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Prefacio | Enquadramento

A Sindrome de Sjogren é uma doenga crénica que apresenta consideravel variabilidade
clinica, ndo existindo nenhuma caracteristica especifica que, isoladamente, permita o seu
diagndstico. Na SSP este é feito considerando o conjunto de manifestacdes clinicas e
alteracdes laboratoriais no contexto especifico de cada individuo *.

As manifestacdes tipicas da doenca, nomeadamente secura oral e ocular (sindrome
Sicca) sdo pouco especificas e poderem surgir no contexto de outras doencas locais ou
sistémicas, e s3o comuns na popula¢do mais envelhecida 2. Manifestacbes sistémicas, que
ocorrem em cerca de 50% dos doentes, frequentemente no inicio da doenga, podem
também alertar para a presenca da SSP 2.

O diagndstico clinico, baseia-se na confirmacdo objetiva da reducdo da capacidade
secretdria lacrimal ou salivar, e na confirmacdo obrigatéria da presenca de um disturbio
imunoldgico subjacente. Assim, perante a suspeita clinica, os principais elementos para
confirmar a SSP sdo a presenca de anticorpos anti-SSA e anti-SSB 3, e infiltrados linfocitarios
focais na bidpsia de glandula salivar minor (labial) %>.

Nem sempre é facil confirmar o diagndstico, sobretudo nas fases precoces da doenca,
em que a fraca associacdo entre as queixas secas e os testes objetivos dificulta a avaliacao
da funcdo secretdria ®.

S3ao desejaveis novos biomarcadores que traduzam a disfungdo imune presente na
doenca. Exemplos promissores sdo a caracterizacao do perfil linfocitario por citometria de
fluxo 78, a identificacdo de novos autoanticorpos ° e a ecografia das glandulas salivares?®.

Enquanto o diagndstico é o coroldario de um processo clinico que avalia a
probabilidade de um determinado individuo ter a doenca, no seu contexto especifico, a
classificacdo pretende definir presenca ou auséncia da doenga de acordo com
carateristicas pré-estabelecidas **.

A correta identificacdo dos individuos com doenca, quer cumpram ou ndo os
critérios de classificacdo, tem implicacbes no progndstico, na terapéutica e no plano de
seguimento *2. Individuos com doenca estabelecida ou em progressdo beneficiardo do
reconhecimento precoce e intervencdo mais ativa, com recurso a terapéuticas
imunomoduladoras. Por outro lado, individuos com doenca indiferenciada estavel ou sem



doenca autoimune ndo necessitardao de ser expostos a estas terapéuticas e poderdo ser
tranquilizados quanto ao melhor progndstico do seu quadro clinico.

Ao longo dos anos, elaboraram-se varios conjuntos de Critérios de Classificacdo para
a SSP, sendo os do American-European Consensus Group (AECG) 13 os mais extensamente
utilizados, com mais de 1500 referéncias '*. Dada a necessidade de se obterem critérios
consensuais, o consorcio International Sjégren’s Syndrome Criteria Working Group
desenvolveu um novo sistema de classificacdo em 2016, conhecido como Critérios de
Classificagdo ACR/EULAR, sendo composto apenas por elementos objetivos 1°.

Apesar da elevada sensibilidade e especificidade de ambos os critérios, AECG e
ACR/EULAR, nem todos os doentes com um diagnéstico clinico de SSP irdo cumprir critérios
de classificacdo 6. Uma vez que os critérios ACR/EULAR s3o baseados na pontuacdo de
elementos objetivos, a sua adaptacdo podera ser exequivel caso novos testes diagndsticos
demonstrem mais-valia '*. Na eventualidade de se atingir uma sensibilidade e
especificidade perfeitas (ambas de 100%), os critérios de classificacdo seriam equivalentes
a critérios de diagndstico, pois identificariam corretamente todos os casos individuais *’.

A presenca de alteracdes tipicas em varias subpopulac¢des linfocitdrias na SSP 1820
poderd contribuir para o diagndstico e monitorizacdo da atividade da doenca. Além disso,
ao contrdrio de métodos como a bidpsia glandular, a caraterizacdo das populacdes
linfocitarias € um método ndo invasivo que pode ser repetido ao longo do tempo, de modo
a melhor caraterizar a dinamica da distribuicdo destas células ao longo da evolugdo da
doenga.

O objetivo principal a que me propus ao elaborar este Projeto de Investigacao foi a
exploracdo das subpopulagdes linfocitdarias, caraterizadas por citometria de fluxo, como
biomarcador auxiliar no diagnéstico e classificacdo da SSP.

De acordo com o Artigo 4.2 do Didrio da Republica, 2.2 série, N.2 111, de 9 de Junho de 2015
(Regulamento n.2 320/2015) e com o Artigo 19.2 do Diario da Republica, 2.2 série, n.2 153,
de 7 de Agosto de 2015 (Regulamento n.2 519/2015), os resultados apresentados e
discutidos nesta tese foram publicados, aceites ou submetidos para publicacdo nas
seguintes revistas cientificas com arbitragem cientifica:

e Barcelos F, Martins C, Papoila A, Geraldes C, Cardigos J, Nunes G, Lopes T, Alves N,
Vaz-Patto J, Branco J, Borrego LM. Association between memory B-cells and
clinical and immunological features of primary Sjogren's syndrome and Sicca
patients. Rheumatol Int 38, 1063—1073 (2018).
https://doi.org/10.1007/s00296-018-4018-0 .
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e Barcelos F, Martins C, Monteiro R, Cardigos J, Prussiani T, Sitima M, Alves N, Vaz-
Patto J, Branco JC, Borrego LM. Association between EBV serological patterns and
lymphocytic profile of SjS patients support a virally triggered autoimmune
epithelitis. Sci Rep 11, 4082 (2021).
https://doi.org/10.1038/s41598-021-83550-0.

e Barcelos F, Martins C, Madeira N, Angelo-Dias M, Cardigos J, Alves N, Vaz-Patto J,
Cunha-Branco J, Borrego LM. Lymphocyte subpopulations in Sjogren's syndrome
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Rheumatol. 2021 Jan 14.
doi: 10.1007/s10067-020-05537-y. Epub ahead of print.

e Cardigos J, Barcelos F, Carvalho H, Hipdlito D, Crisdstomo S, Vaz-Patto J, Alves N.
Tear Meniscus and Corneal Sub-basal Nerve Plexus Assessment in Primary Sjégren
Syndrome and Sicca Syndrome Patients. Cornea. 2019 Feb;38(2):221-228.
doi: 10.1097/1C0.0000000000001800.

e Barcelos F, Hipdlito-Fernandes D, Martins C, Angelo-Dias M, Cardigos J, Monteiro
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2021.
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e BarcelosF, Bras-Geraldes C, Martins C, Papoila AL, Monteiro R, Cardigos J, Madeira
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subpopulations in the classification of Sjogren's syndrome. Submetido a revista
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De acordo com a alinea e) do Artigo 19.2 do Didrio da Republica, 2.2 série, N.2 153, de 7 de
agosto de 2015 (Regulamento n.2 519/2015), este Projeto de Investigacdo foi aprovado
pelas comissdes de ética do Instituto Portugués de Reumatologia, do Hospital CUF
Descobertas, e da NOVA Medical School/Faculdade de Ciéncias Médicas (autorizagdo n.2
17/2016/CEFCM).
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Resumo

A Sindrome de Sjogren primdria (SSP) é uma doenga inflamatéria crénica, de origem
autoimune, que se carateriza pela infiltrag¢do linfocitaria e lesdo das glandulas exdcrinas.

O diagndstico diferencial entre uma sindrome seca de origem autoimune (SSP) ou
ndo-autoimune (complexo Sicca) é o principal desafio no diagndstico da SSP, tendo extrema
importancia no progndstico e na terapéutica.

Atualmente, os principais elementos para confirmar o componente autoimune da
SSP sdo a presenca de anticorpos anti-SSA e anti-SSB e de infiltrados linfocitarios focais na
bidpsia de glandula salivar minor (labial). S3o desejaveis novos biomarcadores que
traduzam a disfungdo imune presente na SSP, pois nem sempre é facil confirmar o
diagndstico, sobretudo nas fases precoces da doencga

A hiperatividade das células B, suportada por células T, é responsavel por algumas
das carateristicas clinicas e imunoldgicas mais reconheciveis da doenga, sendo sugerido na
literatura que a avaliacao de perfis de linfdcitos especificos pode constituir um elemento
auxiliar no diagndstico da SSP.

A partir destes pressupostos, este trabalho teve como objetivo principal explorar das
subpopulacdes linfocitarias (caraterizadas por citometria de fluxo), e a sua utilizagdo como
biomarcadores auxiliares no diagndstico e classificacdo da SSP. Exploramos também a
distribuicdao das subpopulagdes linfocitarias com os seguintes objetivos secundarios: avaliar
a sua relacdo com o status seroldgico da infecdo pelo virus Epstein-Barr (EBV); avaliar a sua
relacdo com o perfil serolégico (anti-SSA) e eventual associacdo a carateristicas fenotipicas
da SSP; avaliar a relacdo da morfologia do plexo nervoso corneano sub-basal, quer com o
perfil linfocitario, quer com a atividade da doenca na SSP.

Para este efeito, foram incluidos 57 doentes com SSP classificados de acordo com os
critérios do American-European Consensus Group (AECG ) 13, 68 doentes com sindrome
Sicca sem critérios de SSP, 20 doentes com Artrite Reumatoide (AR) e 24 individuos
saudaveis, sem queixas secas.

A citometria de fluxo foi a metodologia utilizada na avaliagdo imunofenotipica das
populacdes celulares, considerando também os ensaios funcionais, utilizados para a
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avaliacdo da producdo de citocinas. Na abordagem dos niveis séricos de anticorpos, em
particular no contexto da infecdo por EBV, recorreu-se a ensaios imunoenzimaticos
classicos.

