Filipltmla(KOMP)Wtsi RRID:MMRRC_055641-UCD
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Cell Line: RST307 cell line RRID:CVCL_C321

Antibody: Luciferase antibody DSHB Cat# LUC-3, RRID:AB_2722109

Plasmid: mRuby3 plasmid RRID:Addgene_104005

Software: ImageJ Version 1.2.4 RRID:SCR_003070

RRIDs are provided by the Resource Identification Portal. Many commonly used research
resources already have designated RRIDs. The portal also provides authors links so that they
can quickly register a new resource and obtain an RRID.

Clinical Trial Registration

The World Health Organization (WHO) definition of a clinical trial is "any research study that
prospectively assigns human participants or groups of humans to one or more health-related
interventions to evaluate the effects on health outcomes”. The WHO defines health
interventions as “A health intervention is an act performed for, with or on behalf of a person or
population whose purpose is to assess, improve, maintain, promote or modify health,
functioning or health conditions” and a health-related outcome is generally defined as a change
in the health of a person or population as a result of an intervention.

To ensure the integrity of the reporting of patient-centered trials, authors must register
prospective clinical trials (phase Il to 1V trials) in suitable publicly available repositories. For
example www.clinicaltrials.gov or any of the primary registries that participate in the WHO
International Clinical Trials Registry Platform.

The trial registration number (TRN) and date of registration should be included as the last line
of the manuscript abstract.

For clinical trials that have not been registered prospectively, authors are encouraged to register
retrospectively to ensure the complete publication of all results. The trial registration number
(TRN), date of registration and the words 'retrospectively registered’ should be included as the

last line of the manuscript abstract.
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Purely observational trials will not require registration.

Standards of reporting

Springer Nature advocates complete and transparent reporting of biomedical and biological
research and research with biological applications. Authors are recommended to adhere to the
minimum reporting guidelines hosted by the EQUATOR Network when preparing their
manuscript.

Exact requirements may vary depending on the journal; please refer to the journal’s Instructions
for Authors.

Checkilists are available for a number of study designs, including:

Randomised trials (CONSORT) and Study protocols (SPIRIT)

Observational studies (STROBE)

Systematic reviews and meta-analyses (PRISMA) and protocols (Prisma-P)
Diagnostic/prognostic studies (STARD) and (TRIPOD)

Case reports (CARE)

Clinical practice guidelines (AGREE) and (RIGHT)

Qualitative research (SRQR) and (COREQ)

Animal pre-clinical studies (ARRIVE)

Quality improvement studies (SQUIRE)

Economic evaluations (CHEERS)

Summary of requirements

The above should be summarized in a statement and placed in a ‘Declarations’ section before
the reference list under a heading of ‘Ethics approval’.

Examples of statements to be used when ethics approval has been obtained:

* All procedures performed in studies involving human participants were in accordance with

the ethical standards of the institutional and/or national research committee and with the 1964

113



Helsinki Declaration and its later amendments or comparable ethical standards. The study was
approved by the Bioethics Committee of the Medical University of A (No. ...).

* This study was performed in line with the principles of the Declaration of Helsinki. Approval
was granted by the Ethics Committee of University B (Date.../No. ...).

* Approval was obtained from the ethics committee of University C. The procedures used in
this study adhere to the tenets of the Declaration of Helsinki.

* The questionnaire and methodology for this study was approved by the Human Research
Ethics committee of the University of D (Ethics approval number: ...).

Examples of statements to be used for a retrospective study:

* Ethical approval was waived by the local Ethics Committee of University A in view of the
retrospective nature of the study and all the procedures being performed were part of the routine
care.

* This research study was conducted retrospectively from data obtained for clinical purposes.
We consulted extensively with the IRB of XYZ who determined that our study did not need
ethical approval. An IRB official waiver of ethical approval was granted from the IRB of XYZ.
* This retrospective chart review study involving human participants was in accordance with
the ethical standards of the institutional and national research committee and with the 1964
Helsinki Declaration and its later amendments or comparable ethical standards. The Human
Investigation Committee (IRB) of University B approved this study.

