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Resumo

A artrite reumatoide (AR) é uma doen¢a autoimune inflamatéria que leva a
imunossenescéncia prematura e ao desenvolvimento de manifestagdes articulares e extra-
articulares, entre elas a destruicdo da articulagdo e o declinio cognitivo, respectivamente.
Células do sistema imune periférico e a inflamacgdo cronica, ambos de grande importancia para
a AR, sdo potenciais mecanismos envolvidos na disfungdo cognitiva. Em contrapartida, estudos
experimentais tem revelado a contribuicdo benéfica das células imunoldgicas, principalmente
células T reativas a antigenos do sistema nervoso central (SNC), para a neurogénese e
neuroplasticidade. Dados prévios apontam que pacientes com AR além de apresentarem piores
desempenhos nos testes cognitivos, tem significativamente menos células B e mais células T
com perfil senescente (CD8+CD28-). Entretanto ainda ndo se sabe quais subpopula¢des de
células B estdo relacionadas ao pior desempenho cognitivo, se a severidade clinica da doenca
(doenca ativa e controlada) impacta sobre a cognicdao e qual fator seria responsavel pelo
remodelamento da imunidade periférica (imunossenescéncia). Hipéteses sobre a contribuicdo
de infecgdes latentes, como a causada pelo citomegalovirus (CMV), para o desenvolvimento da
imunossenescéncia, observada pelo encurtamento telomérico e aumento na frequéncia de
células CD28-, tem sido levantadas. Porém, permanece em discussdo a soroprevaléncia da
infeccdo pelo CMV e sua real relagdo com o desenvolvimento da senescéncia imunoldgica
prematura na AR. Com base nestas constatagdes, nesta tese nds avaliamos amplamente a
cognicao de pacientes com AR ativa e controlada, niveis periféricos de subtipos linfocitarios
(células T e B), fatores neurotréficos (FN), citocinas, além da soropositividade para CMV e perfil
de imunossenescéncia prematura (encurtamento telomérico e aumento de células CD28-). Esta
tese também se propds explorar a relacdo entre mediadores imunes, FN e desempenho
cognitivo, e a associacdo entre CMV e caracteristicas de imunossenescéncia. Para esta
finalidade, 102 pacientes com AR (67 com doenca ativa e 35 com doenca controlada) e 30
controles saudaveis ajustados para idade, género e escolaridade foram recrutados. A funcao
cognitiva, niveis de estresse e depressdao foram avaliados por meio de testes neurocognitivos

(Mini Exame do Estado Mental, Memoria Légica, Subteste de Digitos, Trail Making Test, N-back,



Stroop palavras-cores) e questionarios especificos (Beck Depression Inventory —Il e Escala de
Estresse Percebido). Foram coletados 20 ml de sangue e, apds a separagao do plasma, as células
mononucleares do sangue periférico (PBMCs) foram isoladas por gradiente de centrifugacdo.
PBMCs foram imunofenotipadas por citometria de fluxo para investigar a frequéncia de
subpopulac¢des de células T e B. FN, citocinas, IgM e IgG anti-CMV foram dosados no plasma
através da técnica de ELISA (FN e CMV) e Citometric Bead Array (CBA; citocinas). De forma geral,
pacientes com doenca ativa tiveram o pior desempenho nos testes cognitivos, seguido pelos
individuos com doenca controlada e grupo controle. Pacientes com AR tiveram elevados niveis
periféricos de células B imaturas e produtoras de anticorpos, além de elevados niveis das
citocinas, com exce¢dao da IL-17. Maiores concentracdes de BDNF foram observadas nos
individuos com AR ativa, seguido pelo grupo controlado e controle. Os niveis periféricos de
GDNF foram menores em pacientes com AR ativa do que em individuos controle. A IL-6
apresentou-se como preditora do desempenho do Trail Making Test. Titulos dos anticorpos IgM
e lgG anti-CMV ndo diferiram entre pacientes e controles. Somente o IgG anti-CMV foi
relacionado positivamente com idade e células senescentes. Concluindo, pacientes com AR ativa
apresentam pior desempenho em tarefas cognitivas as quais estdo relacionadas a mediadores
imunes periféricos. Além disso, observou-se que infec¢bes tardias pelo CMV (titulos de
anticorpos 1gG anti-CMV) foram somente associadas a células T senescentes e ndo se
correlacionaram com outras caracteristicas da imunossenescéncia. Portanto, compreender em
qual sentido e como a relagdo entre o ambiente periférico e do SNC se estabelece, pode
contribuir para o desenvolvimento de intervencdes preventivas ao déficit cognitivo e
senescéncia prematura, uma vez que ambos fatores estdo associados a saude e o bem — estar

dos individuos.

Palavras-chave: Artrite Reumatoide, Cognicdo, Células B, Citocinas, Fatores Neurotroficos,

Imunossenescéncia prematura e Citomegalovirus.



Abstract

Rheumatoid Arthritis (RA) is an autoimmune and inflammatory disease which leads to
premature immunosenescence and the development of articular and extra-articular
manifestations, including joint damage and cognitive dysfunction, respectively. Peripheral
immune system cells and the chronic inflammation, both of great importance for RA, are
potentials mechanisms involved in cognitive dysfunction. In contrast, experimental studies have
shown the beneficial contribution of immune cells, mainly T cells reactive to central nervous
system (CNS) antigens, to neurogenesis and neuroplasticity. Previous data have shown that RA
patients besides to have worse performance in cognitive tests, have significantly lower levels of
B cells and higher levels of senescent T cells (CD8+CD28-). However, is not known yet which B
cells subpopulations are related to poor cognitive performance, if clinical severity of disease
(active and controlled disease) impacts on cognition and which factor is responsible for
remodeling of peripheral immunity (immunosenescence). Hypotheses about the contribution of
latent infections (Cytomegalovirus; CMV), for the development of immunosenescence
(observed by telomere shortening and increase of CD28- cells) have been raised. However, it
remains in discussion the CMV soroprevalence and its relation with the development of
premature immunological senesce in RA. Based on this findings, in this work we have broadly
assessment the cognition of RA patients with active and controlled disease, peripheral levels of
lymphocytes subsets (T and B cells), neurotrophic factors, cytokines besides that CMV
soroprevalence and immunosenescence profile (telomere length and CD28- cells). This work
also proposed to explore the relationship between immune mediators, neurotrophic factors and
cognitive performance, besides the association between CMV and immunosenescence. For this
purpose, 102 RA patients (67 active and 35 controlled disease) and 30 healthy controls adjusted
for age, gender and schooling were recruited. The cognitive function, levels of stress and
depression were assessment by means of neurocognitive tests (Mini Mental State Examination,
Logical memory, digit span, Trail Making Test, N-back, Stroop word-colors) and specific
guestionnaires (Beck Depression Inventory —IlI for depression and Perceived Stress Scale for
stress). Twenty ml of blood were collected and, after plasma separation, the peripheral blood

mononuclear cells (PBMCs) were isolated by centrifugation gradient. PBMCs were



immunophenotyped by flow cytometry to investigate the frequency of T and B cells subsets. The
genomic DNA was isolated from PBMCs and the telomere length was evaluated by real time
PCR. Neurotrophic factors, cytokines, IgM and IgG anti-CMV were measured in plasma by means
of ELISA (NF and CMV) and Citometric Bead Array (CBA; cytokines). In general, patients with
active disease had worse cognitive performance, followed by patients with controlled disease
producing cells, in addition to high levels of cytokines, with the exception of IL-17A. Higher
levels of BDNF were found in patients with active RA followed by controlled disease and control
group. The peripheral levels of GDNF were lower in patients with active RA than control group.
The IL-6 was predictor of the performance in Trail Making test. IgM and IgG anti-CMV antibody
titers did not differ between patients and controls. Only I1gG anti-CMV was positively associated
with age and senescent cells. In conclusion, RA patients with active disease had worse
performance in cognitive tasks that were related to peripheral immune mediators (cells and
cytokines). Besides that, we found that late infection (IgG) by CMV were associated only with
CD4+CD27-CD28- and haven’t correlated with other immunosenescence characteristics.
However, understand in which sense e how the relationship between the peripheral
environment and the CNS is established, may contribute to development of preventive
interventions to cognitive impairments and premature immunosenescence, since both factors

are associated to health and well-being of individuals.

Keywords: Rheumatoid Arthritis, Cognition, B cells, Cytokines, Neurotrophic Factors, Premature

Immunosenescence and Cytomegalovirus.
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1.1. Conceituando a artrite reumatoide

A artrite reumatoide (AR) é uma doencga cronica, autoimune e inflamatéria, que afeta
multiplas articulacdes, principalmente as juntas sinoviais do joelho e das maos (Alam et al.,
2017; Harre e Schett, 2017). Ocorre em aproximadamente 1% da populagao mundial sendo mais
frequente em mulheres (1 a cada 28 =3.5%) do que em homens (1 a cada 59 =2%) (Alam et al.,
2017). Individuos acometidos pela doenga desenvolvem manifestagdes articulares e extra-
articulares que incluem, entre outros, inflamacdo sinovial e sistémica, hiperplasia da sindvia,
doencas cardiovasculares, nédulos reumatoides e déficit cognitivo (Mcinnes e Schett, 2011;
Prete et al., 2011; Corsiero et al., 2014; Joaquim e Appenzeller, 2015). Embora a AR seja a
doenca autoimune inflamatdria mais prevalente, sua etiopatologia, entretanto, permanece
parcialmente entendida (Alpizar-Rodriguez e Finckh, 2017). Estudos tem demonstrado a
contribuicdo multifatorial de caracteristicas genéticas, ambientais e imunoldgicas para o
desencadeamento e desenvolvimento da doenca (Figura 1) (Alamanos e Drosos, 2005; Goronzy

e Weyand, 2009; Klareskog et al., 2011).
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Figura 1. Estudos tém apontado que a interagdo entre gene e ambiente é potencial contribuidor para o inicio da autoimunidade.
Alguns fatores ambientais, por exemplo o fumo, predispde ao desenvolvimento de AR enquanto outros parecem ter fungdes
protetoras (dieta e antioxidantes). A interagdo entre estes fatores contribuintes predispde ao surgimento da autoimunidade
(presenca de Fator Reumatoide e ACPA no plasma). Ainda ndo foram identificados os fatores que gradualmente aumentam a
inflamagdo, que por conseguinte culmina em artrite reumatoide clinica (Isaacs, 2010). Legenda: ACPA: anticorpos anti-peptideo
citrulinado; CRP: Proteina C Reativa.

Atualmente o desenvolvimento da AR é dividido em trés fases de progressao que serao
detalhadamente descritas ao longo dos proximos itens: 1.2 Primeiro estagio: fase pré-clinica,

1.3. Segundo estagio: fase clinica e 1.4 Terceiro estagio: manifestagdes extra-articulares (Figura
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2). O primeiro estagio compreende, ainda que sem a presenga de manifestagdes clinicas, o inicio
da autoimunidade. Na segunda fase, o desequilibrio imunolégico, marcado pela reatividade de
células B e T contra antigenos préprios, desencadeiam fortes respostas inflamatérias que
marcam o inicio clinico da doenca. A medida que a doenca progressivamente evolui, as
manifestagGes articulares e extra-articulares tornam-se notdrias (3° fase) (Holmdahl et al.,
2014). Embora o primeiro estagio abranja um periodo relativamente definido, nao
necessariamente os demais estagios ocorrem de forma organizada e por periodos
estabelecidos, ou seja, uma fase ndo necessita ser finalizada para iniciar a subsequente,

podendo os estagios de progressao 1, 2 e 3 ocorrerem simultaneamente (Veale et al., 2017).

Development of rheumatoid arthritis

Clinical arthritis Chronic destruction

Diagnosis
by doctor

|

Arthritis
signs and
symptoms

!

Subclinical arthritis 2

Inflammation

Targeting joints;
Joint-reactive ACPA, anti-Cl|

RF, ACPA in blood

Environment: Smoking...
Normal  Genes: MHCII ...

30 40 50 years

Autoimmu

Figura 2. Fases de desenvolvimento da AR. 1) Fase pré-clinica: inicio da autoimunidade caracterizada pelo surgimento dos
autoanticorpos FR e ACPA. 2) Inicio das manifestagdes articulares e diagndstico de Artrite Reumatoide. 3) Progressdo da
inflamagdo articular e sistémica culminando em dano articular e manifestagdes extra-articulares (Holmdahl et al., 2014).
Legenda: MHC: complexo de histocompatibilidade Maior; RF: Fator Reumatoide; ACPA: anticorpos antipeptideo citrulinado, ClI:
colageno tipo Il.
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1.2. Primeiro estdgio: fase pré-clinica

O primeiro estagio é referente a fase pré-clinica, cuja presenca de autoanticorpos,
classicamente o fator reumatoide (FR) e/ou os anticorpos antipeptideo citrulinado (ACPA) no
soro, fornecem os primeiros indicios de autoimunidade (Alam et al, 2017). O FR é um
autoanticorpo que se liga, com alta afinidade, ao dominio Fc de uma imunoglobulina (Ig) G
(Nakken et al., 2017). Contudo, ndo é exclusivamente detectado na AR, podendo ser
transitoriamente presente em condi¢gdes ndo reumadticas como no caso de infecgles
(Citomegalovirus; CMV; 20%), doencas cronicas (Hepatite C; 40-75%), individuos saudaveis
(=4%) e também em doengas reumaticas aquém da AR (Lupus Eritematoso Sistémico; LES; 15-
35%) (Ingegnoli et al., 2013; Nakken et al., 2017). Embora o FR seja um determinante muito
utilizado para auxilio diagndstico de AR, sua serventia tem sido substituida pela presenca de
ACPA.

A deteccdo de ACPA é utilizada para critério classificacdo de AR desde 2010 de acordo com
o estipulado pela iniciativa colaborativa entre o American College of Rheumatology (ACR) e
European League Against Rheumatism (EULAR) (Aletaha et al., 2010). S3o utilizados para critério
classificacdo devido a alta especificidade e valor preditivo da doenca. Individuos soropositivos
representam um grupo propenso a desenvolver uma doenga mais agressiva, com dano articular
mais acentuado (Harre e Schett, 2017). ACPA sdo autoanticorpos direcionados contra proteinas
gue sofreram modificacdes pds-traducdo. Neste caso, residuos de arginina, através da acdo da
enzima Peptidil Arginina Deaminase (PAD), sdo substituidos por residuos de citrulina em um
processo referido como citrulinizagdo (Figura 3) (Veale et al., 2017).

A citrulinizacdo é um processo fisiolégico que pode ser desencadeado pelo fumo,
inflamacdo, estresse e apoptose, todos de grande significancia para a AR (Scally et al., 2013;
Nguyen e James, 2016). O processo massivo de citrulinizacdo por si s6 ndo é gatilho suficiente
para levar ao desenvolvimento de doencgas autoimunes, ou seja, sem a contribuicdo de fatores
adicionais como, por exemplo, o epitopo compartilhado do antigeno leucocitario humano (HLA)

(Derksen et al., 2017).
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Figura 3. Processo de Citrulinizagdo. Conversdao da arginina, por meio da acdo da enzima peptidil arginina deiminase, em

H,N

citrulina em um processo dependente de Calcio (Caz+) (Nguyen e James, 2016). Legenda: PAD: peptidil arginina deiminase.

O HLA é um locus genético que codifica o complexo de histocompatibilidade maior (MHC)
o qual é expresso na superficie de células apresentadoras de antigenos (APCs) que, como o
proprio nome sugere, apresentam antigenos para o reconhecimento de linfécitos T (Abbas e
Lichtman, 2007). O HLA contém dois conjuntos de genes altamente polimérficos que codificam
as moléculas do MHC de classe | (HLA-A, -B e -C) e de classe Il (HLA-DR, -DQ e -DP) que
apresentam os antigenos para as células T CD8+ (citotdxicas) e T CD4+ (helper), respectivamente
(Abbas e Lichtman, 2007).

A presenca de determinados alelos no gene HLA-DRB1 (referentes ao MHC de classe 1),
como, por exemplo, o DRB1*04:01, sdo fortemente associados a AR, particularmente em
pacientes soropositivos para ACPA e FR (Goronzy e Weyand, 2009; De Almeida et al., 2010;
Nguyen e James, 2016; Kampstra e Toes, 2017). Estes alelos de risco codificam uma sequéncia
de cinco aminoacidos referida como epitopo compartilhado nas posi¢des 70-74 sobre a cadeia
do HLA-DR (De Almeida et al., 2010; Choy, 2012). Os alelos do epitopo compartilhado estdo
envolvidos na formacdo das cavidades (bolsos) de ligacdo do peptideo, atuando na sele¢do do
peptideo que deverd ser acomodado (Kampstra e Toes, 2017). Embora ainda ndo se conheca a
efetiva razao pela qual os individuos epitopo compartilhado positivos desenvolvam AR, algumas
hipdteses tém sido formuladas. Entre estas hipdteses, ressalta-se o favorecimento da ligacao de
peptideos proprios citrulinados, uma vez que a alteracdo da arginina pela citrulina resulta em

alteragdes na massa molecular e na estrutura proteica (Figura 4). Estas mudangas favorecem a
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ligacdo da citrulina no bolso de ligacdo do HLA-DR e instiga respostas adaptativas celulares e
humorais das células T e B, respectivamente, direcionadas a proteinas articulares citrulinadas
progredindo para o inicio do segundo estagio da doenca (Scally et al., 2013; Nguyen e James,

2016).

Top-view

b Side-view

s - Peptide-binding groove

HLA-DRB1%04:01

Figura 4. Representacdo esquemdtica da ligacdo do peptideo a molécula de HLA-DR. a) Representagdo do sulco de ligagdo do
peptideo. b)Vista lateral do peptideo acomodado no sulco, mostrando os bolsos de ancoragem do peptideo. c) Representagdo
da influéncia do peptideo citrulinado sobre sua acomodagdo no bolso de ancoragem (Kampstra e Toes, 2017).

1.3. Segundo estdgio: fase clinica

O segundo estagio da doenca é marcado pelo inicio dos sintomas clinicos e onde
normalmente os pacientes procuram auxilio médico. Existem algumas lacunas ainda nao
preenchidas sobre os eventos iniciais que desencadeiam as manifestacdes clinicas. Isso se deve

a dificuldade de acesso a pessoas que estdo na fase de transicao entre o 12 e 22 estdgio, pois
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devido a auséncia de sintomas, torna dificil o recrutamento desta peculiar coorte para a
realizacdao de estudos cientificos (Holmdahl et al., 2014).

Embora grandes progressos tenham sido alcancados no entendimento da
imunopatogénese da AR, ainda permanece elusiva a transicdo da autoimunidade para a
resposta autoimune de longa duracdo que afeta principalmente a articulacdo. A AR é uma
doencga sustentada e organizada principalmente pelo sistema imune adaptativo, cujas respostas
imunoldgicas causam os danos articulares (Boissier et al., 2012). Durante esta fase de
progressao ocorre a infiltracdo de mediadores inflamatérios como células T, B, dendriticas,
macréfagos, plasmdcitos, mastécitos e poucos granuldcitos para dentro da sinévia reumatoide
(Goronzy e Weyand, 2005). Esta infiltracdo é facilitada pelo aumento na expressao de moléculas
de adesdo nos microvasos sinoviais em resposta a ativagdo das células endoteliais (Mcinnes e
Schett, 2011). Na medida em que estas células infiltram na sindvia, elas assumem padrdes
complexos de organizacdo que variam entre os individuos e influenciam a resposta imune
patoldgica e a resposta terapéutica a imunomoduladores (Goronzy e Weyand, 2005).

Existem 3 tipos organizacdo histolégica dos infiltrados inflamatérios descritas até o
presente momento (Figura 5). Estas organiza¢des incluem a sinovite granulomatosa, sinovite
difusa e sinovite folicular (Van De Sande e Baeten, 2016).

A sinovite granulomatosa é caracterizada pela formag¢ao de um granuloma que se
assemelha a histologia de um nddulo reumatoide e representa o tipo menos comum de
organizacao do infiltrado inflamatdrio sinovial (Klimiuk et al., 1997; Goronzy e Weyand, 2005).
Um segundo variante da sinovite reumatoide é marcado por uma difusdo de células T, B e
macrofagos entre células teciduais residentes sem apresentar qualquer harmonia
organizacional anatomica (sinovite difusa) (Klimiuk et al., 1997). Em contrapartida, em 40-50%
dos pacientes com AR o infiltrado inflamatério se apresenta como estruturas linfoides ectdpicas

semelhantes a linfonodos secundarios, com acumulo central de células B envolvidas por células

T (Van De Sande e Baeten, 2016).
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Figura 5. Hisologia dos diferentes tipos de sinovite reumatoide. A)Infiltrado inflamac’)rio difuso. B) ag}eéados foliculares de

células B e T. C) sinovite granulomatosa (Klimiuk et al., 1997).

1.3.1. Células T na artrite reumatoide

Dentre os componentes do sistema imune envolvidos na progressao da doenca, as células
T helper (Th)- 17 e T regulatdrias (Treg) sdo os subtipos linfocitarios mais estudados atualmente
na AR. A AR é uma patologia historicamente caracterizada por desequilibrio entre células
Th1/Th2 (pré-inflamatdrio/ anti-inflamatdrio, respectivamente) (Lina et al., 2011). Todavia,
atualmente, ndo se descarta a possibilidade de ser uma desordem promovida e sustentada pelo
desequilibrio entre células Th17/Treg (Noack e Miossec, 2014). Ambos subtipos linfocitarios
compartilham pontos das vias de diferenciacdo e isto pode resultar tanto em tolerancia
imunoldgica (equilibrio entre a producdo de células Treg e Th17) quanto em inflamacdo
(exacerbacdo da producdo de Th17; Figura 6) (Noack e Miossec, 2014).

As células Th17 correspondem a um subgrupo de células T CD4 efetoras e estdo
relacionadas ao desenvolvimento de doencas inflamatdrias e autoimunes, pois sdo as principais
produtoras de interleucina (IL)-17 (Zizzo et al., 2011; Arroyo-Villa et al., 2012). Logo, muitos
estudos tém focado a frequéncia de células Th17 e IL-17 em doencas autoimunes, neste caso,
especialmente na AR (Zizzo et al., 2011; Arroyo-Villa et al., 2012; Kim et al., 2013). Um recente
estudo realizado pelo nosso grupo de pesquisa (Laboratério de Imunologia do Envelhecimento;
LIE) ndo identificou alteracdo na quantidade de células Th17 no sangue periférico de individuos
com AR com baixa atividade da doenca quando estes foram comparados com controles
saudaveis, corroborando com o estudo realizado por ARROYO-VILLA et al. (Arroyo-Villa et al.,
2012; Petersen et al., 2014). Em contrapartida, pacientes com AR tem mais células Th17

periféricas do que pacientes com osteoartrite (OA), uma condicdo reumatoldgica também
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caracterizada pela dor e perda de fungdo articular que afeta exclusivamente a articulacdo (Kim
et al., 2013; Pereira et al., 2015). Entretanto, os estudos citados acima juntamente com o
estudo realizado por ZIZZO et al. (Zizzo et al., 2011) concordam que hd um aumento na
frequéncia das células Th17 no fluido sinovial de pacientes com AR quando comparado a
frequéncia das mesmas no sangue periférico destes pacientes (Zizzo et al., 2011; Arroyo-Villa et

al., 2012; Kim et al., 2013).

Inflammation

Treg

Tolerance

Figura 6. Desequilibrio entre células T helper 17 e T regulatdrias. Células Th17 e Treg compartilham pontos das vias de
diferenciacdo. A presenga de TGF-B, juntamente com a IL-6 e IL-21, inibe a expressdo do fator de transcricdo FoxP3 e
mantém a expressdo de RORc levando a maturagdo do tipo Th17 (inflamagdo). Em contrapartida, a presenga de TGF-B e
auséncia de IL-6 e IL-21, inibe a expressao de RORc e mantém a expressao de Foxp3 favorecendo a diferenciagdao das
células Treg (tolerancia) (Noack e Miossec, 2014).

A relacdo entre células Th17 e AR é principalmente estabelecida pela IL-17. A IL-17 é uma
citocina inflamatdria que exerce seus efeitos através de receptores para IL-17 (IL-17R)
(Burmester et al., 2014). Estes receptores sdo expressos sobre diversos tipos celulares, incluindo
células que sdo encontradas na articulacdo reumatoide inflamada como, por exemplo,
mondcitos, macréfagos e fibroblastos (Imboden, 2009; Burmester et al., 2014). A ativacdo de
células na articulagdo reumatoide por meio do IL-17R induz a sintese de citocinas inflamatodrias

[IL-6, IL-1B e Fator de Necrose Tumoral (TNF)-a, principalmente], que juntamente com
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guimiocinas auxiliam no recrutamento de linfécitos, neutréfilos e macréfagos para o local da
inflamacgdo, além de ativar fibroblastos sinoviais e macréfagos a produzir Receptor Activator of
nuclear factor kappa-B ligand (RANKL). O RANKL é o principal componente na via de
diferenciacao de osteoclastos, que por sua vez favorece a formag¢do do pannus caracterizando o
aspecto patogénico destrutivo observado no desenvolvimento da doenca (Lindstrom e
Robinson, 2010; Choy, 2012; Burmester et al., 2014).

Por outro lado, o sistema imunolégico possui vias de regulacdo das respostas efetoras
inflamatdrias, incluindo as células Treg (Nie et al., 2013). As células Treg compreendem um
subgrupo de células T CD4°CD25" que expressam o fator de transcrigdo Forkhead box P3 (Foxp3)
(Imboden, 2009). O fator de transcricdo Foxp3 é importante para a diferenciacdo e funcdo
supressora das células Treg, as quais exercem tal fun¢do apds fosforilacdo do Foxp3, por meio
de contato dependente (interacdo célula-célula) ou contato independente (sintese de citocinas
inibitdrias) (Han et al., 2008; Wan e Flavell, 2008; Nie et al., 2013; Noack e Miossec, 2014).
Embora de grande relevancia, os dados sobre porcentagem de células Treg no sangue periférico
de pacientes com AR s3ao controversos. Estudos tem demonstrado que pacientes com AR
apresentam porcentagens inferiores (Lawson et al., 2006), iguais (Nie et al., 2013) ou superiores
(Petersen et al., 2014) no sangue periférico se comparado a individuos saudaveis de mesma
idade.

Sob condicGes artriticas, a populacdo de células TCD4+CD25'°Foxp3+ pode converter-se em
células Th17 (chamadas de células Th17exFoxp3). Estas células sdo mais patogénicas do que as
células Th17 originadas a partir de células T CD4 efetoras (Komatsu et al., 2014). As células
Th1l7exFoxp3 tendem a acumular-se na sindvia reumatoide, produzem mais IL-17 e RANKL do
qgue as Thl7, além de induzir osteoclastogénese que, como mencionado anteriormente,
contribuem fortemente para o desenvolvimento do dano articular e inflamacdo (Komatsu et al.,
2014).

Contudo, porque nesta patologia as Treg ndao conseguem controlar as respostas
autoimune e inflamatdria? Dados disponiveis na literatura cientifica indicam que células Treg de
pacientes com AR apresentam comprometida funcdo (Imboden, 2009). A limitacdo funcional

destas células em pacientes com AR esta relacionada ao meio inflamatério e principalmente a
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presenca de TNF-a (Leipe et al., 2005). O TNF-a reduz a fosforilagio do Foxp3 e
consequentemente inibe a fungao supressora das Treg (Nie et al., 2013). De forma contraria, a
neutralizacdo do TNF-a, usando um anticorpo anti-TNF-a, reestabelece a fung¢do supressora das
Treg (Nie et al., 2013).

Ademais, recentemente, um estudo prop6s a existéncia de um subgrupo de células Treg
senescente no ambiente periférico da AR (Fessler et al., 2017). Estas células foram definidas
como células T CD4'CD28 Foxp3® e foram positivamente relacionadas a idade enquanto que
associagcdes com parametros clinicos, como atividade da doenga e tratamento, ndao foram
encontradas. E interessante observar que as células Treg senescentes de pacientes com AR,
apresentaram defectiva capacidade supressora quando comparadas as células Treg CD28"
(Fessler et al., 2017).

Embora ainda ndo se tenha uma resposta definitiva sobre as alteracdes dos subgrupos
Th17 e Treg na AR, é estabelecido que o ambiente imune periférico da AR sofre altera¢des

gualitativas e quantitativas que sdao compativeis com as observadas no processo de

imunossenescéncia.

1.3.1.1. Imunossenescéncia prematura na artrite reumatoide

O processo de imunossenescéncia é definido como uma lenta e gradual perda de
funcionalidade do sistema imune que torna o individuo mais suscetivel a doencas infecciosas,
neoplasias e doencas autoimunes (Bauer, 2008). Contudo, o envelhecimento do sistema imune
ndo é uma caracteristica exclusiva de pessoas idosas, visto que infeccdes latentes, como a
estimulada pelo CMV, e doengas autoimunes, como a AR, podem desencadear o
remodelamento do sistema imune precocemente (Do Prado et al., 2013; Rizzo et al., 2013;
Petersen et al., 2015). Embora a imunossenescéncia seja amplamente estudada na AR, ndo
existem estudos relatando a associacdo e a potencial contribuicao da infeccdo com CMV para a
imunossenescéncia prematura observada nesta patologia.

Sobre o ponto de vista das células T, a imunossenescéncia natural ou precoce é
caracterizada por alteragGes qualitativas e quantitativas. O envelhecimento imunoldgico em

pacientes com AR é evidenciado pela contracdao no repertdrio de células T naive periféricas,
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aumento de células T efetoras terminalmente diferenciadas, identificadas pela perda da
expressao de CD28 e encurtamento telomérico (Weyand et al., 2014).

O envelhecimento, natural ou precoce, do sistema imune inicia pela perda da capacidade
do timo em maturar linfécitos T. O timo é um 6érgao de diferenciacdo e maturagao de células T
naive que comeca a sofrer mudancas estruturais (troca de tecido timico por tecido adiposo) a
partir da puberdade e, por volta dos 80 anos, sua capacidade funcional é severamente limitada
(Weyand e Goronzy, 2002; Lindstrom e Robinson, 2010). Todavia, a relagdo entre fungao timica
e incidéncia de AR é inversamente proporcional, ou seja, a medida que a capacidade funcional
timica é reduzida, a incidéncia de AR, no entanto, aumenta (Goronzy et al., 2010).

A alteracdo estrutural do timo contribui para a reducdo da populacdo de células T naive na
periferia (Goronzy e Weyand, 2005). Logo, a proliferacdo homeostdtica periférica, com o
objetivo de manter o compartimento das células T na reducdo da producdo timica, gera estresse
replicativo, que é marcado pela perda da molécula coestimulatdria CD28 e erosdo telomérica
(senescéncia celular replicativa) (Goronzy et al., 2010). A molécula coestimulatéria CD28 estd
presente na superficie de células T CD4" e CD8" e é responsavel por garantir a apropriada
ativacdo de células T via ligacdo com CD80/CD86, as quais se expressam sobre a superficie de
APCs (Lindstrom e Robinson, 2010). Contudo, um estudo prévio realizado pelo nosso grupo de
Imunologia do Envelhecimento, comparando pacientes com AR controlada e controles
saudaveis ajustados para idade, mostrou expansdo na popula¢do de células T CD8'CD28 e
CD4'CD28 no grupo com AR, corroborando com dados prévios da literatura (Petersen et al.,
2014).