Resumidamente, a avaliagdo imunofenotipica implicou a incubagdo de sangue
periférico com um painel pré-validado de anticorpos monoclonais, otimizado para a
caraterizacdo de células T (incluindo varias subpopulacées dentro das células TCD4 e T
CDS8, tais como células reguladoras e células foliculares), e de células B (assegurando a
caraterizacdo de diferentes estadios desde as células de transicdo a células de meméria e
plasmablastos, ou células reguladoras, através de estratégias distintas como a classificagao
Bm1-5, frequentemente aplicada neste contexto). Foi ainda estudada a capacidade de as
células T secretarem citocinas como a IL-17 e a IL-21, apds estimulagdo com PMA e
ionomicina. O painel de anticorpos monoclonais incluiu os seguintes marcadores: CD3,
CD4, CD8, CD19, CD24, CD25, CD27, CD38, CD45, CD45RA, CCR6, CCR7, CXCR3, CXCR5, anti-
IgD, anti-IlgM. Por fim, para a obtencao de contagens absolutas, utilizou-se uma estratégia
de plataforma unica, com a utilizagdo de tubos TruCount™, com esferas calibradas.

A aquisicio das amostras foi efetuada num citémetro BD FACS Calibur™ (BD
Biosciences, San Jose, CA, EUA), equipado com dois lasers, permitindo a avaliacdo de quatro
fluorescéncias distintas. O software de aquisi¢cdo foi o MultiSet™ (BD Biosciences), e para
efeitos de andlise, foram usados ainda os softwares Cell Quest 3.3™ (BD Biosciences) e
Infynicyt™ (Cytognos, Salamanca, Espanha). A analise estatistica utilizou o programa Graph
Pad Prism (GraphPad Software, San Diego, CA, EUA).

Em linha com a literatura, no nosso estudo, a classifica¢do classica IgD/CD27 verificou
a existéncia de uma redugdo dos nimeros absolutos e percentagens de células B de
memoria (sobretudo sem switch) e aumento das células B naive em doentes com SSP. A
avaliagdo das células B de acordo com a classificagdo Bm1-Bm5 confirmou também o
aumento das subpopulagdes Bm2 e Bm2’, e a diminuicao das eBm5 e Bm5. Na razdo entre
as células Bm2+Bm2' e as eBm5+Bmb5 foi possivel aplicar cut-offs na discriminacdo entre
SSP e controlos, ainda que com menor sensibilidade e especificidade em relagdao aos
anteriormente descritos.

Ainda assim, doentes com SSP com valores mais baixos células B de memoria
apresentavam maior frequéncia de carateristicas fenotipicas da doenca, como FS>1,
anticorpos anti-SSA, anticorpos anti-SSB, ANA e FR, e aumento das imunoglobulinas. Estes
resultados, que se associam a menores valores de células B de memodria e a disfuncao
autoimune na SSP estdo de acordo com a hipdtese de que a diferenciacdo das células B
periféricas que migram para as glandulas salivares favorecem a formacdo de plasmdcitos e
a consequente produgao de autoanticorpos.
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VerificAmos também que os doentes Sicca apresentaram percentagens de células B
naive e de memaria semelhantes as de doentes com SSP, e distintas das dos controlos,
enguanto que os valores absolutos destas popula¢des foram superiores aos da SSP, mas
inferiores aos controlos. Considerando o desafio diagndstico dos doentes Sicca, o seu perfil
linfocitario intermédio entre SSP e controlos, evidente nos doentes Sicca, sugere a
presenga de disfungdo imunoldgica, podendo alguns deles corresponder a formas ligeiras
ou precoces de SSP.

As células T foliculares efectoras (Tfh) tém um importante papel na patogénese da
SSP, onde foi descrito um aumento das células Tfh circulantes e uma expansdo da sua
diferencia¢do nas GS 222, Ora, a marcada expans3o de células Tfh e a simultdnea presenca
de células Tfc nas glandulas salivares na SSP pode relacionar-se com mecanismos de
resposta a um agente infecioso sialotrépico, como o EBV. Neste estudo, apesar dos
numeros absolutos de células T CXCR5* estarem diminuidos na SSP, encontrdmos um
aumento das células T produtoras de IL-21, quer CD4* (Tfh), quer CD8" (Tfc). Além disso, as
células Tfc estavam aumentadas nos doentes com SSP com maior atividade da doenga,
tendo sido possivel identificar uma correlacdo positiva entre os nimeros absolutos de
células T IL21*CD8* e o ESSDAI, sugerindo um papel destas células na patogénese da
doenca. Curiosamente, o aumento das células T produtoras de IL-21 lembra o perfil de uma
infecdo viral crénica, e de facto, em relacdo aos marcadores serolégicos de EBV, os doentes
com SSP apresentaram maior prevaléncia de anti-EBV EA-D IgG, em compara¢do com
doentes com AR e controlos saudaveis.

Reconhecendo este aumento de prevaléncia de anti-EBV EA-D IgG e uma prevaléncia
importante de anti-EBNA IgG em SSP, subdividimos estes doentes em 3 grupos de acordo
com o padrao serolégico para EBV. Doentes com serologia positiva para EBV apresentavam
ESSDAI superior ao de doentes sem evidéncia de infecdo (G3). Em doentes com perfil
serolégico de infecdo recente/reativacdo de EBV, a frequéncia de doentes com PSS ativa
era também tendencionalmente superior a dos doentes com infe¢do antiga. Do ponto de
vista celular também se verificaram alteracdes, com os doentes com evidéncia de infecdo
por EBV, em especial infecdo recente/reativacdo, a apresentarem maior representagao das
subpopulagdes T pro-inflamatdrias Thl e Tfhl, o que pode indicar a influéncia viral na
diferenciagao preferencial destas células. Adicionalmente, doentes com infegdao por EBV
recente/reativacdo apresentavam niveis superiores de células B de transicdo e de
plasmablastos, o que pode indicar a influéncia do EBV na modulagdo das respostas imunes
na SSP e na expressdo clinica, conforme sugerido pela manifestacdo mais precoce da
doenca e maior frequéncia de doenca ativa nestes individuos.

Na SSP, a presenca de anticorpos anti-SSA também se associa a carateristicas
fenotipicas distintas, pelo que a investigacdo de diferencas nas populagées linfocitarias

nestes doentes permitiu identificar ndo sé linfopénia T, mas também redug¢do dos numeros
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de células B, em paralelo com maiores proporc¢des de células T CD4* e T CD8* produtoras
de IL-21, uma acentuada reducdo das células B de meméria e um aumento das B naive B,
em comparagao com controlos saudaveis. Além disso, os doentes SSA*SSP apresentaram
maior atividade de doencga, e verificou-se a existéncia de associa¢des entre o ESSDAI e
varias subpopulagdes linfocitarias, incluindo as populagdes T IL-21*CD4*, IL-21*CD8"* e
Tregs. A correlagdo positiva entre o ESSDAI e as percentagens de células CXCR5*Th1 (Tfh1),
observada apenas nos doentes SSA*SSP, e ainda mais significativa nos doentes com
atividade de doenca moderada/elevada (ESSDAI >5), sugere que 0s mecanismos
patogénicos subjacentes a dindmica das células T e as manifestacdes da doenca diferem de
acordo com a presenga de anticorpos anti-SSA.

Considerando que sdo necessdrios novos biomarcadores que complementem a
informacdo fornecida pelos testes convencionais, na abordagem da xeroftalmia,
observdmos que estes testes se mostraram alterados em ambos os grupos de individuos
com queixas secas (SSP e Sicca). Na morfologia do plexo nervoso corneano sub-basal
também se verificaram caracteristicas distintivas, com as alteracdes do plexo nervoso
corneano sub-basal a apresentaram uma boa associacdo com o teste de Schirmer e o
tempo de quebra do filme lacrimal. A imagem da cdrnea por microscopia confocal
demonstrou um bom desempenho na identificacdo de individuos com olho seco,
apresentando-se como um instrumento promissor na avaliacdo objetiva da xeroftalmia, ja
que é uma metodologia nao-invasiva e menos dependente de fatores ambientais e
relacionados com o doente.

Em relacdo as alteracdes morfoldgicas do plexo nervoso corneano sub-basal
atribuiveis ao olho seco, foram mais evidentes nos doentes com SSP com maior duragdo e
atividade da doenca, encontrando-se uma forte correlacdo negativa entre o ESSDAI e
comprimento (CNFL) e a densidade das fibras (CNFD) em doentes com maior atividade da
doenca (ESSDAI >5), também com piores parametros oculares (menor CNFD e CNFL). Nos
doentes com ESSDAI>5, encontrou-se correlacdo positiva entre o CNFL e o numero de
Tregs, e uma forte correlacdo negativa entre as células Tfh1l e ambos os parametros
morfolégicos do plexo corneano (CNFL e CNFD). CorrelagGes positivas entre o CNFL e
células de meméria ou células CD24HCD27* foram também identificadas, havendo por
outro lado correlacdo negativa entre a CNFL e células IL21*CD8* T, que pode apoiar a
influéncia da disfuncdo imune na lesdo da cérnea.

Finalmente, a avaliacdo da inclusdo de subpopulagdes linfocitdrias nos critérios AECG
e ACR/EULAR permitiu reconhecer que algumas subpopula¢gdes demonstraram uma
aceitavel precisdo na distincdo entre SSP e Sicca. Ao serem incluidas no modelo
multivariado para avaliar se melhoravam o desempenho dos critérios de classificacao,
populacdes como células B de memdria com switch, ou células Bm1 e células Tfh,
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permitiam aumentar o poder discriminativo dos critérios de classificagdgo ACR/EULAR e
AECG, respetivamente.

Em suma, este foi o primeiro estudo a identificar os valores de cut-off nas
subpopulagdes de linfécitos B definidas pela classificagdo 1gD/CD27, comprovando a
existéncia de cut-offs em subpopula¢des de células B que claramente distinguem SSP de
controlos saudaveis, que poderdo vir a ser utilizados até em doentes Sicca, cujo perfil se
assemelhe ao da SSP, podendo representar formas ligeiras ou precoces da doenca.

Adicionalmente, demonstrdmos que em doentes com SSP a presenca de menores
contagens de células B de memodria esta associada a uma evolugdao mais prolongada e a
doenca mais ativa, o que abre perspetivas para que a avaliacdo desta populacado celular
possa ter também um papel progndstico. O nosso estudo explora pela primeira vez
também a associacdo entre os padroes seroldgicos do EBV e o perfil de subpopulagbes
linfocitarias na SSP, suportando a presenca de uma amplificagdo do ambiente folicular na
SSP, que se traduz pela secre¢do aumentada de IL-21 por células T CD4* and CD8*
(foliculares), com eventual associacdo ao background viral. Alias, é a primeira abordagem
das células Tfc (CXCR5*CD8*e IL-21*CD8*) no contexto de autoimunidade, com a associacdo
entre estas células e a atividade da doenca na SSP a sugerir o seu envolvimento na
patogénese da epitelite autoimune.

