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RESUMO

A Artrite Reumatoide (AR) é uma doenga autoimune cronica e inflamatdria caracterizada pela
producdo de auto anticorpos e por eventos articulares e extra articulares, atingindo inclusive o
Sistema Nervoso Central (SNC) dos pacientes. Fatores como a inflamagao crénica a presenca de
auto anticorpos contra proteinas da mielina sdo potenciais mecanismos envolvidos com a
disfuncdo cognitiva em outras doencas autoimunes. Patologias como o dano cognitivo leve e
doenca de Alzheimer apresentam altos niveis plasmaticos de auto anticorpos contra proteinas da
mielina bem como alteragdes cognitivas importantes e aumento dos niveis da proteina S1008.
Com base nisto, neste trabalho nds exploramos as relacdes entre desempenho cognitivo, niveis
de auto anticorpos e da proteina S100B na circulacdo periférica de pacientes com AR. Vinte
pacientes com AR e dezenove controles sauddveis, que ndo diferiram significativamente em
relacdo a sexo, idade e escolaridade, foram recrutados neste estudo. A funcado cognitiva (MMSE,
memoria de trabalho, velocidade de processamento, controle inibitério e flexibilidade mental)
memoria declarativa e depressdo foram avaliados através de entrevistas onde foram aplicados
questionarios clinicos especificos. O plasma dos pacientes e controles foi obtido por centrifugacado
para investigacdo dos niveis da proteina S100B e de auto anticorpos contra Proteina Basica da
Mielina (em inglés MBP — Myelin Basic Protein), contra Glicoproteina da Mielina de
Oligodendrécitos (em inglés MOG Myelin Oligodendrocyte Glycoprotein). Os pacientes com AR
tiveram um desempenho cognitivo inferior no MMSE, meméria declarativa, memdria de trabalho,
velocidade de processamento, controle inibitério e flexibilidade mental se comparado a controles
saudaveis. Embora todos os individuos, de ambos os grupos, tiveram uma pontuagdo superior a
estabelecida pelo cutoff do MMSE. Os pacientes apresentaram niveis de proteina S100B e de
anticorpos anti — MBP e anti — MOG mais altos do que os controles o que se correlacionou
negativamente com o desempenho cognitivo desses individuos. Nas andlises de regressao os
niveis periféricos de anti— MOG e anti— MBP atuaram como preditores dos escores de funcoes
executivas como memdria declarativa e de trabalho, velocidade de processamento e

capacidade inibitéria. Concluindo, quando comparados a controles saudaveis pacientes com AR



tem niveis plasmdticos mais altos de auto anticorpos e proteina S1008, que se correlacionaram e

predisseram negativamente o pior desempenho cognitivo destes individuos.

Palavras chave: Artrite reumatoide, prejuizo cognitivo, auto anticorpos, sistema nervoso central,
S1008 .



ABSTRACT

Rheumatoid arthritis (RA) is a chronic autoimmune and inflammatory disease characterized
by the production of autoantibodies and the articular and extra articular events, including the
Central Nervous System (CNS) of patients. Factors such as the chronic inflammation and the
presence of autoantibodies against myelin proteins are potential mechanisms involved with
cognitive dysfunction in other autoimmune diseases. Disorders such as mild cognitive
impairment and Alzheimer's disease have high plasma levels of autoantibodies against myelin
proteins well as important cognitive impairment and increased levels of S100B protein. Based
on this, here we explore the relationship between cognitive performance, plasma levels of
antibodies and S100B protein of patients with RA. Twenty patients with RA and nineteen
healthy controls did not differ significantly by gender, age and schooling, were recruited in this
study. Cognitive function, (MMSE, working memory, processing speed, inhibitory control and
mental flexibility) declarative memory and depression were assessment through interviews where
specific clinical questionnaires were apply. The plasma of patients and controls was obtained by
centrifugation to investigate the levels of S100B protein and autoantibodies against Basic Myelin
Protein (English MBP - Myelin Basic Protein) and against Glycoprotein Myelin oligodendrocyte
(English MOG Mpyelin Oligodendrocyte Glycoprotein). RA patients had a lower cognitive
performance in the MMSE, declarative memory, working memory, processing speed, inhibitory
control and mental flexibility compared to healthy controls. Patients present S1008 protein levels
and anti - MBP and anti - MOG higher than controls which negatively correlated with cognitive
performance of these individuals. In regression analyzes peripheral levels of anti - MOG and anti -
MBP acted as predictors of executive function scores as declarative and working memory,
processing speed and inhibitory capacity. In conclusion, when compared to healthy controls, RA
patients have higher serum levels of autoantibodies and S100f3 protein which were negatively

related and predicted the worst cognitive performance of these individuals.

Keywords: Rheumatoid arthritis, cognitive impairment, autoantibodies, central nervous system,

S100B.
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1 INTRODUCAO

1.1 Imunopatogénese da Artrite reumatoide

A artrite reumatoide (AR) é uma doenca crbnica, autoimune e degenerativa caracterizada
por sinovite, producdo de autoanticorpos e inflamacdo sistémica. ? Na sindvia do paciente
com AR ocorre infiltracdo e aciumulo de células inflamatdrias que leva a hiperplasia do tecido
sinovial, a cartilagem é degradada e por fim ocorre erosdo déssea responsavel pelas
deformidades caracteristicas da doenca.>* Sistemicamente a AR pode acometer pulmdes,
sistema cardiovascular e sistema nervoso central.>® A prevaléncia mundial da doenca é de
aproximadamente 1% dos adultos, e esta associada a um aumento da mortalidade e

morbidade’.

A etiologia da artrite reumatoide permanece desconhecida, embora existam evidéncias de
que fatores genéticos, imunoldgicos e ambientais contribuam para o desenvolvimento da
doenca.”? O Complexo maior de Histocompatibilidade (HLA) é fortemente relacionado a
suscetibilidade e severidade da AR. A presenca ou auséncia de determinados aminoacidos em
posicOes estratégicas da sequéncia codificadora do gene HLADR-B1 sdo importantes
preditores do risco em desenvolver a doenca.’ Os genes PTPN22, STAT4 e IRF5 ja sdo
associados a outras doencas autoimunes e também vém sendo relacionados & AR.1%!! De
forma geral as alteragdes genéticas resultantes afetam fung¢des do sistema imune adaptativo,
influenciam em processos como o reconhecimento de peptideos pelos linfocitos T, afetam as
vias de sinalizacdo do receptor de células B (BCR) e a consequente producdo de anticorpos por

essas células contribuindo para o desenvolvimento da autoimunidade.?1?

Os auto anticorpos produzidos na AR estdo envolvidos nos eventos articulares e sistémicos
caracteristicos da doenca. 13'# As citocinas, mediadores pré inflamatdrios e auto anticorpos
liberados durante a resposta imune contra a sindvia do paciente podem migrar facilmente até
outros orgdo e sistemas dando origem a sitios inflamatdrios distantes da articulagdo.'®
Pacientes que apresentam titulos mais altos de auto anticorpos e inflamacao sistémica tem
um pior progndstico no que diz respeito a ao acometimento extra articular.'®'’ Apesar do

mecanismo por tras do desenvolvimento destas manifestacdes ainda ndo ser compreendido

a presenca de auto anticorpos na AR parece ter papel chave neste processo.
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1.2 Células B e auto anticorpos na artrite reumatoide