Além de células CD28’, os telomeros também fornecem fortes indicios de senescéncia
celular (Figura 7) (Rizzo et al., 2013). Telémeros sdo sequéncias repetidas de TTAGGG que se
localizam nas porgdes terminais dos cromossomos e sdao continuamente encurtados a cada ciclo
de divisdo celular (Steer et al., 2007; Goronzy e Weyand, 2009). O comprimento telomérico,
embora em menor extensdo do que os estudos com células CD28’, também tem sido estudado
em pacientes com AR. Os resultados apontam que, de fato, os telomeros de células
mononucleares do sangue periférico (PBMCs) de pacientes com AR, apresentam-se mais curtos

quando comparados a controles de mesma idade (Steer et al., 2007).
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Figura 7. Encurtamento telémerico prematuro na AR (Colmegna e Weyand, 2011) (modificado).

Por outro lado, o CMV é um herpes virus de infeccdo latente e assintomatica em
individuos imunocompetentes que tem sido relacionado a imunossenescéncia prematura
(Figura 8) (Cannon et al., 2010). Ele atinge 90% das pessoas entre 75-80 anos, cuja idade é
equivalente ao pico de incidéncia de AR na populacdo mundial (Cannon et al., 2010; Goronzy et
al.,, 2010). Ademais, o CMV ja foi relacionado 4 marcadores de imunossenescéncia em
patologias como o transtorno bipolar (Rizzo et al., 2013), tireoidite de Hashimoto (Prelog et al.,
2013a) e doenca renal (Meijers et al., 2013). Individuos com tireoidite de Hashimoto
soropositivos para CMV apresentam expansdo na populacdo de células T CD4'CD28 e T
CD8'CD28 quando comparados a individuos saudaveis CMV-soronegativos (Prelog et al.,
2013a). Da mesma forma, vimos que os pacientes com transtorno bipolar tem aumento na
populacdo de células T CD8'CD28 e estas, por sua vez, correlacionam-se positivamente com os

titulos de anticorpos IgG anti-CMV (Do Prado et al., 2013; Rizzo et al., 2013).
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Figura 8. Citomegalovirus como indutor da imunossenescéncia prematura. Comparagdo da produgdo timica, frequéncia de
células T naive, diversidade de células T e progressivo processo de imunossenescéncia entre ilndividuos CMV-soronegativos (A)
e CMV-soropositivos (B) (Karrer et al., 2009).

Sob outro angulo da imunossenescéncia, a presenca de CMV esta relacionada a erosao
telomérica. Estudos de comparacdo intragrupo, que compararam os individuos antes e apds a
infeccdo primaria com CMV, demonstraram que apds a infeccdo hd pronunciada reducdo no
comprimento telomérico das PBMCs (Van De Berg et al., 2010). Tal efeito do CMV sobre o
tamanho telomérico se mantém quando hd uma comparacdo intergrupo entre individuos CMV
soropositivos e soronegativos (Van De Berg et al., 2010). De mesma forma, as células CD8" de
pacientes com doenca renal em estagio terminal soropositivos para CMV apresentam teldmeros
mais curtos quando comparados com as células CD8" de individuos com doenca renal em
estagio terminal CMV soronegativo (Meijers et al., 2013). O mais interessante é que, quando os
sujeitos do estudo foram separados por idade formando um grupo jovem e um grupo idoso,
ambos subdivididos em CMV positivo e CMV negativo, o comprimento telomérico das células
CD8" dos individuos jovens CMV positivo apresentaram-se significativamente mais curtos se

comparado aos individuos jovens CMV negativo. Essa informacdo forneceu estimativas de que



30

pacientes com doenca renal em estagio terminal e sorologia positiva para CMV com idade
cronoldgica de 40 anos apresentam a média dos teldbmeros de um individuo de 60 anos CMV
soronegativo (Meijers et al., 2013).

De acordo com o exposto, ainda nao se conhece a frequéncia de soropositividade para
CMV em pacientes com AR e a potencial influéncia desta infeccdo para a senescéncia prematura
das células T observada na doenga. A imunossenescéncia além de afetar a populagao de células
T, como visto nos paragrafos antecessores, também promove altera¢cdes quantitativas e
qualitativas na populagdo de células B. As alteragdes quantitativas de subpopulagdes de células

B na AR serdo exploradas na préxima segao.

1.3.2. Células B na Artrite Reumatoide

Muito do conhecimento sobre a contribuicdo das células B para a AR tem sido construido
por meio da utilizacdo de terapias que as extinguem do sangue periférico. Logo, além da
contribuicdo ja bem estabelecida dependente de autoanticorpos, mecanismos independentes
de anticorpos como, apresentacdo de antigenos (autoantigenos), secrecdo de citocinas e
desenvolvimento de estrutura linfoide ectépica tém sido propostos (Martinez-Gamboa et al.,
2006; Marston et al., 2010; Mamula, 2014).

Embora as células B sejam mediadores bem estabelecidos na estruturacdo e manutencao
da AR, as diferencas periféricas nas subpopulac¢des de linfécitos B entre individuos com doenca
ativa e controlada e a potencial relagdo com as manifestagcdes extra-articulares tem sido
negligenciada pelos estudos cientificos. De acordo com um estudo prévio, pacientes com AR
apresentam menores porcentagens de linfécitos B totais (CD19+) no sangue periférico do que
individuos sauddveis ajustados para idade e género (média: 8.1+0.7 vs. 10.7+0.8, p=0.01,
respectivamente) (Fekete et al., 2007). Corroborando com este achado, dados prévios do nosso
grupo de pesquisa (LIE) reforcam que pacientes com AR controlada [Disease Activity Score
(DAS)-28 = 2,6] apresentam menores porcentagens de células B totais (CD3-CD19+) periféricas
guando comparados a individuos sauddveis de mesmo género, idade e escolaridade (média:

6.05+3.16 vs. 10.29+3.92, respectivamente) (Petersen et al., 2015).
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Além dos nossos achados, o estudo conduzido por FEDELE et al. (2014) aponta que estas
diferencgas periféricas parecem estar relacionadas ao tempo de doencga. Os dados mostram que
pacientes com AR muito inicial (duracdo dos sintomas até 3 meses e DAS-28 ~3.7) e inicial
(duragdo dos sintomas > 3 meses <1 anos e DAS-28~3.3) apresentam maiores porcentagens de
células B totais (CD19+; média: 10.1+4.5% e 9.814.2%, respectivamente) do que pacientes com
AR de longa duragdo (média células B: 6.9+4.2%; duragdo dos sintomas > 1 ano e DAS-28 ~3.7).
Estas diferencas periféricas nos niveis de células B podem ser explicadas pela segregacao destas
células para a sinévia reumatoide.

Linfécitos B sdo atraidos para o tecido sinovial cronicamente inflamado por meio da
interacdo entre quimiocinas e seus receptores que sdo localizados sobre a superficie de
leucdcitos (Henneken et al., 2005). Logo, os achados de HENNEKEN et al. (2005) indicam que
estas células podem estar sendo atraidas para a sindvia reumatoide devido a um aumento na
expressao do receptor de quimiocina (CXCR3) sobre a membrana de células B periféricas,
reativo a inflamacdo cronica, e menor expressao de CXCR5, que é downregulated em células B
ativadas. Células B ativadas representam o principal componente celular dos tecidos linfoides
tercidrios os quais se desenvolvem com o auxilio da sinalizacdo da citocina TNF-a e linfotoxina,
ambas também produzidas pelas células B (Pasparakis et al., 1996).

A sintese de citocinas é um processo bem descrito para células T. Todavia, estudos tem
enfatizado que as células B representam uma fonte significativa destes mediadores
imunoldgicos (Martinez-Gamboa et al., 2006). Linfécitos B sdo capazes de sintetizar uma ampla
variedade de citocinas com atividades regulatdrias, pro e anti-inflamatérias e organizadoras de
tecido linfoide (Lund et al., 2005). Dentre as citocinas sintetizadas pelas células B destaca-se a
IL-4, IL-6, IL-10, Fator de Transformacdo do Crescimento (TGF)-B, Interferon (IFN)-y além das ja
citadas TNF-a, IL-17 e linfotoxina. Ambas citocinas contribuem fortemente para o
desenvolvimento e progressdo da inflamacdo articular e sistémica; e manifestacbes extra-

articulares observadas na AR (Marston et al., 2010; Schlegel et al., 2013).
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1.4. Terceiro estdgio: manifestagdes extra-articulares

As manifestacdes extra-articulares afetam aproximadamente 50% das pessoas com AR e
se desenvolvem & medida que a doenca progride (Prete et al., 2011). As manifestacdes extra-
articulares incluem os nddulos reumatoides, déficit cognitivo, doencas cardiovasculares e
pulmonares (Tabela 1) (Nyhall-Wahlin et al., 2009; Petersen et al., 2015). Nesta tese sera
abordado o prejuizo cognitivo e a contribuicdo dos fatores neurotréficos (FN) e mediadores
imunes os quais serdo apresentados nos proximos itens 1.4.1 Prejuizo cognitivo na artrite
reumatoide, 1.4.1.1 Fatores neurotréficos e 1.4.1.2 Papel do sistema imune periférico no

sistema nervoso central.

Tabela 1. Manifesta¢Oes Extra-articulares na artrite reumatoide (Prete et al., 2011) (modificado).

Affected tissue or organ EAM

Skin Subcutaneous nodules;
Accelerated rheumatoid nodulosis:
Cutaneous vasculitides
Raynaud's phenomenon

Pulmonary system Pulmonary nodules;
Interstitial lung disease;
Pulmonary fibrosis;

Pleuritis
Heart Pericarditis

Myocarditis or endocarditis
Nervous system Mononeuritis multiplex;

Sensory peripheral neuropathy;
Central nervous system vasculitis

Eyes Scleritis or episcleritis; Retinal vasculitis
Hematological system Felty's syndrome
Kidneys Glomerulonephritis; Interstitial nephritis;: Secondary amyloidosis

1.4.1. Prejuizo cognitivo na artrite reumatoide

O prejuizo cognitivo esta presente tanto no envelhecimento natural (Ballesteros et al.,
2013) quanto em diversas desordens, sejam elas de origem autoimune (Petersen et al., 2014)
ou ndo (Grassi-Oliveira et al., 2008). Os indicadores associados ao dano cognitivo na populagcdo
geral como, por exemplo, a inflamacdo (Gimeno et al., 2008), fatores de risco para doencas

cardiovasculares e uso oral de glicocorticoides (GC) (Shin et al., 2012), sdo relevantes para a AR.
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O dano cognitivo e seus contribuintes vém sendo extensivamente estudados em diversas
patologias, incluindo a AR. Uma analise neuropsicoldgica da cognicdo realizada em individuos
com AR, fibromialgia e LES, identificou que ambas as patologias sdo acompanhadas por
disturbios cognitivos (De Melo e Da-Silva, 2012). Neste trabalho, foi possivel observar que
pacientes com AR tiveram o déficit cognitivo relacionado a apraxia visual-construtiva, que pode
estar ligada ao comprometimento fisico-motor da doenca (De Melo e Da-Silva, 2012).

Afim de avaliar a memoaria dos pacientes com AR, um estudo prévio do nosso grupo de
Imunologia do Envelhecimento evidenciou que os pacientes com AR controlada (média do DAS-
28 = 2,9) tiveram baixa performance nos testes quando comparados a controles saudaveis
ajustados para idade e escolaridade (Petersen et al., 2014). Além disso, mostramos que estes
pacientes com AR que apresentaram pior desempenho cognitivo, tiveram menos células B totais
(CD3-CD19+) do que individuos com AR cognitivamente melhores (Petersen et al., 2015). Para
expandir estes achados, recentemente mostramos que pacientes com AR ativa tiveram
prejuizos cognitivos em diversos dominios (atencdo, funcdo executiva, velocidade de
processamento, memoaria e funcdo inibitéria) e estes foram relacionados a presenca de
autoanticorpos contra antigenos do sistema nervoso central (SNC). Entretanto, permanece
elusivo se pacientes com doenca controlada e ativa apresentam diferencas cognitivas, e quais
fatores periféricos estdo associados ao seu desempenho, sobretudo a medida que grandes
evidencias tem demonstrado a contribuicdo de FN e da imunidade periférica para neurogénese

e neuroplasticidade.

1.4.1.1. Fatores Neurotréficos

FN sdo moléculas proteicas que atuam no desenvolvimento e manutencdo de estruturas
do SNC e periférico (Popova et al., 2017) além de participar do processo de aprendizado e
memboria (Phillips, 2017). S3o essenciais para os processos de regulacdo do crescimento,
desenvolvimento, diferenciacdo e sobrevivéncia de células neuronais, bem como n3o neuronais
(Popova et al., 2017). Incluem entre outras, a familia do fator de crescimento nervoso (NGF),

também conhecida como familia das neurotrofinas (NT), e a familia do fator neurotréfico
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derivado da linhagem de célula glial (GDNF) (Razavi et al., 2015). Para o tema que aqui é
relevante, ainda ndo se verificou se a severidade clinica da AR é acompanhada por alteragdes
nos niveis periféricos dos FN [NGF, Fator Neurotréfico Derivado do Cérebro (BDNF) e GDNF] e
as possiveis relagdes com desempenho cognitivo.

Os FN sdao amplamente estudados em diversas areas de conhecimento. Entretanto, muitos
dos estudos na AR investigaram estes biomarcadores no principal compartimento afetado pela
doenca (sindvia reumatoide), e ndo avaliaram seus niveis periféricos. Pessoas afetadas pela AR
apresentam niveis elevados de transcritos de NGF no fluido e na membrana sinovial quando
comparados a pacientes com OA (Aloe et al., 1992; Barthel et al., 2009).

A presenca de grandes quantidades de NGF no fluido sinovial de pacientes com AR
promove a proliferagdo dos fibroblastos sinoviais via aumento da expressdo do receptor tirosina
quinase de alta afinidade (TrKA) sobre a superficie destas células. Além disso, a producao
desregulada de NGF devido ao ambiente inflamatdrio da AR aumenta a proliferacao e prolonga
o tempo de vida de células T ativadas e células B, assim também como auxilia no processo de
diferenciacao das células B em células secretoras de anticorpos (Otten et al., 1989; Bonini et al.,
2003; Raychaudhuri et al., 2011). Embora o NGF esteja envolvido na modulacdo da resposta
inflamatdria, ainda ndo se sabe se ele apresenta propriedades pro- ou anti-inflamatdria (Manni
et al., 2003). Esta questdo se deve ao fato de que a inibicdo do NGF enddgeno fortalece a
inflamacdo em um modelo de inflamacdo articular induzida. Contrastando este efeito anti-
inflamatdrio, os niveis de NGF aumentam em resposta ao estimulo com citocinas pro-
inflamatdrias (IL1-B e TNF-a) (Manni et al., 2003). Outro membro da familia das NT também
com propriedades imunomodulatérias é o BDNF.

O BDNF, como mencionado anteriormente, é uma neurotrofina secretada por neuronios
no SNC como também por células mononucleares no sangue periférico (Gielen et al., 2003;
Phillips, 2017). Até a presente data, existem poucos estudos disponiveis que avaliaram os niveis
de BDNF em pacientes com AR. Contudo, segundo Grimsholm et al. (2008), pacientes com AR
apresentam elevados niveis plasmaticos de BDNF quando comparados a controles saudaveis e
estes niveis sdo reduzidos apds o tratamento com agentes anti-TNF-a (Grimsholm et al., 2008).

Estes dados, apoiados por evidéncias do aumento na sintese de BDNF pelas PBMCs de
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individuos sauddveis apds ativacdo com citocinas inflamatérias, sugerem que a sintese de BDNF
esta relacionada a presenca de mediadores inflamatérios, entre eles a IL-6 e o TNF-a (Schulte-
Herbruggen et al., 2005). Estas citocinas encontram-se abundantemente presentes na sindvia
reumatoide e no peculiar ambiente periférico da AR (Alam et al., 2017).

Em paralelo ao aumento de BDNF periférico, pacientes com AR, spondiloartrite e OA
apresentam elevados niveis de transcritos de mRNA para BDNF na sindvia reumatoide, sendo o
grupo com AR apresentando os maiores niveis, embora a diferenca estatisticamente significante
nao tenha sido alcangada (Barthel et al., 2009). A contribui¢cdo dos elevados niveis periféricos e
sinoviais de BDNF para as manifestagcGes articulares e extra-articulares na AR ainda nao foram
exploradas, mas de modo geral, o BDNF esta relacionado a depressao (Phillips, 2017),
caracteristica frequente em pacientes com AR (Pu et al., 2017) e desempenho cognitivo (Grassi-
Oliveira et al., 2008), objeto de investigacdo desta tese.

Outro fator neurotréfico que tem sido proposto para estar associado a performance
cognitiva é o GDNF (Niitsu et al., 2014). Até a presente data ndo existem dados disponiveis
sobre a contribuicao e os niveis periféricos do mesmo na AR. Entretanto, dados provenientes de
individuos afetados pela OA e com histdrico de dor severa de longa duragcdo, apontam que os
niveis periféricos de GDNF ndo correspondem aos niveis centrais (Lundborg et al., 2010).
Avaliando os niveis de GDNF, os pacientes com OA tém maiores niveis periféricos do que
centrais, suportando a ideia da origem sistémica e central deste fator (Lundborg et al., 2010).

A principal fonte do GDNF s3o as células da glia, mas sua produgdo também tem sido
observada em condrdcitos provenientes da articulacdo de pacientes com OA (De Ceuninck et al.,
2004). Ao contrdrio do exposto para o BDNF, linfécitos T CD4+ e CD8+, B (CD19+) e mondcitos
(CD14+) ndo sdo fontes basais de GDNF e também ndo o sintetizam apds ativacdo (Lundborg et
al., 2010). Como mencionado anteriormente, ndo existem dados sobre o GDNF na AR, mas, em
cultura celular, a presenca de GDNF reduz a concentracdo da proteina TNF-a, enquanto que
nao altera os niveis de transcrito de mRNA (Vargas-Leal et al., 2005). Logo, estes dados indicam
gue o GDNF influencia a sintese de TNF em nivel pds-transcricional, sendo o TNF-a o principal

desencadeador da cascata inflamatdria na AR (Feldmann, 2002).
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De acordo com o previamente exposto, os FN juntamente com seus respectivos
receptores, primariamente propostos para desempenharem atividades no SNC, apresentam
importantes alteracbes quantitativas no ambiente periférico de doencas reumatoldgicas.
Entretanto, permanece em discussao o impacto que estas alteragdes tem sobre o desajustado
sistema imune periférico da AR e o mecanismo pelo qual estes dois aspectos (sistema imune
periférico e FN) influenciam o desenvolvimento/ manutenc¢do do dano cognitivo visto nesta

doenga.

1.4.1.2. Papel do sistema imune periférico no sistema nervoso central

Recentemente, alguns estudos tém comprovado que a neurogénese, pré-requisito para a
cognicdo, ocorre ao longo da vida e que o sistema imune periférico participa deste processo (Ziv
et al., 2006; Villeda et al., 2011). A relagado entre sistema imune e SNC passou a ganhar destaque
a partir do momento em que o conceito de “autoimunidade protetora”“ comecou a ser
formulado. Este conceito baseia-se na contribuicdo de células T autorreativas a antigenos do
SNC que migram para o local lesionado e amenizam a degeneracdo neuronal secunddria. A
degeneracdao neuronal secundaria ocorre em consequéncia do excesso de liberacao de
substancias (ex. glutamato e radicais livres), em niveis ndo fisioldgicos, oriunda do dano
neuronal primario (Moalem et al., 1999).

Além da participacdo das células T autorreativas em processos patoldgicos, a contribuicdo
destas para processos fisioldgicos também tem sido comprovada. Camundongos geneticamente
modificados, cujo sistema imune foi constituido de uma populagdao normal de células B e uma
populacdo de células T monoespecificas, direcionadas para peptideos da proteina bdsica de
mielina (células T-ygp) OU para antigenos ndo proéprios (células T-ova), foram comparados com
camundongos selvagens, com o objetivo de avaliar a contribuicdo destas populacdes para a
neurogénese hipocampal (Ziv et al., 2006). Os resultados demonstraram que a neurogénese foi
fortalecida nos camundongos transgénicos que apresentavam células T-ygp 0 que ndo aconteceu
nos camundongos com células T-oya (Ziv et al., 2006).

Células do sistema imune, em condicOes fisiologicas, sdo raramente encontradas no

parénquima cerebral (Villeda et al., 2011; Baruch et al., 2013). Embora ainda ndo esclarecido,
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acredita-se que a contribuicdo do sistema imune para a neurogénese ocorra por meio de fatores
soluveis (Kipnis et al., 2012). Em virtude disso, um modelo experimental de parabiose isocronica
(jovem-jovem, velho-velho) e heterocrénica (jovem-velho) de camundongos (Figura 9), avaliou a
contribuicdo do meio sistémico para a neurogénese hipocampal (Villeda et al., 2011). E
interessante observar que o numero de neurbnios recém-formados foi reduzido no
camundongo jovem da parabiose heterocrénica, quando comparado a parabiose isocronica
jovem (jovem-jovem). No camundongo velho da parabiose heterocronica, em contrapartida, a
neurogénese foi aumentada quando comparado a parabiose isocronica velha (velho-velho),
demonstrando que fatores sistémicos podem, realmente, modular a neurogénese (Villeda et al.,

2011).
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Figura 9. Modelo de parabiose gerado para avaliagdo da influencia do ambiente periférico no SNC (Villeda et al., 2011).

Dentre os moduladores sistémicos, o avigoramento da neurogénese por meio das
citocinas derivadas da imunidade adaptativa, especialmente a IL-4 e o IFN-y, tem sido
demonstrado (Butovsky et al., 2006). O processo foi avaliado in vitro, por meio da habilidade da
imunidade adaptativa (IL-4 e IFN-y), via ativacdo da micrdglia, apoiar a diferenciacdo de células
progenitoras neurais (NPC) (Butovsky et al., 2006). Os resultados demonstram que a
neurogénese foi induzida tanto pela micréglia ativada por IFN-y (em menor extensdo) quanto
pela micréglia ativada por IL-4 (Butovsky et al., 2006). Células T CD4’IL4" tendem a acumular-se
no espaco subaracnoide, paredes ventriculares e plexo coroide, apds a realizacdo de tarefas
cognitivas, enquanto a intensidade de células T CD4’IFN-y" n3o se modifica (Derecki et al.,
2010). De acordo com o exposto, camundongos Knockout para IL-4 exibem severo fenétipo de

prejuizo da funcdo cognitiva quando comparados com camundongos controles (Derecki et al.,
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2010). Este menor desempenho na tarefa cognitiva pode ser explicado pela expressao reduzida
de BDNF, pds-tarefa, em camundongos Knockout para IL-4 quando comparados a camundongos
controles (Figura 10) (Derecki et al., 2010). O BDNF, como mencionado anteriormente, é um
fator neurotréfico que modula a sobrevivéncia neuronal e a plasticidade cerebral, sendo
produzido por diversos tipos celulares no SNC e fora dele (Schwartz e Raposo, 2014). A
expressao de BDNF é associada tanto com a atividade de células T autorreativas a antigenos do
SNC (Ziv et al., 2006), quanto a acdo da IL-4 sobre as células neurais (Derecki et al., 2010).
Contudo, os niveis reduzidos de BDNF tém sido relacionados a prejuizos no desempenho das
tarefas cognitivas (Derecki et al., 2010) e prejuizos de memdria verbal na depressao maior
(Grassi-Oliveira et al., 2008).

Com base no exposto, o objetivo principal desta tese é correlacionar mediadores imunes
periféricos e FN com desempenho cognitivo em pacientes com AR com doenca ativa e

controlada e avaliar o perfil de imunossenescéncia.
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Figura 10. Participagdo do sistema imune periférico na manutengdo da homeostase cerebral. Box Blood: macroéfagos,
responsaveis por realizar a imunovigilancia do SNC fagocitam e processam antigenos préprios do sistema nervoso central (SNC).
Na periferia estimulam as células T naive resultando em células T de memdria reativas a antigenos do SNC. Box CSF: Células T de
memoria reativas a antigenos do SNC migram para o liquor onde podem ser novamente estimuladas por macréfagos para
sintetizar citocinas e fatores neurotréficos como o BDNF. Células Treg podem induzir uma alteragdo de um perfil Th1l para Th2
com redugdo de citocinas pro-inflamatdria e aumento de citocinas anti-inflamatodria as quais atuam como neuroprotetores. Box
Brain: a IL-4 e TGF-B apresentam efeito protetor sobre os neurdnios e células precursoras neurais. Além disso, IL-4 estimula a
micréglia e os astrdcitos a produzir BDNF (essencial para a cognigdo), TGB-B e IGF-1 (atuam sobre neurdnios). Baixos niveis de
TNF-a podem ser importantes, visto que o TNF-a secretado pela micréglia hipocampal é crucial para a plasticidade sinaptica, o
qual promove aumento na forga sindptica e apoia o potencial de longa duragdo ambos processos envolvidos no aprendizado e
formagdo de meméria (Di Benedetto et al., 2017).
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CAPITULO 2 - Objetivos

2.1. Objetivo Geral

Correlacionar marcadores imunes periféricos com desempenho cognitivo em pacientes

com artrite reumatoide com doenga ativa e controlada.

2.2.  Objetivos Especificos

e Recrutar pacientes com artritre reumatoide (doenca ativa e controlada) e controles
saudaveis;

e Avaliar o desempenho cognitivo;

e Dosar IL-2, IL-4, IL-6, IL-10, IL-17A, TNF-a e IFN-y no plasma;

e Dosar fatores neurotroficos (BDNF, GDNF e NGF) no plasma;

e Correlacionar os niveis das citocinas e fatores neurotréficos (mencionados acima) com
desempenho cognitivo;

e Imunofenotipar marcadores linfocitarios de subpopula¢cdes de células B;

e Correlacionar o desempenho cognitivo com subpopula¢des de células B;

e Imunofenotipar marcadores linfocitarios associados a imunossenescéncia;

e Avaliar o comprimento telomérico das células mononucleares do sangue periférico;

e Avaliar a soropositividade para o Citomegalovirus (CMV);

e Dosar os titulos dos anticorpos IgM e IgG anti-CMV;

e Correlacionar o CMV com a senescéncia celular;

e Avaliar a frequéncia das células Treg e Th17.
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CAPITULO 3 - Hip6teses

Pacientes com artrite reumatoide ativa tem déficit cognitivo mais acentuado do que
pacientes com artrite reumatoide controlada;

O citomegalovirus é um potencializador da imunossenescéncia prematura na artrite
reumatoide;

Pacientes com artrite reumatoide tem mais plasmdcitos periféricos e mais dano cognitivo do

que individuos saudaveis.
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Abstract

To what extent the cognitive impairment of rheumatoid arthritis (RA) is modulated by autoimmune and/or inflammatory
activity is largely unknown. The aim of this study was to investigate the role of peripheral inflammation on cognitive
functions of patients with active (Ac-), controlled (Co-) RA and healthy controls. Ina cross-sectional study, 102 RA patients
and 30 matched healthy controls were recruited. B and T cell subsets were immunophenotyped by flow cytometry. Plasma
cytokines and neurotrophins were measured by flow cytometry and ELISA, respectively. Cognitive performance, depres-
sion and stress were evaluated by structured clinical interviews. Generalized linear modeling (GzLM) was used to compare
differences between groups and multiple linear regression models were used to explore the predictive value of immune
variables on cognitive performance. RA patients had overall cognitive impairment. Of note, the Ac-RA had the poorest
performance on digit span (DST) and N-back when compared to Co-RA and control group (DST 9.9+ 2.1, 12.9+4.2, 15.5

+4.7, respectively; N-back 49.2 +8.3, 55.5+11.1, 60.8 = 9.1, respectively, all p <0.0001). RA patients had expansions of
immature B cells (Ac-RA 11.2+7.1, Co-RA: 9+ 5.7, control 5.9 +2.1) and plasma cells (Ac-RA 5.2+2.5, Co-RA 6.9+

3.7, control 2.8+ 1.7) as compared to controls, all » < 0.05. RA patients (controlled and active disease) had higher plasma
levels of TNF, IL-2, IL-4, IL-6 and IL-10 than controls (all » <0.002). RA patients had higher BDNF levels (Ac-RA
17,354.4 £5357.3, Co-RA 13,841.2+5953.7, control 11,543.3 £3772), but lower GDNF levels [median (interquartile
range) Ac-RA 0 pg/ml (0.0), Co-RA 0 pg/ml (4.6) and control 4.7 pg/ml (18.1)] than controls (all p <0.05). RA patients
had global cognitive impairment, which was associated with disease activity and immune changes.

Keywords B cells - Cognitive impairment - Cytokines - Neurotrophins - Rheumatoid arthritis - T cells

Electronic supplementary material The online version of this article
(https://doi.org/10.1007/510067-018-3990-9) contains supplementary
material, which is available to authorized users.

Moisés Evandro Bauer 4 Interdisciplinary Laboratory of Medical Investigation, School of

mebauer@pucrs.br

Laboratory of Stress Immunology, School of Sciences, Pontifical
Catholic University of the Rio Grande do Sul (PUCRS), Porto
Alegre, Brazil

Developmental Cognitive Neuroscience Laboratory (DCNL),
Faculty of Psychology, PUCRS, Porto Alegre, Brazl

Division of Rheumatology, Sdo Lucas Hospital, PUCRS, Porto
Alegre, Brazil

Published online: 25 January 2018

Medicine, Federal University of Minas Gerais (UFMG), Belo
Horizonte, Brazil

Neuropsychiatry Program, Department of Psychiatry and Behavioral
Sciences, The University of Texas Health Science Center at Houston,
Houston, TX, USA

National Institute of Science and Technology on
Neuroimmunomodulation (INCT-NIM), Rio de Janeiro, Brazil

Instituto de Pesquisas Biomédicas, Faculdade de Biociéncias,
Hospital Sao Lucas da PUCRS, Awv. Ipiranga 6690, 2° andar,
P.O. Box 1429, Porto Alegre, RS 90610-000, Brazl

g Springer



45

din Rheumatol

Introduction

Rheumatoid arthritis (RA) is an autoimmune disease associ-
ated with extra-articular manifestations, including cognitive
dysfunction [1-4]. Cognitive impairment (CI) is reported in
up to 70% of patients [5]. However, to what extent these
changes are modulated by disease activity and/or peripheral
inflammation is largely unknown.

Pre-clinical studies reported that inflammatory cytokines
have detrimental effects on neuronal activity; a finding trans-
lated by deficits in leaming, exploration and social interaction
[6]. Moreover, circulating pro-inflammatory cytokines have
been correlated with CI in the general population [7] as well
as during neurodegenerative conditions [8]. Intedleukin (IL)-
1B, tumor necrosis factor (TNF)-«, IL-6 and IL-12 are the
main cytokines with detrimental effects on cognition [9]. In
contrast, both IL-4 and interferon (IFN)-y may induce
neurogenesis [10], and the absence of IFN-y signaling results
in cognitive decline in mice [10]. It has been shown that T cell-
derived IL-4 improves cognition in mice by mitigating the
effects of inflammatory cytokines on meningeal myeloid cells
and by inducing the production of brain-derived neurotrophic
factor (BDNF) by astrocytes [11]. Neurotrophins are widely
expressed in the adult brain as well as by lymphoid cells,
playing a relevant role in memory and learning processes
[12-14]. Although previous studies have measured
neurotrophins in RA [15, 16], none of them investigated their
potential involvement with cognitive functions.