Os nossos resultados indicam ainda que os doentes SSA*SSP apresentam maior
atividade de doenga, incluindo marcadores de ativagdao B como hipergamaglobulinémia, FR
e tumefacdo das GS. Além disso, a associacdo entre a atividade da doenca e as células T IL-
21*CD4* e IL-21*CD8* (foliculares), para além de poder traduzir o envolvimento destas
células num fendtipo mais ativo da doenga, poderd indicar um futuro papel da
caraterizacao destas células no progndstico e monitorizacao da doenca.

Por outro lado, os nossos dados sugerem que a lesdo dos nervos corneanos pode
acompanhar a atividade sistémica da doenca, e relacionar-se com a maior desregulacao
imune nestes doentes, indicando também uma possivel evoluc¢do paralela do dano as fibras
nervosas da cérnea e da atividade imunolégica da SSP. Deste modo, a avaliagao morfolégica
do plexo nervoso corneano sub-basal em doentes com SSP pode fornecer indicios do grau
de disfuncdo imunoldgica e da dindmica das populac¢des linfocitarias, assumindo-se o
presente estudo como o primeiro na literatura a avaliar a relacdo entre as carateristicas
morfoldgicas do plexo corneano sub-basal e a distribuicao das subpopulagdes linfocitarias
na SSP.

Por ultimo, o nosso estudo abre perspetivas para a utilizacdo de populagtes
linfocitarias nos critérios ACR/EULAR, com vista a melhoria do seu desempenho,
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considerando os desafios que ainda se reconhecem atualmente no diagndstico e
classificacdo da SSP.
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Abstract

Sjogren's syndrome (SjS) is a chronic systemic autoimmune disease, characterized by
lymphocytic infiltration of the exocrine glands.

The main challenge in the diagnosis of SjS is the discrimination between sicca
symptoms caused by autoimmune processes (SjS) from a non-autoimmune Sicca
syndrome, which is extremely important for prognosis and therapy.

Presently, the main elements to confirm the autoimmune origin in a suspicious case
of SjS are the presence of anti-SSA and anti-SSB autoantibodies, and the demonstration of
focal lymphocytic infiltration on histology of minor labial SG biopsy. New autoimmunity
biomarkers are needed for SjS, since diagnosis is sometimes difficult, especially in the early
phases of the disease.

The B-cell hyperactivity supported by T-cells is a Hallmark of SjS, and responsible for
the most recognizable clinical and immunological features of the disease. It has been
suggested that specific lymphocyte subset profiles, typical of SjS, may be helpful in the
diagnosis of the disease.

Considering this, our main purpose was to characterize lymphocyte subsets through
flow cytometry and explore their utility as a biomarker for the diagnosis and classification
of SjS.

We also had complimentary objectives, namely: to evaluate the association between
lymphocyte subsets distribution and the serological profile of EBV infection; to evaluate the
association between anti-SSA positivity and clinical and immunological features of SjS,
including lymphocyte subset profiles and disease activity; to assess the corneal sub-basal
nerve plexus morphology and explore its association with lymphocyte subsets and disease
activity in SjS.

We included 57 SjS patients, classified according to the American-European
Consensus Group (AECG ) criteria, 68 non-Sogren Sicca patients, 20 Rheumatoid arthritis

patients, and 24 healthy non-sicca patients.

Flow cytometry procedures were used for the immunophenotypic evaluation of
lymphocyte subsets, as well as for the functional protocols, through cytokine production
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assessment. Regarding the evaluation of circulating antibodies, especially in the context of
EBV infection, classic immunoenzymatic assays were used.

In brief, for the immunophenotyping protocols, peripheral blood samples collected
in EDTA-coated tubes were processed incubated with a pre-validated panel of monoclonal
antibodies (mAbs), optimized for characterization of T cells (including follicular and
regulatory subsets of CD4+ and CD8 T-cells) and B-cells (assuring the characterization of
distinct evolution stages from transitional to memory B cells and plasmablasts, with distinct
strategies such as the Bm1-5 and the IgD/CD27 classification schemes, commonly used in
autoimmunity context). We also assessed the production of IL-17 and IL-21 by T cells after
stimulation with PMA and ionomycin. The mAb pane used consisted of: CD3, CD4, CDS,
CD19, CD24, CD25, CD27, CD38, CD45, CD45RA, CCR6, CCR7, CXCR3, CXCRS5, anti-IgD, anti-
IgM. A single platform strategy was used to obtain absolute counts of all cell subsets
(TruCount™ tubes with calibrated spheres).

All samples were acquired in a 4-colour cytometer (BD FACS-Calibur™ (BD
Biosciences, San Jose, CA, EUA). MultiSet™ (BD Biosciences) software, complemented with
CellQuest 3.3 (BD Biosciences) software were used for acquisition and analysis purposes
and Infinicyt 2.0 (Cytognos S.L., Salamanca, Spain) software was also used for more
differentiated subset analysis.

Statistical analysis was performed with Graph Pad Prism (GraphPad Software, San
Diego, CA, EUA).

Using the classic IgD/CD27 classification, we have confirmed the decrease in memory
B cell absolute counts and percentages (especial the unswitched subset) and the increase
in naive B cells in SjS, in line with the literature.

B cell characterization according to the Bm1-Bmb5 classification also confirmed the
increase of Bm2 and Bm2” subsets and the decrease of eBm5 and Bmb5 cells. We calculated
the cut-off in the Bm2+Bm2'/eBm5+Bmb5 ratio that better discriminated between SjS and
controls, but obtained a lower sensitivity and specificity compared to other authors.

Nevertheless, SjS with lower levels of memory B cells presented more frequently
typical phenotypic features ao the disease, such as focus score 1, anti-SSA and anti-SSB
antibodies, ANA, rheumatoid factor (RF), and increased immunoglobulin. These results,
connecting the immune dysfunction to lower levels of memory B-cells support the
hypothesis that the peripheral B cell that migrates to the salivary gland differentiate
preferentially in plasma cells that consequently produce autoantibodies.

Curiously, Sicca patients presented percentages of memory and naive B-cells similar
to SjS and clearly distinct from controls, whereas absolute counts were in between SjS and
controls. These results suggest that some Sicca patients have indeed immune dysfunction
and, therefore, may correspond to mil dor early forms of SjS.

XXIV



Follicular helper T cells (Tfh) play a prominent role in SjS pathogenesis, and an
increase in their circulating numbers has been described in SjS, as well as an increase in
their differentiation within the salivary glands tém 2122, This Tfh expansion, associated with
the presence of cytotoxic follicular T cells (Tfc) resembles the anti-viral response to
syalotropic virus such as EBV. Indeed, regarding the EBV serologic markers, SjS patients
presented a higher prevalence of anti-EBV EA-D IgG, compared to RA patients and controls.

In our study, despite lower absolute counts of CXCR5* T cells in SjS, we found an
increase in IL-21-producing CD4* (Tfh) and CD8* (Tfc) T cells. Additionally, Tfc cells were
increased in SjS patients with greater disease activity, with a positive correlation between
the ESSDAI and the absolute counts of IL21*CD8* T cells, suggesting a role of this cells in the
disease pathogenesis.

Considering the increased prevalence of anti-EBV EA-D IgG in SjS, as well as a
considerable prevalence of anti-EBNA 1gG, we sorted these patients into 3 groups,
according to the EBV serological profile. Patients with positive EBV serology (G1+G2) had
higher ESSDAI compared to patients without evidence of EBV infection (G3). Considering
patients with positive EBV serology, SjS disease activity was more frequent in patients with
a profile of recent infection/reactivation, compared to patients with latent infection.

Patients with a profile of recent infection/reactivation also presented increased pro-
inflammatory Thl e Tfhl, which may suggest the influence of the viral infection in the
differentiation of these cells. These patients also presented increased levels of transitional
B cells and plasmablasts, suggesting the influence of EBV in the modulation of the immune
response in SjS, and consequently in the clinical profile, since these patients also presented
an earlier onset and more frequently an active phase of the disease.

The presence of anti-SSA antibodies in SjS is associated with distinct clinical and
serological features. In these patients, we also identified lymphocyte subsets disturbances.

Despite decreased T and B cells absolute counts, we identified an increase in IL-21-
producing CD4* and CD8" T cells, a pronounced decrease in memory B cells and an increase
in naive B cells, compared to controls.

Also, SSA*SSP patients presented higher disease activity, and we found an association
between the ESSDAI and several lymphocyte subsets, including IL-21*CD4*, IL-21*CD8* and
Tregs. The positive correlation between the ESSDAI and CXCR5*Th1l (Tfh1) cells was
observed only in SSA*SSP patients, with more significance when considering patients with
a moderate/high level of disease activity (ESSDAI >5). These results suggest that the
pathogenic mechanisms underlying the T cell’s dynamics and disease activity are distinct
according to the presence or absence of anti-SSA antibodies.
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Confocal microscopy is a non-invasive method that may complement the routine
objective ocular tests. The assessment of the corneal nerve plexus morphology has a good
performance in the identification of dry eye patients.

We explored this promising biomarker in our patients with dry eye (SjS and Sicca) and
found a good correlation with conventional dry eye tests in these patients

Morphologic changes in the corneal sub-basal plexus were more pronounced in SjS
with longer disease evolution, as well as in patients with higher disease activity. In that
regard, we found the worst também corneal never parameters (lower length and density)
and a strong negative correlation between the ESSDAI and the nerve length (CNFL) and
density (CNFD) in patients with moderate/high disease activity (ESSDAI >5). In the same
group of patients, a positive correlation was also found between the CNFL and the absolute
counts of Tregs, and a strong negative correlation between Tfhl and both corneal
parameters.

A positive correlation was also found between the CNFL and CD24"'CD27* B-cells, and
a negative correlation was identified between the CNFL and IL21*CD8* T cells.

Taken together, this data may suggest the influence of immune dysfunction in corneal
damage.

