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RESUMO

A artrite reumatoide (AR) é uma doenga de cunho inflamatério, autoimune e erosivo, no qual
acomete as articulagbes periféricas. O mecanismo inflamatério persistente na AR resulta em
uma hiperplasia sinovial acompanhada de degradacdo da cartilagem e do 0sso com
consequente perda de funcdo, além de atrofia muscular. Sua prevaléncia é de cerca 0,46% no
Brasil e 1% no mundo, sendo observada com maior frequéncia em mulheres. Sabe-se que a
patologia da doenca envolve producéo e liberacdo exacerbada de citocinas pro-inflamatorias,
algumas sendo chave para o desenvolvimento e progressdo da doenca. O desenvolvimento
dessa inflamacdo € um importante contribuinte nas comorbidades que envolvem a disfuncéo
do musculo esquelético, atuando sobre diversas vias intracelulares. Apesar dos avan¢os no
tratamento da AR, ainda é escassa a discusséo acerca desta atrofia muscular, salientando a
necessidade da busca por novas estratégias terapéuticas. A Fasciola hepatica € um helminto
causador da doenca fasciolose em ruminantes e humanos. Foi identificado que a F. hepatica
possui diferentes estratégias para regular a resposta imune de seus hospedeiros através de
produtos excretores-secretores e antigenos do tegumento. Entre esses produtos estdo as
cistatinas, que sdo moléculas inibidoras de cisteino-proteases, e seu papel imunomodulador
vem sendo estudado atraves da regulacdo de citocinas inflamatorias e da apresentacdo de
antigenos. Resultados preliminares demonstraram que cistatina recombinante 3 de F. hepatica
apresentou um efeito protetor quanto ao dano articular em modelo CIA. Diante disso, 0
objetivo do presente trabalho foi avaliar se o efeito positivo das cistatinas também se estende
ao tecido muscular de camundongos com artrite induzida por colageno. Os animais foram
randomizados nos grupos: cistatina 1, cistatina 3 (100pg/dose) e controle. A massa muscular
foi avaliada através do peso dos musculos (g) e a partir de analises histopatologicas de
medidas do didmetro de miofibras musculares dos murinos. As cistatinas recombinantes de F.
hepatica ndo influenciaram na perda muscular de camundongos com CIA. As areas
transversais de miofibra dos madsculos esqueléticos tibiais anteriores (TA) ndo apresentaram
diferenca quando comparado com os animais controle. O peso e as razdes sarcoplasmaticas
dos masculos TA e gastrocnémico (GA) também ndo tiveram diferenca entre os grupos. A
partir destes resultados, € possivel concluir que as cistatinas recombinantes de F. hepatica nédo
influenciaram na perda muscular de camundongos artriticos induzidos por colageno. Apesar
das cistatinas ndo apresentarem um efeito protetor no dano muscular em CIA, o presente
trabalho se torna elucidativo e importante na busca por novos tratamentos acerca do déficit
muscular presente na artrite reumatoide.

Palavras-chave: Artrite reumatoide, artrite-induzida por colageno, perda muscular, Fasciola
hepatica, cistatinas recombinantes



ABSTRACT

Rheumatoid arthritis (RA) is an inflammatory disease of unknown etiology, has an autoimmune
character and, usually, affects peripheral joints. Any persistent inflammatory mechanism results
in synovial hyperplasia accompanied by degradation of cartilage and bone with consequent loss
of function, in addition to muscle atrophy. The prevalence of disease is around 0.46% in Brazil
and 1% in the world, being observed more frequently in women. It is known that the disease
pathology involves the production and exacerbated release of pro-inflammatory cytokines,
some of which are key to the development and progression of the disease. The development of
this inflammation is an important contributor to comorbidities involving skeletal muscle
dysfunction, acting on several intracellular pathways. Despite advances in the treatment of RA,
there is still little discussion about this muscular atrophy, emphasizing the need to search for
new therapeutic strategies. Fasciola hepatica (F. hepatica) is a helminth that causes fasciolosis
in ruminants and humans. It was identified that F. hepatica has different strategies to regulate
the immune response of its hosts through excretory-secretory products and antigens of the in
tegument. Among these products are cystatins, which are cysteine protease inhibitory
molecules, and their immunomodulatory role has been studied through the regulation of
inflammatory cytokines and the presentation of antigens. Preliminary results demonstrated that
F. hepatica recombinant cystatin 3 had a protective effect against joint damage in a CIA model.
Therefore, the objective of this study was to evaluate whether the positive effect of cystatins
also extends to the muscle tissue of mice with collagen-induced arthritis. The animals were
randomized into groups: cystatin 1, cystatin 3 (100ug / dose) and control. Muscle mass was
assessed through the weight of the muscles and from histopathological analyzes of
measurements of the muscle myofiber diameter of the murines. The recombinant cystatins of
F. hepatica did not influence the muscle loss of mice induced by collagen. The transverse areas
of myofiber of the tibialis anterior skeletal muscles (TA) showed no difference when
compared with controls. The weight and sarcoplasmic ratios of the TA and gastrocnemic
(GA) muscles also had no difference between groups. From these results, it is possible to
conclude that the recombinant cystatins of F. hepatica did not influence the muscle loss of
collagen-induced arthritic mice. Although cystatines do not have a protective effect on muscle
damage in CIA, the present study becomes elucidative and important in the search for new
treatments about the muscle deficit present in rheumatoid arthritis.

Keywords: Rheumatoid arthritis, collagen-induced arthritis, muscle loss, Fasciola hepatica,
recombinant cystatins
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1 INTRODUCAO
1.1 ARTRITE REUMATOIDE

Artrite reumatoide (AR) € uma doenca inflamatdria que geralmente afeta varias articulacfes do
corpo. Ela tem carater autoimune, com presenca de sinovite cronica, simétrica e erosiva, sendo
principalmente caracterizada por dor, edema ou incha¢o nas articulaces, aléem de rigidez
matinal e disfungdo muscular (SCOTT; WOLFE; HUIZINGA, 2010). Sendo assim, todo o
mecanismo inflamatdrio resulta em uma hiperplasia sinovial acompanhada de degradacdo da
cartilagem e erosdo 0ssea, além de atrofia muscular e consequente perda de funcdo (RADNER;
SMOLEN; ALETAHA, 2010). A prevaléncia de AR é de 1% em todo o mundo e 0,46% no
Brasil, tendo mais incidéncia em individuos na quarta e sexta década de vida e prevaléncia duas
vezes maior em mulheres do que em homens (SCOTT; WOLFE; HUIZINGA, 2010)(SENNA;
FERRAZ, 2004). Como consequéncias da AR, pacientes apresentam diminuicdo da qualidade
de vida, aumento da incapacidade funcional, e diminuicéo de produtividade laboral. Alémdisto,
o tratamento de AR apresenta altos custos para a sociedade (KHURANA; BERNEY, 2005).

Na fisiologia normal, as articulagdes séo revestidas por uma membrana sinovial, que
produz o liquido sinovial, responsédvel pela manutencdo da nutricdo e da lubrificacdo da
cartilagem e dos ossos articulares. Na patologia, em especial na AR, quando ha presenca de
inflamacdo crénica da membrana, promove-se uma destruicdo destas articulacbes devido a
erosdo da cartilagem e do osso (CHOY, 2012). Projec6es de tecido proliferativo — um tecido
caracteristico da AR e chamado de pannus — penetram na cavidade articular, invadindo a
cartilagem e o tecido 6sseo (GOELDNER et al., 2011).

Entende-se que fatores ambientais e genéticos estariam envolvidos com a
susceptibilidade e severidade da doenca. Evidéncias apontam que na AR distdrbios em
componentes do sistema imunoldgico levam ao desenvolvimento anormal de anticorpos que
medeiam as reacGes inflamatorias, principalmente nas articulacbes (WATTS, 2010). No viés
geneético, a ideia de que existem genes que contribuem para o desdobramento de doencas
autoimunes € estudada ha muitos anos. Sabe-se que atualmente mais de 30 regides génicas estdo
envolvidas com o desenvolvimento da doenga, como a regido HLA (antigeno leucocitario
humano) e o gene PTPN22, envolvido na regulacdo da sinalizacdo do receptor da célula T
(BARTON; WORTHINGTON, 2009; CASTRO-SANTOS; DIAZ-PENA, 2016).

Na AR, aresposta imune gerada inicia uma mobilizag&o de células mononucleares como
os linfocitos B e T e macrdfagos. Além disso, ha presenca de enzimas degradantes de matriz,
as metaloproteinases (MMPs), autoanticorpos, colageno tipo 2 (particularmente na forma
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oxidada), glicose-6-fosfato isomerase, proteoglicanos, antigenos nucleares e outros
autoantigenos articulares que expandem as vias pelas quais 0s autoanticorpos provavelmente
contribuem para patogénese (SMOLEN et al., 2018). Sendo assim, um evento principal para o
desenvolvimento da AR sdo as modificacbes pds-traducionais, que formam epitopos
modificados, que serdo reconhecidos pelo sistema imune, que ird apresentar esses antigenos as
células T, gerando uma sinalizagdo para estimular as células B produzirem anticorpos contra
essas proteinas, que sdo do proprio organismo (SMOLEN et al., 2018).