A large body of literature has shown that mice lacking B
and T cells had impaired cognitive functions [17, 18] and
social deficits [19]. The CI has also been associated with pre-
mature aging of immune system (immunosenescence), as
shown by subjects with AIDS [20]. We have recently shown
that lower B cell counts and higher CD8+CD28~T cells as
well as CD8+CD45R0O+ T cells were found negatively asso-
ciated with memory performance in patients with RA [1].

The purpose of this study was to provide a comprehensive
assessment of cognitive functions of patients with controlled
and active disease. We also aimed to identify whether periph-
eral markers (cytokines, neurotrophic factors (NF), lympho-
cyte subsets) were associated with CI in RA.

Materials and methods
Subjects

This was a cross-sectional study that recruited 102 patients
with RA, accordingly to the 1987 American College of
Rheumatology classification criteria of RA [21], and 30
healthy controls, matched accordingly to age and education.
Patients were recruited from the Rheumatology Unit at Sdo
Lucas Hospital, Pontifical Catholic University of the Rio
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Grande do Sul (PUCRS, Porto Alegre—Brazil). Classification
of disease activity was made according to the Disease Activity
Score (DAS)-28 criteria, performed by a trained rheumatolo-
gist at the time of the cognitive and immunological assess-
ments. RA patients were sub-grouped in controlled (Co)-RA
(n=35; DAS-28<3.2) and active (Ac)-RA (n=67; DAS-
28>3.3) [22]. Healthy individuals were recruited from local
community as control group. The exclusion criteria included
illiteracy, daltonism, anemia, neoplasias, infections, diabetes,
cardiovascular disease, dementia, brain trauma and treatment
with biological agents. All participants provided written in-
formed consent before inclusion (in accordance with declara-
tion of Helsinki), and the study was approved by the Ethical
Research Committee of PUCRS.

Assessment of cognitive functions, psychological
distress and pain

All cognitive assessments were made by structured question-
naires, performed by experienced psychiatrist blinded to each
subject’s clinical status. The interviews were performed indi-
vidually, with an average duration of 1 h and 30 min. The
neuropsychological assessment included Mini-Mental State
Examination (MMSE) [23], logical memory (immediate ver-
bal recall, IVR; and delayed verbal recall, DVR) [24], Digit
Span (forward digit span, FDS; backward digit span, BDS;
total digit span, TDST) [24], Trail Making Test (trail making
test-A, TMT-A and trail making test-B, TMT-B) [25], Stroop
Word and Color Test [26] and N-back [27]. The degree of
depression was assessed by Beck Depression Inventory-II
(BDI-1I) [28] and the stress levels were checked by the
Perceived Stress Scale (PSS) [29]. The Visual Analogue
Scale (VAS) was used to assess self-reported pain by patients
with RA.

Isolation of peripheral blood mononuclear cells

Twenty milliliters of peripheral blood were collected by veni-
puncture between 7 and 8 a.m. After blood collection, the
samples were centrifuged for 5 min at 1800 rpm to collected
plasma. Plasma samples were stored at — 80 °C until further
analysis. Peripheral blood mononuclear cells (PBMCs) were
isolated by Ficoll-Hypaque (30 min at 1500 rpm). Cells were
counted by means of microscopy (> 100) and viability always
exceeded 95%, judged from their ability to exclude Trypan
Blue (Sigma, St. Louis, MO).

Immunophenotyping

Cells were treated with Fc Block solution for 20 min. After,
cells were stained for 30 min with combination of monoclonal
antibodies (all from BD Biosciences, San Jose, USA): anti-
CD3, anti-CD4, anti-CDg, anti-CD19, anti-CD21, anti-CD24,
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anti-CD27, anti-CD38, anti-CD56 and anti-CD69. The fluo-
rochromes used were FITC, APC and PE. Then, the cells were
washed with flow cytometry buffer (PBS containing 1% fetal
calf serum and 0.01% sodium azide), resuspended and ana-
lyzed by multicolor flow cytometry. For intracellular staining,
1 x 109 cells/well were cultured in RPMI medium with 10%
fetal calf serum, 50 ng/ml PMA (phorbol-ester), 1 pg/ml
ionomycin (all from Sigma) in the presence of 4 ul of the
protein transport inhibitor (BD GolgiStop) for each 6 ml of
cell culture, according to manufacturer’ instructions (Human
T17/Treg Phenotyping Kit, BD Bioscience). The cells
remained in culture for 5 h at 37 °C and in 5% CO atmo-
sphere. Cells were immediately permeabilized and stained ac-
cording to manufacturer’s instructions (Human Th17/Treg
Phenotyping Kit, BD Bioscience). A minimum of 50,000
lymphocytes were identified by size and granularity. Data
were analyzed using the FlowJo V10 software (Tree Star
Inc., Ashland, USA).

Th1/Th2/Th17 cytokines

Plasma levels of 1L-2, 1L-4, IL-6, IL-10, TNF-&, IFN-y and
IL-17A were measured by cytometric bead amays (CBAs),
human Th1/Th2/Th17 kit, according to manufacturer’s in-
structions (BD Biosciences). Quantitative results were gener-
ated using FCAP Array v1.0.1 software (Soft Flow Inc., Pecs,
Hungary). The minimum detection limits for these assays
were 1L-2=2.6 pg/ml, IL-4=4.9 pg/ml, IL-6=2.4 pg/ml,
IL-10=4.5 pg/ml, TNF=3.8 pg/ml, IFN-y = 3.7 pg/ml and
IL-17A =18.9 pg/ml.

Neurotrophins

Plasma levels of BDNF and GDNF were measured by immu-
noassay enzyme-linked immunosorbent assay (ELISA) kit,
following the manufacturer’s instructions (R&D Systems,
Minneapolis, Minnesota). All samples were assayed in dupli-
cates and the results are expressed as picogrammes per
millilitre. The lower detection limits were defined as 5 pg/ml
for BDNF and GDNF.

Statistical analysis

All variables were tested for normality of distribution by
means of the Kolmogorov-Smirnov test. Generalized linear
modeling (GzLM) was used to compare differences between
groups adjusting for potential confounders (age, schooling,
BDI, PSS and sex). Linear or gamma distribution with identity
or log link function was selected based on the outcome distri-
bution. Multiple comparisons between groups were per-
formed by means of Tukey’s or Dunn’s post hoc, when appro-
priated. Effect sizes are reported as eta-squared (1°).
Conventionally, n* values of 0.01, 0.06 and 0.14 are

considered small, medium and large effect sizes, respectively.
Relationships between quantitative variables were analyzed
by means of the Pearson’ or Spearman’ correlation tests.
Significant ortrending correlations were further explored with
multiple linear regression models—stepwise methods. The
variance inflation factor (VIF) values were always <1.
Statistical analyses were performed using the Statistical
Package for Social Sciences, SPSS Statistics V.20 software
(SPSS Inc., Chicago, USA).

Results
Demographic and dinical characteristics

Demographic and clinical characteristics are summarized in
Table 1. All groups were homogeneous regarding age, body
mass index (BMI) and education. The proportion of women in
control, Co-RA and Ac-RA groups were 76.7, 57.1 and
86.6%, respectively (p <0.0001). RA patients were under a
multiple drug regimen, which included disease-modifying an-
titheumatic drugs, glucocorticoids and antimalarial. As ex-
pected, patients with active disease had significantly higher
DAS-28 and VAS scores as compared to controlled disease,
p <0.0001 for both variables.

Overall cognitive impairment in RA patients

Patients with controlled disease had modest lower MMSE
scores as compared to control group (p=0.01), although de-
mentia was excluded in all groups (Table 1). Patients with
active disease were more depressed than control group
(p <0.05); however, the BDI scores were compatible with
minor depression in all groups. All groups had similar per-
ceived stress levels (p= 0.60).

RA patients had global cognitive impaiment (Fig. 1). The
cognitive dimensions of attention and working memory, as
assessed by the DST (FDS, BDS and TDST), were signifi-
cantly impaired in both groups of patients as compared to
controls (p < 0.0001), with poorest performance observed in
Ac-RA. Both patient groups had similar impaiment of pro-
cessing speed and executive function, as investigated by the
TMT (TMT-A and TMT-B), when compared to controls
(p <0.0001). Working memory, as assessed by the N-back,
was significantly impaired in patients as compared to controls
(p <0.0001), with greater impairment observed in Ac-RA.
Declarative verbal memory, as assessed by IVR-LM and
DVR-LM scores, was found significantly impaired in both
groups of patients as compared to controls, p <0.01 and
p <0.002, respectively. Co-RA or Ac-RA patients were simi-
larly impaired on the Stroop-word (p =0.02) and -color
(p<0.0001) and -word-color test (» <0.0001) total as
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Table 1 Demographic and

clinical data of RA patients and Control group (n=30) Co-RA(n=35) Ac-RA (n=67) pvalue
healthy controls
Age (years) 562£9.8 572£73 559£119 0.77
Ratio: female/male 237 20115 589 <0.0001
BMI 25.1+32 262£35 273£49 0.78
Schooling (years) 8.9:+3.6 93+44 78+4.1 0.16
BDI-II 8.9+6.0% 106£6.4 13.2£8.2%* 0.03
PSS 22.7+6.7 209+£72 223£7.7 0.60
MMSE 28.6%1.3% 27£24% 27.1£2.8 0.01
RA duration (years) - 88%8.6 707£53 091
RF+, n (%) - 15 (42.9) 39(582) 0.55
DAS-28 - 25+06 50112 <0.0001
VAS (mm) - 144+147 49.05£23.9 <0.0001
Treatment
Methotrexate, n (%) - 30 (85.7) 53(79.1) <0.0001
Ghucocorticoids, n (%) - 14 (40) 51(76.1) 0.006
Sulfasalazine, n (%) - 129" 6(9) <0.0001
Leflunomide, n (%) - 8(22.9) 29(43.3) 0.006
Hydroxychloroquine, n (%) - 8(229) 16(23.9) <0.0001

Data are shown as mean + SD. Data were analyzed by ANOVA. Multiple comparisons between group mean
differences were checked with Tukey's post hoc. Categorical variables were compared by means of chi-squared
test. Statistical significant differences are highlighted in bold type

Ac-RA, active theumatoid arthritis; BDJ, Beck Depression Inventory; BMI, body mass index; Co-RA, controlled
rheumatoid arthritis; DAS, Disease Activity Score; MMSE, Mini-Mental State Examination; PSS, Perceived Stress
Scale; RF rheumatoid factor; VAS Visual Analogue Scale

*Differences between groups

* Only one Co-RA patient was using this medication

compared to control group, indicating impairment of mental
flexibility, attention and inhibition functions.

Patients had contrasting changes in neurotrophic
factors

Next, we measured plasma NF, as they are importantly in-
volved in memory and leaming processes (Fig. 2). Of note,
GNDF was found particularly reduced in the Ac-RA group as
compared to controls (p <0.0001). In contrast, Ac-RA pa-
tients had higher BDNF levels as compared to patients with
Co-RA (p=0.02) or healthy controls (p < 0.0001).

RA is associated with expansion of major lymphocyte
subsets in contrast to reduced proportion
of regulatory T cells (Tregs)

We screened a large panel of circulating lymphocyte sub-
sets by multicolor flow cytometry, including activated, reg-
ulatory and immunosenescence markers (Table 2). As
compared to controls, patients had significant expansions
of several T cell subsets, including NKT cells (p =0.007),
CD4+IL-17+ (p=0.005), as well as increased CD4/CDS8
(»<0.001) ratio. Similar expansions of NK cells

) Springer

(p <0.001) as well as B cell subsets CD19+CD24+
CD38+ (p<0.05) and CD19+CD27+CD38+ (p <0.0001)
were observed in RA patients comparing to controls. In
contrast, RA patients had reduced proportion of CD3+
CD8+T cells (»p<0.001) and regulatory T cells (CD4+
FoxP3+) as compared to controls (p <0.0001).

RA is associated with changes in the expression
pattem of surface markers and Foxp3
in subpopulations of T and B lymphocytes

Next, we explored the expression levels (as estimated by
MFIs) of cellular markers in peripheral lymphocytes (Online
Resource 1). As compared to healthy controls, lymphocytes of
RA patients had reduced expression of CD3 (p <0.0001),
CD4 (p=0.001), CD8 (p<0.0001), CD38 (»p <0.0001),
CD69 (p =0.001). In contrast, cells of RA patients had higher
expression CD19 (p=0.004), CD24 (p<0.0001) as com-
pared to healthy controls. In the Ac-RA, we found higher
expression levels of CD27 (p=0.001) but lower levels
FoxP3 (p =0.01) than othertwo groups. Cells of subjects with
Co-RA had lower expression of IL-17 (p <0.001) than
healthy controls.
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Fig. 1 Subjects with RA had poor cognitive performance in different
domains. Data were analyzed by GzLM and corrected for age,
schooling, sex, BDI and PSS. Multiple comparisons between group
mean differences were checked with Tukey'’s or Dunn’s, when
appropriated. Statistically significant differences are indicated. (a)
Forward digit span (FDS, n:=0.30), (b) backward digit span (BDS,
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Fig. 2 Patients had significant changes in plasma neuwrotrophins. (a)
Active RA patients had higher levels of BDNF than controlled RA and
control group. b) Active RA patients had lower levels of GDNF than
control group. Data are show as (A) mean £SD and (B) median (IQ).

n2 =0.37), (c) total digit span (TDST, 172 =0.39), (d) N-back (172 =033),
(e) Trail Making Test-A (TMT-A, 7" =0.35), (f) Trail Making Test-B
(TMT-B, 7 =0.31), (g) immediate verbal recall-logical memory (IVR-
LM, 1;2= 0.11), (h) delayed verbal recall-logical memory (DVR-LM,
77=0.24), (i) Stroop-word (7% =0.25), (j) Stroop-color (i =0.38) and
(k) Stroop-word-color (17"' =026)
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Data were analyzed by GzLM linear or gamma, when appropriated and
corrected for age, schooling, sex, BDI and PSS, Multiple comparisons
between groups mean differences were checked with Tukey’s or Dunn’s,
when appropriated. Statistically significant differences are indicated
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Table 2 Immunophenotyping of lymphocyte subsets
Markers Lymphocyte subset ~ Control group ~ Co-RA Ac-RA Wald-y®  pvahe Effect size (1)
CD3+CD4+ (%) Th 47365 499+£9.5 502£8.1 4.7 0.09 0.09
CD3+CD8+ (%) Tc 253+ 5.6%° 19.747.4% 19.8:+86° 14.0 <0.0001 0.16
CD4/CD8 Ratio - 1.9£0.5% 3.03%1.6* 26%£12° 13.6 <0.0001 020
CD3-CD56+ (%) NK 10.4 £ 5.6 153+6.7% 109+46° 14.6 <0.0001 0.17
CD3+CD56+ (%) NKT S58%£2.3% 10£6.7* 7945 99 0.007 0.16
CD4+FoxP3+ (%) Treg 11.1£53 10.7 £ 5% 6.8 +£2.9%* 172 <0.0001 023
CD4+IL17+ (%) Th17 1.1+0.9* 22+15% 14+ 1.1° 104 0.005 017
Th17/Treg ratio - 0.1 £0.08* 02£0.1% 02+0.1* 58 0.05 0.14
CD3+CD6S+ (%) Activation 1.6+0.6 1.7£0.8 1407 35 0.17 0.10
CD3—-CDI19+ (%) Mature B cells 8.1£2.8 7.5£3.7 7737 29 023 0.07
CD19+CD27+ (%) Memory B cells 25+£09 29+13 3+1.7 02 0.88 0.08
CD19+CD24+CD3 8+ (%) Immature B cells 59£2.1% 9+57 112£7.1% 79 0.02 025
CD19+CD27+CD38+ (%) Plasma cells 28+1.7% 6.9+£3.7* 5225 284 <0.0001 28
CD19+CD21+CD38+ (%) Innate-like B cells 89:+4.6 10.6£7 12577 28 025 0.10

Data are shown as mean =+ SD. Data were analyzed by GzLM linear or gamma, when appropriate, and corrected for age, schooling, sex, BDI and PSS.
Multiple comparisons between group mean differences were checked with Tukey’s or Dunn’s, when appropriated, post hoc. The symbols * and *
indicate differences between groups. Statistical significant differences are highlighted in bold type

Ac-RA, active theumatoid arthritis; Co-RA, controlled rheumatoid arthritis; NK, natural killer cells; NKT natural killer T cells; T¢ cytotoxic T cells; Th

helper T cells; Treg regulatory T cells

Th1/Th2/Th17 cytokines

We also examined pro-inflammatory (IL-2, IL-6, TNF-«,
IFN-y and IL-17A) and regulatory (IL4 and IL-10) cyto-
kines, known to be involved with the pathophysiology of
RA (Table 3). RA patients (controlled and active disease)
had higher plasma levels of TNF-a, IL-10, IL-4 and IL-2 than
controls (all p <0.05). No significant differences were found
regarding these cytokines when Ac-RA and Co-RA patients
were compared. Patients with RA had higher levels of IL-6
than controls, with highest levels observed in the Ac-RA
group (p <0.001). No difference was observed in the levels

of IFN-y between the studied groups. The IL-17A was detect-
ed in the samples.

Associations between lymphocyte subsets
and cognitive functions

At first, we explored the independent relationships between
lymphocyte subsets and cognitive functions, as both B and T
cells have previously been associated with memory perfor-
mance [30]. Considering the DST, which evaluates attention
and working memory, the proportion of CD4+Foxp3+ Treg
cells were positively associated with TDST scores (»=0.32,

Table 3 Plasma cytokines

Cytokine (pg/ml)  Control group  Co-RA Ac-RA Wald-x® pvalue  Effectsize (f)
IL-2 6.7+£0.3% 72£0.6* 7+£0.5° 17.642 <0.0001 024

-4 6.6+:04 % 73£1%* 7.3£0.7° 21.803 <0.0001 021

IL-6 857+£05* 04+09*  10.6+£1.5% 54.093 <0.0001 045

IL-10 104 £ 0.6%* 114£1.2% 11+0.7° 21.203 <0.0001 024

IL-17A ND ND ND - - -

TNF-ax 7.7+0.5% 82+£0.8* 8.2+ 0.6 12.324 0.002 0.16

IFN-y 7309 81£1.6 7.6x1 5.160 0.08 0.06

Data are shown as mean + SD. Data were analyzed by GzLM linear or gamma, when appropriate, and corrected
for age, schooling, sex, BDI and PSS. Multiple comparisons between group mean differences were checked with
Tukey's or Dunn’s, when appropriated, post hoc. The symbols *.* and ® indicate differences between groups.
Data are shown as mean = SD. Statistical significant differences are highlighted in bold type

Ac-RA, activerheumatoid arthritis; Co-RA, controlled theumatoid arthritis; /FN, interferon; /L interleukin; ND, not
detectable; TNF, tumor necrosis factor
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p=10.002). The CD3+CD56+ Tcells (NKT»=0.27, p=0.02)
and CD19+CD24+CD38+ cells (immature B cells »=0.34,
p=10.01) were found positively associated with TMT-B task
of TMT, which assess attention, processing speed and execu-
tive functions. The CD19+CD24+CD38+ B cells were also
correlated to DVR-LM scores (r=—0.31, p= 0.005). The pro-
portions of CD3+CD8+ Tcells (#=0.20, p <0.05) and CD4+
Foxp3+ T cells (»=0.27, p=0.007) were associated with
Stroop-word-color hits. However, the CD4/CD8 ratio (r=—
0.25, p=0.01) and CD19+CD24+CD38+ B cells (»=-0.25,
p < 0.05) were found negatively correlated with Stroop-word-
color total scores.

Relationships between cytokines, neurotrophins
and cognitive functions

Next, we explored the independent relationships between cy-
tokines, neurotrophins and cognitive performance. We found
significant comrelations between IL-2 levels and TDST scores
(rs=—034, p=0.001), TMT-B (r=0.35, p=0.003) and N-
back hits (5 =—0.27, p=0.01).

In the same way, levels of IL-4 were negatively associated
with TDST (rs=—0.31, p=0.003), N-back hits (r=-0.27,
p=0.02), DVR-LM (r=- 0.24, p = 0.02) and positively asso-
ciated with TMT-B (»=0.37, p=0.001). In addition, we
found negative correlations between IL-6 levels and TDST
(r=-047, p<0.0001), N-back hits (r=—0.41, p<0.0001),
DVR-LM (r=-0.43, p<0.0001) and Stroop-word-color to-
tal and hits (*=-0.38, p<0.0001; r=-0.34, p=0.002, re-
spectively) and positive correlations with TMT-B (r;= 0.56,
p<0.0001). Furthermore, TNF-ox was correlated with TDST
scores (r;=—0.32, p=0.003)and TMT-B (= 0.26, p= 0.03).
No correlations were found between IFN-y levels and cogni-
tive tests (data not shown).

There was a negative correlation between BDNF and
DVR-LM (r=-0.25, p=0.04). No correlations were found
between GDNF and cognitive tests (data not shown).

Multivariate analysis

Schooling, specific lymphocytes subsets, cytokines and
neurotrophins were explored as predictors of cognitive func-
tions using stepwise multiple linear regression models
(Table 4). To simplify data presentation, the following depen-
dent variables were chosen as representatives for each cogni-
tive domain investigated: declarative memory (DVR-LM), at-
tention (TDST) and processing speed (TMT-B).

Multivariate analysis revealed a significant mixed model
for DVR-LM, including schooling, CD24+CD38+CD19+
cells (immature B cells) and Thl7/Treg ratio as predictors
(R*=0.37, F=11.59, p<0.0001). Another mixed model
(CD3+CD69+ and IL-2) significantly predicted data variation
of TDST (R*=0.35, F=11.83, p<0.0001). Similarly, a

mixed model (CD3+CD56+ and IL-6) significantly predicted
data variation of TMT-B (R>=0.39, F =13.54, p <0.0001).

Effects of medications on cognition and immune
markers

To address the potential modulating effects of current medica-
tion on dependent variables, new GzLM were performed to
compare differences between groups adjusting for potential
confounders as follows: age, schooling, BDI, PSS total, sex
and each medication (glucocorticoids, methotrexate,
leflunomide, sulfasalazine or hydroxychloroquine). Overall,
the current medication regimen had no effects on investigated
aspects of cognition and immune markers (Online Resources
2,3 and 4).

Discussion

RA is associated with extra-articular manifestations including
cognitive decline. To the bestof ourknowledge, this s the first
study that explored differences in cognitive performance be-
tween Ac- and Co-RA, and analyzed whether CI was associ-
ated with immune and neurotrophic markers.

In agreement with previous studies [1, 5, 31], RA patients
had global CI found in ~70% of subjects [32]. In accordance
to Bartolini et al [5] and Shin et al. [31], the cognitive decline
related to visual-spatial tasks are prevalently found in RA
patients, being reported in 71 and 29% of patients, respective-
ly. Furthermore, impaired performances in memory and atten-
tion domains were reported in 50 and 38% of RA subjects,
respectively. Although CNS changes are rarely described in
RA, lower scores in tests of attention, executive and visual-
spatial were related with alterations of subcortical areas on
MRI [5]. In addition, we have previously reported that RA
patients with active disease and impaired cognition had a ro-
bust increase in peripheral levels of autoantibodies against
CNS proteins (i.e. MOG and MBP) and S100B (suggesting
changes in blood-brain barrier permeability) [33].

In this study, to get a better insight into the effects of clin-
ical progression on cognition, patients were grouped into con-
trolled and active disease. In agreement with the previous
studies, patients with RA had impaired cognitive performance
in all studied dimensions (attention, executive function, mem-
ory, processing speed, mental flexibility and inhibition func-
tion). Of note, the Ac-RA patients had the poorest cognitive
performance across various domains when compared to Co-
RA and healthy controls. These findings withstood adjustment
for various potential sociodemographic (age, sex and school-
ing) and clinical confounders (BDI and PSS), which are all
known to modulate cognition [34]. However, comparisons
between studies are difficult to establish due to
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Table 4 Predictors of cognitive performance
Dependent variable: DVR-LM

Model 1 Model 2 Model 3

(R"=026.p< 0.0001) (R"=0.35, p< 0.0001) R™=037,p< 0.0001)
Independent variables om T P fon 7 o & 7 P
Schooling 0509 4348 <0.0001 0.466 4.179 <00001 0444 4.070 <0.0001
CD19+CD24+CD38+ - - - —0.308 -2.759 0.008 -0318 —2930 0.005
Th17/Treg ratio - - - - - - -0221 —2048 0.046
Dependent variable: TDST

Model 1 Model 2

(R*=0.17, p=0.003) (R*=0.35, p< 0.0001)
Independent variables jin T P g T P
CD3+CD6%+ 0431 3.167 0.001 0428 3494 0.001
IL-2 - - - —0411 —3360 0.002
Dependent variable: TMT-B

Mgdel 1 Model 2

(R"=023,p< 0.0001) (R*=0.39, p< 0.0001)
Independent variables g T P i n t P
CD3 + CD56+ 0481 3.594 0.001 0442 3.657 0.001
IL6 - - - 0403 3.335 0.002

Three linear regression analyses (stepwise method) were performed with declarative memory (DVR-LM), attention (TDST) and processing speed (TMT-
B) as dependent variables. Schooling, lymphocytes subsets, cytokines and neurotrophins are predictors. Statistical significant differences are highlighted

in bold type

DVR-LM delayed verbal recall-logical memory, TDST total digit span, TMT-B trail making test-B

*Standardized regression coefficients

methodological differences. It is expected these CI would im-
pact the daily activities and disease management itself [4].
Circulating lymphocyte subsets, in particular T cells, have
been implicated in cognitive functions in pre-clinical studies
[18, 30]. For instance, animals deficient in T cells are cogni-
tively impaired, and re-population with T cells from wild-type
donors can reverse this defect [17]. Here, we found that RA
was associated with expansion of lymphocyte subsets (NKT,
NK, B cells, CD4+IL-17+ T cells) in contrast to reduced pro-
portions of Tregs and CD4+CD8+ T cells as compared to
controls. These data are in accordance with previous studies
showing that Ac-RA patients had lower levels of Tregs (CD4+
CD25+Foxp3+) and elevated Th17/Treg ratio than Co-RA
patients and controls [35]. Low Treg counts and suppressive
function are frequently found in Thl7-mediated autoimmune
conditions, including RA. In addition to T cells, we demon-
strated for the first time that RA patients had more immature B
cells (CD19+CD24+CD38+) and plasma cells (CD19+
CD27+CD38+) than healthy controls. Of note, the Ac-RA
patients had approximately 47% more immature B cells and
plasma cells than the control group. Furthermore, we found
that subjects with low cognitive scores (ie. attention, process-
ing speed, executive function, verbal and declarative memory)
had larger proportions of immature B cells. It remains to be
established the role of those immature B cells in producing
autoantibodies such as RF, anti-CCP and anti-CNS antigens.

@ Springer

This must be explored in further studies as cognitive dysfunc-
tion in RA has been associated with higher serum levels of
CNS-related autoantibodies (anti-MBP and anti-MOG) and
S100pB levels [33]. These autoantibodies may be harmful to
the brain, leading to cognitive dysfunction. Indeed, there is
compelling emerging evidence indicating that B cell mediated
autoimmunity, as shown by increased anti-CNS autoanti-
bodies, plays an important role in the development of demen-
tia after stroke [36].

It has long been established that pro-inflammatory cyto-
kines have detrimental effects on neuronal activity, demon-
strated by significant deficits in cognition and social interac-
tion [6]. Here, we observed that RA patients had higher levels
of TNF-a, IL-2, IL-4, IL-6 and IL-10 than healthy controls.
Of note, increased levels of TNF-, IL-2, IL-4 and IL-6 were
found negatively involved with cognitive functions. In accor-
dance, it has been shown that low performance in IVR-LM
and DVR-LM was associated with higher IL-6 levels in wom-
en with recurrent major depressive disorder [37]. In addition,
subjects with neuropsychiatric systemic lupus erythematous,
an autoimmune disease with neurological and psychiatric
manifestations, had higher levels of IL-1§, IL-6, IL-8 and
IFN-y in the serum and cerebrospinal fluid than controls
[38]. After adjusting for potential confounders, immature B
cells and Th17/Treg ratio were predictors of poor performance
related to verbal declarative memory (DVR-LM), while
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activated T cells, IL-2, NKT and IL-6 were predictors of poor
performance in attention (TDST) and executive function
(TMB) tasks. Taken together, these findings are in line with
studies linking immune cells and pro-inflammatory markers to
CI in rodents [17], healthy elderly population [7, 39] and in
neuropsychiatric disorders [8, 40].

It is known that poor cognition is associated with chang-
es in neurotrophin levels. Indeed, low plasma BDNF levels
predicted memory impairment in healthy older adults and in
patients with major depressive disorder [12, 13]. In con-
trast, we report here that Ac-RA patients (i.e. with CI) and
higher BDNF levels than Co-RA and control groups. These
data are supported by previous reports showing increased
BDNF levels in rheumatic diseases (e.g. RA and lupus)
[15]. Furthermore, it has been shown that PBMCs and sy-
novial cells constitutively express BDNF levels [41].
However, BDNF synthesis is increased in response to dif-
ferent stimuli such as phytohemagglutinin (PHA),
Staphylococcus aureus, MBP and MOG [41]. Therefore,
it is difficult to determine the source (central or immune)
of plasma BDNF levels. However, RA had lower GDNF
levels as compared to controls. There are no previous stud-
ies assessing peripheral levels of GDNF in arthritis. Higher
GDNF levels were related to better performance of working
memory (digit span test) in healthy subjects [3].
Furthermore, a previous study reported that patients with
long-term pain had lower GDNF plasma levels but higher
levels in the cerebrospinal fluid than controls [42]. In our
study, GDNF was not associated with self-reported pain
(rs=—0.21, p=0.16). Because GNDF is produced in the
CNS [43], lower levels of this neurotrophin may better pre-
dict poor memory performance than BDNF. However, more
sensitive assays should be developed to improve GDNF
determinations.

This study has some limitations. First, all patients were
medicated. It is not possible to rule out completely that the
observed immune and cognitive changes could be secondary
to the effects of medication. However, our analysis did not
show any association between medication status and cognitive
measures. As most drugs used in RA have an anti-
inflammatory effect, it is reasonable to assume that the ob-
served immune changes were attenuated, not induced or ex-
acerbated by the drugs. Second, the circulating cellular and
molecular changes reported here may be not mirrored by re-
ciprocal changes in the CNS. Cerebrospinal fluid and neuro-
imaging analyses could add information in this regard. Third,
it is not possible to rule out other modulating factors, such as
work environment and vitamin deficits, which may also
change both the immune and cognitive systems. However,
we controlled the study for the main factors (stress, depres-
sion, gender, schooling, age and medication) that have been
described to influence the cognition, immune mediators and
neurotrophic factors.

In conclusion, we report the peripheral immune corre-
lates of cognitive dysfunction in RA. Patients with Ac-RA
had worse cognitive performance than subjects with Co-
RA. Multivariate analyses indicated that peripheral im-
mune imbalance and pro-inflammatory milieu predicted
most cognitive changes.
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CAPITULO 5 — Resultados Adicionais

Esta se¢do é dedicada a apresentagdo dos resultados adicionais obtidos dos pacientes com
AR e individuos saudaveis, resultados os quais constituirdo, em um futuro préximo, um artigo

cientifico original.