Finally, we assessed the added value of the inclusion of lymphocyte subsets in the
AECG and ACR/EULAR criteria, identifying some subsets that showed an acceptable
performance in the discrimination between SjS and Sicca. When added to the multivariate
model of the criteria, switched memory B cells improved the discriminative power of the
ACR/EULAR criteria, whereas Bm1 and Tfh cells improved the discriminative power AECG.

In conclusion, our study was the first to identify cut-off values in lymphocyte subsets
classified according to the 1gD/CD27 classification. We have identified B cell subsets that
clearly distinguish SjS from healthy controls, and that may even be helpful in the
identification of Sicca patients with SjS-like lymphocyte profile, and therefore may have
early or mild forms of SjS.

Additionally, we have shown that lower memory B cells counts in SjS are associated
with longer disease evolution and more active disease. Therefore, assessing these cells may
have prognostic value in SjS.

We have also explored, for the first time, the association between EBV serological
patterns and the lymphocyte subset profile. The increased secretion of IL-21 by CD4* and
CD8* (follicular) T cells supports an amplified follicular environment in SjS, which may be
related to a viral background. This was the first study to assess Tfc (CXCR5*CD8* and IL-
21*CD8*) cells in the context of autoimmunity, and the association found between these
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cells and disease activity in SjS suggests their involvement in the pathogenesis of
autoimmune epithelitis.

Our results showed that SSA*SSP patients presented increased disease activity,
including markers of B cell activation such as hipergamaglobulinémia, RF and salivary gland
enlargement. Additionally, the association between disease activity and IL-21*CD4* e IL-
21*CD8* (follicular) T cells may not only confirm the involvement of these cells in a more
active disease profile but may also constitute a marker of prognosis and disease
monitorization.

We also suggested that corneal nerve damage may reflect the systemic disease
activity and traduce a greater immune dysregulation in these patients. An interesting
correlation was found between the worst corneal nerve features and lymphocyte subsets,
which may link immune dysfunction and ocular damage. Therefore, the assessment of the
corneal nerve plexus morphology may be a non-invasive method to evaluate disease
severity and potentially, disease activity. Since we were the first to associate lymphocyte
subset profiles and corneal nerve morphology, further studies are needed to try to identify
SjS specific corneal nerve patterns for clinical practice.

Finally, our study showed that the utilization of lymphocyte subset profiles may be a

way of improving the ACR/EULAR criteria, considering that a more diverse set of objective
items may help to overcome the difficulties in the diagnosis and classification of S;jS.
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Lista de Abreviaturas, Acronimos e Simbolos

- Expressdo de antigénio negativa

+ Expressdo de antigénio positiva

ACR American College of Rheumatology

ANA Anticorpo antinuclear

AR Artrite Reumatoide

ASCs Células secretoras de anticorpos (“Antibod-secreting cells”)
BAFF B cell-activating factor

BCR Recetor de célula B (B cell receptor)

Bm Linfécito B Maduro

Breg Linfocito B regulador

CCR6 C-C- chemokine receptor 6

CcDh Cluster de Diferencia¢ao

CG Centro germinativo

CTLA-4 Cytotoxic T-lymphocyte-associated protein 4
CXCR5 C-X-C chemokine receptor type 5

DC Célula dendritica

Dim/Low Baixa intensidade de expressao de antigénio
ESSDAI EULAR Sjogren’s Syndrome Activity Index

EULAR European League Against Rheumatism

FasL Fas ligando

Foxp3 Forkhead box p3

FR Fator reumatoide

GS Glandula salivar

Hi Alta intensidade de expressdo de antigénio
HLA Human leukocyte antigen

HLA-DR Human leukocyte antigen — antigen D related complex



TCR
Tfc
Tfh
TGF
Th
TNF

Treg
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Indoleamine 2,3-dioxygenase
Interferdo

Imunoglobulina

Interleucina

Lupus Eritematoso Sistémico
Mucosa-associated lymphoid tissue
Complexo Major de Histocompatibilidade
célula Natural Killer

Célula dendritica plasmacitdide
Sjogren’s syndrome antigen A
Sjoégren’s syndrome antigen B
Sindrome de Sjogren primaria
Linfécito T citotdxico

Recetor de célula T (T cell receptor)
Linfécito T folicular citotdxico
Linfécito T folicular efetor (“helper”)
Transforming growth factor
Linfécito T efetor (“helper”)

Tumor necrosis factor

Linfécito T regulador
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1. O SISTEMA IMUNITARIO

O Sistema Imunitario consiste num conjunto de células, moléculas e processos que
interagem para proteger o organismo de agressdes causadas por micrdobios (bactérias,
fungos, parasitas), virus, toxinas, e células cancerigenas 23.

Para além das barreiras de protecdao estruturais e quimicas (pele, epitélio
respiratdrio, digestivo, urogenital, etc), o sistema imunitario é composto por duas linhas de
defesa: aimunidade inata e a imunidade adaptativa. As células do sistema imunitario inato
e adaptativo cooperam em 6rgdos e locais de barreira para estabelecer imunidade
especifica 2.

1.1. Imunidade Inata

A imunidade inata representa a primeira linha de defesa do organismo perante agentes
patogénicos. E independente de antigénio, ou seja, ndo-especifico, e é ativado logo apés o
encontro com o antigénio estranho %°. Aimunidade inata ndo possui memdria imunolégica,
sendo incapaz de reconhecer o mesmo agente patogénico caso este venha a ser
encontrado posteriormente %3

As células inatas fulcrais nos tecidos sao os macrdéfagos, que através da fagocitose
removem debris celulares, micro-organismos e substancias estranhas. Os macroéfagos
residentes sdo células de grande longevidade, que se estabelecem nos seus tecidos-alvo
ainda durante o periodo pré-natal, altamente especializados e com capacidade de se auto-
renovarem 2927 Exemplos de macréfagos residentes s3o as células da microglia no cérebro,
os macroéfagos alveolar no pulmao, os macréfagos da polpa vermelha do bago, e as células
de Kupfer no figado 2830,

As células dendriticas (DCs) sdo as células da imunidade inata que estabelecem a
ligacdo com a imunidade adaptativa, através do seu papel de células apresentadoras de
antigénios (APCs), fundamental para a ativacao dos linfdcitos T. Devido a sua capacidade
Unica de transportar antigénios das zonas de mucosa para os ganglios linfaticos locais, as
DC convencionais desempenham o papel crucial de apresentar antigénios para induzir as
respostas T 31,32,

As células dendriticas plasmacitéides (pDCs) sdo um pequeno subtipo de DCs que
infiltram os tecidos e secretam grandes quantidades de interferdo (IFN) dos tipos | e lll em

35



resposta a infe¢des virais, e que s3o particularmente abundantes em estado latente nas
amigdalas 3334,

Existem também células linfoides inatas, como as células natural killer (NK) abundantes
no sangue e tecidos, bem como as células linfoides inatas de tipo efetor (ILCs) ILC1, ILC2, e
ILC3 que sdo maioritariamente células residentes em tecidos 3>3¢, As células NK cells sdo
importantes na resposta imune anti-tumor e anti-viral, enquanto as ILCs atuam sobretudo
na promoc3o da reparacdo dos tecidos ¥’.

1.2. Sistema Imune Adaptativo

As fungbes principais das respostas imunes adaptativas sdo: o reconhecimento de
antigénios “nao-self” especificos, distinguindo-os de antigénios do “self”; a geracdo de vias
efetoras especificas para o agente patogénico de modo a elimina-lo a ele ou as células por
ele infetadas; e o desenvolvimento de memdria imunoldgica que possa ser rapidamente
mobilizada para eliminar um agente patogénico especifico caso ocorra um novo encontro
38 As respostas imunes adaptativas sdo a base da imunizacdo eficaz contra doencas
infeciosas.

As células da imunidade adaptativa incluem as células T antigénio-especificas, cuja
ativacdo e proliferacdo é induzida pelas APCs, e as células B, que se diferenciam em
plasmdcitos para produzir anticorpos 2*.

O sistema imunitdrio adaptativo carateriza-se pelo extenso repertério de recetores
para antigénios especificos expressos pelos linfécitos T e B, e pela capacidade de manter a
memdria imunoldgica durante décadas 23.

1.2.1. Linfocitos B

Como parte da imunidade adaptativa os linfocitos B constituem um brago critico do sistema
imunitario, sendo responsaveis pela manutencao, a curto e longo prazo, da resposta
humoral mediada por anticorpos. Aliado a produgdo de anticorpos, os linfécitos B
desempenham também importantes funcdes das quais se destacam a apresentacdo de
antigenos, modulacdo da diferenciacdo e sobrevivéncia de células T e producdo de citocinas
reguladoras e pré-inflamatdrias 349,

De uma forma geral, o compartimento de linfécitos B maturos pode ser dividido em
trés populagdes de acordo com a sua ontogenia e localizacdo anatémica: células B-1,
células B da zona marginal (B MZ), e células B foliculares (B FO) ou B convencionais B2 4442,
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As células B-1 sdo formadas a partir de progenitores no figado fetal, persistindo apds
o periodo neonatal com capacidade de se auto-renovarem, e com pouca contribuicdo da
medula dssea na idade adulta #*#%, Estas células encontram-se principalmente nas
cavidades pleurais e peritoneais e sdo classificadas como células innate-like, estando,
portanto, associadas a respostas T-independentes com produgdo de anticorpos do tipo
IgM, nas respostas mais precoces a antigénios bacterianos 446, Apesar de, em humanos, a
existéncia destas células ndo ser ainda clara, parecem existir populacdes homadlogas a
estas, com um padrao fenotipico distinto mas com semelhantes funcdes 4.

Como o nome indica, as células B da zona marginal (MZ) localizam-se na zona
marginal, que corresponde as regides mais externas da polpa branca do bago. Nos
humanos, as células B MZ caracterizam-se fenotipicamente por elevados niveis de IgM e
CD21, niveis moderados de CD19, CD20 e CD1c, e baixos niveis de IgD %’#8, tendo sido
também descritas populacdes com fendtipo e gendtipo semelhante no sangue periférico,
suportando a capacidade circulatéria destas células #>°°. S30 igualmente consideradas
células innate-like com uma rdpida capacidade de resposta a presenca de agentes na
corrente sanguinea, resultando na producdo rapida de, sobretudo, IgM e diferenciacdo em
plasmdcitos de vida curta °. Esta resposta, também de uma forma T-independente,
permite o reconhecimento de polissacarideos presentes nas estruturas capsulares
bacterianas °2. Este reconhecimento esta fortemente dependente e associado a sinalizacdo
por via da ativacdo dos recetores toll-like (TLR) sendo que doentes com deficiéncias nestas
vias apresentam perda seletiva destas células >3.