Entre os principais autoanticorpos presentes na patologia estdo o fator reumatoide (FR),
que reage contra a por¢do Fc da imunoglobulina G, formando complexos imunes, e 0S
anticorpos anti-proteinas citrulinadas (ACPA). O FR é um autoanticorpo classico, usado como
marcador da doenca. Porém, nos ultimos anos, uma série de trabalhos demonstrou que a familia
de autoanticorpos mais especifica para AR sdo os ACPA (VAN BOEKEL et al., 2002). Esses
anticorpos podem ser detectados em aproximadamente 80% dos soros de pacientes com AR
com especificidade de 95% a 99% (ALARCON; ANDRADE, 2007). Além disso, aparecem
precocemente durante a evolucdo da enfermidade, portanto a presenca desses anticorpos, em
conjunto com a de citocinas pré-inflamatdrias e quimiocinas, apresenta-se bastante Util para
auxiliar no diagndstico da doenca, especialmente em suas fases iniciais.

Com o desenvolvimento desta resposta imune, da-se inicio ao processo inflamatério na
sindvia articular. As células imunes ativadas se acumulam no liquido sinovial, toda essa
mobilizacdo ocorre devido a ativacdo endotelial, que aumenta a expressdo de moléculas de
adesdo e quimiocinas, atraindo os leucdcitos e induzindo sua intensa proliferacdo. Esta
hiperplasia sinovial também conta com a proliferacdo de macréfagos e fibroblastos sinoviais
(FLS), que sdo uma das principais fontes de proteases e citocinas inflamatérias (MCINNES;
SCHETT, 2011).

Sabe-se que o desequilibrio entre citocinas pro e anti-inflamatérias podem causar o
aparecimento de danos e inflamacdo crénica, e influenciar o desenvolvimento de
autoimunidades. Logo, na patologia da AR, ha o envolvimento da producéo e liberacdo dessas
proteinas inflamatorias e outros mediadores (MCINNES; SCHETT, 2007). Entre diversas
citocinas que contribuem para a inflamacao, encontra-se o fator de necrose tumoral alfa (TNF)
que € uma molécula chave no desenvolvimento da AR causando uma super producdo e
expressdo de outros mediadores como interleucina 1  (IL-1 B) e interleucina 6 (IL-6). Embora
haja a participacdo de diversas citocinas, esta via acaba atuando como principal guia para a
inflamacéo e destruigéo articular (CHOY, 2012; HOWE, 1998). A expressao e producdo das
citocinas tem varias fontes, entre elas a interacdo entre linfocitos T e B e macrdfagos. Os
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macrofagos produzem TNF, IL-1p, IL-6, interleucina 8 (IL-8), MMPs, quimiocinas e, também,
realizam fagocitose e apresentacdo de antigenos. As células B, produzem IL-6, TNF e sdo
precursores de plasmaocitos secretores de autoanticorpos, além de processarem e apresentarem
antigenos, promovendo a ativacdo das células T (CHOY et al., 2002). Em pacientes com AR
ativa, as concentragdes séricas e sinoviais de TNF e IL-1 séo altas; essas moléculas além de
promover a inflamagéo, atuam estimulando a liberagdo de MMPs destruidoras de tecidos, e
impedindo a producdo de inibidores enddgenos dessas metaloproteinases, cujo resultado é a
destruicdo articular (CHOY EH, 2001).

Em suma, a hiperplasia sinovial acaba por ser o estopim do dano a cartilagem e ao 0sso,
uma vez que macrdfagos e fibroblastos sinoviais séo ativados por TNF, IL-1 e IL-6 assumindo
um fendtipo agressivo e resistente a apoptose e, consequentemente, passam a sintetizar
substancias nocivas a cartilagem - como as MMPs - dando origem a formacdo do pannus
invasivo (CHOY, 2012; FIRESTEIN; MCINNES, 2017).

Osteoclasto
Cépsula
articular

Fibroblasto

Macrofago

Membrana Célula Dendritica

sinovial B Célula T
o Q. Plasmécito
e N
Espaco (&2 CélulaB
articular A
Angiogénese
Neutréfilo \

Cartilagem extensa

/ Mastécitos
Sinovidcitos /

Membrana
Sinovial
hiperplasica

Osso

Figural: AlteracGes articulares na artrite reumatoide. a) Articulacdo saudavel; b) Articulacao
doente (Adaptado de SMOLEN; STEINER, 2003).

Além das manifestacGes articulares, a AR apresenta diversas manifestacbes de cunho
sistémico que impactam significativamente em sua morbimortalidade. Pacientes com AR
possuem um risco maior de mortalidade, principalmente decorrente de problemas
cardiovasculares e infeccdo (LEVY, 2008). Alem disso, hd uma grande gama de manifestaces
extra-articulares na AR como nodulos reumatoides, doencas de pele, manifestagdes oculares e
vasculite, alem de poder acometer rins, coracdo e sistema nervoso central e periférico
(KHURANA; BERNEY, 2005). Ainda, dentre esses, pode-se citar fadiga, perda de peso,

fraqueza e atrofia generalizada de fibras musculares que esta associada com a intensidade da
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sinovite (FUKUDA et al., 2010; TURESSON et al., 2008). Até 30% dos pacientes apresenta
pelo menos uma desordem extra-articular (YOUNG; KODURI, 2007), e ha piora conforme o
aumento da atividade da doenca. A maior parte destas manifestacOes extra-articulares da AR
esta associada com a atividade da doenca (NYHALL-WAHLIN et al., 2009). Essas
manifestacOes agravam a doenca, levando a um aumento da incapacidade funcional, diminuicéo
da qualidade de vida e aumento da mortalidade (RADNER; SMOLEN; ALETAHA, 2010).

Geralmente, a patogénese da AR comeca a se desenvolver anos antes do aparecimento
dos sinais clinicos da doenca, embora um episodio agudo possa ser possivel. Logo, 0 seu
diagnostico em estagio pré-clinico se torna um episodio incomum. Atualmente, os critérios
para a identificacdo da doenca incluem manifestacdes clinicas e ensaios soroldgicos. A
orientacdo para o diagndstico é baseada nos critérios de classificacdo do Colégio Americano de
Reumatologia (American College of Rheumatology — ACR) e pela Liga Europeia Contra o
Reumatismo (European League Against Rheumatism — EULAR) (NEOGI et al., 2010). Os
critérios avaliam as articulacdes acometidas, a duracdo dos sintomas, marcadores soroldgicos
de autoanticorpos e de fase aguda de inflamacdo (niveis da proteina C reativa [PCR] e
velocidade de sedimentacdo globular [VSG]), além de haver a possibilidade de exames por
imagem; sendo atribuido uma pontuacéo para cada critério (NEOGI et al., 2010).

O diagnostico de AR se da quando sintomas estejam presentes por, pelo menos, seis
semanas, € os critérios de classificacdo se ddo por uma soma de pontos. Sdo atribuidos de 0 a5
pontos para as articulacfes acometidas; 0 a 3 pontos para a sorologia; 0 a 1 para os marcadores

de fase aguda e 0 a 1 pontos para a duracao dos sintomas (Tabelal).
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Tabela 1. Critérios 2010 ACR/EULAR para classificacdo de artrite reumatoide (ALETAHA et al., 2005).
Grupo Pontuacéao

Envolvimento articular (0-5)

1 articulacdo média a grande 0
2-10 articulagbes médias a grande 1
1-3 articulagdes pequenas (excluindo articulages grandes) 2
4-10 articulagdes pequenas (excluindo articulagdes grandes) 3
> 10 articulacBes (pelo menos uma articulacdo pequena) 5
Sorologia (0-3)

Fator reumatoide (FR) e Anticorpo contra antigenos citrulinados (ACPA) negativos 0
FR e ACPA fracamente positivos 2
FR e ACPA fortemente positivos 3
Reagentes de fase aguda (0-1)

Proteina C reativa e taxa de sedimentacao eritrocitaria normal 0
Proteina C reativa e/ou taxa de sedimentagdo eritrocitaria anormal 1
Duracéo dos sintomas (0-1)

< 6 semanas 0
6 semanas ou mais 1

Ponto de corte para a artrite reumatoide: 6 ou mais

Entretanto, os critérios anteriormente descritos equivalem apenas aos pacientes que ja
desenvolveram sinais clinicos da doenca, como por exemplo, inchaco em pelo menos uma das
articulac6es. Uma pontuacdo maior ou igual a 6 classifica um paciente como tendo AR, cabendo
ressaltar que os novos critérios de 2010 ndo sdo diagnosticos, mas, sim, classificatérios. De
inicio, estes critérios foram desenvolvidos afim de definir populagbes homogéneas para a
finalidade de pesquisa, porém vieram a se tornar Uteis para o diagndstico clinico. Essa
classificacdo aumenta a sensibilidade no reconhecimento da doenca e permite a identificacao
de casos prematuros. O diagndstico precoce e o inicio do tratamento imediato sdo fundamentais
no controle da atividade da doenga, prevenindo a incapacidade funcional e lesdo extensiva das
articulacGes do paciente (ALETAHA et al., 2005).