5.1. Introducgdo

Como mencionado anteriormente no Capitulo 1 item 1.3.1.1 Imunossenescéncia
prematura na artrite reumatoide, a AR é uma patologia que apresenta sinais de
imunossenescéncia prematura (Petersen et al., 2015). Embora ainda ndo se conheca a efetiva
razdao pelo qual o remodelamento do sistema imune adaptativo na AR ocorra precocemente, a
literatura cientifica tem sugerido que infec¢des latentes, como a promovida pelo CMV, sdo
potenciais contribuidores (Soderberg-Naucler et al., 2016). A infeccao pelo CMV ja foi associada
a presenca de marcadores de imunossenescéncia no envelhecimento natural e em outras
patologias como a desordem bipolar e tireoidite de Hashimoto (Prelog et al., 2013b; Rizzo et al.,
2013; Weltevrede et al., 2016). Portanto, o objetivo principal deste estudo é avaliar a
soroprevaléncia do CMV em pacientes com AR e determinar a influéncia da soropositividade

para CMV sobre o perfil imunossenescente de pacientes com AR.

5.2. Materiais e Métodos

Recrutamento dos pacientes com AR e controles sauddveis
Para esta finalidade, 71 pacientes com AR e 30 controles sauddveis ajustados para idade e

género foram incluidos no estudo. Os pacientes foram recrutados no servico de Reumatologia
do Hospital Sdo Lucas da PUCRS. Os critérios de exclusdao foram: anemia, soropositividade para
o Virus da Imunodeficiéncia Humana (HIV) e Virus da Hepatite C (HCV), tratamento com agentes
bioldgicos e uso de altas doses de GC. O protocolo do estudo foi aprovado pelo comité cientifico
e de ética da PUCRS e o consentimento informado foi obtido de todos os participantes antes de

sua inclusdo no estudo.
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Coleta de sangue, separagdo do plasma e isolamento das PBMCs

Ambos grupos foram submetidos a uma coleta de 20 ml sangue que ocorreu entre 7-8 da
manha. Para a separacao do plasma, as amostras de sangue foram centrifugadas durante 5 min.
a 1800 rpm. As aliquotas com 0,3 ml de plasma foram armazenadas a -80°C até a realizacao das
analises. PBMCs foram isoladas por gradiente de centrifugacdo (30 min. a 1500 rpm). As células
foram contadas por microscopia e a viabilidade sempre excedeu 95% de acordo com a

habilidade de exclusao do azul Tripan (Sigma, st. Louis, MO).

Sorologia para o CMV

As aliquotas de plasma foram descongeladas para a avaliagdo de IgM anti-CMV (infecgao
recente) e IgG anti-CMV (infeccdo ndo recente) por meio do Ensaio de Imunoabsorcao
enzimdatica (ELISA) com o Kit de diagndstico Euroimmun (Libeck- Germany) de acordo com
instrugdes do fabricante. A sensibilidade e especificidade dos testes foram estimadas em 100%
para IgM e IgG anti-CMV. As amostras foram consideradas positivas quando os valores foram
acima do cut-off de 1,0 OD para IgM- anti CMV e de 22 RU/ml para IgG anti-CMV. Os limites

minimos de detecgdo para IgM e IgG anti-CMV foram 0,05 OD e 0,4 RU/ml, respectivamente.

Imunofenotipagem

As PBMCs, previamente isoladas, foram tratadas com soluc¢do de Fc Block durante 20 min.
Posteriormente as células foram coradas com uma combina¢do de anticorpos monoclonais
(todos da BD Biosciences, San Jose, USA): anti-CD3, anti-CD4, anti-CD8, anti-CD27, anti-CD28. Os
fluorocromos usados foram: FITC, PE e APC. Apds os 30 min em contato com os anticorpos, as
PBMCs foram lavadas com tampdo de citometria de fluxo, ressuspendidas e analisadas por
citometria de fluxo multicolor (FACS Canto Il, BD Bioscience). No minimo 20.000 linfdcitos foram
identificados por tamanho e granulosidade. Os dados foram analisados por meio do software

FlowJo V.10 (Tree Star Inc., Ashland, USA).

Determinacdo do comprimento telomérico
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O DNA genbmico foi isolado das PBMCs por meio da utilizacdo do PureLink Genomic DNA
mini kit (Invitrogen, Carlsbad, CA, USA) de acordo com as instru¢des do fabricante.
Posteriormente, a concentracdo das amostras de DNA gendmico foram ajustadas para 50ng/ml
e a quantificacdo foi realizada com o NanoDrop (ThermoFischer, Waltham, Massachusetts,
EUA). O comprimento telomérico foi medido de acordo com RIZZO et al. (2013) o qual, por meio
da técnica da Reagao em Cadeia da Polimerase (PCR) — quantitativo, consiste na determinagao
da razdo entre o numero de cépias dos telémeros (T) sobre o nimero de cépias de um gene de
expressdao constitutiva (B-globina), ou seja, T/B-globina cuja razdo é proporcional ao
comprimento telomérico. Para este fim, foi feito uma curva padrdo de cinco pontos com uma
amostra de DNA referéncia. O DNA referéncia foi proveniente de uma Unica pessoa sauddavel e a
diluicdo seriada da curva foi de 6.25 4 100ng. No mix foram adicionados os reagentes do PCR,
primers para teldmeros (tel c- TGTTAGGTATCCCTATCCCTATCCCTATCCCTATCCCTAACA, tel g-
ACACTAAGGTTTGGGTTTGGGTTTGGGTTTGGGTTAGTGT), primers para B-globina (alb u-
CGGCGGCGGGCGGCGCGGGCTGGGCGGAAATGCTGCACAGAATCCTTG, alb d-
GCCCGGCCCGCCGCGCCCGTCCCGCCGGAAAAGCATGGTCGCCTGTT). As concentragdes finais para
ambos primers foram 10nM. O mix também continha quantiTect SYBR Green master mix
(Qiagen,Hilden, Alemanha). O volume final da reacao foi de 25ul por poco (24ul do mix e 1ul de
DNA gendmico). Todos os PCRs foram feitos no Rotor-Gene Q (Qiagen, Hilden, Alemanha). O
ciclo térmico para a amplificacdo dos teldmeros consistiu em um passo de preparacdo de 10 min
a 95°C, seguido por 40 ciclos a 95° por 15 segundos, 56°C por 30 segundos e 72°C por 30

segundos. Apds a amplificacdo a curva Melt foi usada para confirmar a especificidade da reacao.

Andlise estatistica

Todas as varidaveis foram testadas para a normalidade de distribuicdo meio do teste
Kolmogorov-Smirnov. Comparacdes dos dados clinicos entre pacientes e controles foram
analisados pelo teste T de Student. A avaliacdo das diferencas dos parametros imunoldgicos,
soroldgicos e comprimento telomérico entre o grupo AR e controles saudaveis foi realizada pelo
Generalized Linear Modeling (GzLM) ajustando para potenciais fatores de confusdo como idade

e sexo. Distribuicdo linear ou gama foi selecionado baseado no resultado do teste Kolmogorov-
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Smirnov. O relacionamento entre as varidveis foi analisado por meio dos testes de correlacao

Pearson e Spearman, quando apropriado. As analises estatisticas foram feitas no Statistical

Package for Social Sciences, software SPSS Statistics V.20 (SPSS Inc, Chicago, USA).

5.3. Resultados

Table 1. Demographic and clinical data of RA patients and healthy controls.

Control (n=30)

RA Patients (n=71)

P-value

Age, vy 56.2+9.8
Ratio: female/male 23/7
BMI 25.1+3.2
Schooling, y 8.913.6
RA duration , y -

RF 4, n (%) -
DAS-28 -
VAS, mm -
Treatment

MTX, n (%) -
GC, n (%) -
SSZ, n (%) -
LFN, n (%) -

HQN, n (%) -

55.949.8
52/19
26.9+4.4
8.0+3.9
8.0+7.1
34 (47.9)
4.0+1.5

37.6+26.1

58 (81.7)
42 (59.2)
6 (8.5)
26 (36.6)

15 (21.1)

0.92

0.71

0.05

0.25

Data are shown as mean * SD. Data were analyzed by Student t test. Categorical variables were compared by

means of chi-squared test. Statistical significant differences are highlighted in bold type. Abbreviations: BMI: Body

Mass Index, DAS: Disease Activity Score, GC: Glucocorticoid, HQN: Hydroxychloroquine, LFN: Leflunomide, MTX:

Methotrexate, RF: Rheumatoid Factor, SSZ: Sulfasalazine, VAS: Visual Analogue Scale.
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Figure 1. Immunophenotyping of CD4 T cells in early stage of diferentietion (A), intermediate

stage of diferentiation (B and C) and fully differentiate (D). Data were analyzed by Generalized

Linear Modeling - linear or gamma distribution, and correcting for age and sex. (A) Wald x’= 4.6,

(B) wWald x2=13.7, (C) Wald )(2=13.1 and (D) Wald x2= 2.7. Abbreviations: n.s = not significant,

RA= Rheumatoid arthritis.
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Figure 2. Immunophenotyping of CD8 T cells in early stage of diferentietion (a), intermediate
stage of diferentiation (b and c) and fully differentiate (d). Data were analyzed by
Generalized Linear Modeling - linear or gamma distribution, and correcting for age and sex.
(A) Wald x’= 4.6, (B) Wald x*= 6.4, (C) Wald x*= 1.9 and (D) Wald x°= 2.5. Abbreviations: RA=

Rheumatoid arthritis
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Figure 3. Serology to IgM-CMV (A) and IgG-CMV (B). Data were analyzed by Generalized

Linear Modeling - linear or gamma distribution, and correcting for age and sex. (A) Wald

x2=0.2, (B) Wald x2=0.4. Abbreviations: n.s = not significant, RA= Rheumatoid arthritis.
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Figure 4. Comparison of telomere length between RA patients and control group. Data were

analyzed by Generalized Linear Modeling - linear, and correcting for age and sex. Wald x2=

2.54. Abbreviations: n.s. =not significant, RA= Rheumatoid Arthritis.
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Figure 5. The data showing a positive association between anti-CMV IgG serology, age (A) and
fully differentiated T cell (B).
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A presente tese se prop0s a avaliar a relagdo entre biomarcadores periféricos e alteracdes
cognitivas em pacientes com artrite reumatoide com doenga ativa e controlada. Como meio de
expandir os achados de um trabalho prévio realizado pelo nosso grupo de pesquisa no LIE
(Petersen et al., 2015), o qual apontou déficits de memadria associados a subtipos linfocitarios
periféricos em individuos com AR controlada, estendemos a avaliacdo dos dominios cognitivos
para além da memoria. Também foram analisadas as associagdes com mediadores inflamatérios
(citocinas e distintos subtipos linfocitarios) e FN (NGF, BDNF e GDNF), presentes no ambiente
periférico de pacientes com doenca ativa e controlada. Embora a AR seja uma patologia de
ocorréncia mundial e amplamente estudada, até o presente momento, ndao haviam sido
explorados a avaliacdo da capacidade cognitiva, os niveis periféricos de mediadores imunes, os
niveis periféricos dos FN e suas possiveis relacées em diferentes severidades da doenga.

O envolvimento de alteracdes do SNC na trajetéria da AR é infrequente. Porém, a
execucdo deste trabalho propiciou a identificacdo de déficit cognitivo em todos os dominios
avaliados (memédria, atencao, funcdo executiva, velocidade de processamento, funcao inibitéria
e flexibilidade mental) nos pacientes com AR. De modo geral, individuos que apresentaram a
doenca na sua forma ativa tiveram o pior desempenho, seguido pelos pacientes com doenca
controlada e individuos saudaveis. Cabe ressaltar que, embora um padrao de desempenho
tenha ficado evidente, as diferengas estatisticamente significantes ocorreram, principalmente
entre pacientes com doenca ativa e grupo controle, ndo havendo diferencas entre os grupos
com artrite. Dados prévios da literatura tém apontado que o principal dominio afetado em
individuos com AR é relacionado a tarefas de planejamento e visual-espacial. 35% destes
pacientes que apresentaram baixo desempenho nos dominios referidos acima tiveram
alteracgdes nas regides subcorticais semelhantes a desmielinizacdo, identificado por imagens de
ressonancia magnética (Bartolini et al., 2002). Isto sugere que, embora infrequente, sutis
alteragdes no SNC podem contribuir para prejudicada percepg¢do e elaboracdo do estimulo
cognitivo na AR (Bartolini et al., 2002).

Seguindo no mesmo raciocinio, dentre as significantes diferencas observadas no amplo
painel de imunofenotipagem executado, a expansdo de células B imaturas e produtoras de

anticorpos chamaram mais atencao. Estes resultados estendem os achados de um trabalho
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préviamente publicado na revista Clinical Rheumatology no ano de 2017 pelo grupo de
Imunologia do Envelhecimento (Baptista and Petersen, 2017; para mais detalhes ver Capitulo 8-
Anexo 2 - Artigo original: Autoantibodies against myelin sheath and S1008 are associated with
cognitive dysfunction in patients with rheumatoid arthritis). Neste trabalho antecessor,
demonstramos pela primeira vez que pacientes com AR ativa, além de apresentar prejudicado
desempenho em testes neurocognitivos, tem elevados niveis periféricos de anticorpos anti-MBP
e anti-Myelin Oligodendrocyte Glycoprotein (MOG) que reagem contra proteinas da bainha de
mielina, a qual é presente no SNC e periférico. Logo, com o intuito de avaliar o envolvimento do
SNC na AR ativa, demonstramos entdo que os niveis periféricos da proteina S100B, uma
proteina restrita ao SNC, foram elevados em pacientes com doenca ativa e cognitivamente
prejudicados. Reunindo as evidéncias destes trabalhos, formulamos a hipdtese de que,
conforme a severidade da doenca, as células B imaturas tendem a direcionar seu processo de
diferenciacdo para células B autorreativas produtoras de anticorpos, as quais além do FR e
ACPA, sintetizam anticorpos que reagem contra proteinas presente no SNC, como MBP e MOG.
Entretanto, devido ao tipo de estudo conduzido (associativo), ndo foi possivel demonstrar se
estes autoanticorpos (anti-MBP e anti-MOG), de fato, atravessam a barreira hematoencefdlica e
apoiam a ocorréncia de lesdes desmielinizantes no SNC de pacientes com AR.

Em circunstancias fisioldgicas, os anticorpos ndo transpassam a barreira
hematoencefdlica. Porém, segundo os resultados apresentados por Nishioku et al. (Nishioku et
al., 2010), utilizando um modelo experimental de artrite induzida por colageno, a inflamacao
cronica presente no ambiente periférico da AR pode levar ao aumento da permeabilidade da
barreira. No principal estudo desta tese (artigo cientifico apresentado no Capitulo 4 — artigo
original: Cognitive impairment in rheumatoid arthritis: role of lymphocyte subsets, cytokines and
neurotrophic factors), foram encontramos elevados niveis periféricos das citocinas IL-2, IL-4, IL-
6, IL-10 e TNF-a dosados no plasma de sujeitos com doenca ativa, controlada e grupo controle.
De forma geral, os niveis das citocinas plasmaticas, com excecdo da IL-6, ndo diferiram entre os
grupos com artrite, mas foram significativamente elevados quando comparados ao grupo
controle. Em relacdo a IL-6, os niveis progressivamente aumentaram, no sentido grupo controle

— doencga ativa. Ressalta-se que a elevacdao dos niveis periféricos das citocinas apresenta forte
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impacto sobre a qualidade de vida dos pacientes que sofrem desta doenca, a qual se ndo
controlada e a medida que evolui, torna-se progressivamente incapacitante devido a suas
manifestacdes articulares e extra-articulares, por exemplo, o déficit cognitivo.

Por se tratar de uma doenga autoimune e inflamatdria, muitos estudos, incluindo este,
exploram a contribuicdo das células imunes e citocinas para o desenvolvimento das
manifestacbes articulares e extra-articulares. Aqui, além de avaliar seus niveis periféricos em
diferentes estdgios da doenca, exploraram-se relacdes entre subtipos linfocitarios, citocinas
periféricas e performance cognitiva através de analises de correlagao que posteriormente foram
aprimoradas com analises de regressdao multivariada. Nas analises de correlacdo, observou-se
gue as células B imaturas foram positivamente associadas com os escores do Trail Making Test —
B (TMT-B; velocidade de processamento, fungdao executiva e atenc¢do) indicando que, quanto
maior os niveis periféricos destas células, mais tempo foi requerido para a execucdo desta
tarefa. Em contrapartida, foram negativamente relacionadas com a performance no teste de
memoria (Delayed Verbal Recall — Logical Memory), indicando que, quanto menos células,
menor a recuperacao de elementos da histéria ouvida, ambos apontando para prejuizo de
performance. A relacdo entre células B imaturas e o desempenho nos testes referidos acima, foi
posteriormente explorada em analises de regressao multipla. Entretanto observou-se que,
juntamente com a escolaridade, as células B imaturas explicaram 35% da variancia dos escores
da memédria (DVR-LM) enquanto que, embora tenham sido selecionadas para entrar na
regressao via método stepwise, ndo foram incluidas no modelo gerado para TMT-B.

Em relacdo as citocinas, a IL-2, IL.-4 e IL-6 foram negativamente associadas com o
desempenho nos testes Total Digit Span Test (TDST; atencdo e memdria de trabalho), N-back
(membdria de trabalho) e positivamente com o desempenho no TMT-B. Estas relagdes foram
posteriormente exploradas em andlises de regressao. A inclusdao de IL-2 no modelo de regressao
do TDST, juntamente com células T ativadas, aumentou o valor preditivo em 18% (modelo 1: R*=
0.17, p=0.003; modelo 2: R?= 0.35, p<0.0001) enquanto que a inclusdo da IL-6 no modelo do
TMT-B aumentou o valor preditivo em 16% (modelo 1: R?=0.23, p<0.0001; modelo 2: R’= 0.39,
p<0.0001). Em contraste, a IL-4, ndo foi selecionada para ser incluida no modelo de regressao

(método stepwise).
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Com base nestes achados, torna-se importante ressaltar que a interagdo neuro-imuno
tem sido amplamente examinada, tanto em condi¢des patoldgicas, quanto ndo patoldgicas.
Novamente, salienta-se que os resultados encontrados entre desempenho cognitivo e
mediadores imunes sdo puramente associativos. Porém, este estudo foi planejado de acordo
com pesquisas prévias que forneceram indicios da contribuicdo da imunidade periférica para a
neurogénese e neuroplasticidade, as quais demonstram a importancia tanto de células T,
citocinas e mediadores periféricos para os processos referidos (Butovsky et al., 2006; Ziv et al.,
2006; Villeda et al., 2011).

Embora ainda ndo se tenha estabelecido a via pela qual os mediadores imunes modulem a
cognicdo de pacientes com AR, esta tese fornece novos indicios com a andlise dos FN. Logo, foi
demonstrado que pacientes com AR ativa tem maiores niveis de BDNF no ambiente periférico
seguido pelos individuos com doenca controlada, os quais apresentaram niveis intermediarios
enquanto os controles tiveram os menores niveis. Em relacdo ao GDNF, os pacientes com AR
apresentaram os menores valores quando comparado aos individuos do grupo controle. Porém,
a diferenca estatisticamente significante sé foi observada entre o grupo com doenca ativa e
grupo controle. Vale ressaltar que os niveis periféricos de GDNF nunca haviam sido avaliados
em pacientes com AR. Entretanto, como nosso estudo foi realizado com colaboradores
humanos, o acesso outros tipos de material biolégico, como, por exemplo, o liquor, torna-se de
dificil obtengdao devido as dificuldades relacionadas ao procedimento da coleta. Portanto,
infelizmente, ndo se pode garantir que os niveis periféricos dos FN, avaliados aqui, representem
os niveis circulantes no SNC. Devido a baixa correlacdo entre FN plasmaticos e cognicdo
encontrados neste estudo, sugere-se que em pacientes com AR, a interpretacdo destes dados
deve ser realizada com cautela, uma vez que a inflamacdo periférica pode contribuir para
alteragdes nas concentragdes destes mediadores.

Além da ocorréncia de disturbios cognitivos em pacientes com AR, ja demonstramos
previamente em um estudo publicado na revista Neuroimmunomodulation no ano de 2015
(Petersen et al., 2015) que pacientes com AR controlada apresentam caracteristicas de
envelhecimento imunolégico prematuro, principalmente evidenciado pela perda de expressao

da molécula coestimulatdria CD28 sobre a superficie de linfécitos CD4 e CD8. Na presente tese,



68

expandimos as analises para a verificacdo de diferentes estagios de diferenciacdo celular em
pacientes com AR ativa (DAS-28= 4.2), além de avaliar a soropositividade para o CMV e
comprimento telomérico. Os resultados apresentados no Capitulo 5 desta tese serdo, em um
futuro préximo, organizados em forma de artigo cientifico de modo a serem publicados em um
periddico internacional, com o objetivo de ampliar o conhecimento sobre a imunopatogénese
da AR e garantir melhor gerenciamento da doenca. De forma geral, ndo foram observadas
diferencas estatisticamente significantes no comprimento telomérico e nos titulos dos
anticorpos 1gM e 1gG anti-CMV quando comparados a pessoas saudaveis de mesma idade.
Porém, células CD8+CD27-CD28- (estagio terminal de diferenciacdo) foram positivamente
associadas com os titulos de 1gG anti-CMV.

Este foi um estudo transversal que contou com a colaboragao de voluntarios humanos e
se propOs a relacionar o ambiente periférico da AR com disfunc¢des cognitivas e explorar o perfil
imunossenescente. Cabe ressaltar que muitos fatores podem impactar sobre a cognicdo e o
sistema imune de humanos, entre eles o estilo de vida, a escolaridade, o uso de medicacodes etc,
tornando-se dificil controlar todas as varidveis que circundam a vida humana. Porém, para a
minimizagao destes interferentes tivemos o cuidado de que os envolvidos na coleta dos dados,
por exemplo, as pessoas responsaveis pela aplicacdo dos testes cognitivos, coleta de sangue,
processamento e analise das amostras bioldgicas ndao terem acesso aos dados da severidade
clinica da doenca, a qual era previamente avaliada por uma reumatologista. Além disso, o
protocolo de execucdo deste estudo foi estabelecido antes do inicio das coletas e seguiu no
mesmo padrdo até atingir seu término, sendo aplicado de mesmo modo para pacientes e grupo
controle de forma a reduzir a interferéncia de outras varidveis. A coleta de sangue foi realizada
sempre no mesmo horario (entre 7:30 — 8:00h), com o objetivo de evitar varia¢des circadianas,
enquanto, as aplicacdes dos testes cognitivos foram realizadas sempre no turno da manha
(entre 8:00 — 12:00h). Ademais, cuidados foram tomados na selecdo dos voluntarios
participantes, com a exclusdo dos individuos que preenchiam pelo menos um dos critérios de
exclusdo, afim de tornar a amostra mais homogénea e representativa.

Apesar deste estudo apresentar diversas alteracGes relevantes, o mesmo foi incapaz de

demonstrar como e a direcao no qual o sistema imune influencia a cogni¢do ou vice-versa. Estas
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guestoes despertam a necessidade da realizacdo de pesquisas com modelos animais de modo a
avaliar a interagdo neuro-imune.

Com base no exposto, consideramos que pacientes com AR sdo cognitivamente
prejudicados e tendem a apresentar pior desempenho quando a doencga esta em sua forma
ativa. Além disso, fatores imunes periféricos foram associados ao desempenho nos testes
cognitivos, entre eles as células B imaturas que, por sua vez, podem estar tendendo ao processo
de diferenciacdo em células produtoras de anticorpos as quais, além dos ja bem estabelecidos
FR e ACPA, sintetizam autoanticorpos que reagem contra proteinas do SNC. Portanto, sugerimos
que devido a inflamacdo periférica, a permeabilidade de BBB é alterada, permitindo a livre
passagem de moléculas maiores e mediadores inflamatdrios, como anticorpos e citocinas,
respectivamente, além da liberacdo de proteinas restritas ao SNC para a periferia (S100B). De
forma contrdria ao que esperdvamos, os niveis de BDNF foram maiores em pacientes com AR
ativa cujo desempenho cognitivo foi prejudicado. Portanto, novamente ressalta-se que mais
estudos devem ser realizados, sobretudo para testar as hipoteses e questdes levantadas nessas

consideragdes finais.
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Figura 11. Uma vez que a doenga esta estabelecida hd uma desregulagdo imunoldgica no ambiente periférico dos pacientes com
artrite reumatoide, marcado pelo predominio de células Thl, que sintetizam e liberam maiores quantidades de citocinas
inflamatdrias, juntamente com prejuizo quantitativo e/ou funcional das células Treg, caracterizando a incapacidade de controlar
a resposta imune. O aumento na concentragdo das citocinas inflamatdrias periféricas resulta em aumento da permeabilidade da

barreira hematoencefélica que favorece a ocorréncia e/ou exacerbagdo da neuroinflamagdo. Na periferia, estas citocinas
também irdo estimular linfécitos a liberar fatores neurotréficos, especialmente NGF e BDNF, que por sua vez, contribuem para a
diferenciacdo de células B imaturas em células produtoras de anticorpos que irdo sintetizar fator reumatoide, anticorpos
antipeptideos citrulinados e anticorpos contra antigenos do sistema nervoso central os quais, por sua vez, devido ao aumento
da permeabilidade da barreira hematoencefdlica migram para o sistema nervoso central e promovem sutis alteragdes
desmielinizantes que impactam na performance cognitiva.
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Posteriormente, uma (1) amostra de sangue seu serd coletada por uma enfermeira. O sangue
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Autoantibodies against myelin sheath and S1003 are associated
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Abstract Rheumatoid arthritis (RA) has been associated with
cognitive impairment and peripheral production of autoanti-
bodies. Autoantibodies against central nervous system (CNS)
proteins and S100 calcium-binding $ (S100f) were found
increased in diseases characterized by cognitive impairment
like Alzheimer disease and Neuropsychiatric Systemic Lupus
Erythematosus (NPSLE). The aim of this study was to inves-
tigate the plasma levels of autoantibodies against myelin basic
protein (anti-MBP), myelin oligodendrocyte glycoprotein
(anti-MOG) and S1008, and their relationships with cognitive
performance in RA patients. Twenty patients with active theu-
matoid arthritis and 19 age-, sex-, and schooling-matched
healthy controls were recruited. Multiple dimensions of cog-
nitive function were evaluated by structured clinical question-
naires. Autoantibodies and S100p levels were assessed by
ELISAs. Patients had significantly higher levels of anti-
MBP IgG (17.51 £ 1.36 vs. 5.24 £ 0.53 ng/mL), anti-MOG
IgG (5.68 £ 1.34 vs. 0.51 £0.49 ng/mL), and S100f protein
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(2.24 £ 0.50 vs. 0.47 £ 0.06) than controls (all p < 0.0001).
After adjusting for potential confounders, 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
S100p levels than healthy controls (all p < 0.001). Levels of
anti-MBP were negatively associated with delayed verbal re-
call (DVR; r = —0.42, p = 0.005), Stroop Color-Word
(r=-0.48, p = 0.004), and N-Back Total scores (r = —0.59,
p < 0.0001) and positively with Trail Making Test B (TMB,
r=0.53, p=0.001). Negative correlation was found between
levels of anti-MOG and DVR (r =-0.64, p < 0.0001), N-Back
Total scores (r = —0.35, p = 0.03), Stroop Color-Word
(r=-0.51, p = 0.001), and positively with TMB (r = 0.50,
p = 0.003). SI00B levels were associated with DVR
(r=-0.51, p = 0.002), TMB (r = 0.46, p = 0.008), Stroop
Color-Word (r = —0.67, p < 0.0001), and N-Back Total
(r=-0.52, p =0.003). RA is associated with impaired cogni-
tive performance associated with higher levels of CNS-related
autoantibodies and S100p levels. Given the importance of
myelin integrity to cognition, our data indicate that these au-
toantibodies may be harmful to proper cognitive function.

Keywords Autoantibodies - Cognitive dystunction - Myelin
sheath - Rheumatoid arthritis - SI003

Introduction

Rheumatoid arthritis (RA) is a systemic autoimmune disease
associated with peripheral tissue damage beyond the synovial
joints [1]. Extra-articular manifestations are related with dis-
ease activity and include systemic inflammatory reactions,
such as vasculitis and rheumatoid nodules, as well as central
nervous system (CNS)-related damage and cognitive
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dysfunctions [1, 2]. 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
[3].

Despite the cognitive assessment of the RA patients who
indicate overall cognitive dysfunction, some specific cogni-
tive domains seem to be more involved than others [4]. In the
last decade, previous reports indicate cognitive deficits involv-
ing tasks of verbal fluency, comprehension, mental control,
and short and working memory. This impairment has been
associated with demyelination investigated by brain imaging
[4]. Although the underlying mechanisms of cognitive dys-
function in RA remain poorly understood, previous studies
investigating patients with Systemic Lupus Erythematosus
(SLE) and Sjogren’s syndrome (SS) revealed detrimental re-
lationships between cognitive impairment and autoantibodies
against CNS proteins, such as myelin basic protein (MBP) and
oligodendrocyte glycoprotein (MOG) [5, 6].

CNS-reactive antibodies are normally restricted to the
brain. However, increased blood-brain barrier (BBB) perme-
ability is commonly documented in systemic inflammatory
conditions and may thus enable the influx of several periph-
eral molecules [7]. Indeed, previous studies have suggested
that BBB function is impaired during experimental arthritis
model [8]. In other hand, the BBB dysfunction may lead the
release of molecules which usually remain confined to brain
tissues, such as S100 calcium-binding protein 3 (S100f) that
has been considered a biomarker of BBB dysfunction and
cognitive impairment [9]. Interestingly, the S100p levels have
been associated with cognitive performance in diseases char-
acterized by BBB dysfunction and increased levels of anti-
MOG and anti-MBP, such as Neuropsychiatric Systemic
Lupus Erythematosus (NPSLE), Alzheimer’s disease (AD),
and dementia [10-12].

The role of CNS autoantibodies in cognitive deficit has
been under-investigated in RA. This study has focused in
the patients with active form of RA because it is the disease
stage associated with extra-articular manifestations, including
vasculitis and cognitive dysfunction [2]. Here, we hypothe-
sized that CNS autoantibodies and S100f levels are implicat-
ed with cognitive functions in the active RA patients.

Methods
Subjects

Twenty RA patients with high active disease (DAS >5.2) [13]
and 20 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
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Rheumatology [14], by a trained Rheumatologist, and criteria
and classification of disease activity were made following
DAS-28 (Discase 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 in-
terfere with cognitive performance and/or immunological sys-
tem and/or S100p levels. Exclusion criteria to both groups
were (a) human immunodeficiency virus (HIV), (b) hepatitis
C virus (HCV), (c) auto immune disorders, (d) neoplasias, (e)
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, (p) use of more than
10 mg of GCs per day, and (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 writ-
ten informed consent before inclusion in the study.