No entanto, ao contrario das células B-1, as células B MZ parecem estar também
envolvidas em respostas T-dependente em resposta a alguns antigénios proteicos, assim
como o transporte de antigénios para os foliculos esplénicos onde vao ser capturados pelas
células dendriticas foliculares >*°>°. De facto, estudos in vitro demonstraram que estas
células tém uma capacidade de apresentacdo antigénica as células T mais elevada do que
as proprias células B foliculares, ainda que desconhecida a sua participacao na formacao
de centros germinativos (CG) in vivo >®°’. Apesar de produzirem maioritariamente IgM,
estudos mostram, no entanto, que estas células podem também sofrer processos de
hipermutacdo somatica e de class-switch, com consequente producdo de certas subclasses
de 1gG e IgA, no seguimento de ambos os tipos de resposta >, No ratinho, a expressdo
de CD1d (CD1c em humano) é uma molécula semelhante as moléculas de MHC classe 1, e
s3o importantes para a apresentacdo de antigénios lipidicos as células NKT. 6262,

As células B MZ representam, assim, uma populacdo bastante versatil pela sua rapida
capacidade em produzir anticorpos de maneira T-independente e T-dependente e com
possiveis implicacdes no desenvolvimento de doencas autoimunes. Para alem disso, estas
células permitem colmatar a falha temporal desde o inicio de uma infecdo até ao
aparecimento de anticorpos IgG de alta afinidade produzidos pelas células B foliculares.
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Apesar de terem fungdes relativamente distintas, as células B MZ partilham o mesmo
processo de desenvolvimento na medula 6ssea das células B foliculares, as quais
constituem a maior e mais bem caracterizada populacao de linfocitos B. Como vamos ver,
as células B foliculares circulam entre os varios érgaos linfoides secundarios e podem ser
encontradas em grande quantidade nos foliculos dos ganglios linfaticos e no bago. Sao
precisamente estas células que estdo na génese dos CGs, onde vao suceder-se processos-
chave da imunidade humoral adaptativa: a hipermutacdo somadtica, a maturacdao da
afinidade e a troca do isotipo (class switch), discutido mais a frente.

Precursores e maturagao dos linfécitos B

As células da linhagem linfoide que incluem os linfécitos B, T e NK derivam de um
progenitor comum, conhecidas como as células progenitoras comuns linfoides (CPLs), as
guais, por sua vez, derivam de células estaminais hematopoiéticas multipotentes (HSCs)
presentes na medula dssea %37,

O desenvolvimento e diferenciagao dos linfocitos B ocorre de forma gradual, com a
aquisicdo de propriedades essenciais para a funcdo destas células, e a consequente perda
de caracteristicas imaturas. O microambiente especializado da medula éssea proporciona
0s sinais necessarios para o normal desenvolvimento e diferenciagdao dos linfécitos B,
promovendo a ativacdo de genes essenciais, e a inducdo de sinais de sobrevivéncia
estritamente necessarios ao longo do desenvolvimento. A producdo destes sinais é da
responsabilidade das células estromais da medula éssea. Por um lado, estas células formam
zonas especificas de contacto direto com os linfécitos B em desenvolvimento através de
interacdes entre moléculas de adesao e respetivos ligandos. Por outro, fornecem citocinas
e quimiocinas que vao controlar a diferenciacdo e a proliferacdo dos linfécitos B 66768, Dos
sinais produzidos pelas células estromais destacam-se a IL-7 (papel controverso no
desenvolvimento B humano), essencial para as fases iniciais do desenvolvimento B e
sobrevivéncia das CLPs, a TSLP, e a quimiocina CXCL12 %72,

O comprometimento das células CLP para a linhagem B ocorre aquando da
expressao de fatores de transcricao especificos da linhagem B, nomeadamente E2A, EBF e,
principalmente, Pax5. 72774, Nesta fase do desenvolvimento as células B desigham-se por
células pro-B, e ja ndo é possivel seguirem outra via de diferenciacdo que ndo a da linhagem
B 7>76, As diferentes fases e processos do desenvolvimento da célula B est3o representadas
na Figura 1.
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Figura 1. Desenvolvimento dos linfécitos B e mecanismos de tolerancia. Adaptado de Hoffman (2016) ”’.

O desenvolvimento dos linfécitos B tem inicio na medula dssea e termina nos tecidos linfoides periféricos,
como o bago. Na medula dssea, o desenvolvimento é sequencial desde os linfocitos pro-B, linfocitos pré-B,
expressdo de IgM, até a expressdao de um BCR completo. Os linfécitos B imaturos com alta reatividade para
antigénios do proprio sofrem dele¢do clonal ou promovem o rearranjo dos genes da imunoglobulina. Este
processo é conhecido como edi¢do do recetor, que impede a formagdo de células potencialmente auto-
reativas e permite a entrada destas para o pool de linfécitos B de transigcao. Os linfécitos B de transicao
dependem da sinalizacdo por BAFF para sobreviverem e se diferenciarem em linfocitos B maduros no baco.
Os linfécitos B de transicdo 1 e 2 (T1 e T2) com elevada auto-reatividade morrem por delecdo clonal ou
permanecem na periferia dos foliculos esplénicos e entram num estado de anergia que pode ser revertido
apos interagdo com células T e permitir a entrada no pool de linfécitos B maduros. Os linfécitos B maduros
que sdo ativados por antigénios estranhos iniciam a formagdo de centros germinativos (CG) onde se vdo
originar linfécitos B de memadria com troca de isotipo e células plasmaticas. Por fim, durante o processo de
hipermutagdo somdtica, uma pequena porgdo de linfécitos B de memoria adquirem auto-reatividade devido
aos rearranjos do gene da imunoglobulina, persistindo como clones auto-reativos IgG+ na periferia.

Nesta fase, as células pro-B iniciam os processos de recombinacdo V(D)J, isto &,
ocorre o rearranjo genético do locus da cadeia pesada da imunoglobulina pela acdo das
enzimas RAG-1 e RAG-2, cuja expressao é induzida pelos fatores de transcricao E2A e EBF.
Alem disso, Pax5 induz a sintese de duas importantes proteinas, o CD79a (lga),
componente do recetor da célula B, e o CD19, um co-recetor da célula B e o principal
marcador usado na caracterizacdo da linhagem B 747872, Este rearranjo conta também com
a acdo da enzima TdT, a qual vai inserir nucledtidos de forma aleatéria nas juncdes dos
segmentos rearranjados, aumentando assim a diversidade do reportério de anticorpos
produzidos 8931,

O rearranjo deste locus leva a producdo de cadeias pesadas do tipo y, que vao ser
temporariamente colocadas a superficie da célula para serem funcionalmente testadas,
ainda na auséncia das cadeias leves, que ainda ndo foram rearranjadas. Neste passo, as
células pro-B produzem duas proteinas ‘suplentes’ com semelhanca estrutural as cadeias
leves, A14.1 e a VpreB, que conseguem parear com a cadeia pesada u, formando, assim, o
recetor da células pre-B, ou pre-BCR 82,
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A montagem de um pre-BCR funcional permite a célula pro-B receber importantes
sinais de sobrevivéncia, promovendo a passagem para a préoxima fase do desenvolvimento,
as células pre-B1 823, Desta forma, as células pro-B que falham em produzir uma cadeia p
funcional, sdo eliminadas, correspondendo a cerca de 45% de células pro-B. No entanto, se
um primeiro rearranjo nao for bem-sucedido, as células pro-B podem entrar numa segunda
fase de rearranjo, ou, caso esta falhe, recorrer ao segundo alelo para efetuar este rearranjo.
Assim, a formacao de um pre-BCR funcional que consiga sinalizar para o interior da célula,
consiste num importante checkpoint na transi¢do da fase de células pro-B para pre-B .

Esta sinalizacdo depende das proteinas BLNK e Btk (Bruton’s tyrosine kinase) 887 e a
sua importancia reflete-se em imunodeficiéncias como a agamaglobulinémia de Bruton
ligada ao X (XLA), na qual ndo ha producdo de células B maduras, devido a mutagbes no
gene da Btk 8889,

A sinalizacdo através do pré-BCR desencadeia dois importantes eventos. Um deles é
a regulacdo negativa do mecanismo de recombinacdo na cadeia pesada para garantir a
exclusdo alélica, de forma a prevenir a expressao duas cadeias pesadas com diferentes
especificidades pela mesma célula °®°1, O outro evento é a inducdo da proliferacdo seguida
de uma nova expressdo das enzimas RAG1 e RAG2, e a abertura do locus da cadeia leve,
dando inicio ao seu rearranjo — fase pre-B2 °>%3, Esta proliferacdo permite que cada célula
pre-B1 possa gerar iniUmeras células pre-B2 com diferentes especificidades antigénicas.
Para alem da exclusdo alélica, estas células apresentam ainda exclusdo isotdpica, isto é,
cada célula B expressa um dos tipos de cadeia leve —k ou A. Em humanos, o racio de células
B k:A é cerca de 65%:35% 4.

Apds o correto rearranjo da cadeia leve, esta liga-se a cadeia pesada 4, forma-se um
BCR completo na forma de uma molécula IgM, que vai ser translocada para a membrana
da célula (IgM de membrana, ou migM) e formar um complexo com outras duas proteinas
transmembranares, o Iga (CD79a) e o IgB (CD79b) — célula B imatura °°. Células pre-B2 que
falham na producao de IgM sofrem apoptose.