1.2 PERDA MUSCULAR

A perda muscular ¢ uma condi¢cdo comum na AR (FUKUDA et al., 2010). Estudos
demonstram que a perda muscular esta presente em 20% dos pacientes com AR, causando perda
de peso, reducéo da atividade fisica e aumento da fadiga (VAN BOKHORST - DE VAN DER
SCHUEREN et al., 2012). Esse quadro leva a uma perda significativa da qualidade de vida.
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Além disso, a atrofia muscular e 0 baixo peso em pacientes com AR sdo importantes fatores
progndsticos em relacdo a piora da atividade da doenca, incapacitacdo e sobrevivéncia (VAN
BOKHORST - DE VAN DER SCHUEREN et al., 2012).

A perda de massa, forca e desempenho muscular é definida pelo termo sarcopenia. Esta
perda pode ser decorrente de diversos fatores, como inatividade fisica, envelhecimento,
disturbios metabolicos e inflamatdrios, além de alteracGes na ativagdo das células satélite (CS)
(DA ROCHA et al., 2009; DOHERTY, 2003). Na AR, acredita-se que citocinas inflamatdrias,
déficits na regeneracdo muscular, reducdo da sintese proteica e incapacidade fisica estejam
relacionadas com o desenvolvimento da sarcopenia reumatoide. Estudos recentes demostraram
que a prevaléncia de sarcopenia é de 17,1 % - 37,1 % em pacientes artriticos, mostrando que a
sarcopenia se desenvolve em uma parcela significativa de individuos acometidos pela AR
(TORII et al., 2019; VLIETSTRA et al., 2019). Apesar de ser um problema comum na artrite
reumatoide, muito pouco se atenta para a perda muscular nos pacientes, e poucas medidas séo
tomadas para remediar essa comorbidade e melhorar a capacidade funcional e qualidade de
vida dos pacientes.

A atrofia do masculo na AR ¢€ atribuida a diversos fatores, como a exposicdo crbnica a
citocinas pré-inflamatérias, principalmente TNF, IL-1p e IL-6, alteracbes hormonais e
inatividade fisica, além da ativacdo de distintas cascatas intracelulares que induzem a
degradacdo proteica, porém, ainda se sabe muito pouco sobre essas sinalizacdes. A perda
muscular causada pela AR ja foi associada com a intensidade da inflamacéao e severidade da
doencga, o0 que enfatiza a inflamag¢do como sendo um importante processo na perda muscular
(FUKUDA et al., 2010).

Sabe-se que TNF e IL-1 estdo envolvidos de maneira central na patogénese da doenga
e na lesdo articular da AR, porém essas citocinas também possuem uma influéncia sobre o
metabolismo energético de proteinas do corpo todo. Ambas citocinas sdo produzidas,
principalmente, por mondcitos e macrdéfagos, mas também séo produzidas por uma variedade
de outras células, incluindo linfocitos B, linfocitos T e células do musculo esquelético (BLUML
etal., 2012). Um estudo em pacientes com AR tratados com tocilizumabe (TCZ) - um anticorpo
anti-receptor de IL-6 - relatou um ganho significativo de massa magra apds um ano de
tratamento, sugerindo que IL-6 também seria uma citocina importante envolvida na perda de
musculo esquelético em artrite (TOURNADRE et al., 2017). Logo, a inflamagdo vem sendo
discutida como importante contribuinte para a disfuncdo do musculo esquelético e ha indicios

de que citocinas pro-inflamatdrias como o TNF, IL-1 e IL-6 atuam como mediadores centrais
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da perda de massa muscular (JACKMAN; KANDARIAN, 2004)(LONDHE; GUTTRIDGE,
2015).

Porém ndo sdo apenas TNF e IL-1 que podem estar envolvidas no dano muscular, as
chamadas citocinas sarcoativas — ativas nos musculos — também incluem IL-6, interferon-y
(IFN-y), fator de crescimento transformador- B (TGF-B) e o fator de transcrigdo MyoD — que
estd associado diretamente com a atividade de IFN-y e TGF-B ¢ ¢ uma molécula essencial na
diferenciacdo muscular esquelética (RALL; ROUBENOFF, 2004). Estudos mostraram que a
perda de proteina no musculo esquelético pode ser dependente das atividades de sinalizagdo
entre IFN-y e TGF-B, e que a atividade de um terceiro componente, o fator nuclear kappa- 8
(NF-xB), seria essencial para que essas moléculas induzissem danos musculares. Foi
demonstrado que a ativacdo de NF-«B, causada pelo TNF, suprime o mRNA de MyoD a nivel
pos-transcricional (DENIS et al., 2000). O MyoD é um excelente marcador de regeneracdo
muscular, pois atua regulando a diferenciacdo do musculo esquelético e é essencial para a
reparacao de tecidos lesados (ZAMMIT, 2017).

Apesar do progresso nos estudos sobre os mecanismos moleculares quelevam a atrofia
muscular, essa consequéncia da doenca ainda é muito pouco estudada. As diversas alteracdes
que levam a perda de massa muscular envolvem distintas cascatas de sinalizacdo intracelular
gue podem levar a morte celular programada (apoptose), ao aumento da degradacédo proteica ou
a diminuicdo da ativacdo de células satélite (CS) que sdo responsaveis pela regeneracdo
celular (DE OLIVEIRA et al., 2012). Enquanto o tecido muscular se mantém livre de
agressdes, as CS permanecem em estado de quiescéncia (repouso). Porém, em resposta a
estimulos como crescimento, remodelacdo ou trauma, as CS sdo ativadas, proliferam-se e
expressam marcadores tais como MyoD e miogenina, que séo indicadores de proliferacdo e de
diferenciacdo de CS, respectivamente. Neste estado, também sdo denominadas mioblastos.
Essas células se fundem a fibras musculares ja existentes ou se fundem a CS vizinhas para gerar
novas fibras musculares. O padrdo de expressdo génica das CS ainda é pouco conhecido, tanto
no estado de repouso como no estado ativado. Porém, as CS quiescentes ndo expressam fatores
reguladores da miogénese das familias da MyoD, essa familia controla a diferenciacdo de
células da linhagem miogénica, logo CS MyoD negativas apresentam capacidade de
diferenciacéo reduzida e retardada (BERKES; TAPSCOTT, 2005; YAMADA et al., 2008).

Ademais, as vias de degradacédo proteica também séo estudadas, dentre essas vias as

principais citadas sdo sistema de autofagia, através de proteases lisossomais, proteases ativadas
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por célcio, como a calpaina e as caspases, e 0 sistema proteossomo. Relatou-se que a inibicéo
das vias enzimaticas da calpaina, lisossomo e proteossomo ocasionou em 20%, 40% e 62%,
respectivamente, na reducdo da degradacdo de proteinas totais (PURINTRAPIBAN; WANG;
FORSBERG, 2003). Entretanto, observa-se que a atuacdo desses sistemas ndo € uniforme,
havendo uma variagdo na importancia individual de cada uma, dependendo da situag&o clinica
presente (HASSELGREN; WRAY; MAMMEN, 2002; POWERS; KAVAZIS;

DERUISSEAU, 2005). Ja foi observado que no viés de funcionalidade, os pacientes com AR
apresentam reducdo na forga muscular, mas a velocidade e contratilidade musculares se
mantém inalteradas (MATSCHKE et al., 2010). Portanto, a real contribuicdo desses sistemas

na perda muscular € ainda pouco conhecida.
Desta forma, ainda s@o escassos 0s estudos avaliando o impacto de tratamentos na perda

de massa muscular. E apesar da atrofia muscular estar presente em uma grande parcela dos
pacientes com AR, ocasionando em alto impacto econdmico e funcional nesta populagéo, ainda

ndo hd um tratamento padronizado para essa condig&o.

1.3 TRATAMENTO DA AR

Ao longo dos anos, muitos estudos foram desenvolvidos a fim de encontrar farmacos
que fossem eficientes para o tratamento e até uma possivel remissdo da AR. Devido ao avango
da ciéncia, muitos trabalhos realizados possibilitaram que, atualmente, haja um melhor manejo
com a doenga, tanto no ambito farmacoldgico quanto em estratégias terapéuticas. Entretanto, a
cura € uma questdo ainda nao respondida. O tratamento da AR deve comecar 0 mais cedo
possivel, sendo o objetivo principal minimizar os sintomas e, preferencialmente, ocasionar a
remissdo da doenca (MONTI et al., 2015). Outros objetivos da doenca incluem a reducdo da
dor, controle das comorbidades e preservacdo de atividades cotidianas (SCOTT; WOLFE;
HUIZINGA, 2010).