A producdo de auto anticorpos é caracteristica de doencgas autoimunes em que a
integridade dos mecanismos de indugdo de tolerancia central e periférica é afetada. ¥ Na AR
ambos os processos sao ineficazes resultando em numerosos linfécitos auto reativos livres na
circulagao e um consequente aumento de até 4 vezes no numero de linfécitos B auto reativos
no pool de células naive.'® Em individuos saudaveis células B com BCRs (Complexo do Receptor
de células B) que reagem contra o proprio sofrem edicdo de receptor, apoptose ou anergia.
Pacientes com AR possuem linfécitos B que apresentam resisténcia a supressao mediada por
apoptose. Além disso a modulacdo imunoldgica via células T regulatdrias (Tregs) esta
prejudicada devido as alteragGes funcionais existentes nas Tregs dos individuos com a

doenc¢a.%20

Os linfocitos B contribuem de forma importante para a patogénese da doenca
produzindo auto anticorpos, apresentando auto antigenos as células T e secretando citocinas.
(Figura — 2). Na AR as células B podem produzir auto anticorpos na articulacdo de forma T
dependente ou independente. No ambiente extra articular a produc¢do ocorre de forma T
independente, isto possibilita que tanto moléculas presentes na sindvia quanto em outros
sitios anatdmicos possam ser reconhecidas como antigenos por células auto reativas.’® De
fato, estudos encontraram auto anticorpos contra proteinas de regides mais distantes da
articulacdo como proteinas ligantes de hormoénios da tireoide, proteinas da superficie de

mononucleares e de células endoteliais vasculares.?1:22 23

Em estudos com modelos animais de AR a deple¢dao de linfécitos B diminuiu a
severidade da artrite e das manifestacdes extra articulares. 2#%* Da mesma forma
pesquisadores observaram que ocorre melhora significativa na sintomatologia de pacientes
com AR quando hd diminuicdo dos titulos de auto anticorpos circulantes apés a utilizacdo de
terapias que possuem células B como alvo. ?*?® As imunoglobulinas auto reativas mais
comumente encontradas no soro de pacientes com AR sdo o fator reumatoide (FR) e os
anticorpos anti-peptideos citrulinados (Anti-CP), ambos sdo considerados biomarcadores

diagndsticos e de acompanhamento da doenca.?’
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Figura - 2 (a) As células B podem produzir anticorpos que formam complexos com antigenos préprios.
Estes complexos podem ligar-se a outras células B, a por¢do FC de células efetoras e ao sistema complemento
levando a co-estimulagdo dos linfocitos B e a resposta inflamatdria. A formagdo de imunocomplexos pode
ocorrer na superficie das células tornando-as alvos para células efetoras e para o sistema complemento. (b) As
células B podem atuar fornecendo sinais de co-estimulagdo para as células T autorreativas. (c) Assim como as

células T os linfocitos B ativados produzem e secretam citocinas que potencializam a inflamagdo.?®

O FR é um anticorpo especifico para a por¢cdo FC da imunoglobulina G (IgG), é
encontrado em 70% a 80% dos pacientes com AR.?®30 Estes anticorpos formam
imunocomplexos contendo IgGs e peptideos autélogos que ativam o sistema complemento e
sdo reconhecidos por receptores de macréfagos. Quando processados e apresentados aos
linfdcitos T autorreativos os imunocomplexos podem contribuir para criacdo de novos

antigenos.3! Apesar de ser utilizado como biomarcador para AR o FR pode ser detectado em
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diversas outras patologias autoimunes, diferente dos anti-CPs que possuem alta

especificidade para a AR.*?

Os anti-CPs sao encontrados em aproximadamente 70% dos pacientes diagnosticados
com AR e, assim como o FR, podem ser detectados no soro 10 a 14 anos antes do
aparecimento dos sintomas, na fase pré-clinica da doenca. 3334 Estes anticorpos reconhecem
peptideos que foram citrulinizados por enzimas presentes no ambiente intracelular.
Fisiologicamente quando ocorre morte da célula e seu conteldo é liberado os fagécitos sao
recrutados para limpar o local. Na ocorréncia de morte celular massiva as células responsaveis
ndo sao capazes de conter o aumento da liberagdo de enzimas que acabam citrulinizando
antigenos préprios no ambiente extracelular.3> Quando estes peptideos citrulinados sdo
apresentados pelo epitopo compartilhado do HLA-DR ocorre ativacdao das células B auto

reativas e producdo de auto anticorpos.3®

Embora a citrulinizacdo seja mais comum, outras modificacdes pds traducionais
podem criar neo-antigenos e frequentemente sdo encontradas na AR.3” ReagBes como
carbamilacdo, acetilacdo e metilagdo sdo exemplos de modificacdes que ocorrem apds a
traducdo e que dardo origem a proteinas que ndo sdo mais reconhecidas como proprias
gerando uma resposta autoimune que induz a producdo de auto anticorpos. 373 Muitos

outros anticorpos sdo encontrados em pacientes com AR, mas em menor escala.

Diversos estudos observaram que auto anticorpos e sintomas se co-localizam. A
sinovite é normalmente acompanhada por altos titulos de anticorpos contra moléculas que
formam os tecidos componentes da articulagdo como o anti-coldgeno tipo Il e anticorpos
contra proteoglicanos da matriz sinovial.>® Vasculites sdo comuns em pacientes com AR e
estdo vinculadas a presenca de anticorpos contra células endoteliais.*° Doencas pulmonares
sdo a manifestacao extra articular mais grave da doenca e se relacionam intimamente com os
titulos de Anti-CPs.*! Estes dados reforcam a participacdo das imunoglobulinas no

desenvolvimento dos sintomas e severidade da AR.

1.3 Aspectos cognitivos e alteragdes na Artrite Reumatoide

O declinio das habilidades cognitivas € um processo que ocorre naturalmente a medida

que o tempo passa e o individuo envelhece.*> A performance cognitiva é resultado da
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capacidade de uma série de sistemas de processamento que armazenam, transformam e
aplicam as informagdes recebidas para que estas possam ser interpretadas de maneira
sistematica pelo cérebro. Embora ndo reflita deméncia incipiente, alteracdes no
processamento cognitivo podem levar ao comprometimento funcional do individuo.**** O
paciente com AR, em qualquer fase da vida, possui maior vulnerabilidade ao declinio cognitivo
especialmente no que diz respeito a memdria, atencgdo e velocidade de processamento das

informacgdes.*>46 ©

Pesquisadores ja observaram que alguns pacientes com AR possuem diferentes niveis
de prejuizo cognitivo e embora qualquer dominio da cognicao possa ser afetado, existem
determinadas dreas em que o prejuizo foi mais frequentemente relatado.®*>*7-°% O primeiro
ponto relevante para a avaliacdao da performance cognitiva é a velocidade de processamento
das informagGes/estimulos fornecidos, ou seja, a fluidez com que atividades cognitivas
simples que requerem atenc3o e concentracdo s3o executadas.”! O desempenho em qualquer
tarefa cognitiva depende deste processo, portanto, sua lentificagdo pode afetar a
performance de outros dominios cognitivos como a aten¢do, a memaria e o aprendizado, além

de influenciar tarefas que ndo tém requisitos ébvios de velocidade.>?

Em estudo recente do nosso grupo de pesquisa no laboratério de Imunologia do
Envelhecimento observamos que pacientes com AR apresentam uma pior performance
cognitiva, quando comparados aos controles saudaveis, em tarefas onde a atencao e a
memoria de trabalho foram avaliadas.*® O processamento da meméria é dividido em duas
etapas chamadas meméria de curto e longo prazo. A primeira estende-se desde segundos ou
minutos apds o aprendizado até trés a seis horas depois, tempo que a memoaria de longo prazo
leva para ser consolidada. Pesquisas que avaliaram individuos com AR através de tarefas
cognitivas identificaram o declinio da memdria de curto prazo dos pacientes.*® Este tipo de
memodria pode ser acessada sem esforco, no entanto possui capacidade muito limitada e

armazenamento suscetivel ao esquecimento.

Inserida na memoaria de curto prazo estd a memoria de trabalho, composta por quatro
integrantes: 1) alca fonoldgica que retém informacgdes sonoras por um periodo limitado de
tempo, 2) esboco visoespacial responsavel pela manipulacdo da informacgdo espacial e visual,
3) executiva central que sintetiza as informacg6es que vém do circuito fonolégico e do esboco

visoespacial para planejar estratégias e coordenar a a¢do necessdria, e por fim 4) o buffer
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episddico que retém e integra as informacdes dos componentes anteriores da memoaria de
trabalho de forma que possam ser manuseados e processados. Estes 4 componentes da
memoria de trabalho foram investigados por Shin e Bartolin e colaboradores através de uma
bateria de testes que forneceram resultados onde a fungao executiva e o esboco visoespacial

dos pacientes com AR mostraram-se prejudicados.® 4

Conforme citado anteriormente a memodria de Longo prazo é responsavel por reter
informacgdes por longos periodos e por isso possui grande capacidade de armazenamento. A
consolidacdo de memédrias de longo prazo acontece em duas etapas, a codificacdo onde
ocorre o primeiro contato com a informacdo e seu armazenamento, e a recuperagao que se
refere a retomada da memodria ja codificada. Compondo a meméria de longo prazo estdo a
memoaria episddica que recorda conscientemente eventos pessoais do passado, a memoria
procedural utilizada no aprendizado e recordacdo de habilidades e a memdria semantica que

refere-se ao nosso conhecimento geral sobre o mundo.