Apesar do processo de rearranjo genético resultar na producdo de um vasto leque de
BCRs capazes de reconhecer uma enorme diversidade de antigenos, este rearranjo origina,
invariavelmente, células B cujo BCR (recetor de célula B) tem a capacidade de reconhecer
antigénios do préprio organismo, isto é, auto-antigénios °. De fato, estima-se que, nos
humanos, cerca de 75% das células B imaturas produzidas sejam auto-reativas °’. Como tal,
a reatividade do BCR para autoantigénios das células B imaturas tem que ser testada e, se
necessario, eliminar aquelas que ndo tolerem a presenca destes autoantigénios. Este
processo é conhecido como tolerancia central °2°°,
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As células B imaturas cujos BCR ndo apresentem afinidade para autoantigénios
continuam o seu processo de maturacdo normal (selecdo positiva) migrando para a
periferia. Se, no entanto, célula B imaturas apresentarem alta afinidade para
autoantigénios, a célula entra num processo conhecido como edigao do recetor, de forma
a produzir um novo BCR 1901091 Caso esta edi¢do ndo resulte, a célula morre por apoptose
num processo denominado por delegdo clonal ou selegdo negativa. Ainda, interagdes de
moderada afinidade com autoantigénios pode resultar num estado de anergia ou
ignorancia imunolégica, com incapacidade de resposta ao antigénio. Apesar deste estado
de anergia, as células conseguem migrar para a periferia, mas acabam por morrer dentro
de poucos dias por falta de sinais de sobrevivéncia presentes no bago %102,

Assim, as células B imaturas tolerantes para autoantigénios vao migrar da medula
dssea para a periferia como células B de transicao 1 até chegar ao baco, érgdo linfoide
secundario onde as células vao dar continuidade ao seu processo de maturacdo. No
entanto, algumas das células B imaturas auto-reativas conseguem sair da medula dssea,
em parte devido a impossibilidade de ter todos os autoantigénios do organismo
representados num compartimento tdo especifico e controlado como é a medula dssea.
Assim, no baco, estas células vdo novamente ser avaliadas quanto a capacidade e
intensidade com que reconhecem autoantigénios — tolerancia periférica 1.

Células BT1 que tenham alta afinidade para autoantigénios membranares (isto é, ndo
soluveis) vao ser eliminadas por apoptose (selecdo negativa) devido a uma forte
estimulacdo via BCR e ndo chegam até aos foliculos esplénicos, podendo também entrar
num estado de anergia. Por outro lado, células B T1 ndo auto-reativas entram nos foliculos
e diferenciam-se em células B T2 194106 Ag células B T2 vdo receber uma estimulagdo basal
por via do BCR num mecanismo ainda pouco esclarecido, levando ao aumento da expressao
dos recetores do fator de ativacdo das células B (BAFF), produzido e secretado
principalmente pelas células dendriticas foliculares (FDCs). Assim, a sinalizagcdo via BAFF
assegura a sobrevivéncia das células B, sendo reconhecido através de 3 diferentes
recetores, nomeadamente BAFF-R, BCMA e TACI 197198 Como tal, células que n3o recebam
estes sinais de sobrevivéncia acabam por morrer 1%, No entanto, estes mecanismos podem
ser contornados (p.ex. com niveis elevados de BAFF) permitindo que estas células
potencialmente auto-reativas sejam incluidas no pool de células B maduras *°. De facto,
desequilibrios na sinalizagdo por via do BCR e por BAFF-R ocorrem em individuos com
sobre-expressdo de BAFF, estando ligado ao desenvolvimento de doencgas autoimunes com

destaque para a sindrome de Sjogren, por falha da eliminacdo das células B auto-reativas
111-113

De uma forma geral, as células B de transicdo caracterizam-se por niveis elevados de
slgM, BAFF-R, niveis crescentes de Ig com cadeia pesada do tipo 6 (IgD) e do co-recetor
CD21, bem como a forte expressdo de CD24 e CD38 1147116, A partir daqui as células B T2
podem seguir, pelo menos, dois caminhos de diferenciacdo e maturacdo. Resumidamente,
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nas células B T2 que recebam uma intensa sinalizacdo por via do BCR ocorre uma forte
ativagao da enzima BTK, que por sua vez ativa a via de sinalizagdao candnica do Fator
nuclear-kB (NF-kB), levando a diferenciagdo em células B foliculares, também conhecidas
por células B convencionais B2. Nesta fase, a sinalizacao por via do BAFF-R é necessaria
para a sobrevivéncia mas n3o para a diferenciacdo em células B FO *>117 Por outro lado, a
fraca sinalizagdo por via do BCR torna as células permissivas a sinalizagdo por via do recetor
NOTCH2 (presente nas células B de transicdo) com o seu ligando DL-1 expresso nas células
endoteliais do baco levando a ativacdo de fatores de transcri¢cdo 118120, Aqui, a sinalizacdo
via BAFF-R é importante na ativagao da via candnica NF-kB, resultando na diferenciagao em
células B da zona marginal 4%%°,

Ativacgao e diferenciagao final dos linfacitos B foliculares

As células B foliculares naive maduras, (doravante designadas por células B naive)
caracterizam-se como sendo células IgD*IgM®™mCD19*CD20*CD21*CD27" e sdo responsaveis
pelo reconhecimento e resposta contra antigénios proteicos, a qual requer a participagao
de células T CD4 (resposta T-dependente) e a consequente diferenciacdo em células
plasmdticas produtoras de anticorpos e células B de memdéria 4121,

Apds finalizado o seu programa de maturacdo, as células B naive migram para os
foliculos linfoides onde podem ocorrer dois processos distintos. O reconhecimento e
interacdo com antigénios estranhos, resultado na ativacdo das células B. Ou, na auséncia
de estimulagao, a circulagdo entre o sangue e os foliculos linfoides dos 6rgaos linfoides
secundarios (nddulos linfaticos, baco, placas de Peyer, e outros tecidos linfoides), devido a
presenca do recetor S1PR1 (Sphingosine-1-Phosphate Receptor 1) 122. Nos 6rgdos linfoides
secunddrios, as células T (discutidas mais a frente) e B naive ocupam duas zonas distintas,
a zona T e os foliculos linfoides primarios (ou zona B), respetivamente. Estas zonas
estabelecem-se devido a presenca de diferentes ligandos para os distintos recetores em
cada uma das células. As células T naive possuem o recetor CCR7, e estdo presentes nas
zonas onde os seus ligandos, CCL19 e CCL21, estdo altamente concentrados e a ser
secretados por células estromais e células dendriticas 122712>, Por outro lado, células B naive
em circulacdo expressam CXCR5 126, que lhes permite entrar nos foliculos primarios devido
a presenca do seu ligando CXCL13, abundantemente produzido pelas células FDCs 1277129,

Quando um determinado antigénio é introduzido no organismo, este vai-se
concentrar nos varios o6rgdos linfoides periféricos j& mencionados. Um antigénio
transportado pelo sangue vai ser filtrado pelo baco, enquanto que os antigénios dos tecidos
e drenados pelo sistema linfatico vao ser filtrados pelos ganglios linfaticos mais préximos.
A sua entrada pode estar, ou ndo, associado a células transportadoras de antigénio, como
as células dendriticas, macréfagos, ou mesmo as proprias células B 30,
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Dentro do foliculo, as células B naive contactam com FDCs e outras células estromais,
recebendo sinais de sobrevivéncia, nomeadamente via BAFF. Se as células B naive
estiverem apenas a transportar um antigénio ndo especifico para o seu BCR, por exemplo
através de recetores do complemento como o CD21, a presencga de niveis mais elevados
destes recetores nas FDCs vao remover o antigénio das células B para futura apresentagao
a outras células B com BCR especifico para esse determinado antigénio 1317133, No entanto,
a medida que vao circulando pelo foliculo, as células B naive podem reconhecer via BCR a
presenca de antigénios solUveis ou presentes na superficie de células apresentadoras de
antigénios (APCs), nomeadamente DCs 3% FDCs 13> e macréfagos 3%, dando inicio a
resposta B. Como vamos ver, este tipo de resposta esta altamente dependente das células
T, em particular de células T CD4 foliculares, ou Tfh.

Durante uma resposta imune, as células T naive sdo ativadas por, principalmente,
células dendriticas na zona T, mas também pelas células epiteliais das glandulas salivares
137 Na presenca de IL-6 e IL-21 secretadas por estas células, as células T ativadas vdo
maturar numa populacdo distinta, as células Tfh. Esta diferenciacdo estd associada a
expressao do fator de transcricdao Bcl-6 e c-Maf e dos recetores ICOS, PD-1 e CXCR5, e a
perda de CCR7, com consequente migracdo para a regido interfolicular, onde vao interagir
com células B ativadas e finalizar a sua diferenciacdo em células Tfh 38145 As células Tfh
ativadas secretam IL-21, que promove a maturac3o e proliferacdo de células B 16, As Tfh
auxiliam a ativacdo de respostas imunes mediadas por linfécitos B, incluindo a
recombinacdo de classe de Ig, a diferenciacdo de centros germinativos, e a maturagdo da
afinidade %,

A ativacdo B tem inicio com o reconhecimento antigénico por células B naive que
possuam BCR especifico para esse mesmo antigénio #8149, Para além da sinalizac3o via
BCR, associam-se nesta fase outros sinais estimuladores como os fornecidos pelo complexo
CD21/CD19/CD81, co-recetores do BCR '°°, Este antigénio vai ser de seguida internalizado,
processado e colocado em moléculas de MHC-II para ser apresentado as células Tfh (sinal
1). A sinalizagdo via BCR induz ainda expressdo de moléculas coestimuladoras
nomeadamente CD80, CD86 e CD40 necessarias para a interacdo com as células Tfh 121,

De seguida, as células B ativadas vdo migrar para as zonas interfoliculares, onde vao
proliferar e interagir com células Tfh 1°!, Isto é conseguido através do aumento da
expressdo de CCR7 e de EBI2, cujos ligandos (CCL19/21 e 7a, 25-dihydroxycholesterol,
respetivamente) sdo abundantes e produzidos nestas zonas 1237125152153 Nas células B
ativadas observa-se ainda a expressdao de CD69, um marcador de ativacdo, e CD27 um
marcador de maturacdo >4 Nestas zonas, as células Tfh e B ativadas vdo entrar em
contacto (sinal 2) através de interagdes via TCR-MHCII, CD40L-CD40, CD28-CD80/CD86,
ICOSL-ICOS 139151155156 Estes sinais co-estimulatdrios sdo cruciais para as células B, mas
também para a estabilizacdo e finalizacdo da diferencia¢do das células Tfh. Por fim, ocorre
a libertacdo de citocinas pelas células Tfh (sinal 3) para a zona de contacto T-B,
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nomeadamente IL-21, permitindo a continuacdo do programa de diferenciacdo das células
B. Outras citocinas secretadas pelas células Tfh incluem a IL-6, TGF-B, IFN-y, and IL-4, que
vdo ter, mais a frente, um papel importante no tipo de anticorpos produzidos >’