Sé&o utilizadas cinco classes de medicamentos para o tratamento da AR: analgésicos,
anti-inflamatorios néo esteroides, corticosteroides e farmacos antirreumaticos modificadores da
doenca (Disease Modifying Anti-rheumatoid Drugs — DMARD) - sintéticos e bioldgicos
(MINISTERIO DA SAUDE, 2019). O tratamento tem uma abordagem dinidmica, sendo
baseado em metas (treat-to-target), tendo um monitoramento rigoroso do curso tomado pela
doenga, e havendo mudanca do manejo caso a meta de tratamento néo seja atingida (SMOLEN
etal., 2016). Os medicamentos sdo empregados de maneira combinada de acordo com o estagio
da doenca e o estado do paciente. Logo, as medidas acabam sendo muito individuais a cada

organismo, sendo necessario a observacgéo intensiva para possivel troca de tratamento.
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As drogas anti-inflamatorias séo utilizadas para tratar alguns dos sintomas da AR, como
dor e rigidez articular (SCOTT; WOLFE; HUIZINGA, 2010). Essa classe é incapaz de
modificar o curso da doenga a longo prazo, além disso ele apresenta toxicidade cardiaca e
gastrointestinal, logo é recomendado o uso concomitante com inibidores da bomba de prétons
para atenuar riscos (SCHAFFER et al., 2006; SCOTT et al., 2007). Essa classe geralmente é
utilizada logo no inicio da doenca, com o objetivo de reduzir a inflamagdo antes que o
tratamento antirreumatico se inicie. Os corticosteroides, assim como os anti-inflamatorios, sdo
recomendados para reduzir o inchaco e a dor articular. Apesar de altas doses de glicocorticoides
causarem multiplos efeitos de toxicidade e apresentar um efeito limitado na doenca, doses
menores utilizadas por curtos periodos podem reduzir a inflamacdo sinovial e por longos
periodos ter efeito benéfico contra o dano nas articulagcdes (DA MOTA et al., 2018). Nestas
menores doses, 0s glicocorticoides ndo apresentam efeitos adversos graves, porém todas as
doses podem ser nocivas para 0 metabolismo, levando a uma reducdo da absor¢do 6ssea (TON
et al., 2005). Por isso, para aqueles pacientes que estdo em uso com corticosteroides é
recomendada uma suplementacéo de vitamina D e célcio (BIJLSMA, 2015).

Os DMARD:s sao utilizados como terapia de primeira linha para tratar, principalmente,
casos de AR recentemente diagnosticados (GAFFO; SAAG; CURTIS, 2006). Muitos dos
mecanismos de acdo desse medicamento sdo desconhecidos, porém seus efeitos sdo bastante
benéficos para uma parcela dos pacientes. Eles reduzem o inchaco articular, dor e marcadores
de fase aguda, limitam o dano articular progressivo e melhoram a fun¢éo. O principal DMARD
é 0 metrotexato (MTX), um imunossupressor amplamente utilizado e considerado o farmaco
padrdo no tratamento da AR (LOPEZ-OLIVO et al., 2014). Foi o primeiro farmaco empregado
com o intuito de impedir a progressdo da doenca, é usado como monoterapia ou em combinacao
e capaz de interferir no prognoéstico da doenca (CHOI et al., 2002; FEELY; ERICKSON;
O’DELL, 2009). Assim como os demais DMARDs sintéticos (leflunomida, sulfasalazina e
hidroxicloroquina), o medicamento possui efeitos adversos leves a graves, podendo ser nauseas
até hepatotoxicidade, alteracbes sanguineas e doencas pulmonares (LOPEZ-OLIVO et al.,
2014).

Entre outras estratégias adotadas, estdo os DMARDs biologicos que acabam por tentar
modificar a resposta biolégica da doenca; sdo anticorpos ou proteinas recombinantes
desenvolvidas com o intuito de bloquear a atividade de mediadores inflamat6rios ou moléculas
sinalizadoras incluidos no mecanismo da AR. A maioria desses agentes biologicos sdo
inibidores do fator de necrose tumoral (TNF), devido a sua importdncia no processo

inflamatorio e na destruigdo das articulacdes (TRACEY et al., 2008).
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Atualmente trés estdo disponiveis para o tratamento, infliximabe e o adalimumabe séo
anticorpos monoclonais anti- TNF, e o etanercepte que é um receptor solivel do TNF
(SMOLEN; STEINER, 2003). Agentes biologicos que ndo tem o TNF como alvo biolégico
também foram aprovados para tratamento, como rituximabe, um anticorpo monoclonal anti-
CD20 (molécula de superficie encontrada na célula B), abatacepte, um inibidor de sinais
coestimulatérios de células T e o tocilizumabe, blogueador do receptor de IL-6
(MINISTERIO DA SAUDE, 2019; SMOLEN et al., 2017).

Contudo, apesar de ser um avango na pesquisa para tratamento da AR, essas terapias
ainda apresentam efeitos adversos, dentre eles 0 mais comum é risco de infecges (LISTING et
al., 2005). Além disso, outros efeitos adversos descritos em relagdo ao anti-TNF € o
desenvolvimento de doencas granulomatosas como a tuberculose, elevacdo de enzimas
hepaticas, vasculites cutaneas e sindromes desmielinizantes (DESAI; FURST, 2006; DORAN
etal., 2002). A formacdo de anticorpos contra os tratamentos também foi descrita e geralmente
0s agentes bioldgicos sdo utilizados concomitantemente com metotrexato ou outro DMARD
sintético para reduzir essa resposta imunoldgica (SMOLEN; ALETAHA; MCINNES, 2016).

Apesar dos avangos com tratamento na AR, mesmo com tratamentos farmacoldgicos,
danos extrarticulares e déficit musculares ainda podem persistir. Em um ensaio clinico de
pacientes artriticos tratados com inibidores de TNF ou com hidroxicloroquina, ndo foi
observada melhora na composicdo muscular, mesmo em conjunto com treinamento fisico
(ANDONIAN et al., 2018). Além disso, o tratamento com glicocorticoides em pacientes com
AR apresentou uma contribui¢do para a caquexia reumatoide, mesmo havendo o controle da
inflamacéo e da atividade da doenca, essa perda de massa magra permaneceu (LEMMEY et al.,
2018). Geralmente, mesmo com o controle rigido e atenuacdo inflamatoéria e destrutiva da
doenca, a melhora na composicao corporal ou melhora fisica ndo é observada em pacientes com
artrite reumatoide (LEMMEY et al., 2016).

Outro aspecto importante € 0 manejo das comorbidades associadas, como doencas
cardiacas e renais, assim como a dor e a incapacidade de realizar as atividades cotidianas. Nesse
interim, os efeitos adversos e a utilizacdo de muitos medicamentos acabam sendo um
impedimento para uma parcela dos pacientes persistirem com o tratamento. Além disso,
dependendo do paciente muitos medicamentos ndo atingem o objetivo esperado, e tratamentos
alternativos, como os agentes bioldgicos, acabam tendo um custo elevado. Estudos afim de
encontrar alternativas que tratem a doenca e que possuam desvantagens minimas aospacientes

séo de extrema importancia para melhorar a qualidade de vida de pessoas com AR.
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1.4 MODELO ANIMAL DE ARTRITE INDUZIDA POR COLAGENO (CIA)

Muitos aspectos da AR podem ser estudados a partir de materiais coletados de humanos,
como sangue periférico ou tecidos para bidpsias. Contudo, a doenca se manifesta de modo
complexo, tendo em vista os multiplos fatores que estdo por tras do seu desenvolvimento —
influéncias ambientais e genéticas. Tendo em vista que existem limitaces e dificuldades na
analise dos mecanismos da AR, modelos animais que mimetizam as doencas humanas acabam
sendo uma importante alternativa para estudar a patogénese e 0s mecanismos envolvidos na
doenca.

Portanto, modelos animais sdo usados para observar a heterogeneidade da artrite e para
ter acesso a tecidos de dificil coleta em humanos. Estes modelos experimentais de artrite sdo de
extrema importancia para estudar a patogénese da AR, esclarecendo os processos envolvidos
na doenca e identificando novos alvos terapéuticos. Eles também sdo indispensaveis para testar
novos produtos com potencial terapéutico.

A partir disso, alguns critérios para a escolha de um modelo sdo essenciais para
selecionar o que melhor se encaixa com o que se deseja investigar. Modelos experimentais de
artrite apresentam diversas semelhancas com a AR, porém possuem algumas particularidades
entre si (HEGEN et al., 2008). Dentre algumas diferencas, pode-se citar a progressdo da doenca
qgue pode ser de desenvolvimento rapido ou lento, podendo ter respostas inflamatdrias
diferentes. Logo, entre os critérios importantes para um bom modelo animal estéo a capacidade
de predizer a eficacia em humanos dos agentes estudados, modelo de féacil realizacdo, duracao
razoavel do periodo da experimentacéo e patogénese similar a doenca em humanos (ASQUITH
et al., 2009).