Sabe-se que nossos recursos cognitivos sao limitados, portanto existe a necessidade de
elegermos uma quantidade de estimulos que serdo processados e outros que serao ignorados.
O mecanismo responsavel por essa selecdo é chamado atencdo e nos permite processar
informacgdes que consideramos pertinentes. A atencdo possui carater seletivo ou dividido.
Quando seletiva, nos permite focalizar apenas um estimulo, qualquer outro sera
desconsiderado. A atencdo dividida é exigida quando existe a necessidade de nos ocuparmos
com mais de um estimulo/tarefa ao mesmo tempo, dividindo nossos recursos de atencdo
conforme a demanda. Para pacientes com doencas crbnicas e debilitantes como AR é
imprescindivel um sistema atencional eficiente especialmente durante a adesdao ao
tratamento e na prevencdo de acidentes/quedas que diminuiriam ainda mais a qualidade de
vida do paciente. Alguns pesquisadores obtiveram resultados alarmantes em que todos os
pacientes com AR apresentaram diminuicdo da performance cognitiva atencional, quando

comparados aos controles saudaveis. 454933

Ainda ndo esta claro o mecanismo por tras das alteragdes cognitivas presentes na AR.
No entanto evidéncias sugerem que o perfil inflamatério sistémico caracteristico da doenca
colabore de alguma forma.® Marcadores inflamatdrios periféricos (IL-1B, IL-6, TNF-a e
Proteina-C reativa), presentes em altas concentragdes no soro de pacientes com AR, s3ao

fortemente relacionados aos prejuizos cognitivos em outras doencas autoimunes.>*>’ De fato,
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em patologias como o dano cognitivo leve (DCL), deméncia e doenca de Alzheimer o prejuizo
cognitivo, que é a manifestacdo clinica primaria, vem sendo cada vez mais associado a
inflamacdo >%°° Portanto em doencas autoimunes em que se identifica o declinio cognitivo de

forma secundaria o perfil inflamatério pode influenciar significativamente.

1.4 Autoanticorpos, desempenho cognitivo e a relacdo com proteinas do sistema

nervoso

Doengas com perfis semelhantes ao encontrado na AR como o Lupus Eritematoso
Sistémico neuropsiquiatrico (LESNP), a Sindrome de Sjogren (SS) e a Sindrome
Antifosfolipidica (SA) sdo caracterizadas por inflamacdo sistémica, baixo desempenho
cognitivo dos pacientes e presenca de autoanticorpos.®®®* Alguns destes autoanticorpos
reagem contra moléculas componentes do SNC e ja estd claro que existe uma correlagdo entre
os titulos destas 1gGs e a existéncia de declinio cognitivo nesses pacientes reforcando o
conceito de que a autoimunidade humoral estd associada a disfun¢des cognitivas.5>®7
Contudo, na Artrite Reumatoide faltam na literatura estudos que investiguem a presenga de
autoanticorpos periféricos que reconhecem moléculas presentes no sistema nervoso e se

estas se relacionam a um pior desempenho cognitivo.

Aintegridade e funcionalidade de moléculas estruturais no SNC é um fator critico para
o processamento cognitivo. O dano direto ou qualquer alteragdo estrutural da mielina no SNC
provoca a diminuicdo da velocidade de processamento da informacdo e uma ruptura lenta e
progressiva da transmissdao do impulso neural que degrada a sincronia temporal das redes
neurais. O decurso de tempo entre estas redes impacta primeiramente em fun¢des mais
dependentes de sincronizagdo em grande escala, incluindo as fung¢des executivas e a formacgao
de novas memdrias.®®7° Estudos em modelos animais mostram que a presenca de inibidores
associados a mielina interferem nos mecanismos sinapticos prejudicando o aprendizado e a
memoria.”t Além disso, em modelos animais a degradacdo da mielina estd associada a déficits
na memboria de trabalho, na memdria viso-espacial e influencia negativamente na potenciacao

de longa duracdo.”>”3

A proteina basica de mielina MBP (em inglés Myelin Basic Protein), que forma

aproximadamente 80% da bainha de mielina, esta presente no sistema nervoso central e em
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baixas quantidades no sistema nervoso periférico. Esta proteina mantem a adesdo da
superficie citoplasmatica lamelar da mielina.’* Esta proteina ja foi descrita como alvo de
autoanticorpos na AR e no Lupus neuropsiquidtrico onde os titulos podem chegar a niveis 4
vezes mais altos do que os encontrados em individuos saudaveis.” 7® A Esclerose mdltipla
(EM) é a doenga utilizada como exemplo classico de como o dano a bainha de mielina resulta,
inicialmente, dentre outras manifestacdes, em prejuizo cognitivo.””””® Na EM autoanticorpos
anti-MBP e anti glicoproteina da mielina de oligodendrdcitos (em inglés anti-MOG Myelin
Oligodendrocyte Glycoprotein) sao encontrados em altos niveis no soro dos pacientes além de

acompanharem a progress3o da doenca e o prejuizo cognitivo.”®-8!

A glicoproteina da mielina de oligodendrdcitos (MOG) estad presente unicamente no
SNC e é um alvo conhecido de auto anticorpos e células T auto reativas.823 MOG localiza-se
na por¢ao mais externa da bainha de mielina dos oligodendrécitos o que facilita seu
reconhecimento como antigeno por células imunes.”* IgGs contra MOG s3o comumente
encontradas em doengas como neuromielite Optica e esclerose multipla e promovem
mudancas estruturais ou mesmo alteracdes sutis na transmissao sinaptica de determinadas
areas cerebrais o que compromete a conectividade neuronal e resulta em comprometimento
cognitivo.8%® Em pacientes com Esclerose multipla anticorpos contra MOG sdo

frequentemente associados ao déficit cognitivo existente da doenca.8>86

Ainda ndo esta claro se a presencga destes autoanticorpos no soro dos pacientes com AR
se correlaciona com o declinio cognitivo e como isso ocorre. Estudos defendem a hipdtese de
gue estes autoanticorpos podem ligar-se as células endoteliais da BHE externamente
ativando-as e induzindo a producdo de fatores pré-inflamatdrios internamente no SNC.%’
Entretanto outros pesquisadores apresentam evidéncias de que estas IgGs autorreativas
podem ter acesso ao SNC através da barreira hematoencefdlica (BHE) que tem sua
permeabilidade aumentada em resposta a processos inflamatérios sistémicos, como ocorre
na AR.88% (Figura 3) A BHE, quando integra, ndo permite o extravasamento de moléculas do
SNC a ponto de serem detectaveis perifericamente, portanto a presenca de niveis elevados
de determinadas proteinas oriundas de células do sistema nervoso no soro dos pacientes vem

sendo considerada marcador de injdria e aumento de permeabilidade da barreira.’'%
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Figura — 3 Normalmente a barreira hematoencefalica (BHE) impede o acesso ao SNC de anticorpos vindos
da corrente sanguinea, bem como o extravasamento de moléculas do SNC para a periferia. O aumento da
permeabilidade da barreira hematoencefalica ou até mesmo a violacdo da integridade celular permite, ao
mesmo tempo, o influxo de proteinas, como a S100pB, para fora do SNC e o acesso de anticorpos ao tecido

nervoso.*®

Uma destas moléculas é a S100B, uma pequena proteina ligadora de calcio presente no
citoplasma das células da glia e liberada especialmente por astrdcitos e oligodendrdcitos. A
S100B influencia diversos processos intra e extracelulares como proliferacdo, metabolismo,
comunicacdo célula-célula, diferenciacdo e transducdo de sinal.’” Embora esta proteina
encontre-se também no sistema nervoso periférico sua concentracao no plasma é muito baixa
(0,05 ug/L) e 0 aumento dos niveis ocorre principalmente durante injuria ou ativagdo glial no
SNC.°®> E importante ressaltar que o extravasamento de S100B através da BHE ocorrerd se
houver maior permeabilidade ou lesdo a barreira (Figura 3).°%%° Hamed e colaboradores
observaram que pacientes com AR possuem no soro altos niveis de S100B.1° Estes
pesquisadores demonstraram ainda que existe uma associa¢cdao entre os niveis de S1008 e um
pior desempenho cognitivo nesses individuos.'% De fato, em outras condi¢des como declinio