Apds um periodo de 4 a 7 dias de intensa comunicagdo entre células B e T na zona
interfolicular, os sinais enviados pelas células Tfh direcionam a maturagao e diferenciagao
B para 3 destinos possiveis: células secretoras de anticorpos (ASCs) de vida curta °°. células
B de meméria inicial 1°%; e a formacdo de centros germinativos (CG) 12,

Células secretoras de anticorpos: plasmablastos e células plasmaticas

Apds encontro inicial com o antigénio, as células B ativadas migram para a zona
interfolicular onde vao proliferar. Apds cerca de 4 dias, algumas das B ativadas, aumentam
os niveis de expressdo de EBI2 e CXCR4 e diminuem niveis de CXCR5 e CCR7 12153, As células
B escolhidas para este caminho parecem ser aquelas, dentro do pool total de células B
ativadas, com maior afinidade para o antigénio que despoletou a resposta, num
mecanismo pouco esclarecido mas, aparentemente independente de IL-21 1,

Estas células vao migrar para a polpa vermelha do bago ou para as cordas medulares
dos ganglios linfaticos, formando um agregado de células B em proliferacdo conhecido
como foco primario, onde se vao formar células com diferenciagao intermedia, os
plasmablastos. Os plasmablastos sdo células que comegcaram ja a produzir e secretar
anticorpos, possuem ainda uma capacidade proliferativa e BCR a sua superficie e podem
ser caracterizadas como células CD19*CD38"H1CD27"MHC-II*CD269*. Estas células vido
eventualmente originar células plasmaticas ou plasmdcitos de curta duracdo,
caracterizadas como CXCR4*CD27+*CD38CD138*CD269* que possuem uma elevada taxa
de secrecao de anticorpos mas sem capacidade proliferativa e sem MHC-II a superficie, e
secretam predominantemente anticorpos do tipo IgM que constituem a resposta inicial
>9,154,161,162 ' A expressdo dos fatores de transcricdo BLIMP-1 e os niveis elevados de IRF-4
favorecem a diferenciacdo em ASCs 163164,

Apesar de inicialmente produzirem IgM, a presenca de anticorpos do tipo I1gG pode
ser detetado 5 a 6 dias apds imunizacdo, demonstrando que a formacdo de centros
germinativos ndo é necessaria para o processo de troca de isotipo (discutido mais a frente).
No entanto, estes anticorpos ndao apresentam hipermutacdao somatica, processo que
ocorre apenas nos centros germinativos 1%°. A grande maioria das ASCs de vida-curta do
foco primario morrem por apoptose apds 7 ou 8 dias do encontro com o antigénio e apesar
da baixa afinidade dos anticorpos produzidos, esta reposta inicial é crucial para conter o
avancar da infec3o até ao aparecimento de anticorpos de alta afinidade . Ainda nesta
fase, algumas células de memdria inicial expressando principalmente IgM e/ou IgD a
superficie s3o produzidas e enviadas para a circulacdo (discutido mais a frente) 67,
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Segunda fase da resposta imune B — Centros germinativos

Nem todas as células B ativadas vao para fora do foliculo formar o foco primario. Algumas
vao migrar para o centro do foliculo linfoide em conjunto com a sua célula Tfh associada
onde vao continuar a proliferar, formando os chamados centros germinativos (CG), ou
foliculos linfoides secundarios 8. A diminuicdo da expressdo dos recetores EBI2 e CCR7,
bem como a expressao dos fatores de transcricdo Pax-5, Bcl-6, e os baixos niveis de IRF-4
nas células B ativadas parecem promovem a migracao das células e a consequente a
formac3do destes centros germinativos 1°%153,163,169,170

Ao contrario do que acontece na resposta primaria, as células B nos centros
germinativos sofrem varios processos que vao culminar na producdo de anticorpos de alta
afinidade. Esses processos incluem a hipermuta¢dao somatica, maturagao da afinidade, e
troca de isotipo ou class switch >°171,

Os centros germinativos sdao compostos principalmente por células B em
proliferacdo, que se dispdem em duas regides distintas, a zona escura e a zona clara /1. A
zona escura é caracterizada por uma elevada densidade de células B em proliferacdo dentro
de uma rede de células reticulares que produzem CXCL12 72, Por sua vez a zona clara é
composta por células B mais dispersas bem como a presenca de varios tipos celulares,

incluindo células Tfh, FDCs (que produzem CXCL13, ligando do CXCR5) e macroéfagos
143,171,173

As células B em elevada taxa de proliferacdao na zona escura do centro germinativo
denominam-se por centroblastos e expressam CXCR4 (recetor do CXCL12), CXCR5 e baixos
niveis de IgD 174. Os processos de hipermutacdo somética ocorrem nos centroblastos na
zona escura e consiste na introducao de pequenas mutagdes na regido Varidvel do gene da
imunoglobulina, de forma a produzir células B com elevada especificidade e afinidade
antigénica 17>, Estas mutacdes s3o iniciadas pela enzima AID (ativation induced cytidine
deaminase), a qual é expressa apenas pelas células B dos centros germinativos 76177,

A medida que este processo ocorre, os centroblastos reduzem a sua taxa de
proliferacdo, entrando na fase de crescimento com diminuicdo da expressdao de CXCR4 e
producdo de elevados niveis de imunoglobulina a superficie 1’8, Estas células denominam-
se agora por centrdcitos, e vao ser atraidos pela presenca de CXCL13 e migrar para a zona
clara onde vao reconhecer antigénios presentes nas FDCs para serem internalizados e
consequentemente e apresentados as células Tfh via MHC-II. Por sua vez, as células Tfh que
reconhecerem estes antigénios apresentados vao ser ativadas e promover a sobrevivéncia
dos centrdcitos 17°. Assim, qudo melhor for a ligacdo entre os recetores dos centrdcitos e
os antigénios, maior vai ser a quantidade de antigénios apresentados em moléculas de
MHC-II as células Tfh e consequente producdo de sinais de sobrevivéncia 7181, QOs
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centrocitos cujas mutacdes resultem numa reducdo da afinidade de ligacdo ao antigeno
vdo reconhecer menos antigénios e, portanto, receber uma quantidade inferior de
sobrevivéncia pelas células Tfh. Se estes sinais de sobrevivéncia ndo forem suficientes, os
centrdcitos vdo morrer por apoptose e removidos por macrofagos 82,

As células B com alta afinidade que conseguirem sobreviver, vdo voltar a expressar
CXCR4 e regressar a zona escura, onde vao entrar em novos ciclos de proliferacao
(expansdo clonal), tornando-se de novamente em centroblastos 18182, Este processo de
migracao dentro dos centros germinativos permite que a afinidade e especificidade das
células B seja continuamente refinada durante uma resposta imune — maturag¢ao da
afinidade 7%,

Como vimos, os primeiros anticorpos produzidos numa resposta imune sdao sempre
do tipo IgM. Mais tarde, nos centros germinativos, as mesmas regides variaveis
recentemente (hiper)mutadas, vdao poder ser associadas a regides constantes de
anticorpos do tipo IgG, IgA, ou IgE 8. Esta troca é conhecida como troca de isotipo, ou
class switch e envolve recombinacgdes irreversiveis no DNA, pela acdo da mesma enzima
que atua na hipermutacdo somatica, a AID 7. As células Tfh sdo cruciais para que este
evento ocorra, através de interacdes via CD40-CD40L e ICOS-ICOSL 84186 De facto,
mutacdes no gene do CD40L reduz drasticamente os eventos de class switch e resulta em
niveis elevados de IgM — Sindrome de hiper-IgM 18718 A selecdo da regido constante no
processo de class switch ndo é ao acaso, com a producdo de citocinas pelas células Tfh a
modular a classe de imunoglobulina a produzir pela célula B em diferenciacdo #. Por
exemplo, a IL-4 induz a transcricdo e sintese de anticorpos do tipo IgG1 e IgE. Outras
citocinas moduladoras produzidas pelas células Tfh incluem a IL-21 (IgG1 e 1gG3), o TGF -B
(1gG2 e IgA), a IL-5 (IgA), e o IFN -y (IgG2a e 1gG3) 19192, Cada tipo de anticorpo possui
funcdes efetoras distintas e apropriadas para a eliminagdo de um determinado tipo
patdgeno. De uma forma geral, os anticorpos IgG promovem a fagocitose de particulas
revestidas com anticorpos, os Ig promovem a desgranulagdo de mastécitos, e os
anticorpos IgA conferem protecdo contra patogéneos nas superficies das mucosas 1237195,
Os eventos de class switch podem ocorrer mais do que uma vez na mesma célula, e ndo
estdo restritos apenas as células B dos centros germinativos %6197,

Células B do centro germinativo diferenciam-se em células plasmaticas ou células de
memdria

Apds os processos acima descritos e num mecanismo ainda pouco esclarecido, algumas
destas células saem da zona clara e diferenciam-se em plasmablastos, com a producdo de
grandes quantidades de anticorpos. Como ja foi referido, para esta diferenciagcdo ocorrer
existe uma diminuicdo da expressao fatores de transcricdo Pax5 e Bcl-6, e o aumento de
IRF4. O inicio da expressao de BLIMP-1 induz a diferenciacdo para células plasmaticas as
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guais vao perder capacidade proliferativa, aumentar a producdo e secre¢do de anticorpos,
e sofrer alteracbes na sua superficie. Estas incluem a perda de CXCR5 e o aumento de
CXCR4 e de integrinas, permitindo a saida dos centros germinativos dos nddulos linfaticos
ou do bago para a medula éssea onde vao receber sinais de sobrevivéncia e originar células
plasmaticas de longa duragdo 19819, A expressdo de XBP1 (X-box binding protein 1) por
parte das células plasmaticas é também importante para permitir a entrada das células na
medula dssea e para regular a sua capacidade secretora 2%,

As células plasmaticas que se originaram nos centros germinativos das mucosas, e
gue produzem principalmente IgA, vdo manter-se essencialmente nas mucosas.

A medula éssea fornece as células plasmaticas importantes sinais de sobrevivéncia,
produzidos pelas células estromais, incluindo CXCL12 %8, bem como outras citocinas e
guimiocinas secretadas por eosinéfilos, megacariécitos e mondcitos, incluindo IL-6 e APRIL
201-203  Assim, as células plasmaticas possuem a capacidade de produzirem anticorpos de
elevada afinidade e de sobreviverem durante varios anos.