Cognitive assessments and depressive symptoms

Several cognitive domains were investigated in this study. All
cognitive assessments were made by the same expert psychi-
atrist, blinded to each subject. The severity of depressive
symptoms was assessed by Beck Depression Inventory II
(BDI-II) [15]. The neuropsychological included the Mini-
Mental State Examination (MMSE) [16], Logical Memory
(declarative and evocative memory, immediate verbal recall
(IVR), and delayed verbal recall (DVR), respectively, recov-
ery elements) [17], N-back test (working memory, total hits)
[18], Digit Span Test (processing speed, total hits) [17], Trail
Making Test (processing speed and mental flexibility, time to
complete the tasks) [19], and Stroop Color-Word Interference
Test (STWC, inhibitory function, amount of elements read in
45 s) [20].

Blood collection and plasma isolation

Twenty milliliters of peripheral blood was collected by veni-
puncture and stored in EDTA tubes prior to analyses.
Immediately after blood collection, the samples were centri-
fuged at 1800 RPM for 5 min and plasma samples were stored
at —80 °C until further analysis.

Autoantibodies and S1003

Plasma biomarkers were analyzed by a trained research-
er, blinded to study groups. S1003 protein was mea-
sured in the plasma using Human S1003 enzyme-
linked immunosorbent assay kits (ELISA) Kit (EMD-
Milipore, MO, USA). The levels of autoantibodies
anti-MOG and anti-MBP were respectively determined



Clin Rheumatol

92

by human Anti-Myelin Oligodendrocyte Glycoprotein
antibody Anti-MOG ELISA Kit, and human Anti
Myelin Basic Protein Anti-MBP, following manufac-
turer’s instructions (Biomatik Cambridge, Canada). The
absorbance was determined by spectrophotometer at
460 nm for all ELISAs. Results are expressed in nano-
grams per milliliter (anti-MBP and anti-MOG) and pi-
cograms per milliliter (SI00f protein). The sensitivities
of these assays were 1.22 ng/mL (anti-MBP), 1.35 ng/
mL (anti-MOG), and 2.7 pg/mL (S100f). The intra- and
inter-assay coefficients of variation were less than 10%.

Statistical analysis

All variables were tested for normality of distribution by
Shapiro-Wilk tests. For continuous variables, differences be-
tween groups were analyzed by Student’s 7 test or the Mann-
Whitney U test when appropriate. A generalized linear
modeling (GzLM), 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 glucocor-
ticoids (GCs) and DAS-28 (in the case of patients) as covar-
iates. The relationships between cognitive tests scores and
age, sex, years of education, BDI, S100f protein, and auto-
antibodies (anti-MBP and anti-MOG) were analyzed by

Table 1  Characteristics of the studied populations

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 S100f scores as independent variables. Effect
sizes are reported as eta-squared (77°). Conventionally, 7>
values of 0.01, 0.06, and 0.14 are considered small, medium,
and large effect sizes, respectively. 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%.

Results
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 anti-
rheumatic drugs, (DMARDSs; methotrexate, sulfasalazine,
and leflunomide) and antimalarial (hidroxychloroquine). The
dosage of each medication is shown in Table 1.

RA (n=20) Healthy controls (n = 19) p value
Age (years) 56.90+920 5547+ 849 0.61
Male/famale 317 3/16 094
White, n (%) 18 (90%) 17 (89.5%)
BMI 21.95+0.84 20.78 £ 0.67 029
Schooling (years) 830+349 895+2.79 0.52
DAS-28 587+1.0 - -
RA duration (years) 8.16+62 - -
RF-positive, n (%) 8 (40%) - -
BDI-II 13.95+9.57 8.12+4.54 0.025
S100B (pg/mL) 224409 046+0.07 <0.0001
Anti-MOG (pg/mL) 5864585 048+020 <0.0001
Anti-MBP (pg/mL) 17.50 £ 6.1 471273 <0.0001
Treatment
MTX, n (%) 15 (75%) = =
LFN, n (%) 9 (45%) - -
SSZ, n (%) 3 (15%) - -
GC, n (%) 15 (75%) - -
HQN, n (%) 4 (20%) - -

Data show as mean =+ SD. Unless otherwise indicated, data were analyzed by Student’s 7 test or Mann-Whitney
Statistical significances are shown in bold type

BDI Beck Depression Inventory, BM/ Body Mass Index, DAS Disease Activity Score, GC glucocorticoid (mean 7.75 mg/day), HON
hydroxychloroquine (mean 400 mg/day), LFN leflunomide (mean 20 mg/day), MBP myelin basic protein, MOG oligodendrocyte glycoprotein, M7X
methotrexate (mean 21.16 mg/day), RA rheumatoid arthritis, RF theumatoid factor, SSZ sulfasalazine (mean 1333.33 mg/day)
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RA patients had increased anti-MBP, anti-MOG,
and S1003 levels

Patients had significantly higher plasma levels of anti-MBP
IgG, anti-MOG IgG, and S100p protein than controls
(U = 2.0, p < 0.0001, 7° = 0.27; U = 11.0, p < 0.0001,
7’ = 0.29; and U = 27.5, p < 0.0001, 7 = 0.25, respective-
ly—Fig. 1).
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Fig. 1 Data show plasma levels of autoantibodies and S100p for each
reactive RA patients and healthy controls. Differences in anti-MBP levels
and anti-MOG levels in reactive RA patients and healthy controls. ¢
Plasma S100f levels between reactive RA patients and healthy
controls. a, b Statistical significant differences are indicated:
#%%p < 0,0001. (1) = 20 RA patients and 19 controls
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RA patients had generalized impaired cognition

Both patients (28.0 = 1.74) and controls (28.7 % 1.32) had
similar MMSE scores (Wald-xz(l) = 0.86 p = 0.35;
7” = 0.16), excluding dementia. We next investigated different
cognitive dimensions of healthy controls and RA patients
(Fig. 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, £ = 2.33, p = 0.02; 77° = 0.26).

Specifically, when compared to healthy controls
(27.53 £9.12), RA patients presented poorer memory perfor-
mance (19.20 = 6.02), suggested by lower Logical Memory
IVR score (Wald-x"(1)= 11.58p= 0.001; 17 =0.32), Logical
Memory DVR (Wald-x’(1) = 15.57 p < 0.0001; 77" = 0.16
Fig. 2a), N-Back total score (Wald-x’(1) = 10.49 p= 0.001;
7)" = (.22, Fig. 2b), and Digit Span Backward test (RA,
3.60 = 0.94; HC, 6.53 + 2.17; Wald-x*(1) = 25.36
p < 0.0001; ° = 0.31). 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-*(1) = 12.51
p = 0.005; 7]‘7 = (.15), Digit Span Forward test (RA,
7.10 = 2.12; HC, 9.68 = 2.58; Wald-x’(1) = 13.07
p < 0.0001 n° = 0.28), and Stroop Word test
(Wald-x’(1) = 4.59 p = 0.03; 17 = 0.18 Fig. 2c), revealing
that patients had slowing of processing speed when compared
to HC group. Moreover, when we investigated executive func-
tions, RA group showed lower scores than controls in Stroop
Color-Word test (Wald-x(1) = 17.71 p < 0.0001; 17 = 0,32,
Fig. 2d) and Trail Making test B (Wald-x’(1) = 15.07
p < 0.0001; 17 = 0.27, Fig. 2¢).

Relationships between autoantibodies, S1003,
and cognition

The initial exploratory analysis revealed negative associations
between the cognitive tasks and the autoantibodies and S100p3
including all subjects. 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 (» = —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 comrelated with Trail
Making part A (r = 0.51, p = 0.001) and 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 (= -0.42, p = 0.005),
Trail Making test A (= 0.48, p = 0.002), Trail Making test B
(r = 0.53, p = 0.001), Digit Span Forward (» = —0.48,
p = 0.002) and Backward (» = —0.54, p = 0.001; Fig. 3b),
Word-Color Stroop (r = —0.48, p = 0.004; Fig. 3c), and N-
Back total scores (r=—0.59, p < 0.0001).
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Fig. 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). ¢ Speed of processing (Stroop word test). d

Similarly, the S100f 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,
»=0.03), Trail Making test B time (= 0.46, p = 0.008), Digit
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Inhibition control (Stroop word/color test). e Flexibility (trail making
test B). Statistical significant differences are indicated: *p < 0.05;
#i < 0.001; **%p < 0.0001. (1) = 20 RA patients and 19 controls

Span Forward (r=—0.55, p=0.001) and Backward (» =—0.49,
p=0.003), Stroop Word-Color (»=-0.67, p <0.0001), Stroop
Word (r=-0,59, p =0.0001; Fig. 3d), and N-Back total scores
(r = —0.52, p = 0.003). There were neither significant
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Fig. 3 Relationships between cognitive domains and autoantibodies and
S100p levels. a The decreased mental flexibility scores were correlated

with increased anti-MOG levels. b Lower scores in working memory and
¢ inhibition control (Stroop word/color test) were associated with

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).

Multivariate regression analysis
Considering the results obtained for the exploratory analy-
ses, 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
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increased anti-MBP antibodies. d The increased S1003 levels were
associated with reduced scores in processing speed assessment. (1) = 20
RA patients and 19 controls

variables, and S100, anti-MBP, and anti-MOG as predic-
tors (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 pre-
dicted 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
predicted negatively the evocative memory (R? = 0.34,
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Table 2 Associations between cognitive performance and
autoantibodies and S1008 levels

Dependent variables S1003 Anti-MBP Anti-MOG
IVR 3 =-0.06 f=-232 /£=-0.11
t=-02 t=-25 t=-0.1
p=0.76 p<0.01 p=0.12
DVR F=-1.04 B=-159 A=-1.10
t==1l t=-26 t=-15
p=070 p=0.01 p <0.0001
DSB F=-0.78 f=-132 F=-0.12
t=-02 t=-17 t=-0.6
p=0.06 p=0.04 p=0.02
TMB 3*=0.98 /=125 =121
(time in sec.) 1=12 t=15 1=2.1
p=10.02 p=0.03 p =002
SWCT P=-039 f=-129 A=-338
t=-17 t=-16 t=-24
p=008 p=0.01 p=003
Total N-back g==I71 3'=-067 f'=-203
t=-27 t=-0.7 t=-24
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 work-
ing memory (N-Back and DSB) as dependent variable. S1003, anti-MBP,
and anti-MOG are predictors. Statistical significant differences are
highlighted in bold type

DSB Digit Span Backward, DVR delayed verbal recall, /VR immediate
verbal recall, MBP myelin basic protein, MOG myelin oligodendrocyte
glycoprotein, 7MB trail making-B, SWCT Stroop Word Color Total

# Standardized regression coefficients /3

F =474, p=0.009), and anti-MOG predicted negatively
the inhibitory control (R* = 0.47, F = 5.13, p = 0.006).

Discussion

Here, we confirmed the hypothesis that serum myelin autoan-
tibodies and S100B are implicated with cognitive impairment
in the active form of RA. CNS antigens may induce robust
humoral and cell-mediated immune responses [21]. Both
MBP and MOG are located in the myelin sheath and present
in central and peripheral nervous system [22]. Furthermore, a
previous study has shown that RA patients had high expression
of MBP in the synovial lining layer [23]. Anti-CNS autoanti-
bodies cause demyelination of myelinated cell cultures as well
as in animal models of experimental autoimmune encephalo-
myelitis (EAE) and have been considered serum biomarkers
for demyelination [24]. Furthermore, CNS autoantibodies may
be found in serum of patients with Alzheimer’s disease and
Lewy body-associated dementia [25]. The demyelinating ac-
tivity 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 [26, 27].

It should be taken into account, however, that anti-MOG
and anti-MBP levels reported in this study did not reach those
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) [28, 29]. Nevertheless,
it should be highlighted that plasma anti-MBP (3.7-fold in-
crease) 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 my-
elin proteins; however, it is known that only small peptides are
sufficient to induce an immune reaction in RA [30].

The relationship between autoantibodies and severity of RA
is well established. 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 [31].
Vasculitis is common in RA and is associated to antibodies
against endothelial cells [32]. Lung discases are more severe
extra articular manifestations and have been strongly related to
antibodies against citrullinated peptides (anti-CPs) [33]. In par-
allel, we observed that cognitive impairment in RA was associ-
ated 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 physiolog-
ical circumstances, the circulating antibodies do not cross the
BBB [34]. However, it has been suggested that BBB endotheli-
um in RA is impaired via upregulation of adhesion molecules
that may recruit peripheral immune cells [35]. Indeed, the pe-
ripheral 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 [7, 34].
Additionally, a recent study observed increased BBB permeabil-
ity in experimental arthritis induced by collagen in rodents [36].
When the BBB is more permeable, some molecules leak in the
peripheral circulation. One of these molecules is the S1003
protein, considered a marker of increased BBB permeability [9].

The S100p is an intracellular calcium binding protein pre-
dominantly expressed in astrocytes and oligodendrocytes, in-
volved in neural growth and maintenance [37]. Under physio-
logical conditions, the extracellular low levels of S100f in the
brain tissue is trophic and play role to cognitive development
and maintenance [37]. However, in high levels, the S100 may
promote detrimental effects including the activation of microg-
lia and astrocytes [37]. It has been speculated that S100f3 is
involved with cognitive decline. Indeed, increased S100p3
levels are commonly found in diseases characterized by cogni-
tive dysfunction such as Alzheimer’s disease (average levels
around of 97 ng/mL) and remitting-relapsing MS (average
levels around 40 pg/mL) [11, 38]. Nevertheless, it should be
stressed out that S100f 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 colleagues [4] report-
ed the association between increased S100f levels, cognitive
dysfunction, and demyelination in RA brain tissue [4]. In de-
myelination sites, the damage against structural myelin proteins
leads to profound effects on neural function [39]. Interestingly,
autoantibodies against myelin sheath may be found in CNS
demyelinating lesions [40, 41]. Indeed, anti-MBP and anti-
MOG are notably increased in diseases characterized by cogni-
tive damage [25, 42]. Moreover, studies in animal models re-
vealed myelin injury were correlated with decreased long-term
potentiation and spatial working memory [43, 44].

The information processing is dependent of the integrity of
myelin sheath [45]. Thereduced speed of information processing
may negatively impact the life on several ways, including men-
tally juggling ideas, when following directions and in conversa-
tion [46]. 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 mem-
ory, indispensable tool for the leaming process [47]. 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 [3, 48]. 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.

To date, the underlying mechanisms involved in the path-
ophysiology of cognitive dysfunction in the RA are largely
obscure. However, we speculate that increased permeability of
BBB could be an initial trigger for these changes. The in-
creased BBB permeability was observed in response to sys-
temic inflammation in collagen-induced arthritic mice [36].
Here, the increased BBB permeability was indirectly demon-
strated by increased plasma S100 levels and anti-MOG an-
tibodies, both found exclusively in the CNS. In this situation,
inflammatory mediators and antibodies are able to cross the
BBB and reach the cerebral parenchyma. We hypothesize that
peripheral inflammation may then change the resting pheno-
type of microglia (MO) to active phenotype (M1), with exces-
sive release of neurotoxic factors and contributing to neuroin-
flammation together with demyelinating action of anti-MOG
and anti-MBP antibodies. These changes can adversely affect
the processing speed of information, number of neurons, de-
stabilizes synaptic connections, and impairs neurogenesis,
resulting in cognitive dysfunctions [27, 49]. However, more
studies are necessary to establish the underlying mechanisms
involved with cognitive dysfunction in RA.

Confounding factors may interfere with cognitive perfor-
mance in active RA. Indeed, depression and particular medi-
cations commonly used in RA could be interfering with the
cognitive tests. Indeed, previous studies indicated that RA is
associated with high incidence of depression [50]. We have
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similarly reported here that RA patients were more depressed
when compared to healthy controls. However, impaired cog-
nitive performance was observed in RA after adjusting for
BDI scores. In addition, we did not observe significant corre-
lations between cognitive assessments and BDI scores.
Moreover, it is well-established that cognitive performance
can be also influenced by glucocorticoids: GCs receptors are
highly expressed in the hippocampus and are critical in con-
solidation and retention of leamed information [51]. Increased
natural or synthetic GC levels, as seen during chronic stress or
pharmacological use, are known to impair memory by induc-
ing neuronal loss in the hippocampus. However, in this study,
we did not observe significant correlations between cognitive
assessment and GC use. We speculate that this could be be-
cause RA patients were using very low GC levels (<10 mg/
day). During the period of exchange of drug, therapy is pos-
sible 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 pos-
sibility that RA patients were born with cognitive dys-
functions. Third, despite the largest cell producers that
reside in the brain, we cannot discard that anti-MBP
and S100f 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.

In conclusion, taking into consideration the limitations, our
data support the impairing role of autoantibodies against
CNS-related proteins and S100 protein in cognitive perfor-
mance in RA. This study also suggested alterations in BBB
permeability, indicated by increasing levels of S100f protein.
Experimental studies should address the detrimental role of
autoantibodies against myelin sheath in cognitive
performance.
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Background and objective: Cytokines have an important role in the pathogenesis of rheumatoid arthritis
(RA). Although plasma levels of IL-6 have been related to musculoskeletal ultrasound (MSUS) synovitis
in early DMARD-naive RA, there are no similar studies in established disease. Methods: 64 RA patients
treated with non-biological DMARDs and 30 healthy controls were included in this prospective cross-
sectional study. A blood sample was taken before evaluation of disease activity (DAS28) and ultrasonog-
raphy (all tests performed in a blinded fashion). MSUS was performed by one of two ultrasound-trained
rheumatologists on 10 joints of both hands. Gray scale (GS) and pD (power Doppler) synovitis were eval-
Ultrasoriography uated using a semi-quantitative scale (0-3) in individual joints, and their sum (score 10) was calculated.
Power Doppler Plasma cytokines (IL-2, IL4, IL-6, IL-10, IL-17, TNF, IFN-y, and VEGF) were quantified by flow cytometry.
IL-6 Results: Levels of all cytokines, excepting VEGF, were significantly higher in RA patients than in controls
Cytokines (P <0.05). In RA patients, IL-6, but not other cytokines, correlated positively with DAS28 and swollen
joint count (P < 0.01), as well as with 10-joint pD score, and GS and pD of both wrists (P <0.01 for all
tests). In multiple linear regression, the association of IL-6 with 10-joint pD score was maintained even
after adjustment for DAS28. However, there was no correlation of IL-6 with tender joint count, 10-joint
GS score, or presence of erosions. Conclusion: We demonstrated an association of inflammatory findings
on MSUS and plasma IL-6 independently of DAS28 in established RA.

© 2016 Elsevier Ltd. All rights reserved.

Keywords:
Rheumatoid arthritis

1. Introduction

Rheumatoid arthritis (RA) is a chronic systemic autoimmune
disease characterized by symmetrical polyarthritis leading to syn-
ovial proliferation, pannus formation, bone erosions and articular
deformities [1]. Cytokines, specially TNF-alpha and interleukins
(IL), play a major role in the development and progression of the
disease. Biologic agents targeting cytokines, such as anti-TNF and
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anti-IL-6 agents, have generated a major impact in the treatment
and changed the course of RA [2-4].

In the last decades, high-resolution musculoskeletal ultrasound
(MSUS) has been increasingly used in clinical rheumatology prac-
tice worldwide, as it has demonstrated consistent and reproducible
results among trained rheumatologists [5]. Classically, synovial
proliferation seen on gray scale (GS) and synovial power Doppler
(pD) signal are hallmarks of inflammatory articular disease. Con-
sensual recommendations for the use of MSUS in the management
of RA patients have been proposed [6], and its usefulness for the
detection of subclinical synovitis, RA relapse and structural pro-
gression has been recently demonstrated |7,8].

A previous study related IL-6 levels with MSUS parameters in
early treatment-naive RA patients [9]. However, we are not aware
of any published studies on the associations of plasma cytokines
with MSUS inflammatory findings in established RA so far. Here,
we investigated the associations of plasma cytokines (IL-2, IL-4,
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IL-6, IL-10, IL-17, TNF, IFN-y, and vascular endothelial growth fac-
tor - VEGF) with MSUS abnormalities in a group of established RA
individuals treated with non-biologic disease-modifying drugs.

2. Patients and methods
2.1. Patients and controls

RA outpatients (classified according to the 1987 American Col-
lege of Rheumatology criteria) treated exclusively with non-
biologic disease-modifying antirheumatic drugs (DMARDs) were
consecutively included in this prospective cross-sectional study.
A blood sample was taken just before clinical and ultrasonographic
evaluation. A single Rheumatologist (DMP) evaluated disease
activity using the Disease Activity Score in 28 joints (DAS28) [10]
and applied the Health Assessment Questionnaire (HAQ) [11]
before MSUS. Community-dwelling healthy individuals were also
recruited as control group (with demographic features matching
those of the patients). The local ethics committee approved the
study and all individuals signed a written informed consent.

2.2. Musculoskeletal ultrasound

MSUS examination was performed using a high-resolution
machine (MyLab 60, Esaote, Genova, Italy) and a linear high-
frequency probe (6-18 MHz) by one of two ultrasound-trained
rheumatologists (ADP and/or MBC) unaware of clinical data. The
following sites were examined: dorsal aspect of the wrists, 2nd
and 3rd metacarpophalangeal (MCP) and volar aspect of 2nd and
3rd proximal interphalangeal (PIP) joints of both hands. PD fre-
quency was 10-12 MHZ, pulse repetition frequency (PRF) varied
from 0.5 to 0.7, and the gain was adjusted until disappearance of
artifacts, with low wall filter. A proper amount of gel was placed
on the skin in order to avoid compression of vessels. GS and pD
were searched using a semi-quantitative scale (0-3) as described
previously [12]. Presence of bone erosions was defined according
to OMERACT criteria and were classified as present or absent
[13]. The sums of the individual joint scores for GS and pD (10-
joint GS or pD score) were calculated and used to correlate with
clinical and laboratory data. Interobserver agreement (kappa) for
US features varied from 0.53 to 1.0. Intraclass correlation for 10-
joint GS score was 0.964 (95% Confidence Interval, 0.899-0.986)
and for 10-joint pD score was 0.859 (95% Confidence Interval,
0.646-0.941) [14].

2.3. Laboratory methods

All blood samples were collected at 8:00 AM and clinical and
ultrasound evaluations were performed sequentially in the morn-
ing, between 8:30 and 11:00 AM. Plasma was immediately stored
at —80 °C. Cytokines (IL-2, IL-4, IL-6, IL-10, IL-17, TNF, IFN-y and
VEGF) were quantified by flow cytometry using the Cytometric
Bead Array kit (CBA; BD Biosciences) according to the manufac-
turer instructions. Cytokines levels were determined using FCAP
array software (BDbioscience).

3. Statistical analysis

Statistical analyses were performed using SPSS for Windows,
version 20.0. Quantitative variables were graphically and statisti-
cally tested (with the Kolmogorov-Smirnov goodness-of-fit test)
for normality of distribution. Categorical variables were described
as numbers and percentage. Variables with a normal distribution
were presented as the mean + standard deviation (SD), and the
between-group comparisons were performed using Student’s ¢

test. Non-normal quantitative or ordinal variables were presented
as the median and interquartile range (IQR, representing the values
of the 25th and 75th percentiles), and the between-group compar-
isons were performed using Mann-Whitney test. Correlation was
assessed using Spearman’s rank (rs, for analyses involving non-
normal variables) or Pearson’s (rp, analysis including only variables
with normal distribution) correlation tests. Confidence intervals
for correlations were estimated using the Bootstrapping method
with 1000 iterations. When we detected the possibility of outliers
influencing the rp on scatter plot, we performed Spearman correla-
tion analysis as wells as removed outliers and highly influential
cases identified in simple linear regression. The possibility of
non-linear associations was considered and tested displaying scat-
ter plot graphics and comparing the curves that best fitted the data
using the R-square statistic. Two-tailed P values less than or equal
to 0.05 were considered statistically significant.

Multiple linear regression models were built to evaluate the
possibility of association of the 10-joint pD score with IL-6 inde-
pendently of DAS28. Analysis of residuals and highly influential
cases were performed as previously described |[15]. Partial regres-
sion coefficients and 95% confidence intervals (95% Cls) were esti-
mated for the independent variables included in the model.

4. Results

RA individuals (n=64) and healthy controls (n=30) were
recruited from March 2014 to May 2015 (Table 1). Among RA
patients, white women predominated, and rheumatoid factor
was present in about 63% of cases. Two third of patients were on
oral steroids, and more than 80% were on methotrexate. Most
patients (42.2%) presented moderate disease activity according to
DAS28 (ESR), 23.4% high disease activity, 20.3% low disease activ-
ity, and 14.1% were in remission. Approximately 2040 images of
1020 joints were scanned in this study.

Cytokine levels were significantly higher in RA patients than in
controls, except for VEGF (Table 2). As expected, all tested cytoki-
nes correlated with each other, except for VEGF (supplementary
Table 1).

The correlations of cytokines with clinical parameters are
shown in Table 3. IL-6 was positively correlated with DAS28
(Fig. 1), ESR, CRP, and swollen joint count. There was no significant
association of IL-6 with tender joint count and HAQ.

Correlations of cytokines and ultrasound features are shown in
Table 4. Plasma IL-6 was associated with 10-joint pD score (Fig. 2),
right and left wrists pD, and right and left wrists GS. As opposed to
wrist GS, 10-joint GS score was not associated with IL-6 plasma
concentration. Bone erosions were not associated with any of the
tested cytokines (P = 0.17 for all tests; data not shown). There
was no evidence of non-linear associations between cytokines
and any disease activity parameters.

Using multiple linear regression model, 10-joint pD score was
positively associated with IL-6 levels independently of DAS28-
ESR (P =0.025) (see supplementary Table 2). After removing 6
cases identified as outliers or highly influential ones, the indepen-
dent association of 10-joint pD score was strengthened (P = 0.009,
supplementary Table 3). There was also an independent associa-
tion of IL-6 with 10-joint pD after adjustment for DAS28-CRP
(supplementary Table 4).

5. Discussion

To the best of our knowledge, we report here, for the first time,
the association of plasma IL-6 with pD synovitis on MSUS in
patients with established RA taking traditional DMARDS.
This association was found even after adjustment for DAS28
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Patients (n=64) Controls (n=30)"

Age - mean + SD (years) 553+98 559+11.1
Female - n (%) 50(78.1) 23 (76.7)
White - n (%) 55(859) 27 (90)
RA duration - median and IQR (years) 5 {2-11)

Positive Rheumatoid factor - n (%)° 39/62 (629)

Fibromyalgia - n (%) 4(6.2)

Smoking - n (%) g9(14.1)

Prednisone - n (%) 39(60.9)

Methotrexate - n (%)* 52(812)

Leflunomide - n (%) 26 (406)

Antimalarials - n (%)*" 14/64 (218)

Sulfasalazine - n (%) 6(9.4)

HAQ - median and IQR 1.3(02-1.8)

DAS28 (ESR) - mean +SD 402+ 15

DAS28(CRP) - mean +SD* 339+15

SD: Standard Deviation; IQR: interquartile range; RA: rheumatoid arthritis; mg:
milligrams; HAQ: health assessment questionnaire; DAS28: disease activity score in
28 joints.

# Only 20 controls were tested for VEGF.

 Data not available for all patients; the numbers represent patients with positive
results over the number of patients tested.

© CRP levels available for 57 patients.

¢ Current use.

(either DAS28-ESR or DAS28-CRP). A previous study also showed
increased plasma IL-6 levels associated with inflammatory ultra-
sound features in patients with early treatment-naive disease [9].
Our sample was composed of persons with long standing active

RA receiving non-biologic treatment, whose characteristics differ
importantly from the ones studied by Baillet et al. [9].

There are also a few studies on IL-6 and MSUS parameters per-
formed in different settings. A recent study associated synovial tis-
sue (synovectomy-obtained and cultured synovial tissue of the
hands joints) production of IL-6 with synovitis detected by MRI
and color Doppler US [16] in RA. A genetic study testing polymor-
phisms for IL-6 (IL-6-174G/C, related to higher IL-6 production)
and transforming growth factor p (869C/T) observed associations
of these alleles with ultrasound-detected severity of bone erosions;
no data on GS or pD or IL-6 plasma concentration were reported
[17]. Ball et al. found an association of plasma IL-6 with arthritis
on physical examination and synovitis on MSUS in systemic lupus
erythematosus patients with arthritis [18].

Almost all cytokines levels were higher in RA patients than in
healthy controls. However, we could not detect a difference
between the two groups in VEGF levels. Correspondingly, most
cytokines correlated with each other, except for VEGF. Despite
being higher in RA patients than in controls, all cytokines but IL-
6 were not significantly associated with clinical and ultrasound
variables. IL-4 was marginally associated with right wrist GS, but
this may probably represent a spurious finding. Our results on
the association of IL-6 and MSUS pD may be in part explained by
the fact that IL-6 stimulates angiogenesis [19], and pD signal rep-
resents newly formed vessels within the inflamed synovial tissue.

IL-6 is a pro inflammatory cytokine with a wide range of pleio-
tropic activities. In active disease, the main production of IL-6
comes from activated macrophages and fibroblast-like synovio-

Table 2
Comparison of plasma cytokines levels in RA patients and healthy controls.
RA patients (n=64) Healthy controls (N=30)"

Cytokines ( pg/ml) Mean (SD) Median (IQR) Mean (SD) Median (IQR) P
IL-2 7.35(0.92) 7.02 (6.78-7.73) 6.75 (0.59) 6.68 (6.46-6.88) <0.001
IL-4 7.49(1.08) 7.19(6.75-7.90) 6.70 (0.52) 6.52 (641-6.94) <0.001
IL-6 1037 (1.88) 10.03 (9.04-10.91) 8.76 (0.77) 8.57 (8.27-8.97) <0.001
IL-10 11.52 (1.45) 11.05 (10.64-12.01) 104 (0.64) 1036 (9.98-10.85) <0.001
IL-17 8.77(3.34) 8.15(6.86-9.84) 7.18 (1.80) 7.18(6.21-8.28) 0.017
TNF-a 8.52(1.00) 8.27(795-8.92) 7.72 (0.46) 7.83(7.37-8.06) <0.001
IFN-y 8.21(1.79) 7.75(7.09-8.83) 7.18 (1.05) 7.42(650-7.72) 0.011
VEGF 1094 (6.12) 8.87 (7.05-13.10) 1263 (6.74) 10.19 (7.00-16.86) 0.268

* N =30 for all tests, except for VEGF, which was tested on 20 controls.

" Student t test for comparison of IL-6 and IL-17 levels; Mann-Whitney Test for other cytokines.

Table 3

Correlations among all tested cytokines in RA patients (N = 64, except for CRP and DAS28-CRP) and dlinical parameters. Numbers are Spearman correlation coefficients (rs) and

95% confidence interval (95%Cl).