cognitivo leve, Alzheimer e doencas neurodegenerativas como esclerose multipla os niveis de
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S100PB se correlacionam negativamente com o desempenho cognitivo e se correlacionam

positivamente com marcadores pré-inflamatérios plasmaticos. 101103

A partir desta pesquisa bibliografica dos dados existentes na literatura, observou-se a
escassez estudos envolvendo andlises cognitivas em pacientes com AR e a relacao imunoldgica
com os resultados obtidos. Tanto a proteina S100B quanto os autoanticorpos sdo moléculas
gue, quando presentes, podem fornecer pistas sobre o que pode estar ocorrendo no SNC dos

pacientes com AR.
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HIPOTESES

Pacientes com AR possuem maiores titulos de auto anticorpos anti-MBP e anti-MOG

quando comparados a individuos saudaveis.

Pacientes com AR que possuem auto anticorpos em titulos mais altos tem pior

performance cognitiva quando comparados aos controles saudaveis.

Pacientes com AR possuem niveis maiores niveis de S100B no plasma quando comparados

a individuos saudaveis.

Pacientes com niveis mais elevados de S100B no plasma tem pior desempenho cognitivo

quando comparados aos controles saudaveis.
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3 JUSTIFICATIVA

A AR é uma doenga auto imune, sistémica e potencialmente incapacitante que em virtude
de seu perfil inflamatdrio cronico representa um problema comum para a satde publica.? A
OMS estima que apds 10 anos do inicio da doenca, pelo menos, 50% dos pacientes em paises
desenvolvidos sdo incapazes de manter um emprego em tempo integral e mais de 40%
apresentardo deformidades articulares.!®* Contudo a AR ndo compromete apenas tecidos e
sistemas periféricos dos pacientes mas também influencia em aspectos cognitivos
indispensaveis para manutencdo da qualidade de vida do individuo.*** No entanto as
informacgdes na literatura sdo escassas e ainda sdo pouco explorados os mecanismos que
contribuem para a pior performance cognitiva que os pacientes com AR podem apresentar
quando sdao comparados a controles saudaveis.

Em vista disso, estudos como este, que investiguem se a imunidade humoral,
particularmente a presenca de determinados autoanticorpos e proteinas periféricos, se
correlaciona com a pior performance cognitiva dos pacientes com AR, sdo de grande valia,
visto que resultam em novas informacgGes sobre a doenca, além de auxiliar na determinacao
de novos escopos para pesquisas que visam elucidar os pontos ainda obscuros sobre o

envolvimento cognitivo na AR.
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4 OBJETIVOS

1.5 Geral

Correlacionar a presenca de proteinas do sistema nervoso e auto anticorpos periféricos com

o desempenho cognitivo de pacientes com AR.

1.6 Especificos

— Avaliar a performance cognitiva dos pacientes com artrite reumatoide ativa.

— Dosar os niveis de auto anticorpos no plasma de pacientes com AR ativa e controles
saudaveis.

— Mensurar os niveis da proteina S100B no plasma de pacientes com AR ativa e controles
saudaveis.

— Investigar a existéncia de relacdo entre os niveis de auto anticorpos no plasma e a

performance cognitiva de pacientes com AR.
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Abstract

Rheumatoid Arthritis (RA) has been associated with extra articular manifestations including
cognitive dysfunction. Increased autoantibody levels have been implicated with cognitive
impairment in other autoimmune diseases. Here, we investigated the plasma levels of
autoantibodies against myelin basic protein (anti-MBP), myelin oligodendrocyte glycoprotein
(anti-MOG) and S100B calcium-binding protein and their relationships with cognitive
performance in RA patients. Twenty patients with active rheumatoid arthritis and 19 age-, sex-
and schooling- matched healthy controls were recruited. Multiple dimensions of cognitive
function were evaluated by structured clinical questionnaires. Autoantibodies and S100p levels
were assessed by ELISAs. Patients had significantly higher plasma levels of anti-MBP IgG,
anti-MOG IgG and S100B protein than controls (all p<0.0001). RA group presented worse
cognitive performance involving the working memory and executive functions such as
inhibition, flexibility and mental control in parallel to higher autoantibodies and S1008 levels
than healthy controls (all p<0.001). The cognitive scores were negatively correlated with anti-
MOG, anti-MBP and S100f levels. In conclusion, RA is associated with impaired cognitive
performance associated with higher levels of CNS-related autoantibodies and S100p levels.
Given the importance of myelin integrity to cognition, our data indicate these autoantibodies

may be harmful to proper cognitive function.

Keywords: Rheumatoid Arthritis, cognitive dysfunction, autoantibodies, myelin sheath,

S100.



1. Introduction

Rheumatoid Arthritis (RA) is a systemic autoimmune disease associated with peripheral
tissue damage beyond the synovial joints (Turesson, 2013). Extra-articular manifestations are
related with disease activity and include systemic inflammatory reactions, such as vasculitis
and rheumatoid nodules, as well as central nervous system (CNS)-related damage and cognitive
dysfunctions (Happonen et al. , 2013, Lopez-Longo et al. , 2009, Prete et al. , 2011, Turesson,
2013, Turesson et al. , 2013). Indeed, cognitive impairment is observed to be common in up to
70% of RA patients, and has been considered as a critical factor for functional disability in RA

(Appenzeller et al. , 2004, Bartolini et al. , 2002, Petersen et al. , 2015).

Despite the cognitive assessment of the RA patients indicate overall cognitive dysfunction,
some specific cognitive domains seem to be more involved than others (Hamed et al. , 2012).
In the last decade, previous reports indicate cognitive deficits involving tasks of verbal fluency,
comprehension, mental control, short and working memory. This impairment has been
associated with demyelination investigated by brain imaging (Appenzeller, Bertolo, 2004,
Hamed, Selim, 2012). Although the underlying mechanisms of cognitive dysfunction in RA
remain poorly understood, previous studies in other autoimmune diseases, such us
Systemic Lupus Erythemoatosus (SLE), Multiple Sclerosis (MS) and Sjogren syndrome (SS),
revealed detrimental relationships between cognitive impairment and autoantibodies against

CNS proteins (Belogurov et al. , 2008, Lauvsnes et al. , 2014, Massardo et al. , 2015).

Autoantibodies against myelin sheath may underlie the cognitive dysfunction by promoting
demyelination of neural circuits (Bartzokis, 2004). Myelin integrity is required to correctly flow
of information across the neural networks involved in cognitive functions (Bartzokis, 2004).
Recognition and degradation of myelin peptides by serum myelin-specific autoantibodies, as
well as the presence of these antibodies in demyelination plaques in patients with MS, highlight
the role of these autoantibodies for the cognitive impairment reported in MS (Belogurov,
Kurkova, 2008, Genain et al. , 1999, Kuhle et al. , 2007). Antibodies against the Myelin Basic
Protein (anti-MBP) and against myelin oligodendrocyte glycoprotein (anti-MOG) are
frequently found in MS and have been documented in neuropsychiatric lupus (NPSLE), a
disease characterized by cognitive impairment similarly to MS (Bezuglova et al. , 2011, Maciel
et al. , 2016, Monastero et al. , 2001). Of key note, anti-MBP and anti-MOG are found

significantly increased in dementia and Alzheimer’s disease, both characterized by pronounced
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cognitive damage (Maetzler et al. , 2011, Papuc et al. , 2015). These data highlight the potential

role of myelin sheath autoantibodies in cognitive dysfunction.