Em geral, os modelos experimentais sdo divididos em artrite inflamatdria aguda e
crbnica, e pode ser induzida em linhagens de camundongos, ratos e, em alguns casos, coelhos,
porcos da Guinea ou macacos (HU et al., 2013). Cada um dos modelos desenvolve
caracteristicas que lembram sintomas clinicos da AR em seres humanos. Os modelos mais
utilizados sé&o em roedores, pois possuem maior disponibilidade de linhagens geneticamente
homogéneas. Dentre os modelos existentes, 0os mais comuns utilizados para andlise da eficacia
de possiveis tratamentos terapéuticos sdo artrite induzida por adjuvante (AlA) e artrite induzida
por colageno (CIA). O mais utilizado é artrite induzida por colageno do tipo Il (CIA) (HEGEN
et al., 2008). Geralmente, a escolha deste modelo se deve por ser uma experimentacdo
relativamente simples de realizar, de facil reprodutibilidade e com mais op¢des de animais
susceptiveis para o desenvolvimento. O modelo de CIA pode ser induzido em primatas ndo-
humanos, ratos ((Wistar, Sprague-Dawley e Wistar-Lewis) e camundongos (DBA/1]) e
C57BL/6) (ROSLONIEC et al., 2010).
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A CIA compartilha diversas semelhancas com a AR humana, como a hiperplasia
sinovial, o infiltrado celular, a degradacdo da cartilagem e a suscetibilidade relacionada a
expressdo de genes especificos do complexo de histocompatibilidade (MHC) de classe 1l
(ASQUITH et al., 2009). Sendo também um bom modelo para estudo de perda muscular
(FILIPPIN et al., 2013) e de caquexia reumatoide - perda de massa magra total (ALABARSE
etal., 2018; FILIPPIN et al., 2013).

O modelo de CIA é induzido em cepas de camundongos geneticamente suscetiveis,
sendo a mais utilizada a de camundongos DBA/1J. A inducéo é realizada em roedores de 8 a
12 semanas de vida através de uma emulséo de adjuvante de Freund e coldgeno bovino dotipo
I1 (CII). A primeira imunizacgdo intradérmica na cauda ocorre no dia 0 e é composta de CIlI (2
mg/ml) e adjuvante completo de Freund (CFA — com adi¢do de 2 mg/ml de Mycobacterium
tuberculosis) em iguais volumes. 1sso resulta em uma reacdo inflamatdria moderada no local
da injecdo que dura de 1-2 semanas. No 18° dia apds a imunizacéo, realiza-se uma injecao de
reforco (booster) com uma emulsdo de adjuvante incompleto de Freund (IFA — sem M.
tuberculosis) em um ponto diferente da cauda. Para a maioria das linhagens CIA-sensiveis, 0
primeiro sinal clinico do desenvolvimento da artrite se torna visiveis entre os dias 21 e 35ap06s
a imunizacgdo. A incidéncia de artrite em linhagens de camundongos suscetiveis é geralmente
muito elevada, chegando a 80-100%, em sua maioria (BRAND; LATHAM; ROSLONIEC,
2007).

A resposta imune do modelo é caracterizada por uma resposta autoimune inflamatoria
contra o colageno do tipo Il (ClI), mediada por células T e B, o que desencadeia uma artrite
experimental autoimune que apresenta caracteristicas clinicas, histolégicas e imunoldgicas
semelhantes a AR (ROSLONIEC et al., 2010). Além disso, assim como na AR humana,
diversas citocinas pro-inflamatérias sdo expressas na cartilagem de camundongos com CIA,
como TNF, IL-1B, IL-6 e fator de crescimento tumoral (TGF)p (BEVAART;
VERVOORDELDONK; TAK, 2010).
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Figura 2: Linha do tempo experimento CIA
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Apesar de haver similaridades do modelo com a AR, a CIA ndo é simétrica e inexiste
uma combinacéo de patas/articulacdes afetadas, diferentemente da AR humana que é simétrica.
Sendo as caracteristicas clinicas similares, o desenvolvimento de eritema e edema articular.
Outra diferenca entre esse modelo experimental e AR é a auséncia do fator reumatoide
(ROSLONIEC et al., 2010). Contudo, esses modelos experimentais sdo amplamente utilizados
para estudar os aspectos fisiopatoldgicos da doenca e para testar novas terapias.

Apesar de ainda ser escasso na literatura estudos focados no viés muscular destes
modelos e as vias envolvidas, alguns modelos experimentais ja foram descritos como eficientes
no desenvolvimento da caquexia reumatoide. Estudos em ratos submetidos a artrite induzida
por adjuvante, um modelo experimental de artrite reumatoide, identificaram presenca de
alteraces musculares, entre elas perda de peso, perda muscular e alteracdo de algumas
proteinas importantes, como exemplo aumento de miostatina (miocina que inibe ocrescimento
muscular) e aumento de MyoD e miogenina (marcadores de regeneracdo muscular e atividade
de células satélites) (CASTILLERO et al., 2009, 2011). Outros trabalhos tambémdescreveram
em modelo de CIA uma perda muscular progressiva conforme o desenvolvimento da artrite,
demostrando caracteristicas clinicas semelhantes as de pacientes acometidos pela caquexia
reumatoide (ALABARSE et al., 2018; FILIPPIN et al., 2013). Logo, considerando dados
apresentados por estudos anteriores, o modelo de CIA parece apresentar caracteristicas

necessarias para o estudo e observacao da perda muscular na AR.

1.5 FASCIOLA HEPATICA E IMUNOMODULACAO

InfeccOes parasitarias em humanos se tornaram menos frequentes por conta da melhora
da higiene ao longo dos anos. Consequentemente, a erradicacdo do contato humano com
agentes parasitas deu espaco a um aumento na suscetibilidade a doencas alérgicas, diminuindo
o desenvolvimento natural do sistema imunitario. Esta ideia, baseia-se no conceito da “Hipotese
da Higiene” que evidéncia a presenca de um papel imunomodulatério que esses vermes causam
quando parasitam o organismo. As doencas causadas por infeccdes helminticas em humanos
estdo associadas a uma resposta imune Th2, que possui um papel imunomodulatério importante
(JACKSON et al., 2009). Respostas imunes mediadas por células Thl ativam macrofagos e
promovem uma reposta imunolégica mais inflamatdria, ao contrario da resposta Th2 que ativa
células B, levando para um perfil mais anti-inflamatério. Em doengas que s@o causadas por
linfécitos Thl, as citocinas Th2 tém sido consideradas protetoras, portanto, a busca pela
alteracdo no padréo de resposta imune de Thl para Th2 tem sido muito estudada, visando a
melhora ou o restabelecimento da tolerancia imunoldgica (MESQUITA JUNIOR et al., 2010).
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Com base nessa hipdtese, alguns estudos mostram evidéncias que a modulacdo do
sistema imune por parasitas pode ser benéfica em diversas doencas autoimunes como: doenga
de Crohn (SUMMERS et al., 2005), Colite (SUMMERS et al., 2005), Diabetes tipo 1
(SAUNDERS et al., 2007) e Esclerose Multipla (CORREALE; FAREZ,2007).

Além disso, outros estudos elucidam que moléculas secretadas por helmintos possuem
propriedades anti-inflamatérias (HAMILTON et al.,, 2009; WANG et al.,, 2016), sendo a
Fasciola hepatica um desses helmintos que vem sendo estudados para finalidades terapéuticas.
Este parasita € um helminto trematodeo pertencente ao Filo Platyhelminthes que utiliza como
hospedeiro diversos mamiferos, deposita-se nas vias biliares, alvéolos pulmonares e
esporadicamente em outros locais; podendo causar a fasciolose, uma parasitose que afeta em
torno de 17 milhdes de pessoas no mundo (MAS-COMA, 2005). E uma infecgdo cronica e
silenciosa, podendo permanecer por varios anos no hospedeiro sem ser descoberta, o que resulta
em um risco de transmissdo desses patdgenos (MAS-COMA; BARGUES; VALERO, 2005).

Figura 3: Estagio adulto de Fasciola hepatica (TOLEDO; FRIED, 2019).

A F. hepatica utiliza diversos mecanismos para modular o sistema imune do hospedeiro.
Em estudos in vitro, foi capaz de induzir apoptose de duas células importantes da resposta
imune inata, os eosinofilos e os macréfagos (GUASCONI; SERRADELL; MASIH, 2012).
Estas células possuem papéis importantes na resposta imune desenvolvida durante as infec¢fes
por helmintos. A inducdo de apoptose dessas células pode ser importante na modulacdo do
sistema imune, apresentando-se como uma estratégia para evadir da resposta imune do
hospedeiro (GUASCONI; SERRADELL; MASIH, 2012). Ainda, mostrou-se que a
administracdo de componentes presentes no tegumento de F. hepatica em camundongos levou

a uma supressdo de células Thl e reducéo de niveis séricos de IFN-y (RAVIDA et al., 2016).
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Ha indicios que produtos excretores-secretores (ESPs) de F. hepatica tambémpossuem
efeitos imunomodulatérios. Os ESPs, os quais tém os mesmos efeitos imunomoduladores
presentes na infeccdo pelo verme, também demonstraram ser capazes de suprimir a resposta
imune via Thl, o que pode reduzir a inflamacdo (DONNELLY et al., 2005). Em estudos in
vitro e em modelo de fasciolose em camundongos, ambos trabalhos demonstraram que tanto
antigenos do tegumento como ESPs apresentaram a capacidade de prejudicar a ativacdo de
células dendriticas por ligantes de receptores do tipo Toll (TLRs - Toll like receptors). Dados
que corroboram para a hipdtese de que a ESPs pode modular a maturacdo e funcéo de células
dendriticas, gerando um mecanismo imunossupressor (FALCON et al., 2010, 2012).