DAS28(ESR) DAS28(CRP)" HAQ ESR CRP* Tender joint count  Swollen joint count  Age
IL-2 -0.08 ~0.001 ~0.06 ~0.14 0.06 ~0.03 0.06 ~0.16

(03310 017) (-025t0027) (-029t00.17) (-0.39t00.09) (-021t00.33) (-0.291t00.23) (-0.18 to 2.71) (-040to 0.11)
IL-4 ~0.004 0.01 ~0.06 0.01 003 002 017 ~0.02

(-026 t0 025) (-027t0028) (-033t00.18) (-026t0027) (-024t00.28) (-0.251t00.28) (~0.74 to 0.39) (~0.28 to 0.25)
IL-6 0.31 0.35 014 043 046 009 0.39 023

(0.07-052) (009-057) (0.10-039) (0.19-0.62)" (0.21-0.65)" (~0.17 10 0.32) (0.15-0.59)" (-0.43 t0 0.48)
IL-10 ~0.11 ~0.07 ~0.05 ~-0.03 013 ~0.12 0.09 ~0.04

(-037t0014) (-034t00.19) (-031t0020) (-026t0022) (-0.14t0039) (-037t00.14) (~0.14 to 0.31) (~0.29 to 0.20)
IL-17  0.08 0.19 013 -0.16 0087 012 017 -013

(~017 to 033) (-006to 043) (-0.09t0035) (-040t00.10) (-0.17t00.35) (-0.151t00.35) (~0.91 to 0.40) (~0.36 t0 0.15)
TNF ~0.01 0.03 -0.04 ~0.004 009 003 0.07 -0.04

(-027 0 023) (-024t0029) (-029t0021) (-025t00.23) (-0.18t00.36) (-0.24t00.30) (~0.15 to 0.32) (~0.29 to 0.22)
IFN -0.09 0.05 0.004 -022 0009 005 -0.04 -0.14

(-03410017) (-023tw033) (-025t0024) (-045t00.03) (-026t0029) (-0.191t00.32) (-0.29 t0 0.19) (-0.38 t0 0.12)
VEGF  0.18 0.18 012 0.07 0.14 015 014 ~0.06

(~077 to 041) (-0.101t0 045) (-0.14t0036) (-020t00.33) (-0.14t00.44) (-0.12 to 0.40) (-0.13 to 0.41) (~0.30 to 020)

° Statistically significant association at a level of P < 0.01.
* CRP (mg/L) dosage available for 57 patients.
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cytes in the joint [ 19]. Itis capable of mediating cartilage and bone
damage, induction of acute phase proteins and stimulation of T and
B cells, sinoviocytes and osteoclasts [20,21]. IL-6, along with TNF,
are considered central cytokines in RA pathogenesis. There is
unequivocal clinical benefit on the inhibition of TNF and IL-6 in
RA treatment, and this fact supports their importance above the
entire cytokine network in this disease [21]|. As a matter of fact,
both TNF and IL-6 are currently considered as potential biomarkers
in RA [22].

We also found that IL-6 was associated with swollen, but not
with tender joint count. As previously demonstrated, swollen joint
count is associated with pD, GS and bone erosion on MSUS; this
was not observed with tender joints [14]. It has been shown that,
in longstanding disease, joint count may be biased by deformities
[23,24]; concordance between the patient's evaluation of joint
involvement and US assessment is poor [25]. Also, structural pro-
gression of RA has been closely associated with swollen joint count
but not with pain [26,27|. Overall, available data corroborates our
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Fig. 2 Correlation of the 10-joint pD score with IL-6 levels (rs= 033, 95%C1
0.06-0.56, P =0.008). rs = Spearman correlation coefficient.

findings of high levels of IL-6 associating with objectively joint
swelling and not with tenderness, a subjective parameter on phys-
ical examination.

Currently, no agreement exists regarding which joints and ten-
dons should be systematically assessed by ultrasonography (US) to
assess inflammation in RA. A systematic review on the subject did
not reach a consensus | 28 |. Recent studies have focused on the pre-
ferred musculoskeletal sites to be examined [29-31]. Interestingly,
a novel score composed of a bilateral approach of 6 hand joints
(first, second and third MCP joints, second and third PIP joints
and radiocarpal joint), 2 feet joints (second and third metatar-
sophalangeal joints) and 1 tendon (extensor carpi ulnaris), per-
formed better than previous reported scores in a longitudinal
analysis [31]. In our study, we used a score composed exclusively
by hand joints and both hands were examined. We did not include
any feet joint or tendon in the MSUS evaluation, which may repre-
sent a limitation of our work.

MSUS studies have demonstrated up to moderate correlations
of ultrasound scores with clinical composite scores of disease
activity so far [28-33]. The lack of excellent correlation coefficients
could be related to the great difficulty in translating true global
inflammatory activity in a score, either clinical or in ultrasonogra-
phy. Rheumatologists have been using DAS28 and other scores as
the gold standard for assessment of disease activity in RA for many
years |34/, and these tools have clearly brought great progress in
treatment monitoring. We must be aware that, even though they
are the best-validated methods of measuring disease activity to

Table 4
Correlations among all tested cytokines in RA patients (N = 64) and ultrasound parameters. Numbers are Spearman correlation coefficients (rs) and 95% confidence intervals
(95%Ct).
Right wrist pD Left wrist pD Right wrist GS Left wrist GS 10-joint pD score 10-joint GS score
IL-2 0.17 0.05 0.22 0.05 ~0.04 -0.12
(~0.07 to 0.40) (-0.21 t0 0.32) (~0.01 to 0.49) (-0.20 to 030) (~0.29 to 0.22) (~0.37 to 0.15)
IL-4 0.26 0.20 0.29 015 0.03 ~-004
(0.01-0.48) (~0.58 to 0.46) (0.05-0.54)" (~0.11 to 0.39) (~021 to 0.29) (~029t00.21)
IL-6 034 045 0.40 035 033 023
(0.11-0.54)" (0.21-0.64)" (0.20-0.59)" (0.08-0.57)" (0.07-0.56)" (~0.03 to 0.46)
IL-10 0.19 0.12 0.17 0.06 0.04 008
(~0.05 to 0.43) (~0.11 to 0.34) (~0.12 to 043) (~0.17 to 0.28) (021 to 030) (~0341t00.18)
IL-17 0.16 0.18 0.14 0.12 0.02 ~-0.08
(013 to 041) (~0.10 to 044) (~0.10 to 0.38) (~0.12 to 0.34) (-0.24 10 0.27) (-0.35t00.17)
TNF 0.23 -0.03 0.17 0.002 ~0.11 ~0.15
(~0.02 to -0.47) (-0.31-0.23) (~0.08 to 0.43) (-0.25 to 0.25) (-0.36 t0 0.16) (~0.39t0 0.10)
IFN ~0.10 0.06 0.02 0.03 -0.20 -025
(~034 0 0.14) (~0.18 to 0.31) (~026 to 0.29) (~0.24 t0 0.29) (045 t0 0.09) (~0.47 to 0.02)
VEGF 0.04 ~0.05 0 ~0.1 ~0.10 ~0.009
(~0.20 to 0.26) (~0.29 to 0.20) (026 to 0.23) (-0.35 t0 0.14) (~035t0 0.15) (~0.27 to 0.23)

* Statistically significant association at a level of P < 0.05.
" Statistically significant assodiation at a level of P<0.01.
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date, t!le perfect way of objectively defining inflammation on the
patients level still does not exist. This is supported by the fact that
image techniques such as MSUS are more sensitive than physical
examination for the detection of arthritis [35-38], and that MSUS
may possibly be more reliable than DAS28 to assess disease activ-
ity [39]. The best way of combining clinical, image and laboratory
data remains to be defined.

6. Conclusion

Our study demonstrated an association of IL-6 levels with
inflammatory findings on MSUS in patients with established
rheumatoid arthritis treated with non-biologic DMARDs. This asso-
ciation was found to be independent of DAS28, suggesting that
MSUS may give additional information on disease activity beyond
that given by clinical scores.
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INTRODUCTION

SuMMARY

Introduction: A link of psoriasis with subclinical atherosclerosis has been
postulated and cytokine network might intermediate this association. Few data
are available in patients with mild psoriasis. We evaluated carotid intima-media
thickness (cIMT) in drug-free psoriatic individuals and controls. In parallel, we
searched for associations of cIMT with disease activity indexes and serum
interleukins (IL) in psoriatic patients.

Method: An experienced radiologist performed the cIMT analyses. Cytokine
concentrations were assessed by flow cyrometry. Disease activity was evaluated
based on psoriasis area and severity index (PASI) as well as body surface area (BSA).
Results: Sixty-five (65) patients and 64 controls were studied. Mean age of patients
(50.9 years) did not differ from controls (p=0.362). A low PASI and BSA (< 10)
prevailed (69.2% and 56.9%, respectively). Median levels of IL-12p70, TNF-o, IL-1B
and IL-10 were significantly lower in cases than in controls (adjusted p<0.05), while
IL-6 and IL-8 medians did not differ between groups (adjusted p>0.05). Smoking
habit and diabetes mellitus predominated in cases (p=0.002). An altered cIMT
(2 0.9 mm) was more frequent in cases than in controls (23.8% versus 8.5%, adjusted
p=0.045). Mean cIMT was higher in cases with a borderline significance (p=0.057).
cIMT scores did not correlate to PASI (rs=0.066; p=0.250) or BSA (rs=0.175; p=0.185),
but did correlate significantly with serum IL-6 (rs=0.26; p=0.005).

Conclusion: Subclinical atherosclerosis was more frequent in patients with mild
psoriasis than controls. cIMT in psoriatic individuals correlated with serum IL-6,
pointing to an eventual proatherogenic role of IL-6 in these patients. Newer
studies should clarify the connection of atherogenesis with cytokines in psoriasis.

Keywords: psoriasis, atherogenesis, intima-media thickness, inflammation, IL-6.

Its pathogenesis is complex, including changes in

Psoriasis is a chronic, inflammatory disorder character-
ized by skin or joint (or both) manifestations.' Up to
2% of the general population can be affected.'? It is the
most prevalent autoimmune disease in the United States
of America.?

Psoriasis can occur at any age, with no difference in
gender.* A concordance rate of 70% in monozygotic and
up to 20% in dizygotic twins has been documented, indi-
caring a genetic background for the disease.* Thus, pso-
riasis is currently considered as a genetically-determined
autoimmune disorder.>®

innate immunity® and increased production of pro-in-
flammatory cytokines.” The latter generates proliferation
of keratinocytes and activation of neutrophils and endo-
thelial cells in the skin.? Adaprive immunity also plays an
essential pathogenetic role in psoriasis, and T cells remain
the most important cellular players in this context.”

Psoriasis can affect any area of the body, including
mucous membranes. The most common clinical form
(90% of cases) is plaque or vulgar psoriasis, characterized
by well-delimited erythematous-desquamative plaques
symmetrically distributed.’
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An increased frequency of systemic conditions such as
smoking, metabolic syndrome (MetS), cardiovascular dis-
ease and obesity have been reported in psoriasis.®!"'¢ Such
comorbidities are probably mediated by T-helper 1 (Th1)
cytokines.'” The association of psoriasis with accelerated
atherogenesis is currently a topic of major interest.

In recent years, carotid intima-media thickness (cIMT)
has been adopred as a marker of subclinical atheroscle-
rosis and as a robust predictor of cardiovascular events.'®
cIMT is a non-invasive marker of early arterial wall chang-
es. It is a practical, low-cost and reproducible procedure,
easily assessed by B-mode ultrasound.””

An increased burden of subclinical atherosclerosis
(as assessed by cIMT) was recently demonstrated in pa-
tients with plaque psoriasis.?” Nevertheless, data on
patients with mild psoriasis are scarce. In the current
study, we compare the cIMT of drug-free psoriasis patients
and healthy controls. We also correlated cIMT with pso-
riasis disease activity indexes and a panel of pro- and
anti-inflammatory cytokines.

MEeTHOD

This cross-sectional study included patients over 18 years
of age with psoriasis followed in the Outpatient Clinic of
Hospital Sio Lucas (HSL). All patients signed a free and
informed consent form, and the study was approved by
the local ethics committee.

We included patients of both sexes, with psoriatic
lesions for at least three months. Patients were diagnosed
with psoriasis and classified into different forms of disease
by a trained dermatologist according to a previously es-
tablished description.?! The control group comprised
individuals without psoriasis, older than 18 years. These
were volunteers or subjects allocated from hospital staff.

Exclusion criteria for both groups were: a) use of hor-
monal or non-hormonal anti-inflammatory drugs and
immunosuppressants in the last three months; c) other
autoimmune diseases; d) history of organic brain injury,
or neurological disorder such as epilepsy or dementia; e)
renal failure; f) active neoplasm under treatment; g) his-
tory of organ transplant; h) infection within 15 days
prior to sample collection; i) pregnancy.

Both groups were studied as to age, sex, phototype,
hypertension, history of stroke or myocardial infarction
(MI), current smoking habit, body mass index (BMI),
metabolic syndrome (MetS), type 2 diabetes mellitus
(T2DM), dyslipidemia (i.e., use of antilipemic drugs), and
family history of stroke or ML

An experimented radiologist, blinded to clinical dara
and cytokine concentrations, performed all cIMT mea-

surements using a high-resolution 10 MHz linear trans-
ducer. A cIMT = 0.9 mm was considered as altered.*

Body surface area (BSA) and the psoriatic area severity
index (PASI) were used to assess disease activity. BSA™ and
PASI* above 10 were considered increased. The soluble cy-
tokines IL-6, IL-12p70, TNF-o, IL-10, IL-1pB and IL-8 were
simultaneously measured by flow cytometry using Cytomet-
ric Bead Array (CBA) Human Inflammatory Cytokine Kit
(BD Biosciences). Quantitative results were generated using
FCAP Array v1.0.1 software (Soft Flow Inc., Pecs, Hungary).

Results were presented as mean and standard deviation
(SD) for data normally distributed, or median (interquar-
tile interval) for non-parametric dara. Categorical variables
were expressed as percentages and compared using Chi-
square or Fisher test. The Welsh test was used to compare
mean values. For comparison of continuous variables, Stu-
dent’s t-test was employed. The Spearman coefficient was
adopted to calculate correlations among continuous vari-
ables. A logarithmic transformation of asymmetric dara
was done to perform Covariance Analysis (ANCOVA) for
confounding factors. Statistical analysis was performed
using the Statistical Package for Social Sciences, SPSS
21.0 Statistics (IBM, Chicago, IL, USA). P-values < 0.05
were considered significant. The study was approved by
the hospital’s ethics committee.

ResuLts

Sixty-five (65) patients and 64 controls were studied. In the

psoriatic population, the age of disease onset (mean plus

standard deviation, SD) was 31.6+16.0, and mean disease

duration was 19.3+13.4 years. Psoriasis vulgaris was diag-
nosed in 55 patients (84.6%). Family history of psoriasis

was referred by 28 patients (43.1%). Mean PASI was 6.60:6.56;
PASI > 10 was demonstrated in 20 patients (30.8%). Mean

BSA was 11.8£12.4; BSA > 10 was seen in 28 patients (43.1%).

Clinical data from patients and controls are shown
in Table 1. Lower phototypes were significantly more
frequent in controls, whereas current smoking and T2DM
significantly prevailed in cases. Mean BMI and occurrence
of MetS did not differ in cases and controls. Likewise,
frequency of hypertension, dyslipidemia, previous stroke
or MI and family history of stroke or MI proved to be
similar in both groups.

Serum cytokine concentrations of cases and controls
are seen in Table 2. IL-12p70, TNF-c, IL-10 and IL-1B
medians were lower in cases than controls (p<0.05). After
adjustment for confusion factors (phototype, T2DM, cur-
rent smoking and alcohol abuse) using ANCOVA, results
were maintained for the all the aforementioned cytokines.
IL-6 and IL-8 concentrations did not differ in groups.
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TABLE 1 Clinical characteristics of psonatic patients and controls.

Characteristics Cases (n=65) Controls (n=64) p
Age (meanzSD) 51.0214.5 49.20:12.4 0.4542
Males 33 (50.8%) 32 (50%) >0.999*
Phototype 0.042*

2 12 (18.5%) 24 (37.5%)

3 44 (67.7%) 35 (54.7%)

4 8 (12.3%) 3 (4.7%)

5 1(1.5%) 2(3.1%)
Body mass index (meanzSD) 27.16.1 26.8+3.9 0.337%
Type 2 diabetes mellitus n (%) 10(15.4) 2(3.1) 0.030*
Dyslipidemia n (%) 21(32.3) 31 (48.4) 0.074*%
Hypertension n (%) 20(30.8) 15(23.4) 0.429%
Metabolic syndrome n (%) 11(16.9) 12(18.8) 0.822*
Current smoking 18 (27.7%) 4(6.3%) 0.002%
Current alcohol intake n (%) 49 (75.3) 58 (90.6) 0.034*
Depression n (%) 17 (26.2) 10(15.66) 0.194*
Personal history of stroke n (%) 1(1.5) 0(0) >0.999*%
Personal history of heart attack n (%) 1(1.5) 1(1.6) >0.99*
Family history of stroke n (%) 19(29.2) 20(31.3) 0.849*
Family history of heart attack n (%) 22 (33.8) 24 (37.5) 0.715%

n: sample number; SD: standard deviation; #Student t-test; *Fisher test.

TABLE 2 Cytokine concentrations (pg/mL, median) in psonatic patients and controls.

Characteristics Cases (n=65) Controls (n=64) p* p**

IL-12p70 (pg/mL) ME(IR) 4.86 (4.23-5.42) 5.23 (4.69-5.77) 0.042 0.036
TNF-a (pg/mL) ME(IR) 5.29 (4.45.5.64) 5.78 (5.15-6.32) 0.001 <0.001
IL-10 (pg/mL) ME(IR) 7.36 (6.64-8.04) 7.70(7.19-8.35) 0.014 0.028
IL-6 (pg/mL) ME(IR) 6.86(6.01-7.98) 6.63 (6.10-7.64) 0.912 0.378
IL-1B (pg/mL) ME(IR) 6.48 (6.06-7.14) 7.01(6.44-7.56) 0.042 0.006
IL-8 (pg/mL) ME(IR) 6.46(5.28-8.90) 6.54 (5.86-7.88) 0.808 0.540

d for ph diak. 15

king and alcohol intake using ANCOVA.

n: sample number; ME: median; IR: interquartile range; *Mann-Whitney test. **Data adj

Altered cIMT (= 0.9 mm) was detected in 23.6% of pso-
riatic individuals and in 8.5% of controls, showing statisti-
cal significance (p=0.045, Fisher test adjusted for phototype
and current smoking). Mean cIMT of psoriaric individuals
(0.67+0.30) was higher than that of controls (0.59+0.13)
with a borderline significance (p=0.057, Welsh test).

In psoriatic patients, cIMT scores did not correlate
with PASI (rs=0.066, p=0.250) or BSA (rs=0.175, p=0.185).
cIMT scores correlated significantly with IL-6 concentra-
tions (rs=0.26, p=0.005) (Figure 1), but not with other
cytokines (rs<0.3, p>0.05). No correlation of cIMT with
serum cytokines was observed in controls (rs<0.3, p>0.05).

Discussion
Our study looked into a potential link of psoriasis with
subclinical atherogenesis. For such, we evaluated cIMT in

current

cases and healthy controls. Subsequently, we investigated

a possible association of cIMT with an index of disease

activity and cytokine profile. Overall, our psoriatic popula-
tion comprised middle-age individuals with long duration

disease. Psoriasis vulgaris largely predominated.

Most of our patients presented mild disease, evidenced
by low BSA and PASI scores. The decision of including
patients that did not use anti-inflammatory drugs or im-
munosuppressants certainly yielded a bias rowards mild-
er disease. Smoking and T2DM significantly prevailed in
psoriatic individuals, but other variables of clinical rele-
vance such as hypertension, dyslipidemia and MS were
similar in both groups.

Compared to controls, our patients with psoriasis
presented low concentrations of pro-inflammarory cyto-
kines (IL-12p70, TNF-«, IL-1B), even after adjustment for

Rev Assoc Mep Bass 2017; 63(9):747-752
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FIGURE 1 Correlation of cIMT scores with IL-6 concentrations (pg/mL) in patients with psoriasis.

<IMT: caretid intima-media thick e i

confusion factors. It has been postulated that Th1, Th17
and Th22 cytokines play an important pathogenetic
role in psoriasis; indeed, interferon (IEN)y, IL-2, IL-17A,
IL-17F, IL-22, IL-26, and TNF-a were all increased in
serum and lesional skin.® Also different from our findings,
a 2005 study obtained high serum concentrations of
TNF-ct, IFN-y, IL-6, IL-8, IL-12 and IL-18 in active psori-
atic patients as compared to controls.?®

In our study, the predominance of patients with mild
and inactive disease might explain the low profile of pro-
inflammatory cytokines. Of note, serum levels of IL-
12/23p40 and IL-17 were equivalent in psoriatic indi-
viduals and controls, according to a recent study.” In
2003, supporting our findings, low levels of IL-12 were
reported in psoriatic patients.?® Thus, data regarding the
role of pro-inflammatory cytokines in psoriasis are far
from clear.>28

Abnormal cIMT (z 0.9 mm) was more frequent in our
psoriasis patients than in controls, which remained sig-
nificant after adjustment for confusion factors. Bearing
in mind thar psoriasis is linked ro an increased risk of
atherosclerosis, a common mechanism explaining both

disorders could probably involve the Th1 and Th17 net-
work,* but the fundamental mechanisms connecting the
two disorders are not fully known.

A recent meta-analysis confirmed thar patients with
psoriasis have an increased risk of subclinical atheroscle-
rosis according to cIMT and brachial artery flow-mediat-
ed dilation.*® To darte, augmented risks of cardiovascular
disease, obesity, DM and MetS have been documented
particularly in patients with moderate to severe psoriasis.*!
Our data demonstrate, probably by the first time, sub-
clinical atherosclerosis in drug-free patients with mild
disease. Moreover, increased cIMT in cases did not cor-
relate with MetS. We have also found that cIMT scores of
psoriatic patients did not correlate with disease activity
as measured by PASI and BSA.

In the current study, the relationship of cIMT with
IL-6 concentrations appeared to be complex. Even
though IL-6 concentrations did not differ between cas-
es and controls, cIMT, interestingly, correlated with IL-6
in psoriatic individuals. Such correlation was not seen
in controls, suggesting that intrinsic factors linked to
psoriasis play a role in this scenario.
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Knowingly, IL-6 is a pro-inflammatory cytokine pro-
duced by activated monocytes, mast cells, fibroblasts and
tumor cells. Note that keratinocytes are also an established
source of IL-6, which might indicate a role for this cytokine
in the skin proliferation proper of psoriasis.** IL-6 is also
able to induce release of other pro-inflammatory cytokines
(IL-23, IL-17) by neutrophils.®

IL-6 measurement seems to be a good predictor of
future vascular risk in healthy populations. IL-6 levels cor-
relate with endothelial dysfunction and arterial stiffness.
Also, it might relate to plaque destabilization and adverse
outcomes in acute ischemia. Of note, genetic variations in
IL-6 signaling apparently affect the rates of vascular events.*

If IL-6 plays a proatherogenic role in psoriatic indi-
viduals, this might be plausible. In low-density-lipoprotein-
receptor-deficient mice, IL-6 expression accelerated athero-
sclerosis.*® Recently, circulating IL-6 was associated with
atherosclerosis in HIV-positive patients independently of
traditional risk factors for cardiovascular disease*® A link
of subclinical atherogenesis with serum IL-6 in patients
with mild psoriasis has not been previously reported.

The association of psoriasis with cardiovascular mor-
bidity is now a matter of major interest. Even though
methotrexate and anti-TNF agents are probably cardio-
protective in psoriasis, there have been concerns with an
excess of cardiovascular events in users of the newer anti-
interleukin-12p40 antibodies.*” Currently, drugs targeting
the C-reactive protein/IL-6/IL-1 axis, such as colchicine,
methotrexate, tocilizumab and canakinumab (all poten-
tially useful in psoriasis), are being tested to prevent car-
diovascular events in high-risk populations.>*

Our study has limitations. The overall sample was
restricted by the rigid inclusion criteria (drug-free indi-
viduals). cIMT would probably be higher in patients with
more severe and active disease, eventually allowing further
associations with activity index and/or cytokines. On the
other side, by dealing with drug-free patients, our study
was less prone to confounding factors and masking bias.

ConcLusioN

Our cIMT findings revealed subclinical atherosclerosis in
psoriatic individuals with mild disease. The established
correlation of cIMT with IL-6 levels points to a possible
proatherogenic role of IL-6 in mild psoriasis. Further re-
search may clarify the link of atherogenesis with the cyto-
kine network, particularly IL-6, in psoriatic populations.
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Resumo

Aterogénese subclinica em pacientes com psoriase leve:
um papel para IL-62

Introducio: Foi postulada uma ligacdo entre psoriase e
aterosclerose subclinica. A rede de citocinas pode inter-
mediar essa associa¢do. Poucos dados estio disponiveis
em pacientes com psoriase leve. Avaliamos a espessura
intima-média carotidea (cIMT) em psoridticos e controles
livres de medicacdo. Paralelamente, pesquisamos a asso-
ciacio de cIMT com os indices de atividade de doenca e
interleucinas séricas (IL) em pacientes com psoriase.
Método: Um radiologista experiente procedeu a andlise
do cIMT. As concentracdes de citocinas foram avaliadas
por citometria de fluxo. A atividade da doenca foi avalia-
da pelo indice de gravidade (PASI) e pela drea de superfi-
cie corporal (BSA).

Resultados: Sessenta e cinco (65) pacientes e 64 contro-
les foram estudados. A idade média dos pacientes (50,9
anos) ndo diferiu dos controles (p=0,362). PASI e BSA
baixos (< 10) prevaleceram (69,2% e 56,9%, respectivamen-
te). As medianas de IL-12p70, TNF-o, IL-1B e IL-10 foram
significativamente menores nos casos do que nos contro-
les (p<0,05 ajustado), enquanto as medianas de IL-6 e
IL-8 ndo diferiram nos grupos (p>0,05 ajustado). Taba-
gismo e diabetes mellitis predominaram nos casos (p=0,002).
Um cIMT alterado (= 0,9 mm) foi mais frequente nos
casos do que nos controles (23,8% versus 8,5%, p=0,045
ajustado). A média de cIMT foi maior nos casos com
significancia borderline (p=0,057). Os escores de cIMT nio
se correlacionaram com o PASI (rs=0,066; p=0,250) ou o
BSA (rs=0,175; p=0,185), mas se correlacionaram signifi-
cativamente com a IL-6 sérica (rs=0,26; p=0,005).
Conclusio: A aterosclerose subclinica foi mais frequente
em pacientes com psoriase leve do que nos controles. Em
psoriaticos, cIMT correlacionou-se com niveis de IL-6 no
soro, apontando para um eventual papel pré-aterogénico
para a IL-6 nesses pacientes. Novos estudos devem escla-
recer a ligacio da aterogénese com citocinas na psoriase.

Palavras-chave: psoriase, aterogénese, espessura médio-
-intimal, inflamacio, IL-6.

REFERENCES

1. Boehncke WH, Schch MP. Psoriasis. Lancet. 2015; 386{9997):983-94.

Rev Assoc Mip Baus 2017; 63(9):747-752

751



113

Lise MLZ &7 a0

10.

11

12

13.

14.

15,

16.

17.

19.

Kim N, Thrash B, Menter A. Comorbidities in psoriasis patients. Semin
Cutan Med Surg. 2010; 29(1):10-5.

National Psoriasis Foundation N. Psoriasis Statistics. NPF; 2013, Available
from: htepy//www.psoriasis.org.

Oliveira MF, Rocha BO, Duarte GV. Psoriasis: classical and emerging
comorbidities. An Bras Dermatol. 2015; 90(1):9-20.

Bos JD, de Rie MA, Teunissen MB, Piskin G. Psoriasis: dysregulation of
innate immunity. Br ] Dermatol. 2005; 152(6):1098-107.

de Rie MA, Goedkoop AY, Bos JD. Overview of psoriasis. Dermatol Ther.
2004; 17(5):341-9.

Lew W, Bowcock AM, Krueger JG. Psoriasis vulgaris: cutaneous lymphoid
tissue supports T-cell activation and “Type 1” inflammatory gene expression.
Trends Immunol 2004; 25(6):295-305.

Gottlieb AB, Chao C, Dann F. Psoriasis comorbidities. ] Dermatolog Treat.
2008; 19(1):5-21.

Sticherling M. Psoriasis and autoimmunity. Autoimmun Rev. 2016;
15(12):1167-70.

Fairhurst DA, Ashcroft DM, Griffichs CE. Optimal management of severe
plaque form of psoriasis. Am J Clin Dermatol. 2005; 6(5):283-94.

Gelfand JM, Dommasch ED, Shin DB, Azfar RS, Kurd SK, Wang X, et al.
The risk of stroke in patients with psoriasis. J Invest Dermatol. 2009;
129(10):2411-8.

Love TJ, Qureshi AA, Karlson EW, Gelfand JM, Chot HK. Prevalence of the
metabolic syndrome in psoriasis results from the National Health and Numition
Examination Survey, 2003-2006. Arch Dermarol. 2011; 147(4):419-24.

Patel RV, Shelling ML, Prodanovich S, Federman DG, Kirsner RS. Psoriasis
and vascular disease-risk factors and outcomes: a systematic review of che
literature. ] Gen Intern Med. 2011; 26(9):1036-49.

Daudand36-49 lling ML, Su rez C, Garcia-Campayo J, Blasco AJ, Aguilar MD,
etal; Grupo de Trabajo en Comorbilidades asociadas a la Psoriasis. [Integrated
approach to comorbidity in patients with psoriasis. Working Group on Psoriasis-
associated Comorbidides]. Actas Dermosifiliogr. 2012; 103(Suppl 1):1-64.
Pirro M, Stingeni L, Vaudo G, Mannarino MR, Ministrini S, Vonella M, et
al. Systemic inflammation and imbalance between endothelial injury and
repair in patients with psoriasis are associated with preclinical atherosclerosis.
Eur J Prev Cardiol. 2015; 22(8):1027-35.

Sociedade Brasileira de Dermatologia. Consenso brasileiro de psoriase e
guias de tracamento. Available from: http://formsus.datasus.gov.br/
novoimgarg/24326/4118143_345331.pdf

Gulliver W. Long-term prognosis in patients with psoriasis. Br ] Dermatol.
2008; 159(Suppl 2):2-9.

Lorenz MW, Markus HS, Bots ML, Rosvall M, Sitzer M. Prediction of clinical
cardiovascular events with carotid intima-media thickness: a systematic
review and meta-analysis. Circulation. 2007; 115(4):459-67.

Varma Y, Ansari AA, Singh G, Sharma VK, Gupta M, Rao N, et al. Correladon
of carotid intima-medial thickness (CIMT) with the extent of coronary
artery disease (CAD). Int  Cardiol. 2011; 147{Suppl 1):57.

Shaharyar S, Warraich H, McEvoy JW, Oni E, Ali S8, Karim A, et al. Subclinical
cardiovascular disease in plaque psoriasis: association or causal link?
Atherosclerosis. 2014; 232(1):72-8.

21.

23.

24.

25.

26.

27.

28.

29.

3L

32

33.

35.

36.

37.

Naldi L, Gambini D. The clinical spectrum of psoriasis. Clin Dermatol.
2007; 25(6):510-8. Available from: htep://www.ncbi.nlm.nih.gov/
pubmed/18021886.

Touboul PJ, Hennerici MG, Meairs S, Adams H, Amarenco P, Bornstein

N, et al. Mannheim carotid intima-media thickness and plaque consensus

{2004-2006-2011). An update on behalf of the advisory board of the 3rd,
4ch and 5th watching the risk symposia, at the 13th, 15th and 20th

European Stroke Conferences, Mannheim, Germany, 2004, Brussels,
Belgium, 2006, and Hamburg, Germany, 201 1. Cerebrovasc Dis. 2012;

34(4):290-6.

Jacobson CC, Kimball AB. Rethinking the psoriasis area and severity index:

the impact of area should be increased. Br ] Dermatol. 2004; 151(2):381-7.