CNS-reactive antibodies are normally restricted to the brain. However, increased Blood—
Brain Barrier (BBB) permeability is commonly documented in systemic inflammatory
conditions and may thus enable the influx of several peripheral molecules (Diamond et al. ,
2013, Hagberg and Mallard, 2005, Larochelle et al. , 2011, Mina et al. , 2014). Indeed previous
studies have suggested that BBB function is impaired during inflammation in experimental
arthritis model (Nishioku et al. , 2011). In other hand, the BBB dysfunction may lead the release
of molecules which usually remain confined to brain tissues, such as calcium-binding protein
S100B that has been considered a biomarker of BBB dysfunction and cognitive impairment
(Bargerstock et al. , 2014, Diamond, Honig, 2013, Hagberg and Mallard, 2005). Interestingly
the S100B levels have been negatively associated with cognitive performance in diseases
characterized by BBB dysfunction and increased levels of anti-MOG and anti-MBP, such as
NPSLE, Alzheimer’s disease, MS and dementia (Barateiro et al. , 2015, Gruden et al. , 2007,
Yang et al. , 2008).

The role of CNS autoantibodies in cognitive deficit has been under-investigated in RA.
Here, we hypothesize that serum myelin autoantibodies and BBB dysfunction could be

implicated with cognitive impairment in the active form of RA.

2. Methods

2.1. Subjects

Twenty RA patients with high active disease (DAS > 5.2) and twenty healthy controls were
included in this cross-sectional study. RA group was recruited at the outpatient Rheumatology
Unit of the Sdo Lucas Hospital, Pontifical Catholic University of the Rio Grande do Sul (Porto
Alegre, Brazil). All patients were diagnosed according to the 1987 American college of
Rheumatology, by a trained Rheumatologist, and criteria and classification of disease activity
was made following DAS 28, (Disease Activity Score 28). Control subjects were recruited from
local community and matched according to their age, sex, and years of education with RA

patients.

The exclusion criteria considered variables that might interfere with cognitive performance

and/or immunological system and/or S100p levels. Exclusion criteria to both groups were:
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a)HIV, b) HCV, ¢) auto immune disorders, d) neoplasias, ¢) anemia, f) illiteracy, g) diabetes,
h) dementia i) infections, j) neurological disease, k) undernourishment, 1) biological medication
use, m) recent cardiac or brain surgery, n) recent brain trauma, o) cardiovascular disease and p)
use of more than 10 mg of GCs per day q) psychiatric disorder evaluated by structured clinical
interview. This study was approved by the Ethical Committee of Pontifical Catholic University
of Rio Grande do Sul (PUCRS), and all subjects provided their written informed consent before

inclusion in the study.

2.2. Cognitive assessments and depressive symptoms
Several cognitive domains were investigated in this study. All cognitive assessments were
made by the same expert psychiatrist, blinded to each subject. The severity of depressive

symptoms were assessed by Beck Depression Inventory II (BDI-II) (Beck et al. , 1996).

2.2.1. Mini-Mental State Examination (MMSE)

MMSE was used to assess global cognition as well as to exclude dementia. The test is
composed by 11 tasks, including the assessment of praxis, attention, memory, orientation to
time, place and comprehension. MMSE scores varied from O to 30 points and were adjusted for
education level (Folstein et al. , 1975). The cut-off for cognitive impairment was < 13 points
for those without schooling and < 18 points for individuals with <8 years of education and <26

points for those with >8 years of education (Bertolucci et al. , 1994).

2.2.2. Logical Memory (LM)

LM is a verbal declarative memory subtest from the Wechesler Scale-Revised; it is well
defined and it has been used extensively (Wechsler, 1985). The test measures Immediate Verbal
Recall (IVR) and Delayed Verbal Recall (DVR). Two short stories are read to the subject, who
must remember and recount them immediately after listening (IVR score) as well as 30 minutes
later (DVR score). The stories incorporate 25 “story elements,” each of which the subject must

recall to match points.
2.2.3. N-Back test

The N-back task has been used to evaluate working memory (Owen et al. , 2005). The
participants heard a sequence of digits from 0 to 9, randomly distributed in series of 10 numbers.
Subjects were then instructed to indicate which number was heard N positions back: N =0 (0-

back), N = 1 (1-back), N = 2 (2-back), N = 3 (3-back).
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2.2.4. Digit Span test (DST)

Working memory was assessed by Digit Span Backward (DSB) test, which investigated
the processing of speed function, as well as by Digit Span Forward (DSF) test (Wechsler,
1985). In this test, sequences of numbers were presented to the subject, which must repeat back
the sequence to the investigator. The length of the digit sequences gradually increases, starting
with a sequence of three numbers to a sequence of nine numbers. In the DSF task the participant
must immediately repeat the list of number in the same order, whereas in DSB task the

participants must reproduce the sequence of digits in the reverse order.

2.2.5. Trial Making Test (TM)

We also investigated cognitive dimensions associated with processing speed and
flexibility by Trail Making test (TM) (R.M. Reitan, 1993). In TMT part A (TMA) the
participant must connect numbers, randomly positioned, in ascending order (1-2-3-4...), or
connect numbers and letters in alternate sequence: 1-A-2-B-3-C...) in TM part B (TMB). The
scoring typically used to evaluate a performance on the test is the time taken to connect the

dots.

2.2.6. Stroop Color-Word Interference Test

The inhibitory function was assessed by the Stroop Color-Word Interference Test (J.,
1978). The Stroop is composed by three conditions. Initially the subject read out loud a list of
colors names printed in black ink (e.g PINK), composing the first score the Stroop Test Word
(STW). Next, the subject was instructed to read the font color in which the color name is printed
(e.g. XXX), resulting in the second score, the Stroop Test Color (STC). Lastly, the subject was
requested to read a list color names printed in colors that do not match the word (e.g. GREEN
printed in pink), composing the last score, the Stroop Test Word Color (STWC). The first and
second part of the test assessed the processing of speed whereas in the third part assessed the

inhibitory control.
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2.3. Blood collection and plasma isolation

Twenty milliliters of peripheral blood were collected by venipuncture and stored in
EDTA tubes prior to analyses. Immediately after blood collection, the samples were centrifuged

at 1800 RPM for 5 min and plasma samples were stored at -80°C until further analysis.

2.4. Autoantibodies and S1008

Plasma biomarkers were analyzed by a trained researcher, blinded to study groups.
S100p protein was measured in the plasma using Human S100p enzyme-linked immunosorbent
assay kits (ELISA) Kit (EMD- Milipore, Missouri — USA). The levels of autoantibodies anti-
MOG and anti-MBP were respectively determined by human Anti-Myelin Oligodendrocyte
Glycoprotein antibody Anti-MOG ELISA Kit, and human Anti Myelin Basic Protein Anti-
MBP, following manufacturer’s instructions (Biomatik Cambridge- Canada). The absorbance
was determined by spectrophotometer at 460 nm for all ELISAs. Results are expressed in ng/ml
(anti-MBP and anti-MOG) and pg/ml (S100B protein). The sensitivities of these assays were
1.22 ng/mL (anti-MBP), 1.35 ng/mL (anti-MOG) and 2.7 pg/mL (S100p). The intra- and inter-

assay coefficients of variation were less than 10%.

2.5. Statistical analysis

All variables were tested for normality of distribution by Shapiro-Wilk tests. For
continuous variables, differences between groups were analyzed by Student’s t-test or the
Mann-Whitney U test when appropriate. A GLM model, with linear or gamma distribution, was
generated for each cognitive test variable using Group as a fixed factor and BDI, age, years of
education and glucocorticoids (GCs) and DAS-28 (in the case of patients) as covariates. The
relationships between cognitive tests scores and age, sex, years of education, BDI, S100p
protein and autoantibodies (anti-MBP and anti-MOG) were analyzed by means of the Pearson
and Spearman correlation tests. We generated linear multivariate regression analyses using each
cognitive test as the dependent variable and anti-MBP, anti-MOG and S100fB scores as
independent variables. Statistical analyses were performed using the Statistical Package for
Social Sciences (SPSS) version 20.0 (IBM, Chicago, IL, USA). All data are represented as

mean + SE. We considered error o of 5% and B of 20%.



3. Results

3.1. Sample characteristics

Clinical and demographic characteristics of the study groups are summarized in Table
1. Both groups were homogeneous regarding age, gender, body mass index and education. All
patients were under multiple drug regimen, which included glucocorticoids (GCs; prednisone),
disease-modifying antitheumatic drugs, (DMARDs; methotrexate, hydroxychloroquine,
sulfasalazine or leflunomide) and nonsteroidal anti-inflammatory drugs (NSAIDs; ibuprofen or

diclofenac).