Examples of statements to be used when no ethical approval is required/exemption granted:

* This is an observational study. The XYZ Research Ethics Committee has confirmed that no
ethical approval is required.

* The data reproduced from Article X utilized human tissue that was procured via our Biobank
AB, which provides de-identified samples. This study was reviewed and deemed exempt by our

XYZ Institutional Review Board. The BioBank protocols are in accordance with the ethical
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standards of our institution and with the 1964 Helsinki declaration and its later amendments or
comparable ethical standards.

Authors are responsible for correctness of the statements provided in the manuscript. See also
Authorship Principles. The Editor-in-Chief reserves the right to reject submissions that do not

meet the guidelines described in this section.

INFORMED CONSENT

All individuals have individual rights that are not to be infringed. Individual participants in
studies have, for example, the right to decide what happens to the (identifiable) personal data
gathered, to what they have said during a study or an interview, as well as to any photograph
that was taken. This is especially true concerning images of vulnerable people (e.g. minors,
patients, refugees, etc) or the use of images in sensitive contexts. In many instances authors will
need to secure written consent before including images.

Identifying details (names, dates of birth, identity numbers, biometrical characteristics (such as
facial features, fingerprint, writing style, voice pattern, DNA or other distinguishing
characteristic) and other information) of the participants that were studied should not be
published in written descriptions, photographs, and genetic profiles unless the information is
essential for scholarly purposes and the participant (or parent/guardian if the participant is a
minor or incapable or legal representative) gave written informed consent for publication.
Complete anonymity is difficult to achieve in some cases. Detailed descriptions of individual
participants, whether of their whole bodies or of body sections, may lead to disclosure of their
identity. Under certain circumstances consent is not required as long as information is
anonymized and the submission does not include images that may identify the person.
Informed consent for publication should be obtained if there is any doubt. For example, masking

the eye region in photographs of participants is inadequate protection of anonymity. If
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identifying characteristics are altered to protect anonymity, such as in genetic profiles, authors
should provide assurance that alterations do not distort meaning.

Exceptions where it is not necessary to obtain consent:

* Images such as x rays, laparoscopic images, ultrasound images, brain scans, pathology slides
unless there is a concern about identifying information in which case, authors should ensure
that consent is obtained.

* Reuse of images: If images are being reused from prior publications, the Publisher will assume
that the prior publication obtained the relevant information regarding consent. Authors should
provide the appropriate attribution for republished images.

Consent and already available data and/or biologic material

Regardless of whether material is collected from living or dead patients, they (family or
guardian if the deceased has not made a pre-mortem decision) must have given prior written
consent. The aspect of confidentiality as well as any wishes from the deceased should be
respected.

Data protection, confidentiality and privacy

When biological material is donated for or data is generated as part of a research project authors
should ensure, as part of the informed consent procedure, that the participants are made aware
what kind of (personal) data will be processed, how it will be used and for what purpose. In
case of data acquired via a biobank/biorepository, it is possible they apply a broad consent
which allows research participants to consent to a broad range of uses of their data and samples
which is regarded by research ethics committees as specific enough to be considered
“informed”. However, authors should always check the specific biobank/biorepository policies
or any other type of data provider policies (in case of non-bio research) to be sure that this is
the case.

Consent to Participate
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For all research involving human subjects, freely-given, informed consent to participate in the
study must be obtained from participants (or their parent or legal guardian in the case of children
under 16) and a statement to this effect should appear in the manuscript. In the case of articles
describing human transplantation studies, authors must include a statement declaring that no
organs/tissues  were obtained from prisoners and must also name the
institution(s)/clinic(s)/department(s) via which organs/tissues were obtained. For manuscripts
reporting studies involving vulnerable groups where there is the potential for coercion or where
consent may not have been fully informed, extra care will be taken by the editor and may be
referred to the Springer Nature Research Integrity Group.