Fredriksson T, Pettersson U. Severe psoriasis—oral therapy with a new retinoid.
Dermatologica. 1978; 157(4):238-44.

Michalak-Stoma A, Pietrzak A, Szepietowski JC, Zalewska-Janowska A,
Paszkowski T, Chodorowska G. Cytokine network in psoriasis revisited. Fur
Cytokine Netw. 2011; 22(4):160-8.

Arican O, Atal M, Sasmaz S, Ciragil P. Serum levels of TNF-alpha,
IFN-gamma, IL-6, IL-8, IL-12, IL-17, and IL-18 in patients with active

psoriasis and correlation with disease severity. Mediators Inflamm. 2005;
2005(5):273-9.

Kyriakou A, Patsatsi A, Vyzantiadis TA, Sotiriadis D. Serum levels of TNF-
NF-atients with active psoriasis and correlation with disease severity.
Mediators Inflamm. 2005;ehalf of the ad 2014:467541.

Jacob SE, Nassini M, Kerdel FA, Vincek V. Simultaneous measurement of
multiple Th1 and Th2 serum cytokines in psoriasis and correlation with

disease severity. Mediators Inflamm. 2003; 12(5):309-13.

Chu TW, Thai TF. Psoriasis and cardiovascular comorbidities with emphasis

in Asia. G Ital Dermatol Venereol. 2012; 147(2):189-202.

Fang N, Jiang M, Fan Y. Association between psoriasis and subclinical

atherosclerosis: a meta-analysis. Medicine (Baltimore). 2016; 95(20):23576.
Ryan C, Kirby B. Psoriasis is a systemic disease with multiple cardiovascular

and metabolic comorbidities. Dermatol Clin. 2015; 33(1):41-55.

Ferencik M, Rovensky J, Matha V, Holjencik Jj. Dicionionltiple

cardiovascBratislava: Sap Slovak Academic Press; 2008.

Saggini A, Chimenti §, Chiricozzi A. IL-6 as a druggable target in psoriasis:

focus on pustular variants. J Immunol Res. 2014; 2014:964069.

Ridker PM. From C-reactive protein to interleukin-6 to interleukin-1: moving

upstream to identify novel targets for atheroprotection. Circ Res. 2016;

118(1):145-56.

Akita K, Isoda K, Okabayasi Y, Shimada K, Daida H. Lack of IKBNS accelerates

atherosclerosis in LDL receptor-deficient mice via increased interleukin-6

production. Int ] Cardiol. 2016; 211:61-3.

Hsu DC, Ma YF, Hur S, Li D, Rupert A, Scherzer R, et al. Plasma IL-6 levels

are independently associated with atherosclerosis and mortality in HIV-
infected individuals on suppressive antiretroviral therapy. AIDS. 2016;

30(13):2065-74.

Ryan C, Menter A. Psoriasis and cardiovascular disorders. G Ital Dermatol

Venereol. 2012; 147(2):179-87.

752

Rev Assoc Mep Bras 2017, 63(9):747-752



114

6. Artigo original: TOLL-LIKE RECEPTOR EXPRESSION AND FUNCTION IN TYPE | BIPOLAR
DISORDER

Situagao: Publicado

Revista: Brain, Behavior and Immunity



115

Brain Behavior, and Immunity 54 (2016) 110-121

Contents lists available at SclenceDirect * %fm
ad IMMUNITY
. . . PR
Brain, Behavior, and Immunity Cegre =
krr
journal homepage: www.elsevier.com/locate/ybrbi EEEE

Full-length Article
Toll-like receptor expression and function in type I bipolar disorder

'@ CrossMark

Andrea Wieck **, Rodrigo Grassi-Oliveira*“, Carine Hartmann do Prado®, Thiago Wendt Viola®,
Laura Esteves Petersen*, Birbara Porto ", Anténio Licio Teixeira“, Moisés Evandro Bauer ***

*lab y of Im ence, Institute of Bomedicnl Rewarch, Pontifical Catholic University of the Rio Crande do Sul (PXRS), Forto Alegre, Braz!

" fah, bmmlogu(‘!uxaefxpzmzmal Instityt= of Biomedicnl Resaarch, quﬁml Catholic University of the Bo Grande do Sul (PUCES) FPorto Alegre, Brazil

‘(.ogmv.' '&:xmc k:a:r:h Cmup((.'&l)). Centre of Studies and Reszarch in Traumatic Stress (NEFIE), Postgraduate Program in Psychalogy, PUCKS, Porto Alegre, Brazil
Poychonen C:m.w.Sdba.qu.lkdrlm Federal University of Minas Cerais (UFMC), Belo Haorizonte, Brazl

‘:‘ duat Pr in Bomeds 'l' %y, Brazil

n - &

ARTICLE INFO ABSTRACT

Artides history: Bipolar disorder (BD) has been assoclated with immune imbalance and low-grade inflammation. The
Reczived 17 September 2015 underlying mechanisms remain largely obscure but may involve changes in cell signaling Toll-like recep-
Reczived in revised form § anuary 2016 tors (TLRs) are widely expressed by immune cells. Spacific binding of TLRs to pathogen- or danger-
Acc=pted 13 Janwary 216

associated signals Jeads to Inflammatory responses. Here, we analyzed the frequencies of TLR-1, TLR-2,
TLR4, TLR-5 and TLR-6 in monocytes, regulatory T cells (Tregs) and activated T cells from type 1 ED
euthymic patients and healthy controls (HCs L. Monocytes were stimulated in vitro with specific TLR ago-

Availible online 18 Jawuzy 2016

:f”“:’f er nists  flagellin, LS, LTA, BLP and FGN) and immunophenotyped. Cytokines (IL-8, 1L-1beta, IL-6, 1L-10,
hzgm;u';-m TNF-alphaand IL-12p70) were assessed with cytometric bead arrays. Ar baseline, increased percentages
Toll-like receptors of TLR-1+ and TLR-2+ monocytes and reduced expression of TLR-5 were observed in BD. Following stim-
Regulanry T cells ulation, the percentage of TLR-14, TLR-2+, and TLR-6+ monocytes was higher in BD sulyects thanin HGs.
Mo nocytes Increased levels of 1L-8, 1L-12p70 and TNF were observed following stimulation with TLR-1, TLR-2 and

Innats immunity

TLR-6 agonists, suggesting increxsed signaling via these receptors in BD. In contrast to HCS ED patients
exhibited no changes in TLR-5 expression following stimulation. The percentage of TLR-2+ Treg cells as
well as activated T cells expressing both TLR-2 and TLR-5 increased in BD patients Given the importance
of TLRs in triggering immune responses, our data indicate a role for these receptors in the low-grade

inflammatory prefile documented in BD.

2016 Published by Elsevier Inc.

1. Introduction

Bipolar disorder (BD) is a chronic and disabling medical illness
that has long been associated with immune imbalance (Barbosa
etal, 2014). An increase in activated T cells, a reduction in regula-
tory T cells, and higher plasma levels of pro-inflammatory cytoki-
nes have been described during manic or depressive episodes in
BD patients (Modabbernia et al, 2013). Inflammatory cytokines
may contribute to disease pathogenesis and dinical course by
modulating brain neurotransmitter metabolism (e.g., excdtotoxic-
ity), affecting synaptic plasticty, inhibiting neurotrophic support
and adtivating the hypothalamic-pituitary-adrenal (HPA) axis
(Miller et al, 2009; Raison et al, 2006). Although the mechanisms
underlying the immune imbalance are largely unknown, recent

+ Corresponding authar at: Instituto de Pesquisas Blomédica, Hospital S3o Lucas
da PUCRS, Av. Ipiranga 6690, 2° andar. P.O. Box 1429, Porto Alegre, RS 90610000,
Brazil

E-mail add recs: mehauer@puars.br (ME Hauer)

http: jfdx doiorg 101016/ 601201 601.011
08891591/ 2016 Published by Elsevier Inc.

studies have shown changes in innate and adaptive cell signaling
cascades. Activation of NF-xB and mitogen-activated protein
kinases (MAPKs) isincreased in the Tcells of euthymic BD patients
(Barbasa et al,, 2013; do Prado et al,, 2013; Wieck et al, 2013). In
addition, the intracellular innate sensor Nod-like receptor 3
(NLRP3) inflammasome and caspase-1 are increased and associ-
ated with higher serum levels of I1L-1 B and IL-18 in patients with
major depression (Kim et al., 2015).

Toll-like receptors (TLRs) are important mediators of inflamma-
tory responses, linking innate and adaptive immunity. Signaling
via TLRs involves a complex intracellular cascade, which includes
molecules such as MyD88 (common adapter protein for all TLRs),
IRAK, and members of the TRAF family, culminating in NF-xB
and MAPK activation {Akirr and Takeda, 2004; Heine and Lien
2003; Ishii et al, 2005). Therefore, altered TLR function might
undedie the immune imbalance observed in BD. Humans express
11 different TLRs (TLR1-TLR1 1)}, either on the cell surface (TLR1,
2, 4, 5and 6) or intracellulardy (TLR 3,7, 8 and 9), that recognize
endogenous or exogenous antigens {(Kawasaki and Kawai, 2014).
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The main TLR ligands are pathogen-associated molecular patterns
(PAMPs), which are molecular components of bacteria fungi and
viruses, and damage-associated molecular patterns (DAMPs),
which are cytosolic contents released after necrosis and apoptaosis.
DAMPS, indicative of tissue damage, signal to initiate sterile
inflammation (Qian and Cao, 2013). Once TLRs are activated, they
initiate a series of complex intracellular signaling events, involving
the activation of NF-xB, MAPKs and interferon regulatory factors
and resulting in the production of several pro-infammatory
cytokines and chemokines (Akirz and Takeda, 2004; Ishii et al_
2005).In addition, TIRs play a role in T<ell differentiation, orches-
trating Thl, ThZ Th17 and regulatory T cell {Treg) responses
(Rogier et al., 2015).

Recent studies have shown that TLR control of immune
responses is altered in psychiatric disorders. For instance, higher
plasma mRNA and protein levels of TLR-¢ and 5 were found in
patients with major depression (Hung et al, 2014; Kérl et al,
2014). In addition, increased release of IL-1 f§, IL-6 and TNFx was
observed in whole blood cells of schizophrenic and BD patients fol-
lowing stimulation with TIR agonists (McKernan et al, 201 1), This
is of particular interest because TLRs can interact with neurotrans-
mitters and cause neuroendocrine disturbances, thus integrating
the widely observed biological hallmarks of mood disorders (Liu
et al,, 2014). However, few studies have assessed the role of TIRs
in BD patients, and most have focused on genetic variations in
these receptors, investigating, for example, the potential role of
TLR-2 and TLR-4 polymorphisms in susceptibility to BD (Oliveira
et al., 2014, 2015). Moreover, the only study to investigate TLR
function in BD patients (McKernan et al., 2011) did not examine
the mle of TLR signaling within specific lymphoid subpopulations,
although changes in T-cell function have been reported in BD
(Barbosa et al., 2014; do Prado et al., 2013).

Hence, considering the importance of TLRs in modulating
immune responses, we investigated: (I) the frequency and expres-
sion of TIR-1, TIR-2, TLR-4, TLR-5 and TLR-6 in monocytes, acti-
vated T cells, and Treg cells from BD patients and healthy
individuals; (Il) changes in TIR frequency and expression as well
as cytokine levels following monocyte stimulation with specdific
TLR ligands; and (llI) whether altered TIR function is associated
with dlinical outcomes.

2. Material and methods
2.1. Subjects

Women with BD type | were recruited by convenience sampling
from an outpatient mental health program in Southem Brazil
(n = 14). Age- and sex-matched healthy controls (HCs; n = 15) were
also recruited by convenience using public advertisement. All par-
ticipants provided written informed consent before inclusion, and
the study was approved by the Ethical Research Committee of
PUCRS. BD type 1 diagnosis was confirmed using the Structured
(mical Interview for DSM-{V-Axis | Disorder (SCID-1), administered
by a well-trained clinical psychologist and supervised by an expert
psychiatrist. The severity of depressive and manic symptoms was
assessed using the Hamilton Depression Rating Scale (HDRS) and
the Young Mania Rating Scale (YMRS), respectively. In addition
sociodemographic and clinical data were also obtained. All individ-
uals were euthymic at the time of blood sampling. YMRS and HDRS
scores under 8 in the last 30 days defined euthymia. Exdusion cri-
teria for both BD subjects and contmols included: (a) presence of a
major axis | psychiatric disorder, such as psychotic disorder, mood
disorder (for contral group), anxiety disorder or substance-related
disorder according to SCID4; {b) history of a severe medical illness;
(c) history of brain injury; (d) presence of inflammatory or infec-

tious disease or neurological disorder; {e) pregnancy and (f) use
of any substance with the potential to induce immune or endocrine
changes ( except psychopharmacotherapy for patients).

22. Blood collection and cell solation

Peripheral blood (20mL) was collected by venipuncture and
stored in EDTA tubes before analysis. Peripheral blood mononu-
clear cells (PBMCs) were isolated by density gradient centrifuga-
tion for 30min at 900xg. When cells were counted under a
microscope ( 100x), viability always exceeded 95%, as judged from
the cells’ ability to exclude Trypan Blue (Sigma St Louis, MO).
PBMCs were resuspended in complete culture medium (RPMI-
1640, supplemented with 0.5% gentamidn, 1% glutamine, 1%
HEPES, 0.1% fungizone, and 10% fetal calf serum; all from Sigma),
and the volume was adjusted to yield a final concentration of
2 x 10° cellsjwell.

2.3, Immunophenotyping

Cells were stained for 30 min with combinations of the follow-
ing monoclonal antibodies: anti-CD3 PercP Cy5 (BD Biosdences),
anti-(D4 APC and PE (BD biosdences), anti-CD14 PE and FITC
(BD Biosciences), anti-TLR-1 PE (e-Biosdences), anti-TLR-2 Alexa
488 and Alexa 647 (BD Biosciences), anti-TIR-4 biotin (BD Bio-
sciences), goat anti-human TIRS (Santa Cruz Technologies) and
anti-TLR6 PE {Abcam) Streptavidin FITC (BD Biosdences) was
used for TIR-4, and FITC donkey antigoat IgG for TLR-5 (e-
Biosciences). To evaluate TLR expression in acdtivated and Treg
cells, a fraction of the cellular pool was collected before monocyte
differentiation. We used the following antibodies: anti-<CD4 PE (BD
Biosciences), anti-CD25 APC (BD Biosciences ), FoxP3 PeCy5 (BD
Biosciences), anti-TLR2 Alexa 488 and goat anti human-TLRS (fol-
lowed by FITC donkey anti-goat 1gG). Immediately after staining,
cells were washed, resuspended and analyzed with flow cytome-
try. At least 20,000 lymphocytes were identified by size (FSC)
and granularity (SSC) and acquired with a FACSCanto Il flow
cytometer (BD Biosdences). TIR expression was estimated from
the mean fluorescence intensity (MFI), an indicator of receptor
density on the cell membrane. Data were analyzed using the
FlowJa 7 2.5 software (Tree Star Inc., Ashland, OR, USA},

24. Monocyte differentiztion and stimulation

Following isolation, PBMCs were seeded at 1.5 x 10° cells/well
into 96-well plates. After 2 h, nonadherent cells were removed
by washing, and adherent monocytes were stimulated for 20 h
with spedific TLR ligands: BLP (5 pg/mL; TLR1/2), LTA (1 pg/mL;
TLR2/6), LPS (0.5 pg/ml; TIR4), PGN (0.5 pg/mL; TLR-2) and flag-
ellin from Saimoneila typhimurium (2.5 pg/mL; TIRS) (InvivoGen,
San Diego, CA, USA), previously reported (Qian et al, 2012), After
20h of stimulation. supernatants were collected and immediately
frozen at —80°C until analysis. Cells were harvested for flow
cytometry analyses of TLR expression following stimulation.

25. Cytokines

Following stimulation, the pro-inflammatory cytokines IL-8, IL-
1 B IL-6, TNF-x and IL-12p70 as well as the anti-inflammatory
cytokine IL-10 were evaluated in the supernatant of monocytes
cultured with a specific TIR ligand. Levels were determined by flow
cytometry using a cytometric bead array ((BA) Human Inflamma-
tion kit (BD Biosdences), and data was acquired ina FACSCanto [l
(BD Biosciences). The instrument was checked for sensitivity and
overall performance using Cytometer Setup & Tracking beads (BD
Biosciences) before data acquisition. Quantitative data were gener-
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ated using FCAP Array v1.0.1 software (Soft Flow Inc, Pecs, Hun-
gary). The detection limits for these assays ranged from 19 to
5000 pg/mL (IL-12p70), 2.5 to 5000 pg/mL (IL-6), 3.3 to 5000 pg/f
mL (IL-10), 3.6 to 5000 pg/mL (IL-8), 3.7 to 5000 pg/mL {TNF-x)
and 7.2 to 5000 pg/mL ([L-1p}.

2.6, Stadstical analysis

All variables were tested for homogeneity of variances and nor-
mality of distribution by means of the levene and Kolmogorov-
Smirnov tests, respectively. To normalize variable distribution,
log transformation was performed for data with respect to the per-
centage of TLR-2+, TIR-4+ and TLR-6+ monocytes, as previously
reported (Bagwell, 2005). Repeated measures ANOVA (Generlized
Linear Model; GLM) was performed for each immune variable, in
order to investigate between group effects { patients X controls),
within group effects (Time) and possible interactions (Group -
x Time). Whenever a Time x Group interaction emerged, the effect
was further explored with variables expressing the proportional
change of monocytes (A change) from pre- to post-TLR stimula-
tion, using one-way ANOVA. Analysis of covariance (ANCOVA)
was performed to investigate between group main differences con-
trolling for the percentage of basal monocytes. Corelationanalyses
were performed using Pearson’s test and further confirmed by
regression analyses when appropriate. Statistical analyses were
performed using the Statistical Package for Social Sciences, SPSS
Statistics 17.0 software (SPSS Inc,, Chicago, IL, USA). The signifi-
cance level was set at « =0.05 (two-tailed).

3. Results

The demographic and dinical characteristics of the samplesare
summarized in Table 1. Both groups were homogeneous with
respect to age, gender, ethnicity, BMI and smoking habits. All BD
individuals were euthymic and followinga multiple drug regimen,
as shownin Table 1.

3.1. TLRs in unsomulated and stimulated monocytes

We observed significant Group effects for TLR-1+, TLR-2+(when
stimulated with LTA and PGN) and TIR-6+ cells (Wald-* (1)
- 13.586, p<0.0001; Wald-7* (1) = 8016, p= 0.005 and Wald-»*
(1) =13.472, p <0.0001, respectively; Fig. 1A), driven by increased

Tahle 1
Demographic and chmal chaacten s,
] Healthy Statistic b
cantrals value
Age yrs (meansSD) 262141031 4757271085 $p-0074 094
BMI(mezn + ) 27582623 25131360 1,--079 044
Yearsof illness 75475 - -
(mean + D)
Age at anset 31541999 - -
(mean £ D)
HDRS (mean £ SD) 6554265 1934273 ty=-335 Q003
YMRS (mean £ 5D) 2184295 1644315 tn=-026 080
Ethnigty (whitefman- 976 13e A=272  Q0
white)
Lithiun 6 - -
Antidepresants 6 - -
Antipsychotics 9 - -
Anticomvulants 8 - -
Berwodiazepines 2 - -

Dat shown as meansdstndard deviation (SD) Abbreviations: ML body mass
index; 80, bipolar disorder; HORS, Hamilton Depression Rating Scile YMRS, Young
Maniz Rating Sale. Datr were anayzed by student 7' test and chi-square, when
appropriate.

TLR percentages in BD patients. Following stimulation, a significant
Time effect was observed for TIR-1+ cells (Wald-z* (1) =9.246,
p=0002; Fig. 2A), TIR-2+ cells following LTA stimulation (Wald-
7* (1)= 4.040, p -0.044; Fig. 2B), and TLR-2+ cells following PGN
stimulation (Wald-)* (1)= 13.154, p <0.0001; Fig. 2D), TIR-6+
(Wald-z* (1) = 18472, p <0.0001; Fiz. 2G), with greater percent-
ages of these monocytes observed after stimulation regardless of
the group condition. A significant Time x Group interaction was
observed for TIRG+ (Wald-z* (3) =33404, p<0.0001; Fig 2G),
indicating a significant increase in TLR-6 percentages following
stimulation only in BD patients (GLM pairwise comparison
p<00001; Fig. 2G).

Reduced expression of TLIR-6 and TLR-5 (as estimated by MFI)
was observed in BD patients, independent of stimulation (Wald-
7 (1)=4991, p=0025 and Wald-7* (1)=6565 p=-0010;
respectively; Fig. 1B). A significant Time effect was observed for
reduced TLR-1, independent of group (Wald-y* (1)=6.928,
p=0008; Fig. 3A). No Time x Group interactions were ohserved
with respect to MFL

32 TLRs in regulatory and activated T cells

Before TLR stimulation, the proportions of activated T cells((D3
+{D4+CD25+) expressing TLR-2 and TLR-5 were higher in BD
patients than in HCs (Fy_2y=6.35, p=0.020 and Fy_3; =623,
p= 0021, respectively; Fig. 4A and B). The percentage of Treg cells
expressing TIR-2 was also higher in BD patients than in HGs
(Fi—21=9.11, p= 0.007; Fig. 4C). In order to identify an imbalance
between activated T cells and Treg cells expressing TLRs, we ana-
lyzed the ratio between the percentages of the two lymphocyte
subsets expressing both TLR-2 and TLR-5. A significantly higher
ratio of cells expressing TIR-5 was ohserved in BD patients
(ty3=—260; p= 0016; Fig. 4F}, while nodifferences were observed
for activated T cdls/Treg cells expressing TIR-2. No significant dif-
ferences between groups were observed with respect to TLR
expression (MFI) when considering these two cell subsets (Supple-
mentary Table 1).

33. Cytokine release after monocyte stimulation

Next, we analyzed IL-8, IL-1, TNF-x, IL-10, IL-6 and IL-12p70
levels in the culture supernatants of monocytes stimulated
in vre with spedfic TLR agonists (LTA, BLP, PGN, LPS, FLA).
Increased IL-12p70 levels were found in the cells of BD subjects
stimulated with all spedfic TIR agonists (LTA stimulated:
Fi_25=89.55, p <0.001; FLA stimulated: F,_,;=24.28, p <0.001;
LIPS stimulated: F,_;; =52401, p<0001; PGN stimulated:
Fi_25=57.94, p<0001 and BIP stimulated F,_j;=4425
p<0001;Fig. SA-E), as compared with HC group. The effects with-
stood adjustments for percentage of basal monocytes (ANCOVA,
Fi—25=27.13, p<00001; Fi_25=2352 p<0.0001; Fj_25=5008,
p<0001; F,_25=39.88, p<0.0001 and Fy_25 =2744, p <0.0001,
respectively). Increased TNF-x levels were observed in PGN-
stimulated cultures in the BD group (Fy_zs= 1233, p= 0002 and
Fi—24=12.26, p= 002 after ANCOVA correction; Fig. 5E).

Decreased IL-6 levels were observed in BD subjects, in cells
stimulated with LPS and BLP (Fi_2s=370, p=-0065 and
Fi-2s=4.11, p= 0053, respectively; Fig. 5C and D, respectively),
although the change only approached statistical significance. In
addition, a statistical trend for lower IL-1f levels was found in cell
cultures of BD subjects stimulated with LTA, LPS and BLP
(Fi-25=4.07, p=0054; Fy_25=3.69, p=0066 and Fy_35=369,
p=0066 respectively; Fig. SA, C and D, respectively) as well as
for reduced IL-10 production in flagellin (FLA)- and BLP-
stimulated cultures from BD patients (F,_js = 3.85, p =0.064 and
Fy_25=4.04, p =0.055 respectively; Fiz. 5B and D, respectively).
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Two correlations were found within the BD group: a negative
association between Treg cells expressing TLR-2 and [L-10 levels
in LTA-stimulated cultures(R = -0.69,p =0.013; Fig. GA)anda pos-
itive association between activated T cells expressing TLR-5 and
TNF<x in FLA-stimulated cultures (R=0.56, p =0.035; Fig. 6C)L
The same correlations were not observed for the HC group
{R=025, p=0.14 and R= 007, p=032; Fig. 6B and D, respec-
tivelyl. We found a negative corredation between Treg cells
expressing TIR2 and IL-12p70 in PGN-stimulated cultures within
HCs (R =0.43, p= 0.040; Fig. GF). The comrelation was not observed
for BD patients (R =0.10, p =0.30; Fig. 6E)

3.4. Asodation benween clinical outcomes TIR-stimulated monocytes
and cytokines

To investigate the effects of illness duration on TLR function,
correlation analyses were performed for ime ofdisease after diag-
nosis {(months) and percentage of TLR+ cells. Two strong negative
correlations were found between time of disease and TLR-2+
monacytes (R= —-0.731, p= 0016; Fig. 7A) and TLR-6+ monocytes
{R=-0721, p=0.018; Fig. 7B) after stimulation. These associa-
tions were independent of participant age because no assodation
between TLR-2+ (p =0.376) or TLR-6+ (p = 0.244) monocytes with
age was observed. Regression analyses, controlling for baseline
levels of monocytes, confirmed thatyears of disease after diagnosis
predicted the percentage of TIR-2+ (R = 0.85, R* =0.73; Fio = 968,
p=-0024) and TIR-6+ (R=0.78, R* = 060; F,y=524, p=-0.018)
stimulated cells. Analysis of magnitude change (A%) revealed that
this negative assodation was also evident for TIR-6+ cells and

years of disease (R = —0.664, p =0.036; Fig. 7C), but not for TLR-2
monocytes.

Further analyses revealed that age negatively comelated with
the percentage of TIR-1+ monocytes after stimulation when con-
sidering the whole sample (R = -0.491, p =0.016; Fig. 7D). Con-
cerning pharmacotherapy in the BD group, serotonin-selective
reuptake inhibitor {SSRI} usage was associated with lower TLR-4+
monocytes following stimulation (t,,=-296; p=0.016; Fg. 7E).
No effects of lithium, valproic add, or antipsychotics were found
with respect to the percentage of TLR monocytes, nor were effects
observed for menstrual cycle stage, physical exerdse frequency,
BML education status or smoking habits.

When cytokine production was considered, strong positive cor-
relations were observed between IL-12p70 in cultures stimulated
with all five specific agonists and depression symptoms (HAM-D
scores) (R=0644, p=0001 for LTA-stimulated cultures;
R=0458, p=0021 for flagellin-stimulated cultures; R = 0478,
p=0.016 for LPS-stimulated cultures; R = 0.613, p =0.001 for BLP-
stimulated cultures and R= 0.726, p <0.0001 for PGN-stimulated
cultures; Supplementary Fig. 1). Similarly, a strong paositive corre-
lation between IL-12p70 levels in LTA-stimulated cultures and
depression symptoms was found only for BD patients (R = 0.710,
p=0.014, Supplementary Fig. 2). Interestingly, analysis of cytoki-
nesand depression scores in BD patientsand HC groups separately
revealed a strong positive correlation between IL-10 in LTA-
stimulated cultures and depression symptoms (R=0.71,
p=0.013, Supplementary Fig. 2) in BD patients, but not in the HC
group. No comelations were observed between cytokines and
manic symptoms.
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4. Discussion

Several studies of BD have shown an immune imbalance assod-
ated with low-grade inflammation. However, most studies have
investigated alterations in adaptive immunity without taking into
account the mle of innate immunity in modulating adaptive
responses{Modabbernia et al., 2013). Here, we demonstrate signif-
icant changes in TLR frequency and signaling in BD patients. More-
over, we report for the first time that BD is associated with
increased frequencies of TLRs in peripheral T cells.

In this study, we focused on the analysis of five major TLRs
expressed mainly on the cell surface. TLR-1 recognizes antigens
from gram-paositive bacteria, while TIR-2 recognizes a broad range
of antigens from bacteria, fungi, viruses and some endogenous
peptides { Botos et al., 2011). TLR-2 can function as an heterodimer
with TLR-1 and TLR-6, recognizing peptidoglycans and lipoproteins
(Botos et al, 2011). We observed increased frequendies of mono-

cytes expressing TIR-1, TIR-2 and TLR-6 in BD patients, relative
to controls before stimulation, suggesting an imbalance in TLR
pathway. Following stimulation, the percentages of monocytes
expressing TIR-f and TLR-2 increased in the same manner for BD
patients and HCs, while the increase in TLR-6 was 3.5-fold higher
in BD patients than in HCs. This may reflect an enhancement in
TLR-2/6 and TLR1/2 heterodimer formation needed to respond to
the appropriate stimuli. On the other hand, an overall reduction
in the cellular densities (MF) of TLR-5 and TLR-6 in BD patients
may compensate for the observed proportional increments in
monocytes expressing TLRs.

Interestingly, we observed increased expression of IL-12p70 in
cells stimulated with all specific TLR ligands. IL-12p70 is a regula-
tory cytokine that modulates IFN-y and TNF-x production { Botos
et al, 2011). Accordingly, when cells were stimulated with PGN
(a TLR-2 ligand), the production of TNF-x increased. Exploratory
comelational analysis revealed a positive correlation between
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11-12p70 and TNF-x following PGN stimulation in BD patients, but
not in HGs, supporting the hy pothesis of an imbalance in the TLR-
1/2 complex in BD patients.

The mechanisms underlying the TLR changes are largely
unknown. Evidence suggests an important role for NLRP3 inflam-
masome activation in major depressive disorder (Alcocer-Gomez
and Cordero, 2014; Alcocer-Gomez et al., 2014}, Inflammasomes
are intracellular sensors of the innate immune system. They sense
danger signals (e.g., reactive oxygen spedes (ROS), ATP, monoso-
dium urate crystals (MSU)} and coordinate innate immune
responses. High mobility group box 1 (HMGB1} is an alarmin that
binds to TLR-2 and TLR-4 and increases pro-inflammatory cytoki-
nes levels via NF-xB and NLRP3 activation {Andersson et al,
2000; Crews et al., 2013; Wu et al., 2015; Yu et al.,, 2006). HMGB1
is passively released by cells undergoing necrosis or following cell
damage, triggering sterile inflammation (Scaffidi et al., 2002). It is
alsoactively released by macrophages, monocytes, neutrophils and
microglia following exposure to several PAMPS as well as to TNF
and IL-1p (Andersson et al., 2000; Crews ot al., 2013; Frank etal.,
2015; Wu et al, 2015; Yu et al, 2006). HMGB1 is involved in neu-
ronal development, but may also contribute to neuroinflammation
after brain injury, upon its released mainly from microglia and
astrocytes (Fang et al, 2012). A recent study reported increased
HMGB1 levels, peripherally and centrally, in an animal model of
IPS-induced depression, suggesting an important role for this
molecule in mood disorders {Wu et al., 2015).