3.2. RA patients had increased anti-MBP, anti-MOG and S100 levels

Patients had significantly higher plasma levels of anti-MBP IgG, anti-MOG IgG and
S100pB protein than controls (U = 2.0; p < 0.0001; U = 11.0; p < 0.0001 and U = 27.5; p <
0.0001, respectively — Fig 1).

3.3. RA patients had generalized impaired cognition

Both patients (28.0 + 1.74) and controls (28.7+1.32) had similar MMSE scores (Wald-
x2(1)=0.86 p = 0.35), excluding dementia. We next investigated different cognitive dimensions
of healthy controls and RA patients (Figure 2). RA patients presented poorer cognitive
performance as observed by lower scores in most cognitive tests when compared to healthy
subjects. In addition, patients with RA were more depressed than the controls according to BDI

scores (13.95 vs. 8.32 t = 2.33, p=0.02).

Specifically, when compared to healthy controls (27.53 + 9.12), RA patients presented
poorer memory performance (19.20 + 6.02), reflected by lower Logical Memory IVR score
(Wald-y2(1)= 11.58 p= 0.001), Logical Memory DVR (Wald-y2(1)= 15.57 p<0.0001, Figure
2A), N-Back total score (Wald-y2(1)= 10.49 p = 0.001, Figure 2B) and Digit Span Backward
test (RA, 3.60 + 0.94; HC, 6.53 + 2.17; Wald-¢2(1)= 25.36 p<0.0001). In addition RA group
(0.85* £ 0.37"") had also poorer performance in Trail Making test A as compared to HC (0.73"
+1.52%), Wald-y2(1)= 12.51 p = 0.005), Digit Span Forward test (RA, 7.10 + 2.12; HC, 9.68 +
2.58; Wald-y2(1)= 13.07 p<0.0001), and Stroop Word test (Wald-y2(1)=4.59 p = 0.03, Figure
2C), revealing that patients had slowing of processing speed when compared to HC group.

Moreover when we investigated executive functions, RA group showed lower scores than
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controls in Stroop Color-Word test (Wald-y2(1)= 17.71 p<0.0001, Figure 2D) and Trail
Making test B (Wald-y2(1)= 15.07 p<0.0001, Figure 2E).

3.4. Relationships between autoantibodies, S100f and cognition

The initial exploratory analysis revealed negative associations between the cognitive
tasks and the autoantibodies and S100B in both groups. The anti-MOG levels were negatively
correlated with Logical Memory test IDR (r = -0.40, p= 0.02) and DVR (r = -0.64, p<0.0001),
Digit Span Forward (r = -0.44, p=0.005) and Backward (r =-0.53, p=0.001), Word-Color Stroop
(r=-0.51, p=0.001), N-Back total scores (r =-0.35, p=0.03) and positively correlated with Trail
Making part A (r = 0.51, p=0.001), Trail Making part B (r = -0.50, p=0.003; Fig. 3A). In
addition, we found negative correlations between anti-MBP levels and Logical Memory IVR
(r =-0.54, p=0.001) and DVR (r = -0.42, p=0.005), Trail Making test A (r = 0.48, p=0.002),
Trail Making test B (r=0.53, p=0.001), Digit Span Forward (r = -0.48, p=0.002) and Backward
(r = -0.54, p=0.001; Figure 3B), Word-Color Stroop (r = -0.48, p=0.004; Figure 3C), and N-
Back total scores (r = -0.59, p<0.0001).

Similarly, the S100p levels were negatively associated with Logical Memory test IDR
(r =-0.55, p=0.001), DVR (r = -0.51, p= 0.002), Trail Making test A time (r = 0.37, p=0.03),
Trail Making test B time (r = 0.46, p=0.008), Digit Span Forward (r = -0.55, p=0.001) and
Backward (r = -0.49, p=0.003), Stroop Word-Color (r = -0.67, p<0.0001), Stroop Word (r = -
0,59, p=0.0001; Figure 3D) and N-Back total scores (r = -0.52, p= 0.003). There were neither
significant correlations between cognitive scores and age, BDI and years of education in both

groups, nor between DAS-28 and GCs use in the case of RA patients (data no shown).

3.5. Multivariate regression analysis

Considering the results obtained for the exploratory analyses, a theoretical regression
model was tested in which cognitive variables (IVR and DVR, TMA, TMB, DSF, DSB, WCS,
N-back and SW) were entered as dependent variables, and S100f, anti-MBP, anti-MOG as
predictors (Table 2). During the regression models there was no evidence of high collinearity
between selected variables, and all Variance Inflation Factor (VIF) values were < 2. In this
model, anti-MBP, anti-MOG and S100p levels predicted the impaired performance in
declarative memory (R2 = 0.46, F =7.82, p = 0.001), working memory (R2 =0.48 F =3.90, p
= 0.03), and mental flexibility (R2 = 0.46, F = 7.82, p = 0.001). Also, the anti-MBP levels
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predicted negatively the evocative memory (R2 = 0.34, F = 4.74, p = 0.009), and anti-MOG
predicted negatively the inhibitory control (R2 =0.47, F = 5.13, p = 0.006).

4. Discussion

Here, we confirmed the hypothesis that serum myelin autoantibodies and BBB
dysfunction, as indicated by increased S100pB levels, are implicated with cognitive impairment
in the active form of RA. The MOG is found exclusively in the CNS and is essential in the
regulation of microtubule stability in oligodendrocytes. The MOG peripheral location in the
myelin sheath and its assemble in later stages of myelination may induce a robust of both,
humoral and cell-mediated immune responses (Arbour et al. , 2003). Anti-MOG autoantibodies
cause demyelination of myelinated cell cultures as well as in animal models of experimental
autoimmune encephalomyelitis (EAE), MS and has been considered a serum biomarker for
demyelination (Girolamo et al. , 2011, Stefferl et al. , 2000, von Budingen et al. , 2001).
Furthermore, this autoantibody is commonly found in serum of patients with MS, negatively
associated with cognitive status in MS, as well as associated in Alzheimer’s disease and Lewy
body-associated dementia (Papuc, Kurys-Denis, 2015). The demyelinating activity of myelin
specific antibodies can act by inducing the complement system or opsonizing MOG or MBP
expressing in surface of cells in humans and animal models (Mader et al. , 2011, McLaughlin
et al. , 2009, Sun et al. , 2010). Moreover the MOG-specific antibodies may induce cell death
by natural killer cells (Brilot et al. , 2009). Concurrently, the myelin basic protein is localized
on the cytoplasmic side of myelin sheath and is also present on peripheral nervous system
(Boggs, 2006). Previously study reported higher levels of anti-MBP antibody in association
with the number of lesions seen on MRI brain scans in patients with MS and clinically isolated

syndromes (Angelucci et al. , 2005, Kuhle, Lindberg, 2007).

The levels of Anti-MOG and Anti-MBP reported in this study did not reach the levels
observed in classical demyelinating diseases such as optic neuritis (Anti-MOG levels around
88,7 ng/mL) and MS (Anti-MBP levels around 12 mg/mL) (Doronin et al. , 2014, Kezuka et al.
, 2012).Nevertheless it should be highlighted that plasma anti-MBP (3.7 fold increase) and anti-
MOG (11.8 fold increase) levels were found remarkably higher in RA as compared to healthy
controls. It remains unclear why the immune system reacted against myelin proteins, however
in the autoimmune environmental characteristic of RA only small peptides are sufficient to

induce an immune reaction (Pozsgay et al. , 2016).
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The relationship between autoantibodies and severity of RA is well established
(MclInnes and Schett, 2011, Nell et al. , 2005). The synovitis is generally accompanied by high
titers of antibodies against major antigens of joint tissues, such as anti-type II collagen and
proteoglycan antibodies (Magalhaes et al. , 2002). Vasculitis is common in RA and is associated
to antibodies against endothelial cells (Domiciano et al. , 2009). Lung diseases are more severe
extra articular manifestations and have been strongly related to antibodies against citrullinated
peptides (anti-CPs) (Perry et al. , 2014). In parallel, we observed that cognitive impairment in

RA was associated with increased autoantibodies against CNS proteins.