Durante a infeccdo, a F. hepatica secreta moléculas como as cistatinas, que sao
moléculas inibidoras de cisteino-protease, e seu papel na modulacdo da resposta imune vem
sendo estudado, visto sua capacidade da regulacédo de citocinas inflamatorias e de apresentacédo
de antigenos (KLOTZ et al., 2011; VRAY; HARTMANN; HOEBEKE, 2002). As cisteino-
protease desempenham papéis indispensaveis na biologia de organismos parasitas e tendem ser
a chave para a imunoevasao do parasita no organismo do hospedeiro (SAJID; MCKERROW,
2002), o que torna interessante estudos acerca dessa supressdo na resposta imune. Estudos com
a cistatina recombinante de Schistosoma japonicum em modelo de CIA em camundongos,
demonstrou que ela foi capaz de aliviar os efeitos deletérios no modelo quando administrada de
forma profilatica. Esta administracdo preveniu a destrui¢do e a inflamacdo das articulacgdes,
com diminuigéo das citocinas pro-inflamatorias, IL-6, IL-17 e TNF-a (LIU et al., 2016).

Em estudo prévio de nosso grupo de pesquisa, foi analisada a eficacia das cistatinas 1 e
3 recombinantes de F. hepatica em modelo de CIA e, a partir desse estudo, verificou-se que a
cistatina recombinante 3 atenuou a gravidade da artrite reduzindo o escore clinico em 32%,
diminuindo também a nocicepcdo e o edema da pata dos animais, sem afetar peso corporal.
Ainda, cistatina 3 reduziu o escore histoldgico de inflamagcéo sinovial, dano da cartilagem e do
0ss0 nas patas dos animais (PALOMAKI et al., 2020).

Tendo em vista as evidéncias de um fator protetor da cistatina 3 de F. hepatica quanto
ao dano articular em modelo de CIA ¢é interessante analisar se esse efeito positivo também se
estende ao tecido muscular, a fim de tornar o estudo mais completo e esclarecedor em todo o

ambito da artrite reumatoide e seu papel nos diferentes desfechos clinicos.
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2 JUSTIFICATIVA

Apesar do desenvolvimento de novos manejos no tratamento da AR, muitas
comorbidades ainda persistem, como a perda de massa muscular, presente em uma parcela
importante dos pacientes. Dessa forma, a perda de massa muscular muitas vezes € um grande
acometimento para o paciente, deteriorando sua capacidade funcional e qualidade de vida. Visto
que as cistatinas de Fasciola hepatica apresentam resultados promissores acerca de efeitos
imunomodulatérios e antiartriticos, € importante analisar sua acdo também no viés muscular.
Sendo assim, faz-se necessario estudos acerca do assunto afim de elucidar os efeitos
terapéuticos e mecanismos envolvidos, possibilitando a descoberta de possivel tratamento e
progressdo para fases de estudos posteriores, 0 que pode trazer importantes beneficios, como

melhor qualidade de vida aos pacientes.



3 OBJETIVOS

3.1 Objetivo geral

Avaliar o efeito do tratamento das cistatinas 1 e 3 recombinantes de F. Hepatica na

perda muscular em camundongos com artrite induzida por colageno.

3.2 Objetivos especificos

Avaliar a perda muscular a partir das analises de:

1. Peso dos musculos tibial-anterior e gastrocnémio;

2. Diametro das fibras musculares do musculo tibial-anterior;

27
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Abstract

Rheumatoid arthritis (RA) is a chronic, inflammatory and autoimmune disease. The persistent
inflammatory mechanism results in the degradation of cartilage and bone with the consequent
loss of function. RA patients generally present muscle weakness and atrophy, and its
mechanisms and management are still poorly studied. Fasciola hepatica is a helminth that has
different strategies to regulate the immune response of its hosts through excretory-secretory
products (ESPs), such as cystatins. In a previous study, recombinant cystatins from F.
hepatica showed therapeutic effect in both acute and chronic models of arthritis. To observe
whether this protective effect also extends to muscle tissue, the present study evaluated the
effect of recombinant cystatins 1 and 3 on muscle loss in mice with collagen-induced arthritis
(CIA). After arthritis induction, DBA / 1J mice were randomly divided into three groups:
control (n =9), cystatin 1 (n = 9) and cystatin 3 (n = 9), with a daily treatment regimen of 100
ug/dose of recombinant cystatins or 100 pl of PBS. Muscle mass was assessed by weighing
the tibialis anterior and (TA) gastrocnemius muscles (GA) in micrograms, and structural
evaluation was performed by the histopathological analysis of the measurements of the
diameter of the muscle myofiber. The weight and sarcoplasmic ratios of the TA and
gastrocnemic muscles (GA) also had no difference between groups. The cross-sectional area
of myofiber from the tibialis anterior skeletal muscles (TA) showed no difference when
compared with controls. In conclusion, despite improving clinical and histological aspects of
arthritis, recombinant cystatins from F. hepatica did not influence the muscle loss of collagen-

induced arthritic mice.

Keywords: Rheumatoid arthritis, collagen-induced arthritis, muscle loss, Fasciola hepatica,
recombinant cystatins
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Introduction

Rheumatoid arthritis (RA) is a chronic, autoimmune and systemic disease that affects
1% of the population [1]. It is an inflammatory condition characterized by synovial hyperplasia
that causes the degradation of cartilage and bone [2]. About 40% of RA patients may have extra
articular manifestations [3]. Muscle loss is reported to be present in 20% of RA patients, causing
weight loss, reduced physical activity and increased fatigue [4]. Muscle atrophy and low weight
in RA patients are important prognostic factors related to worse disease activity, disability and
survival [5].

The decrease in muscle mass seems to be linked to a decrease in physical activity, due
to the exacerbated pain that affects patients, caused by chronic exposure to inflammatory
mediators, such as cytokines and prostaglandins [6]. Moreover, muscle atrophy has been
associated with the intensity of inflammation and severity of the disease, which emphasizes
inflammation as being an important process in muscle loss [7,8]. Despite advances in RA
treatment, even with pharmacological treatments, extra-articular damage and muscle deficit
may still persist. Since muscle loss in RA is one of the disabling symptoms for most patients, it
Is important to investigate compounds with possible therapeutic effects.

Fasciola hepatica is a trematode helminth that uses as host several mammals, which can
cause fasciolosis [9]. During the infection, F. hepatica uses strategies to modulate the host
immune system through excretory-secretory products (ESPs) and integument antigens [10].
ESPs are able to suppress the immune response via Thl, activating M2 macrophages capable
of increasing the differentiation of Th2 cells, leading to immunosuppression of the immune
response, leaning for a more anti-inflammatory response [11]. Among these molecules are
cystatins, which are cysteine protease inhibitory molecules with ability to modulate the immune
response by regulating inflammatory cytokines release and the mechanism of antigen
presentation [12,13].

In a previous study, we found that recombinant cystatin 3 from F. hepatica attenuated
the severity of arthritis by reducing the clinical score by 32%, as well as decreasing nociception
and paw edema, without affecting the body weight. Furthermore, cystatin 3 reduced the
histological score of synovial inflammation, cartilage and bone damage in the animals paws
[14]. In the present study, we evaluated the effect of recombinant cystatins 1 and 3 on muscle
loss in collagen-induced arthritic mice in order to elucidate whether their effect also extends to

muscle.
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Materials and methods

Animals

Male DBA / 1) mice, between 8 and 12 weeks of age, were randomly divided into three
experimental groups: control (CO) (n = 9), cystatin 1 (C1) (n = 9) and cystatin 3 (C3) (n =9).
The treatment was performed intraperitoneally, starting on the 18th day and consisted of a
daily dose of 100 pg of cystatins 1 and 3 recombinant for the treated groups and 100 pg of
PBS for the control group. The mice were reared at 20 + 2°C, with a 12h light-dark cycle,
food and water were provided ad libitum. This study was approved by the Research Ethics
Committee of the Hospital de Clinicas de Porto Alegre (protocol n° 2017-0310).