Consent to Publish

Individuals may consent to participate in a study, but object to having their data published in a
journal article. Authors should make sure to also seek consent from individuals to publish their
data prior to submitting their paper to a journal. This is in particular applicable to case studies.
A consent to publish form can be found

here. (Download docx, 36 kB)

Summary of requirements

The above should be summarized in a statement and placed in a ‘Declarations’ section before
the reference list under a heading of ‘Consent to participate’ and/or ‘Consent to publish’. Other
declarations include Funding, Conflicts of interest/competing interests, Ethics approval,
Consent, Data and/or Code availability and Authors’ contribution statements.

Please see the various examples of wording below and revise/customize the sample statements
according to your own needs.

Sample statements for ""*Consent to participate:

Informed consent was obtained from all individual participants included in the study.

Informed consent was obtained from legal guardians.
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Written informed consent was obtained from the parents.

Verbal informed consent was obtained prior to the interview.

Sample statements for “Consent to publish”:

The authors affirm that human research participants provided informed consent for publication
of the images in Figure(s) 1a, 1b and 1c.

The participant has consented to the submission of the case report to the journal.

Patients signed informed consent regarding publishing their data and photographs.

Sample statements if identifying information about participants is available in the article:
Additional informed consent was obtained from all individual participants for whom identifying
information is included in this article.

Authors are responsible for correctness of the statements provided in the manuscript. See also
Authorship Principles. The Editor-in-Chief reserves the right to reject submissions that do not
meet the guidelines described in this section.

Images will be removed from publication if authors have not obtained informed consent or the

paper may be removed and replaced with a notice explaining the reason for removal.

AFTER ACCEPTANCE

Upon acceptance of your article you will receive a link to the special Author Query Application
at Springer’s web page where you can sign the Copyright Transfer Statement online and
indicate whether you wish to order OpenChoice, offprints, or printing of figures in color.
Once the Author Query Application has been completed, your article will be processed and you
will receive the proofs.

Copyright transfer
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Authors will be asked to transfer copyright of the article to the Publisher (or grant the Publisher
exclusive publication and dissemination rights). This will ensure the widest possible protection
and dissemination of information under copyright laws.

Offprints

Offprints can be ordered by the corresponding author.

Color illustrations

Online publication of color illustrations is free of charge. For color in the print version, authors
will be expected to make a contribution towards the extra costs.

Proof reading

The purpose of the proof is to check for typesetting or conversion errors and the completeness
and accuracy of the text, tables and figures. Substantial changes in content, e.g., new results,
corrected values, title and authorship, are not allowed without the approval of the Editor.
After online publication, further changes can only be made in the form of an Erratum, which
will be hyperlinked to the article.

Online First

The article will be published online after receipt of the corrected proofs. This is the official first
publication citable with the DOI. After release of the printed version, the paper can also be cited

by issue and page numbers.

OPEN CHOICE

Open Choice allows you to publish open access in more than 1850 Springer Nature journals,
making your research more visible and accessible immediately on publication.

Avrticle processing charges (APCs) vary by journal — view the full list

Benefits:
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e Increased researcher engagement: Open Choice enables access by anyone with an internet
connection, immediately on publication.

e Higher visibility and impact: In Springer hybrid journals, OA articles are accessed 4 times
more often on average, and cited 1.7 more times on average*.

e Easy compliance with funder and institutional mandates: Many funders require open access
publishing, and some take compliance into account when assessing future grant applications.
It is easy to find funding to support open access — please see our funding and support pages for
more information.

*) Within the first three years of publication. Springer Nature hybrid journal OA impact
analysis, 2018.

Copyright and license term — CC BY

Open Choice articles do not require transfer of copyright as the copyright remains with the
author. In opting for open access, the author(s) agree to publish the article under the Creative

Commons Attribution License.
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