The presence of autoantibodies against myelin sheath in the periphery does not ensure
that these immunoglobulins reach the CNS, unless they are able to overcome the BBB. In
physiological circumstances, the circulating antibodies do not cross the BBB (Diamond, Honig,
2013). However it has been suggested that BBB endothelium in RA is impaired via upregulation
of adhesion molecules that may recruit peripheral immune cells (Jacobs and Tavitian, 2012).
Indeed, the peripheral inflammation may lead the activation of endothelial cells that compose
the barrier by increasing its permeability and allowing the diffusion of antibodies to the CNS
(Diamond, Honig, 2013, Hagberg and Mallard, 2005, Larochelle, Alvarez, 2011). Additionally,
a recent study observed increased BBB permeability in experimental arthritis induced by
collagen in rodents (Nishioku et al. , 2010). When the BBB is more permeable, some molecules
leak in the peripheral circulation. One of these molecules is the S100p protein, considered a

marker of increased BBB permeability (Bargerstock, Puvenna, 2014).

The S100B is an intracellular calcium binding protein predominantly expressed in
astrocytes and oligodendrocytes, involved in neural growth and maintenance (Arcuri et al. ,
2005, Hachem et al. , 2007). Under physiological conditions the extracellular low levels of
S100B in the brain tissue is trophic and play role to cognitive development and maintenance
(Donato et al. , 2013, Donato et al. , 2009). However, in high levels, the S100f may promote
detrimental effects including the activation of microglia and astrocytes (Donato, Cannon,
2013). It has been speculated that S100p is involved with cognitive decline. Indeed, increased
S100B levels are commonly found in diseases characterized by cognitive dysfunction such as
Alzheimer’s disease (average levels around of 97 ng/mL) and remitting—relapsing MS (average
levels around 40 pg/mL) (Bartosik-Psujek et al. , 2011, Gruden, Davidova, 2007). Nevertheless
it should be stressed out that S100p levels were found significantly higher (5.3 fold increase)

in RA as compared to healthy controls.
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Supporting these findings, Hamed and col. (Hamed, Selim, 2012) reported the
association between increased S100pB levels, cognitive dysfunction and demyelination in RA
brain tissue (Hamed, Selim, 2012). In demyelination sites, the damage against structural myelin
proteins lead to profound effects on neural function and can result in cognitive impairment (Egg
et al. , 2001, Tomassini et al. , 2007). Interestingly, autoantibodies against myelin sheath may
be found in CNS demyelinating lesions (Bartzokis, 2005, Lu et al. , 2013). Indeed, anti-MBP
and anti-MOG are notably increased in diseases characterized by cognitive damage (Maetzler,
Berg, 2011, Papuc, Kurys-Denis, 2015). Moreover, studies in animal models revealed myelin
injury was correlated with decreased long-term potentiation and spatial working memory

(Coltman et al. , 2011, Gonzalez-Gronow et al. , 2015).

The information processing is dependent of the integrity of myelin sheath (Bartzokis et
al. , 2010, Fields, 2008). The reduced speed of information processing may negatively impact
the life on several ways, including mentally juggling ideas, when following directions and in
conversation (Bartzokis, 2004). Furthermore, in accordance with previous studies we showed
that RA patients had worse cognitive performance in verbal memory task when compared to
controls. Appenzeller and col. found similarly low achievement scores in verbal memory,
indispensable tool for the learning process (Appenzeller, Bertolo, 2004). Consistent with our
findings, previous studies reported impaired executive function in RA patients, as well as
dysfunction in divided/sustained attention and mental flexibility, critical components in
successfully completing daily tasks (Bartolini, Candela, 2002, Shin et al. , 2012). Individuals
with impairments in these domains may have difficulties in performing daily activities and

maintaining self-management regimens causing a significant impact in patient's life.

Confounding factors may interfere with cognitive performance in active RA. Indeed,
depression and particular medications commonly used in RA could be interfering with the
cognitive tests. Indeed, previous studies indicated that RA is associated with high incidence of
depression (Blair et al. , 2016, Iaquinta and McCrone, 2015). We have similarly reported here
that RA patients were more depressed when compared to healthy controls. However, impaired
cognitive performance was observed in RA after adjusting for BDI scores. In addition we did
not observe significant correlations between cognitive assessments and BDI scores. Moreover,
is well established that cognitive performance can be also influenced by glucocorticoids: GCs
receptors are highly expressed in the hippocampus and are critical in consolidation and retention
of learned information (Almela et al. , 2012, Coluccia et al. , 2008, Jameison and Dinan, 2001,

Wolf et al. , 2001). Increased natural or synthetic GC levels, as seen during chronic stress or

35



36

pharmacological use, are known to impair memory by inducing neuronal loss in the
hippocampus. However, in this study we did not observe significant correlations between
cognitive assessment and GC use. We speculate this could be due to the fact that RA patients
were using GCs at very low levels (< 10 mg per day). During the period of exchange of drug

therapy is possible to find subjects using lower doses of these medications.

Finally, this study has some limitations. First, our study has relatively small sample sizes
due to difficulty in recruiting RA patients with high disease activity while using low levels of
GCs. The stringent exclusion criteria and the difficult of RA patients in completing the cognitive
tasks also were important limiting the sample size. Replication with large samples will be
needed to overcome this limitation. Second, the cross-sectional design of this study does not
discard the possibility that RA patients were born with cognitive dysfunctions. Third, despite
the largest cell producers reside in the brain, we cannot discard that anti-MBP and S100p levels
are not produced at peripheral sites. Finally, autoantibodies against other CNS-proteins should
also be explored in order to better characterize this humoral profile and its involvement with

cognitive functions.

5. Conclusion

In conclusion, taking into consideration the limitations, our data support the impairing
role of autoantibodies against CNS-related proteins and S 100 protein in cognitive performance
in RA. This study also suggested alterations in BBB permeability, indicated by increasing levels
of S100B protein. Experimental studies should address the detrimental role of autoantibodies

against myelin sheath in cognitive performance.
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Figure legends

Figure 1. Data shown plasma levels of autoantibodies and S1008 for each reactive RA patients
and healthy controls. Differences in Anti — MBP levels and Anti — MOG levels in reactive RA
patients and healthy controls. C) Plasma S100p levels between reactive RA patients and healthy
controls. Statistical significant differences are indicated: ***p< 0,0001. (n) = 20 RA patients

and 19 controls.

Figure 2. Domain-specific cognitive assessment in RA patients and healthy controls. The
scores are specific elements accordingly to the cognitive task used. A) delayed recall memory
(logical memory), B) working memory (N-back task), C) speed of processing (Stroop word
test), D) inhibition control (Stroop word/color test) and E) flexibility (trail making test B).
Statistical significant differences are indicated: *p<0.05; **p< 0.001; ***p<0.0001. (n) = 20
RA patients and 19 controls.
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Figure 3. Relationships between cognitive domains and autoantibodies and S100 3 levels. A)
The decreased of mental flexibility scores were correlated with increased anti-MOG levels. B)
Lower scores in working memory and C) inhibition control (Stroop word/color test) were
associated with increased anti-MBP antibodies. D) The increased S100p levels were associated

with reduced scores in processing speed assessment. (n) = 20 RA patients and 19 controls.
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Figura 3.
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Table 1. Characteristics of the studied populations.

Healthy
RA (n=20) Controls P value

(=19
Agelyears 56.9040.20  55.47+8.49 0.61
Ratio: male/female 320 3/19 094
BMI 21.9540.84  20.78+0.67 0.29
Schooling (years) 8304349  8.9542.79 0.52
RF-positive (n) 19 ) )
Treatment. n (%)
DMARDs 19 (95%) ] ;
NSAIDs 17 (85%) . .
GCs 10 (50%) ] :
DAS-28 5.87+1.0 ; ;
S100p (pg/ml) 224409  0.4620.7 ]

Data show as mean + SD. unless otherwise indicated Data analyzed by
Student t test or Mann-Whitney. DMARDs = Disease-modifying
antirheumatic drugs; NSAIDs = nonsteroidal anti-inflammatory drugs;
RF = rheumatoid factor; DAS-28 = Disease Activity Score — 28;
S100pB protein = Calcium-binding protein .
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Table 2. Associations between cognitive performance and

autoantibodies and S100p levels.