Expression and purification of recombinant F. hepatica cystatins

Recombinants cystatins were obtained by cloning and expressing the F. hepatica cystatin genes
in BL21 Escherichia coli RIL strain ((GE Healthcare, LT, UK) as previously described [32].
The coding DNA sequences of cystatins were amplified by PCR, then the amplicons were
attached to plasmid vectors pGEX-4T2 and were inserted in the bacterial genome using EcoRl
restriction enzyme. Proteins were expressed with glutathione-S-transferase (GST) tags, and
purification was made by affinity chromatography in glutathione-sepharose 4B (GE
Healthcare) following cleavage of the tags with thrombin. Detoxi-gel Endotoxin Removing
(Thermo Fisher Scientific, Waltham, MA, USA) was used to remove endotoxin contaminations
and protein concentrations were determined by using Qubit fluorometric quantification kit
(Thermo Fisher Scientific). At first, cystatines 1,2 and 3 were coded. For purification and
technical performance reasons, only 1 and 3 were used in the study. The entire procedure was
carried out at the Biologia Molecular de Cestddeos laboratory at the UFRGS Biotechnology

Center.

Collagen-induced arthritis

The first intradermal immunization on the tail occurred on day 0 and was composed of bovine
type Il collagen (CII) (CII; Chondrex, Inc., Redmond, WA, USA; 2 g-mL) and complete
Freund's adjuvant (CFA; Sigma, St Louis, USA; 2 mg-mL) with the addition of 2 mg / ml of
Mycobacterium tuberculosis (Difco Laboratories, Lawrence, KS, USA). Eighteen days after the
first injection, the animals received a reinforcement of Cll emulsified with incomplete Freund’s
adjuvant (CFA; Sigma, St Louis, USA; 2 mg/mL) (without M. tuberculosis) in another site of
the tail (booster injection).
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After booster, animals were monitored for clinical signs of arthritis and body weight three
days per week. Forty-five days after arthritis induction, the tibialis anterior and gastrocnemius
muscles were dissected immediately after euthanasia, weighed and collected. The tibialis

anterior muscles were used to measure the diameter of myofiber by histological analysis.

Animal weight and muscle weight

The animals were weighed for total body mass three times a week, starting before the first ClI
injection. On the 45th day after the induction of the disease, the tibialis anterior was dissected
immediately after euthanasia, weighed and collected to measure the sectional area of the
myofiber by the Image-Pro Express software program for staining histological slides with
hematoxylin-eosin (HE). Muscle weight calculations were also performed in relation to the

body weight of each animal, to determine the sarcoplasmic ratio.

Histological analysis

Tibialis anterior stained with HE were used for myofiber diameter measurement. A cross-
section of each muscle was stained with hematoxylin-eosin and analyzed under an optical
microscope (400 x, Olympus, Shinjuku, Tokyo, Japan). Two straight perpendicular lines, in the
direction of the longest and shortest fiber length, were drawn on each myofiber. The average of
these diameters (in micrometer) was used to calculate the area of the cross section, based on
the formula of the area of the circle (in square micrometer). To measure the cross-sectional
area of the myofiber (CSA) of the entire muscle, 10 images of each histological slide were
captured with QImaging Digital Camera (Media Cybernetics). Measurements of 20 miofibers
were performed with the aid of the Image- Pro Express software (version 5.1.0.12, Media
Cybernetics, Rockville, MD, USA).

Statistical Analysis

The distribution of data was assessed by the Shapiro-Wilk and Kolmogorov-Smirnov tests. In
data with non-normal distribution, comparisons were performed using the Kruskal Wallis test
and the quantitative data is described as medians and interquartile range. Data with normal
distribution were compared using one or two-way ANOVA followed by the Tukey’s test and
the quantitative data is described as data is presented as mean * standard error of the mean
(SEM). Significance was accepted when p <0.05 using Graph Pad Prism 8 (La Jolla, CA, USA).
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Results

Arthritis score and body weigth

First, it was necessary to confirm the development of the disease by analyzing the arthritis
clinical score. According to the results, the animals showed the first clinical signs of arthritis
24 days after induction, with the disease progressively developing until the last day of the
experiment (figure 1A). It was observed that daily treatment with 100 micrograms of cystatin
3 attenuated the severity of collagen-induced arthritis, reducing the clinical score by 32%
(9,00 £ 3,50 vs 13,56 + 2,18). Additionally, bodyweight was analyzed. It was observed that
the animals in the control group showed weight loss during the experiment, and although the
animals treated with cystatin 3 showed a reversal in that loss of body weight from day 33, this

data was not statistically significant (figure 1B).
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Fig. 1: (A) Arthritis clinical score progression and (B) body weight were evaluated threetimes
a week initiating from booster injection. Data are presented as mean + SEM. * p < 0.05 ** p <
0.01 *** p <0.001 rFhcystatin 3 vs control, by two-way ANOVA followed by Tukey’s test.

Muscle weight and sarcoplasmic ratio

It was also necessary to confirm that the animals would present muscle loss. The tibialis
anterior (C1: 21.5mg (19.5-30.0); C3: 20.5mg (19.5-29.75); CO: 21.0 mg (19.75-27.25);
p=0.967) and gastrocnemius (C1: 84.3 = 17.63 mg; C3: 102.8 £ 26.13 mg; CO: 91.36 +6.68
mg) muscles did not show any difference in weight between the treatment groups and control.
To assess muscle mass in relation to the total bodyweight, the sarcoplasmic ratio was
calculated. Accordingly, the sarcoplasmic proportions of TA (C1: 1.17 + 0.261; C3: 1.097 +
0.209; CO: 1.082 £ 0.173) and GA (C1: 4.360 (3.83-468); C3: 4.85 (4.145-5.7); CO: 4.63

(3.875-4.655); p=0.260) also presented similar measures between treated and untreated mice.
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Fig. 2: Treatment with recombinant cystatins from Fasciola hepatica did not alter muscle
weight and sarcoplasmic ratio. Weight of the tibialis anterior (A) and gastrocnemic (B) muscles.

Sarcoplasmic ratio of tibialis anterior (C) and gastrocnemic (D) muscles. Data are presentedas

medians and interquartile range (muscle weight TA and sarcoplasmic ratio GA) data with non-

normal distribution and as mean * standard error (muscle weight GA and sarcoplasmic ratio

TA) for data with normal distribution. Statistical analysis between groups was performed using
the Kruskal-Wallis test or ANOVA followed by the Tukey test, respectively.

Myofiber

Cross-section area

The myofiber area of the tibialis anterior muscle was similar in the treated and control groups,
with no statistical significance (C1: 194,4 um (165,1- 359,3); C3: 196,9 um (171.5-321.8);
CO: 208,8 um (162,8-363,5); p = 0.944).
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Fig. 3: Treatment with recombinant cystatins from Fasciola hepatica did not affect cross-
sectional area of myofiber. (A) Myofiber cross-sectional area of the tibialis anterior muscle of
controls and mice treated with cystatin 1 and cystatin 3. Representative histology of TA muscle
of (B) Cystatin 1 (C) Cystatin 3 and (D) Control. The statistical analysis between groups was
performed using one-way ANOVA followed by the Kruskal-Wallis test.

Discussion

In this present study, recombinant cystatins from F. hepatica did not influence the
muscle loss of collagen-induced arthritic mice. To the best of our knowledge, this was the first
study to evaluated the effect of recombinant cystatins on muscle loss in mice with collagen-
induced arthritis (CIA). The hypothesis of the present study was that the protective joint effect
observed in the treatment with recombinant cystatins from Fasciola hepatica could extend to
the muscle tissue.

A significant part of RA patients have deficits in their muscle area, weight and muscle
strength compared to healthy individuals, which directly impacts their functionality, impacting
their daily work, quality of life and socioeconomic status [15,16]. Despite the development of
new approaches for the treatment of RA, the loss of muscle mass remains present in an
important portion of patients. Because of this problem, we investigated whether proteins with
immunomodulatory capabilities would have an effect on muscle loss in a murine model of CIA.

The development of arthritis was confirmed through the clinical score of the disease,
and while cystatin 1 had no effects against clinical parameters of arthritis, cystatin 3 decreased

the clinical score of the disease in CIA by 32% [14]. Since there is an inverse relationship
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between clinical arthritis score and muscle loss [17,18] we analyzed a possible extended
therapeutic effect of cystatin 3 from joint to muscle.

Experimental collagen-induced arthritis has been widely used to study the
pathophysiological aspects of the disease, including muscle involvement, and to test new
therapies. Fillipin et al described a progressive development of muscle loss in CIA, observing
a smaller area of myofiber and weight of the anterior tibial (TA) and gastrocnemius (GA)
muscles of sick animals compared to healthy animals [17]. In addition, another study have
identified these features and have brought this model as an efficient tool to investigate muscle
loss in arthritis; Alabarse et al showed that CIA is a valid experimental model for rheumatoid
cachexia, since the clinical changes observed in this model are similar to those seen in humans
[18].

We evaluated the muscle weight and the sarcoplasmic proportion of the tibialis
anterior and gastrocnemius as both muscles are widely used in studies of musculoskeletal
changes and those that most present muscle deficits in models of chronic diseases.
Nevertheless, the treatment with recombinant cystatins did not show any changes compared to
control animals. However, according to the analyzed parameters, they also did not indicate
any deleterious effect of recombinant cystatins in the muscle.