In addition to the important mles of TLRs in innate immunity,
several studies have implicated TLRs in brain plasticity, neuronal
homeostasis and development. Microglia, astrocytes, oligodendro-
cytes and neurons express low levels of TLRs (Arroyo et al., 2011;
Carty and Bowie, 2011; Okun et al, 2011; Tang et al,, 2007). In
the event of infection or sterile inflammation, TLR expression in
brain cells rapidly increases in response to pro-inflammatory
cytokines exposure, contributing to neurinflammation (Arrayo
etal, 2011%; Okunet al, 2011). Animal studies have demonstrated
that systemicinjections of TLR agonists result in increased levelsof
brain TLR-2 transcripts as well as TNF-x and MCP1, changes asso-
ciated with excitotoxicity (Hayward and Lee, 2014; Hong et al,
2010; Laflamme et al, 2001, 2003 ). This data supports the hypoth-
esis that, because of neuroimmune crosstalk, pro-inflammatory
cytokines reach the brain, activate TLRs, induce neuroinflamma-
tion, and thereby affect behavior (Louveau et al., 2015; Olson and
Miller, 2004).

Another interesting hypothesis involves the gut microbiota The
gut microbiota, via TLR signaling, plays important roles in driving
innate and adaptive immunity maturation and coordinating cyto-
kine production (Rook et al., 2014). Emerging data also indicate
an important relationship between gut microbiota, brain develop-
ment and psychiatric disorders {Collins et al., 2012; Cryan and
Dinan, 2015; Dinan and Cryan, 2015; Foster and McVey Neufeld,
2013) via the “gut-brin axis.” The crosstalk between intestinal
components and the brain may occur via bacterial metabolites,
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neumtransmitter molecules produced by bacteria and immune
modulation (Collins et al., 2012; Cryan and Dinan, 2012; El Aidy
etal, 2014; Evrensel and Ceylan, 2015). In this way, gut dysbiosis,
as a consequence of antibiotic usage, diet and stress exposure, may
lead to the low-grade inflammation observed in many psychiatric
disorders (Cryan and Dinan, 2012; El Aidy et al, 2014; Rook
etal, 2014). Considering the hypothesis that BD is a chronic stres-
sor mainly because of its biphasic nature, the disease itself would
result in gut dysbiosis, leading to the immune imbalance observed
in BD patients. However, more research is needed to understand
the role of the “gut-brain axis™ in the pathophysiology of BD.
Here, we have also investigated potential relationships between
TIR function and clinical outcomes. The percentage of TIR-2/6
monocytes after stimulation decreased with BD progression Given
its biphasic nature and chronicity, BD can be viewed as a chronic
stressor that increases the allostatic load (AL) { Kapezinski et al,
2008). AL represents the toll on the organism from an overdoad

of detrimental physiological effects of the stress response (Juster
et al., 2010; Kapczinski et al, 2008). The negative correlation
between the percentage of TLR-2/6 and years of disease may reflect
the detrimental consequences of long-term AL in BD (even in
euthymia). AL may also explain the fact that a positive correlation
between IL-12p70{a TLR-2/6 agonist) in LTA-stimulated cells and
depression symptoms was found only in the BD group. Positive
comelations between IL-12p70 in all TIR agonist-stimulated cells
and depressive symptoms {HAM-D scores) were also observed
Considering the role of IL-12p70 in modulating TNF-x production,
this data is in agreement with previous studies that demonstrated
a mle for pro-infammatory cytokines in the development of
depressive symptoms, including major depression (Raison et al,,
2006).

Several studies have demonstrated that TIRs are expressed in
Tregs and that TLRs contribute to cell proliferation and suppressive
functions in Tregs{Akira and Takeda, 2004; Caramalhoet al., 2003;
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Crellin et al., 2005; Kawai and Akira, 2006; Liu and Zhao, 2007;
Mazzoni and Segal 2004; Sutmuller et al,, 2006a,b, 2007). In the
presence of TLR-2 ligands, Treg cells expand markedly but with
their suppressive effects temporanly abrogated (Liu and Zhao,
2007; Liu et al, 2006; Sutmuller et al, 2007; Sutmuller et al,
2006a,b). Conversely, HSPG0, an endogenous TLR-2 ligand anddan-
ger signal involved in sterile infammation, acts as a co-stimulatory
molecule for Treg cells, down-regulating adaptive immune
responses by increasing Treg suppressive actions (Liu and Zhao,
2007; Zanin-Zhorov et al., 2006). Qur data showed that the per-
centage of TIR-2+ Treg cells increased in BD and inversely corre-
lated with IL-10 release in vitro, suggesting that TLR-2 abrogates
the modulatory effects of Tregs in BD patients. Interestingly, TLR-
2+ Treg cells and 1L-12p70 production were negatively correlated
in HCs, suggesting that TIR-2 is involved in downregulating the
immune response. More studies are warranted to address the
specific role of TIR-2 in Treg development and function.

Finally, the proportion of activated T cells expressing TIR-2/5
was higher in BD subjects than into HCs. However, the role of TIRs
in activated Tcells is largely unknown The increased proportion of

TLR-5+ activated T cells was associated with increased IL-12p70
release, further indicating a role for TLR-5 in the activation profile
of BD. This is also supported by the increase in the activated T-cell
TLR-5/Treg TIR-5 mtio, indicative of an imbalance in this subpop-
ulation. Taken together, our preliminary findings indicate that a
novel mechanism involving TLR-related changes in T-cell function
underlies the low-grade inflammation profile in BD.

This study has several limitations. First, to avoid confounding
effects of gender-related immunological changes, only females
were recruited. Thus, we cannot generalize our findings to men.
Second, the study assessed only medicated BD patients. The
exploratory correlational analysis revealed some pharmacotherapy
effects on TLR signaling, mainly mediated by SSRIs. Third, the sam-
ple size was relatively small, and we cannot exclude the effects of
type Il errors.

In conclusion, our data provide evidence for changes in periph-
eral monocytes and T cells expressing TLRs in BD patients. To the
best of our knowledge, this is the fist study to report TIR-
related signaling changes in spedfic leukocyte subpopulations
involved in immune activation and inflammation.
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Aging continuously remodels the immune system, a process known as immunosenescence. Here, we review evidence
of premature immunosenescence in younger individuals under conditions of chronic psychological stress, chronic
inflammation, or exposure to certain persistent viral infections. Chronic stress may accelerate various features
of immunosenescence by activating key allostatic systems, notably the hypothalamic-pituitary—adrenal axis and
increased cortisol levels. Chronic stress is associated with thymic involution, blunted T cell proliferation, increased
serum proinflammatory markers, and shorter telomere lengths. Human cytomegalovirus (CMV) infection has been
implicated in accelerating immunosenescence by shrinking the T cell receptor repertoire and causing clonal expansion
of senescent CD8*CD28™ T cells with a proinflammatory profile. These factors increase inflammation associated with
aging, or “inflammaging,” particularly as it relates to etiology of several age-related diseases and increased mortality.
Patients with rheumatoid arthritis have been shown to have several signatures of premature immunosenescence,
including expansion of senescent T cells associated with cognitive impairment. We end by speculating that bipolar
disorder can be considered as a model of accelerated aging because it has been associated with shortened telomeres,
higher CMV IgG titers, and expansion of senescent and regulatory T cells.

Keywords: aging: immunosenescence; cytomegalovirus; lymphocytes; glucocorticoids; psychological stress

Introduction killer (NK) cells in contrast to impaired cytotoxic

Aging is a continuous, slow process that compro-  function during aging.” Although previous studies

mises the normal functioning of various organs
and systems in both qualitative and quantitative
terms. Over the last few decades, a growing body
of literature has reported that aging remodels the
immune system, a process known as immunosenes-
cence. Human immunosenescence includes changes
in cellular and molecular components of both innate
and adaptive immune responses, frequently leading
to overall poor immunity, However, not all compo-
nents of the immune system age in the same way, at
the same speed, or in the same direction.’

In the past, there was a general assumption
that all immunological functions decreased during
aging, but current knowledge clearly indicates that
compensatory increases also occur over time. For
instance, regarding innate immunity, most stud-
ies report increasing peripheral counts of natural

doi: 10.1111/nyas 12786

reported increased innate functions of macrophages
against pathogens in mice, such as chemotaxis,
phagocytosis, and superoxide anion production,’
studies of human monocytes and macrophages sug-
gest that there is an age-associated impairment in
these functions.' Decreased neutrophil functions,
including impaired chemotaxis, intracellular bacte-
rial Killing, phagocytosis, and neutrophil extracel-
lular trap formation, have been observed in both
aging mice and humans,* Studies of antigen pre-
senting cells generally show impaired functions with
aging.! Interestingly, the increase in some innate
functions reported in mice can be mediated by
stress mediators, including glucocorticoids, nora-
drenaline, and eHSP72.%% In addition, a low-grade
inflammatory status has been observed during aging
and was characterized by higher plasma levels of

Ann, NY. Acad. Sci. 1351 (2015) 11-21 © 2015 New York Acadamy of Sciences 1"
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Figure 1, Senescence of the innate immune system. Aging continuously remodels the innate immune system, leading to important
phenotypical and functional changes, Although constant numbers have been observed for neutrophils and macrophages, compen-
satory increases in natural Killer (NK) cells and NK T cells have been reported. Although previous studies with mice reported
increased innate functions of macrophages against pathogens, such as chemotaxis, phagocytosis, and superoxide anion production,
studies of human monocytes and macrophages suggest that there is an age-associated impairment in these functions. In addition,
several functional activities are impaired among innate immune cells, including reduced expression of Toll-like receptors (TLRs)
by macrophages as well as low expression of major histocompatibility complex (MHC) by dendritic cells (DCs). Inflammaging, a
concept of the aging innate system, is associated with a low-grade increase in proinflammatory cytokines and acute-phase reactants,

The asterisk indicates changes reported in mice only.

proinflammatory c¢ytokines (TNF-«, IL-6, IL-1),
acute-phase proteins (C-reactive protein), and solu-
ble IL-2 receptors.”® This phenomenon was termed
inflammaging and has repeatedly been associated
with increased morbidity and mortality during
aging. Figure | summarizes current concepts related
to aging of the innate immune system, highlighting
human senescence.

In addition to innate immunity, the adaptive
immune system (i.e., B and T cells) is particularly
targeted and remodeled during aging (Fig. 2).
Peripheral T cells develop key phenotypical and
functional changes during aging even though the
total size of the T cell pool remains roughly the same
as one ages. Mammalian aging is associated with
progressive thymic involution (3% per year) and,
consequently, reduced thymic export of naive T cells
(CD45RA™).% In parallel, possibly as a compen-
satory mechanism, there is an age-related expansion

12 Ann. N.Y. Acad. Sci. 1351 (2015) 11-21 0

of memory T cells (CD45RO™). In addition, there
is an age-related reduction of T cell proliferation,
defects in intracellular signaling, impaired cytotox-
icity, expansion of late-differentiated or senescent
T cells (CD287), reduced NK T (NKT) cells, changes
in cytokine production, and profound shrinkage of
the T cell receptor (TCR) repertoire."'” Strikingly,
after 65 years of age, there is contraction of 99%
of the TCR diversity, drastically limiting the
recognition of new antigens by T cells. Indeed,
although the antibody responses to recall antigens
are preserved during aging, the humoral responses
to new antigens, dependent on T cell help, are
impaired in older adults. During aging, there is a
benign CD8* T cell clonal expansion specific to
persistent viral infections, further contributing to a
diminished repertoire.'

Of clinical importance, human immunosenes-
cence has been implicated with an age-related

2015 New York Academy of Sciences.
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Figure 2. Senescence of the adaptive immune system. The adaptive immune system is particularly targeted and remodeled
during aging. Age-related thymic involution is associated with important phenotypical cellular changes, including a drop in naive
(CD45RA) cells and an accumulation of memory (CD45RO) T cells in the circulation. Expansion of regulatory T (T, ) cells and
senescence-related (CD28°) T cells are observed during aging in contrast to reduced functional responses, such as impaired T
cell proliferation, cytotoxicity, and lower production of Ty | -type cvtokines, Antibody production to new antigens is significantly
impaired during aging, » phenomenon associated with impaired T cell help. In contrast, normal memory antibody responses to

recall antigens are observed during aging,

increase in susceptibility to infectious diseases, neo-
plasias, metabolic diseases, psychiatric disorders
(major depression, bipolar disorder (BD)), car-
diovascular disease, neurodegeneration, cognitive
impairment, arthritis, type II diabetes, osteoporo-
sis, and frailty.® The increasing age-related morbid-
ity, however, is not evenly distributed and seems
to be influenced by other immune-modulating fac-
tors. Indeed, the speed of an individual’s biological
clock depends on the important interaction between
genetic inheritance and environmental factors,

In addition to occurring during normal aging,
premature immunosenescence may also occur in
younger individuals. Here, we review evidence that
neuroendocrine hormones elicited by psychasocial
stress, chronic inflammation (as observed in arthri-
tis and some psychiatric disorders), and certain per-
sistent viral infections may lead to premature human
immunosenescence and earlier onset of many age-
related diseases. We also speculate that BD, because

of several features that resemble aging, might be
considered as a model for accelerated aging.

Psychosocial stress leads to premature
immunosenescence

Several findings from studies published in the
fast decade have indicated that human aging is
normally associated with increasing psychological
morbidity (distress) and stress-related physiologi-
cal changes. Indeed, we have previously shown that
strictly healthy elderly subjects were more stressed,
anxious, and depressed than young adults.!' The
healthy older adults had higher cortisol (45%) but
lower dehydroepiandrosterone (DHEA, 54%) lev-
els (as measured in saliva) compared to young
adults,'" suggesting a neuroendocrine imbalance
of the hypothalamic—pituitary-adrenal (HPA) axis.
Increased cortisol levels were associated with a
reduction in naive T cell numbers and reduced
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T cell proliferation during healthy aging."?
These neuroendocrine changes may contribute to
immunosenescence owing to the fact that all leuko-
cytes express glucocorticoid receptors and are there-
fore responsive to neuroendocrine products,

Because these neuroendocrine changes may result
in enhanced exposure of lymphoid cells to the dele-
terious actions of high levels of glucocorticoids, it
follows that altered neuroendocrine functions could
underlie several features of immunosenescence.'”
Indeed, changes in both innate and adaptive
immune responses during aging are also similarly
reported during chronic glucocorticoid exposure.™
Furthermore, the immunosenescence described
during healthy aging is found to occur at a similar
magnitude following chronic stress or glucocorti-
coid exposure,'* Indeed, during aging, stress con-
ditions, and chronic glucocorticoid exposure, the
following changes are all similarly found: thymic
involution and a related drop in naive T cell export
from the thymus, increased memory and regulatory
T (Treg) cells, a Tl to Ty 2 cytokine shift, reduced
cell-mediated immunity (e.g., blunted T cell pro-
liferation), restricted TCRaf repertoire in CD4*
and CD8* T cells, increased serum proinflamma-
tory markers (inflammaging), and shorter telomere
lengths."”?

Superimposing chronic stress on aging has been
associated with premature immunosenescence and
further activation of the HPA axis."! Elderly care-
givers of spouses with dementia represent a model
to study the superimposed (and detrimental) effects
of chronic psychological stress on immunosenes-
cence, Caregiving for the first-grade elderly relative
with dementia is a demanding task associated with
increased stress, anxiety, depression, and notably
suppressed immune functions.'”” A longitudinal
study showed that caregivers had an increased
mortality rate (=63%) compared to nonstressed
controls.'® In other studies, chronically stressed
individuals (including older adults) frequently
reported poor immune responses, especially those
functions associated with the adaptive immune sys-
tem (reviewed in Ref. 17). These associations may be
explained by accelerated aging of several lymphoid
organs and key immunological functions.'® Care-
giving for a chronically ill partner (stroke or demen-
tia) is associated with increased susceptibility to
upper respiratory infections, including influenza,'
and reduced immune responses to pneumococcal
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pneumonia vaccines.” Elderly caregivers of
Alzheimer’s disease patients have been shown to
have impaired T cell proliferation,’ reduced NK
cell activity,”’ and reduced IL-2 production,' in
contrast to higher TNF-a, IL-10,*? and IL-6 levels,”
The psychological stress may lead to an increased
proinflammatory profile owing to upregulation of
key transcriptional factors involved in triggering
inflammation. Previous studies have reported that
exposure of young adults to acute psychosocial
stress induced significant upregulation of NF-xB
in peripheral blood mononuclear cells (PBMCs).**
Similarly, cells of chronically stressed elders showed
increased expression of NF-kB compared to
nonstressed controls,” Stressed elderly people may
thus be at risk for the development of stress-related
pathologies because of detrimental additive effects
of stress on the aged immune system. Indeed,
higher plasma levels of proinflammatory cytokines
(e.g.. TNF-a, IL-1, and IL-6) observed in stressed
elderly individuals are, importantly, related to
increased morbidity and mortality during aging.*®
In addition, chronic psychological stress has been
correlated with increased oxidative stress, reduced
telomerase activity, and shorter telomere length,
further indicating accelerated cell senescence, which
could be implicated with reduced longevity.”’

Taken together, these data indicate that stress-
related factors, notably cortisol and DHEA,
are important pacemakers of immunosenescence.
Recent studies also indicate that some chronic per-
sistent viral infections may be considered another
source of premature immunosenescence, as dis-
cussed further below.

Cytomegalovirus as a driving force of
accelerated T cell aging

Human cytomegalovirus (CMV) is a ubiquitous B-
herpesvirus associated with an increased age-related
prevalence, ranging from 40% (18-24 years old) to
over 90% (75-80 years old).”® In most cases, the
CMYV promotes a latent asymptomatic infection; but
it has also been associated with chronic infection—
conditions including atherosclerosis, autoimmune
disorders, periodontitis, and inflammatory bowel
disease,™* CMV can promptly reactivate from
latency when immunity is suppressed, indicating
that constant immune surveillance is necessary to
prevent viral reactivation. During aging, subclin-
ical CMV reactivation has been associated with
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increased CMV IgG titers. Psychological stress (as
observed in healthy elderly subjects) has been iden-
tified as an important factor that may drive CMV
reactivation, representing a potential mechanism
linking stress, immunity, and aging,.

Recent studies on aging have indicated that
CMV is importantly involved with several signa-
tures of accelerated immunosenescence. Of note,
CMV has been associated with reduced T cell
repertoire, reduced B cell numbers, and increased
plasma IL-6 levels.” Importantly, CMV plays a piv-
otal role in driving expansion of late-differentiated
CDS8*CD28 T cell numbers during aging, an
expansion known as “memory inflation.”! CD28
is the main costimulatory receptor expressed by
T cells,” and its expression is necessary for full
T cell activation and proliferation after stimula-
tion; loss of CD28 expression on T cells has a
major impact on their function.™ It is believed
that CDS™ T cells downregulate CID28 expres-
sion after several rounds of proliferation (ie.,
replicative senescence); CD8TCD28™ T cells are
resistant to apoptosis, have short telomeres, and
proliferate poorly. 3> Peripheral T cells lacking
CD28 include effector-memory and terminally dif-
ferentiated memory cells re-expressing CD45RA
(TEMRA), which may contribute to inflammaging
by secreting large amounts of IFN-+y, TNF-a, IL-1B,
and IL-6 upon stimulation.’

There is a price to be paid for the constant
immune surveillance necessary to keep the CMV
infection under control. In elderly individuals, as
many as 50% of CD8" and 30% of CD4™ T cells
are CMV specific, at the expense of a highly
diversified naive/memory T cell repertoire.* In an
example of a clinical consequence of such a reduc-
tion in the T cell repertoire, the impaired vaccine
responses observed in the elderly have been related
to an increased CMV-specific CD8% T cell clon-
ally expanded pool and a concomitant decrease in
naive T cell diversity.*” Conversely, very old individ-
uals exhibited smaller T cell responses to CMV and
showed a loss of certain T cell clonotypes that can
respond to the virus.* Therefore, survival into very
old age is accompanied by an immune system less
engaged in dealing with persistent viral infections.

CMV has been associated with an increased
risk of developing important age-related diseases,
including cardiovascular disease™ and type Il
diabetes.*” Previous Swedish longitudinal OCTO
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and NONA studies have identified CMV seropos-
itivity as part of an immune risk profile associ-
ated with increased mortality and characterized by
an inverted CD4/CDS ratio owing to accumulation
of CD8*CD28" T cells.*' We have recently investi-
gated the role of herpesvirus infections and cognitive
and functional states as predictors of the inverted
CD4/CD8 ratio in healthy older adults (mean age:
67 years).*? Elderly subjects identified with an
inverted CD4/CDS ratio were found to have
increased CMV serology (but not an increased serol-
ogy for another herpesvirus, Epstein-Barr virus)
and poor cognitive and functional states.*” Interest-
ingly, increased CMV IgG titers alone contributed
to an eightfold higher chance of inverting the
CD4/CDS T cell ratio. We also observed in work
in progress expansion of CDS™CD28™ T cell popu-
lations in parallel with very low expression of helper
T cell canonical transcription factors T-bet (Tyl),
GATA3 (Ty2).and RORy t {13 17), but not T, cell-
associated FoxP3 in older adults with an inverted
CD4/CDS8 cell ratio (Ornagui er al, unpublished
data), These preliminary data further suggest that
an immune profile previously identified in very old
subjects also exists in hexagenerians.’ A previous
longitudinal study indicated that CMV" Ameri-
can older adults have a greater incidence of frailty
and increased risk of 5-year mortality compared to
CMV-seronegative subjects.*!

Overall, these data highlight the role of CMV
in accelerating immunosenescence by shrink-
ing the TCR repertoire and clonally expanding
CD8TCD28™ T cell numbers with a proinflamma-
tory profile. We next investigated whether chronic
inflammatory conditions are associated with pre-
mature immunosenescence. We follow that by a
more speculative discussion of bipolar disease and
chronic low-level inflammation.

Chronic inflammation and premature aging

Rheumatoid arthritis (RA) is an autoimmune and
inflaimmatory disease with signatures of prema-
ture immunosenescence.*> We recently reported
several accelerating aging signatures in peripheral
lymphocyte subsets in adults with controlled RA.*
These alterations included a significant drop in
CD3 CDI19* B cells (-41%), expansion of CD4*
CD257FoxP3* regulatory T cells (73%), as well
as senescent CD4TCD28™ (81%) and CD8TCD28~
(38%) T cells.* Several studies have reported a
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contributing role of CD28™ T cells in the pathogene-
sis and extra-articular manifestations of RA, includ-
ing impaired cognitive performance. We recently
reported that RA patients with lower scores in cog-
nitive tasks had greater numbers of CD8"CD28™
T cells than age-matched controls.*® As previ-
ously discussed, CD28 is lost after replicative
senescence, but this loss can also occur under proin-
flammatory conditions, such as in the presence
of TNF-a." CD47CD28 T cell clones from RA
patients are consistently autoreactive, produce large
amounts of IFN-vy, and express Killer immunoglob-
ulin receptors, which are known signatures of
premature  immunosenescence.*®  Furthermore,
supporting a model of premature senescence, pre-
vious studies have investigated T cell B-chain
sequences in CD4™ T cells of RA patients and found
a 10-fold contraction in T cell diversity/repertoire.**

An important marker of cellular senescence is the
length of telomeres, which are sequences located at
the chromosome end that progressively erode with
each division cell cycle. In RA, telomere shortening
has been observed in both hematopoietic progeni-
tor cells (HPCs) and in peripheral lymphocytes %%
The HPCs of young adults (20-30 years old) with
RA had telomeres shortened to the same magni-
tude as found in healthy adults of 50-60 years of
age.” In accordance, CD4™ T cells of patients with
RA showed reduced median length telomere com-
pared to healthy controls.®” In addition, a previous
study with a large cohort of RA patients indicated
that telomere attrition occurred independently of
disease severity and duration.”! Telomere shorten-
ing may occur as a consequence of homeostatic
proliferation or deficiency of telomerase activity,
the enzyme responsible for the maintenance of the
telomeric structure.®> T lymphocytes, unlike other
cells, are capable of reactivating telomerase, increas-
ing their life span.* However, in RA the telomerase
activity seems to be insufficient for maintaining the
longevity of T cells,™

In addition, RA has been related to the early
development of common conditions of aging, such
as osteoporosis™ and cardiovascular diseases.*
Proinflammatory cytokines, mainly TNF-«, are
involved in modulating the balance between bone-
forming and bone-resorbing mechanisms. The
increased vascular injury is mainly owing to the
action of proinflammatory cytokines in combina-
tion with cytotoxic T cells targeting the vascular
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endothelium.** Furthermore, the expansion of

CD28 T cell numbers was correlated with vascular
damage observed in these patients.™ Taken together,
these data demonstrate that RA is a disorder char-
acterized by premature aging of the immune system
and early onset of common age-related diseases.

BD: a possible model of accelerated aging

BD has been recently hypothesized to be an accel-
erated aging disorder.®® BD is characteristically a
cyclic disease with alternate depressive mood and
manic mood episodes, Owing to its biphasic nature,
BD was considered a chronic stressor that results
in several detrimental stress-related effects, includ-
ing neurological and immunological changes, that
resemble those found during healthy aging. Indeed,
there are several characteristics shared by BD and
aging. For example, BD and aging present with
many neurological alterations, at both structural
and functional levels. Among these alterations are
brain atrophy, gray matter reductions in areas such
as the prefrontal cortex, and increases in the size of
the amygdala.”® Neuropathological studies indicate
neuroplasticity and connectivity deficits. In addi-
tion, cognitive impairment is also characteristic of
both aging and BD. Of note, verbal working mem-
ory, response inhibition, sustained attention, psy-
chomotor speed, abstraction, and set shifting are
the cognitive domains and functions with marked
impairments in BD.*” Both functional and neu-
roanatomical changes worsen with BD) disease pro-
gression and the number of different episodes.™®
Concomitantly, lower levels of neurotrophins, espe-
cially brain-derived neurotrophic factor (BDNF),
have been reported for both BD) and aging. While
healthy aging is associated with a normal reduction
in BDNF levels, in BD individuals these levels have
been shown to be influenced by age and by length
of illness.™

Similar to aging, BD has been associated with
an important immune imbalance toward low-grade
inflammation.*”®' While the underlying mech-
anisms involved with the low-grade inflaimma-
tory status are largely unknown, expansion of
peripheral-activated T cells, low T, cell numbers,
and activation of intracellular signaling cascades
(i.e., MAPKs, NF-kB) have been reported in BD
patients.*”* The occurrence of low-grade inflam-
mation in BD might be considered a form of pre-
mature inflammaging, as it has been associated with
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comorbidities normally found in older adults, such
as cardiovascular disease, functional impairment,
and poor cognition.”

Another feature shared by aging and BD is prema-
ture cellular immunosenescence. Recently, a signif-
icant expansion of CD8"CD28" T cell numbers in
parallel with shortened telomere length in PBMCs
were observed in type I bipolar patients compared
to healthy controls.***® Interestingly, patients also
were shown to have higher anti-CMV IgG levels
compared to healthy controls,*® and the shortened
telomere length was inversely correlated with CMV
serology.® Therefore, we speculate that increased
allostatic load in BD may lead to higher CMV reacti-
vation, expansion of senescent CDETCD28™ T cells,
and telomere shortening. In addition, CMV may
drive a systemic proinflaimmatory state in BD by
inducing production of prostaglandin E2 in human
fibroblasts, along with the major CMV envelope gly-
coprotein (gh) upregulating the expression of NF-
kB, a key transcription factor for prointflammatory
genes.” Therefore, the CMV infection may be a
driving torce in the process of early immunosenes-
cence in BD. Future studies should address the clin-
ical significance of these findings in a prospective
setting.

Similarly to major depression, neuroendocrine
alterations have been reported in BD. A recent
meta-analysis reported increased morning corti-
sol levels in BD patients compared to controls,
indicating altered basal HPA axis activity.® Sim-
ilarly, Dettenborn er al. reported that unipolar
depressed patients present with higher levels of
hair cortisol than healthy controls.”” Conversely, a
recent study by Wieck er al. demonstrated that BD
patients were hyporesponsive to acute stress expo-
sure, with blunted cortisol secretion compared to
healthy controls, indicating impairment in HPA axis
regulation.®® Interestingly, the functional impair-
ment of the HPA axis was associated with exag-
gerated inflammatory responses. Similarly, patients
with major depression or posttraumatic stress dis-
order and individuals exposed to childhood emo-
tional abuse had blunted stress responses and
higher circulating inflammatory mediators com-
pared to healthy, nondepressed individuals.”*”" A
previous meta-analysis revealed that clinical sever-
ity in depression was related to blunted corti-
sol levels in response to stress,”? Similar findings
were observed in patients with burnout syndrome,
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associated with chronic stress, describing impor-
tant inverse correlations between clinical severity
and blunted salivary cortisol levels in response
to acute stress exposure.”’ Taken together, the sev-
eral age-related changes reported in BD suggest that
this psychiatric disorder may be considered to be
a new model of accelerated aging. This new under-
standing brings insight to novel therapy approaches,
including the use of anti-inflammatory medications
and stress-management interventions. Indeed, non-
steroidal anti-inflammatory drugs and monoclonal
antibodies targeting inflammatory cytokines have
been proven useful in treating major depressive
disorder.™

Conclusions and future perspectives

Premature immunosenescence may occur in young
subjects, especially under conditions of chronic
stress, such as that which occurs in BD or RA patients
and during certain persistent viral infections (e.g.,
CMV). The clinical consequences are the early
onset of several age-related diseases and increased
mortality.

Immunosenescence includes remodeling changes
in cellular distribution and functional aspects of
the immune system. T cells are particularly tar-
geted during aging, and several changes in T cell
subsets have been observed, notably, expansion
of late-differentiated senescent CD28™ T cells and
shrinkage of the TCR repertoire. These changes
have been associated with increased CMV serol-
ogy and increased numbers of CMV-specific T cells
with a senescent phenotype. Another key feature
of immunosenescence is inflammaging, which is
associated with chronic low-grade inflammation,
age-related diseases, and increased mortality dur-
ing aging. Healthy elderly subjects, in the absence
of any chinical condition, were found to be psy-
chologically stressed and had higher levels of stress
mediators (cortisol) as compared to healthy young
adults."” Glucocorticoids have many immunoreg-
ulatory properties, and immune changes reported
during aging are also similarly reported dur-
ing chronic glucocorticoid exposure.'* Chronically
stressed elders show many features of accelerated
adaptive and innate immune senescence, indicating
the superimposing impact of stress during aging.
Furthermore, patients with RA had several signa-
tures of premature immunosenescence, including
expansion of senescent T cells, which are associated
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Figure 3. Major biological changes supporting premature senescence in bipolar disorder, rheumatoid arthritis, and chronic stress.
A neuroendocrine imbalance promoted by psychosocial stress (i.e., increased cortisol/DHEA ratio), chronic inflammation (as
observed in arthritis and bipolar disease), and cytomegalovirus (CMV) infection may lead to premature immunosenescence and
carlier onset of many age-reélated diseases, Arrows indicate potential underlying cousal relationships of premature senescence.

with marked cognitive impairment.*>* Because
of many of its clinical features—association with
shortened telomeres, higher CMV IgG titers, and
expansion of senescent and regulatory T cells—BD
might be considered asa model of accelerated aging.

Figure 3 shows major biological changes similarly
observed in BD), RA, and chronic stress, indicating
features of premature senescence.

The immune system is plastic and thus can
be modified during aging. It may be possible to
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attenuate and potentially reverse many features of
immunosenescence via stress-management the-
rapies, improved health-related behaviors, and
hormone-replacement therapies.”™ Furthermore,
low-cost practices, including moderate regular
exercise and micronutrient and antioxidant supple-
mentation, may also be beneficial for aging healthily
by attenuating the effects of immunosenescence.®
Finally, interventions aimed at attenuating inflam-
mation and preventing CMV reactivation may be
of great value for promoting health aging,.
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