Dependent

ariables S100B Anti -MBP Anti -MOG
B*=-0.06 p=-2.32 B*=-0.11
IVR t=-02 t=-2.5 t=-0.1
p=0.76 p<0.01 P=0.12
B=-1.04 B*=-1.59 p*=-1.10
DVR t=-1.1 t=-2.6 t=-1.5
p=0,70 p=0.01 p <0.0001
B*=-0.78 p*=-1.32 B*=-0.12
DSB t=-0.2 t=-1.7 t=-0.6
p=0.06 p=0.04 p=0.02
B’=0.98 p=1.25 =121
Tk t=1,2 t=1.5 =21
(time in sec.)
p=0.02 p=0.03 p=0.02
B*=-0.39 p*=-1.29 B*=-3.38
SWCT t==1.7 t=-1.6 t=-2.4
p=0.08 p=10.01 p=0.03
pr=-1.71 p=-0.67 p*=-2.03
Total N-back t=-2.7 t=-0.7 t=-2.4
p=0.04 p=0.18 p=0.005

Linear regression analyses with declarative (IVR) and evocative (DVR)
memory, inhibitory control (SWCT), mental flexibility (TMB) and
working memory (N-Back and DSB) as dependent variable. S100p, Anti-
MBP and Anti-MOG are predictors. Statistical significant differences are
highlighted in bold type. * Standardized regression coefficients [3.
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6 CONSIDERACOES FINAIS

Os resultados apresentados nessa dissertacdo sustentam a hipdtese de que a presenca de
auto anticorpos contra proteinas presentes no sistema nervoso central pode estar envolvida
com a disfuncdo cognitiva encontrada em pacientes com artrite reumatoide. Observamos um
prejuizo cognitivo acentuado que acompanhou o aumento da proteina S100B e de auto

anticorpos contra proteinas da mielina.

Embora existam estudos anteriores que identificaram disfuncdes cognitivas em pacientes
com AR, esse é o primeiro trabalho que detectou relagGes entre altera¢des cognitivas e auto
anticorpos contra mielina nessa doenca. O prejuizo cognitivo foi evidenciado pela aplicacao
de testes de avaliacdo cognitiva de dominios especificos. Estes testes nos forneceram escores
de avaliacdo do desempenho cognitivo geral e exclusdo da presenca de deméncia (mini exame
do estado mental; MMSE) de dois diferentes tipos de memaria, meméria de trabalho (tarefa
N-back e Span de digitos inverso) e memdria declarativa (memoria légica); velocidade de
processamento (Trail making A e Span de digitos direto); flexibilidade mental (Trail Making B)

e controle inibitério (STROOP).

E importante considerar que a depressdo tem sido reportada como importante fator que
pode influenciar o desempenho cognitivo e, de fato, pacientes com AR apresentam alta
incidéncia de depressao. De fato, nds observamos que pacientes com AR incluidos nesse
estudo sdo mais deprimidos quando comparados aos controles. No entanto, mesmo depois
de controlar a influéncia dessa variavel sobre os testes cognitivos, ndo observamos correlagao
significativa da avaliacdo cognitiva com os scores do teste que avalia sintomas depressivos
(BDI). O mesmo ocorre com o uso de glicocorticoides, apesar de alguns estudos terem
reportado correlagdes entre uma pior performance cognitiva e utilizacdo destas medicacdes,
nds nao detectamos associa¢do entre os niveis de GCs e os scores cognitivos. Isso pode ser
explicado pela baixa dose de GCs (média de 7mg por dia), considerada dose de manutencao,
utilizada pelos pacientes com AR incluidos nesta pesquisa. Estes dados sugerem ser
improvavel que as alteragdes cognitivas detectadas nos pacientes com AR tenham ocorrido

em virtude dos indices depressivos ou da dose de GCs utilizada pelos individuos.
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Nesse estudo nds também observamos o aumento de anticorpos anti - MBP e anti - MOG
e da proteina S100B, que se correlacionaram positivamente com a pior performance cognitiva
dos pacientes em relagdo aos controles. A producdo de auto anticorpos contra a bainha de
mielina é um dos possiveis fatores que contribuem para a disfungao cognitiva observada em
algumas doencas autoimunes.®® Em doencas como Esclerose Mudltipla, Alzheimer e Lupus
eritematoso sistémico existe uma forte associagdo entre a presenca periférica de auto
anticorpos contra a mielina e dano cognitivo.195-1%8 E importante salientar que anticorpos anti
— MOG tem a capacidade de promover desmielinizagdo no SNC de roedores e em culturas
celulares mielinizadas. 19°-111 Além disso, os niveis de anticorpos anti — MBP estdo fortemente
associados a lesdes compativeis com desmielinizacdo no sistema nervoso central de pacientes
com MS e AR. 100112 A mjelinizacdo promove a conduc¢do saltatéria de potenciais de ac¢do, o
que aumenta a velocidade da transmissao dos sinais e faz com que seja possivel integrar
informagdes através das redes neurais vastamente distribuidas viabilizando o
desenvolvimento de func¢des cognitivas superiores.!’®* De fato, neste estudo nds observamos
que os niveis periféricos de anti— MOG e anti — MBP atuaram como preditores dos escores de
funcdes executivas como memoria declarativa e de trabalho, velocidade de processamento e

capacidade inibitdria, todas consideradas fung¢des cognitivas superiores.

A presenca periférica de auto anticorpos contra proteinas da mielina ndo significa que
estas imunoglobulinas irdo alcancar o SNC, a ndo ser que exista um aumento na
permeabilidade da BHE.>> Notavelmente, estudos anteriores observaram que em modelos
animais de artrite reumatoide experimental houve nitido aumento na permeabilidade da
BHE.1** Além disso, estd bem estabelecido que mediadores pré inflamatdrios circulantes tem
a capacidade de induzir uma resposta inflamatéria nas células endoteliais da BHE alterando
sua permeabilidade.*>!7 As flutuacdes na permeabilidade da BHE podem ser acompanhadas
na periferia através dos niveis de proteina S100B.%> Em condi¢cdes n3o patoldgicas a proteina
ligadora de calcio S100PB atua no metabolismo e ciclo celular de astrocitos e oligodendrdcitos
especialmente. [40, 41] Aqui nds observamos aumento significativo nos niveis de S100B no
plasma de pacientes com AR em relacdo aos controles. Sob condig¢des fisiolégicas, os niveis
celulares de S100B no tecido cerebral atuam no desenvolvimento e manutencdo cognitiva.
[42, 43] De fato, nds detectamos uma associacdo negativa entre os niveis de S100B e o

desempenho cognitivo de pacientes e controles. Quando super expressa a S100B pode exercer
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efeitos detrimentais ativando a microglia e astrécitos [ 42]. Interessantemente o aumento da
concentragdo plasmatica S100B é frequentemente observado em doencas caracterizadas por
disfungdo cognitiva e alteragdes na permeabilidade da BHE como Alzheimer e esclerose
multipla. Levando em consideragdao que a proteina S100B é utilizada como indicador das
flutuacdes na permeabilidade da barreira nds hipotetizamos que o perfil pré inflamatério
caracteristico da AR pode promover aumento na permeabilidade da BHE e consequentemente
o escape da proteina S100p inicialmente confinada ao parénquima cerebral, o que explicaria

o aumento significativo dessa proteina na periferia.®®

Concluindo, os achados deste trabalho corroboram com estudos anteriores que
observaram prejuizo cognitivo em pacientes com AR. Além disso, nosso estudo fornece
indicios da relacdo entre auto anticorpos contra a mielina e cogni¢cdo. No entanto, mais
estudos a respeito desta relagao deveriam ser realizados com o objetivo de verificar se, de
fato, estas IgGs estdo presentem também no tecido nervoso e se o aumento da proteina
S100B periférica reflete a permeabilidade da BHE nos pacientes com AR. O desenho
experimental deste estudo ndo permitiu responder estas questdes, mas desperta para a

necessidade de explorar melhor estas relagdes.
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