In addition to muscle weight, observations of structure were also made through
histological analysis, with the measurement of the cross-sectional area of the myofiber (CSA)
of the tibialis anterior muscles. The evaluation of myofiber CSA demonstrated that the
treatment with cystatins did not alter the area of the muscular cross-section of mice, which
presented CSA similar to that observed in untreated animals. These results lead us to assume
that recombinant cystatins have no influence on the structural dynamics of muscle tissue.

Cystatins are molecules that have been extensively studied in the scope of
immunomodulation, their inhibitory action is vital for the regulation of physiological processes,
and sometimes they can limit their inhibitory action to their target-specific proteases, which
include cathepsins [19]. It is known that these proteases are present in several tissues and its
concentration is higher in the joints of animals and patients with arthritis, contributing to the
destruction of the joint [20]. High levels of cathepsin expression are found in tissues that have
high protein turnover rates, while low levels are observed where this rate is lower, as in skeletal
muscle [21]. Which may be an indication that cystatin does not interfere with muscle protein
breakdown. This generates one of the hypotheses as to why cystatins developed a protective

joint effect and have no structural effect at the level of muscle tissue.
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Muscle loss caused by RA has also been associated with the intensity of inflammation
and severity of the disease, which emphasizes inflammation as an important regulatory process
in muscle loss [22]. In muscle loss caused by chronic disease, such as RA, there is evidence of
the involvement of pathways responsible for protein catabolism [24, 25], and negative
regulation of growth factors. These effects are probably mediated by pro-inflammatory
cytokines, such as TNF and IL-6. Systemic administration of cytokines - IFN-y and TNF - also
resulted in muscle catabolism in an experimental model of cachexia [26]. In addition, genetic
[27] or pharmacological [28,29] blockade of inflammatory TNF pathways attenuates
experimental cachexia.

Since, in infection, recombinant cystatins induce the immune response to an anti-
inflammatory profile [12], these cytokine pathways would be expected to be attenuated
systematically, to the point of also influencing muscle loss. Previous analyzes confirmed that
cystatin 3 treatment reduced IFN- y levels in the animals serum and decreased Th17
population in the spleen. However, our results did not bring the expected outcome, ruling out
in this study the hypothesis that cystatins could develop an indirect action on muscle tissue by
decreasing the systemic inflammation of the disease. However, further analysis would be
needed to investigate the effect of cystatines on these parameters.

Understandably, the loss of muscle mass seems to be related to physical inactivity, given
the pain and functional disability generated by the disease [4]. In this sense, we can highlight
the lack of assessment of the functionality of the mice as a weakness of the present study. With
analyzes of spontaneous locomotion and strength, we could have observed the functional
impact of the treatments on the muscle in addition to the structural effects. Although in a model
of CIA, the total mass of the skeletal muscles of the hind legs was found to be correlated with
locomotion, suggesting a direct relationship between movement and muscle mass [23], in
studies with arthritic animals without any intervention, it was observed that the effect of the
disease on the functionality of the animals was greater than the effect on muscle weight and
myofiber area [17,18]. In addition, in both animals and humans, there was clearly an association
between reduced mobility of the ankle as a factor of locomotor abnormalities [30,31]. Based on
these observations, the locomotion of the animals in the study could provide a positive effect.
Given the anti-inflammatory capacity of recombinant cystatins, attenuating joint damage and
reducing the clinical score in animals, it could affect the functional capacity of muscle in a
deeper level than the structure.

In conclusion, according to these preliminary results, despite having improved arthritis
and presenting an anti-inflammatory effect, the treatment with recombinant cystatins from
Fasciola hepatica has no protective effect, nor does it a deleterious effect, on the muscle of

mice with chronic arthritis.
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5 CONCLUSOES E PERSPECTIVAS

Os resultados demonstraram que o tratamento com as cistatinas 1 e 3 recombinantes de
Fasciola hepatica néo teve efeito sobre as massas dos masculos tibial anterior e gastrocnémio
e enm sobre a estruturas do masculo tibial anterior de camundongos com artrite-induzida por
colageno.

O cronograma e plano de atividades do trabalho foi modificado devido a pandemia do
coronavirus SARS-CoV-2. Dessa forma, o trabalho tem como perspectivas realizar as analises
moleculares de expressdo dos marcadores de regeneracdo e degradacdo muscular, como
MyoD, miogenina e miostatina, através de western blot, a quantificacdo dos niveis musculares
de TNF e IL-6 atraves de ELISA, assim como parametros de locomogdo e forga em animais

com CIA e tratados com cistatinas recombinantes 1 e 3 de Fasciola hepatica.
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edn. Wiley, New York, pp 230-257

e Online document
Cartwright J (2007) Big stars have weather too. I10P Publishing PhysicsWeb.
http://physicsweb.org/articles/news/11/6/16/1. Accessed 26 June 2007

o Dissertation
Trent JW (1975) Experimental acute renal failure. Dissertation, University of California


http://physicsweb.org/articles/news/11/6/16/1
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Always use the standard abbreviation of a journal’s name according to the ISSN List of Title Word
Abbreviations, see

Tables

e All tables are to be numbered using Arabic numerals.

o Tables should always be cited in text in consecutive numerical order.

o Foreach table, please supply a table caption (title) explaining the components of the table.

o Identify any previously published material by giving the original source in the form of a
reference at the end of the table caption.

o Footnotes to tables should be indicated by superscript lower-case letters (or asterisks for
significance values and other statistical data) and included beneath the table body.

Artwork and Illustrations Guidelines

Electronic Figure Submission

e Supply all figures electronically.

e Indicate what graphics program was used to create the artwork.

o For vector graphics, the preferred format is EPS; for halftones, please use TIFF format.
MSOffice files are also acceptable.

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

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

Line Art

o Definition: Black and white graphic with no shading.

o 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.

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

Halftone Art

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

o If any magnification is used in the photographs, indicate this by using scale bars within the
figures themselves.

o Halftones should have a minimum resolution of 300 dpi.

Combination Art

o 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.

o 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 If the figures will be printed in black and white, do not refer to color in thecaptions.

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

Figure Lettering
e Toadd lettering, it is best to use Helvetica or Arial (sans serif fonts).
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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

All figures are to be numbered using Arabic numerals.

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

Figure parts should be denoted by lowercase letters (a, b, c, etc.).

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 [Supplementary Information (SI)] should, however, be numbered
separately.

Figure Captions

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 figurefile.

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.

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

Identify 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.

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

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.

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 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

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

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

Any figure lettering has a contrast ratio of at least 4.5:1
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Supplementary Information (SI)

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 Supplementary Information, authors should read the journal’s
Research data policy. We encourage research data to be archived in data repositories wherever possible.
Submission
e Supply all supplementary material in standard file formats.
o 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 duringdownloading.
Audio, Video, and Animations
e Aspectratio: 16:9 or 4:3
e Maximum file size: 25 GB
e Minimum video duration: 1 sec
o Supported file formats: avi, wmv, mp4, mov, m2p, mp2, mpg, mpeg, flv, mxf, mts, mdv, 3gp
Text and Presentations
e Submit your material in PDF format; .doc or .ppt files are not suitable for long-termviability.
e A collection of figures may also be combined in a PDFfile.
Spreadsheets
e Spreadsheets should be submitted as .csv or .xlIsx 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 ltis possible to collect multiple files in a .zip or .gz file.
Numbering
o If supplying any supplementary material, the text must make specific mention of the material
as a citation, similar to that of figures and tables.
o Refer to the supplementary files as “Online Resource”, e.g., "... as shown in the animation
(Online Resource 3)", “... additional data are given in Online Resource4”.
e Name the files consecutively, e.g. “ESM_3.mpg”, “ESM_4.pdf”.

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

Processing of supplementary files
e Supplementary Information (SI) 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
o 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)
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Authorship principles
These guidelines describe authorship principles and good authorship practices to which prospective
authors should adhere to.

Authorship clarified

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).

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;*


http://www.icmje.org/recommendations/browse/roles-and-responsibilities/defining-the-role-of-authors-and-contributors.html
https://doi.org/10.1073/pnas.1715374115
https://doi.org/10.1073/pnas.1715374115
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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;
o 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.

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

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.

o 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


https://www.casrai.org/credit.html
https://www.apa.org/science/leadership/students/authorship-paper.pdf
https://www.apa.org/science/leadership/students/authorship-paper.pdf
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during revision is at the discretion of the Editor-in-Chief. Please note that journals may haveindividual
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

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:

o Disclosure of potential conflicts of interest

e 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.
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.
The corresponding author will include a summary statement on the title page that is separate from
their manuscript, that reflects what is recorded in the potential conflict of interest disclosure form(s).
See below examples of disclosures:
Funding: This study was funded by X (grant number X).
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Conflict of Interest: Author A has received research grants from Company A. Author B has received a
speaker honorarium from Company X and owns stock in Company Y. Author C is a member of
committee Z.

If no conflict exists, the authors should state:

Conflict of Interest: Author A, Author B, and Author C declare that they have no conflict of interest.