Células de Memoria

No decorrer da resposta imune nos centros germinativos, algumas das células que nao
originaram células plasmaticas, vdo-se diferenciar em células B de meméria 2%%, A ativacdo
e diferenciacdo dos linfécitos B em células de memdria ou em plasmécitos esta
representada na Figura 2.

Apesar do programa de diferenciacdo das células B de memdria estar pouco
esclarecido, recentemente, um estudo descreveu a importancia da expressao de OBF-1
(Oct-binding Fator 1), um regulador da transcri¢cdo, juntamente com a expressdo do fator
de transcricdao Spi-B, um inibidor da diferenciacdo plasmatica para a diferenciagdo em
células de memdria nos centros germinativos 2929, Qutros fatores que promovem a
formacao de células B de memodria incluem a sinaliza¢ao via CD40, a ativacao do BCR e a
presenca de IL-24 207208,

As células de memodria circulam entre o sangue e os érgaos linfoides secundarios e
permitem, numa segunda exposicdao a um determinado antigénio, a montagem de uma
resposta mais rapida e eficaz do que na primeira resposta, estando na base dos processos
de vacinagdo 299210, Esta diferenca na dindmica das respostas, deve a varias carateristicas
gue diferenciam a célula B naive da célula B de memodria, incluindo uma localizacdo mais
proxima das zonas de contacto com antigénios, maior afinidade dos BCRs devido a eventos
de hipermutacdo somatica, um tempo de vida util de varias décadas, uma rapida
capacidade de proliferacao e diferenciacdo apds estimulacdo devido a presenca de um
maior numero de moléculas co-estimuladoras (CD27, CD80, CD86, IL21R), entre outros 21
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Estas células podem ser divididas em duas popula¢cdes principais 2°*. Uma delas é composta
pelas células de memdria geradas na resposta inicial antes da formacdo dos centros
germinativos. Estas células sdo maioritariamente IgM* de baixa afinidade, podendo
sobreviver durante varias semanas apds contacto inicial com antigénio. Com a formacgao
dos centros germinativos e ocorréncia dos eventos que neles acontecem, aparece uma
segunda e principal populagdo de células B de memoria de alta afinidade do tipo IgG, IgE
ou IgA, caracterizando-se como células IgD"CD19*CD20*CD27* 14161,
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Figura 2. Ativacao e diferenciagao dos linfocitos B em células de meméria ou em plasmdcitos. Adaptado de
Hoffman (2016) 7’.

Os linfécitos B que encontrarem o seu antigénio especifico vdo migrar para a zona interfolicular através
do aumento da expressdo de CCR7 e EBI2, onde vdo encontrar linfécitos T com especificidade para o mesmo
antigénio que despoletou a resposta e promover a sua diferenciagdo em linfocitos T foliculares (Tfh). Os
linfécitos B podem-se diferenciar em plasmablastos ou linfécitos B de memdria extrafoliculares, isto é,
independentes da formagdo de centros germinativos (CG). Os linfécitos B que expressam o fator de
transcri¢do Bcl6 voltam para o foliculo onde sdo mantidos através da expressao de S1PR2 para a formagdo de
CGs com Tfhs. Uma vez dentro dos CGs, as interagOes entre linfdcitos B e linfocitos Tfh via MHC2-TCR, B7-
CD28, CD40-CD40L, ICOSL-ICOS, PDL1-PD1, e IL-21R-IL-21, facilitam os eventos de hipermutagdo somatica e
troca de isotipo, e originam linfécitos B de memaria e células plasmaticas de alta afinidade.

No seguimento de um reencontro com o mesmo antigénio, as células B de memaria extrafoliculares
entram nos CGs e originam linfécitos B de memdria e células plasmaticas secunddrias, ambas de alta afinidade
e com troca de isotipo. Por sua vez, os linfécitos B de memdria dependentes de CG conseguem-se diferenciar
rapidamente em células plasmaticas secunddrias ou reentrar nos CGs para produzir linfécitos B de memodria
e células plasmaticas secundarias. DC, células dendriticas.

Y
Dependente de CG
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Apds novo contacto com o mesmo antigénio, as células B de meméria IgM* migram
para os foliculos linféides para formar novos centros germinativos, iniciando ciclos de
proliferacdo e hipermutacao somatica antes de se diferenciarem em células plasmaticas.
Por sua vez, as células B de meméria IgG* diferenciam-se rapidamente em plasmablastos
que secretam anticorpos IgG de alta afinidade 2'#2!3, No entanto, as células de memoria
IgG* podem igualmente reentrar nos centros germinativos e sofrer novos ciclos de
hipermutacdo somatica e maturacao de afinidade e, em certos casos, alterar novamente a
sua classe de imunoglobulina 214, De facto, a geracdo de células B de memdria IgE* resulta
de células IgG1* que sofreram novo processo de class switch 21>218_|nicialmente, pensava-
se que as células B de memdria eram exclusivamente o produto de uma resposta T-
dependente. No entanto, dados mais recentes demonstraram que as células B1 podem
gerar células B de memoaria, com caracteristicas e fenétipo distintos, durante uma resposta
T-independente 2177219,

Assim, os anticorpos produzidos numa segunda resposta, e respostas subsequentes,
apresentam maior afinidade para o antigénio comparando com os anticorpos produzidos
na resposta primaria.

1.2.1.1. Linfécitos B reguladores

Os linfécitos B reguladores (Bregs) sdo células com capacidade supressora que promovem
a tolerancia imunoldgica através da producgao de IL-10, IL-35 e transforming growth Fator
8 (TGF-B) 2%°.

A designacdo "células B reguladoras" foi pela primeira vez empregue por Mizoguchi
221 30 caracterizar uma populacdo de células B CD1d" num modelo animal de doenca
inflamatdria intestinal.

A acdo supressora das células Bregs deve-se principalmente a producado de IL-10, a
qual induz um desvio na diferenciacdao das células T, inibindo a a¢ao efetora das Thl e Th17

222 quer em humanos 223, Embora a a¢do

e promovendo as Tregs, quer em modelos animais
supressora das Bregs sobre as Th1 seja sobretudo dependente da IL-10, a interagdo com o
CD80/CD86 nas Bregs intensifica a supressdo das respostas Thl 223224, Indiretamente, as
Bregs exercem também uma acdo inibitéria da diferenciacdo das Th1l e Th17 através da
supressdo da producdo de citocinas pro-inflamatdrias pelas células dendriticas 22>226, As
Bregs expressam também outras citocinas inibitérias, como oTGF- e a IL-35. Através da
producdo de TGF-B, as células B podem induzir a apoptose de células efectora CD4* 2?7 e
anergia das CD8* 228, A demonstrac3o recente de que a producio de IL-35 por células B
contribui para a supress3do da resposta imune 222230 foi um importante contributo na
expansdao do conhecimento sobre as func¢des das Bregs. Adicionalmente, as Bregs
contribuem para a manuten¢do da homeostase das células iNKT 231, elas préprias também

de fendtipo regulador. A Figura 3 representa as varias acOes das células Bregs.
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Figura 3. Mecanismos efetores das células B reguladoras (Bregs) humanas. Adaptado de

Maravillas-Montero (2017) 232,

Os linfocitos Breg secretam diferentes citocinas anti-inflamatdrias, incluindo IL-10, TGF- B e IL-35. A
expressdo de CD80, CD86, ou PD-1L permite a supressdo por interagdes diretas célula a célula. A utilizagcdo
de enzimas por parte dos linfécitos Breg incluem a granzima B, IDO, ou o CD73, que promove a gerac¢ado de
adenosina. Por fim, algumas subpopulag¢des de linfécitos Breg conseguem produzir 1gG4 apds ativagao, uma
imunoglobulina com algumas propriedades supressoras.

Coletivamente, estes elementos dos linfécitos Breg conseguem controlar as respostas das populagdes
linfoides dos linfocitos (por exemplo: inibicdo da produgdo de IL-17 ou INF-y pelos linfécitos Th17, Thiou T
CD8), mieloides (suprimem a secrecdo de TNF-a ou IL-12 por parte de mondcitos inflamatdrios e células
dendriticas, respetivamente). Por ultimo, os linfécitos Breg aumentam ainda as capacidades efetoras dos
proprios linfocitos B (promovendo a secregdo de IL-10) e dos linfécitos NK invariante (promovem a secrecdo
de IL-4 e IL-13) favorecendo um ambiente anti-inflamatério.

Ao contrério do que sucede com o Foxp3 nas Tregs 233, ndo foi até a data identificado
nenhum fator de transcricdo especifico das Bregs. As células Bregs ndo provém de uma
Unica linhagem, constituindo ao invés uma populacdo heterogénea de células B que
adquirem capacidade supressora em diversas fases da sua maturacdo, quando expostas a
determinados estimulos 23*. De acordo com a localizagdo, o ambiente inflamatério e a
ligacdo através do BCR, as células B poderdo diferenciar-se em Bregs ou em células
produtoras de anticorpos 23°. Para a diferenciacdo e ativacdo das Bregs é necessaria a
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interacdo de varias moléculas, incluindo toll-like receptors (TLR), CD40 e BCR, bem como
CD80, CD86 e recetores de citocinas 23°. Varias citocinas inflamatérias tém sido associadas
a diferenciacdo das Bregs, como a IL-1 e IL-6 %*7, a IL-21 238 e o granulocyte-macrophage
colony-stimulating Factor (GM-CSF) 232, E evidente o aumento do nimero e da capacidade
supressora das células Bregs em resposta a inflama¢dao no contexto de autoimunidade

241 235

221,240 glergia 2*, ou outras condi¢Bes 23°, e que na auséncia de Bregs ha exacerbacdo

dessas reacdes 222242,

Os métodos de identificacdo das células Bregs ainda ndo estdo completamente
definidos, nomeadamente em relacdo aos marcadores de superficies e fatores de
transcrigdo. Uma vez que a caracteristica mais distinta das Bregs é a capacidade de produzir
IL-10, os estudos funcionais de producao de IL-10 tém sido utilizados como o principal
marcador na identificacdo destas células 23°.

Tém sido descritas varias subpopulacdes de células B produtoras de IL-10, com
varidvel sobreposicdo de marcadores de superficie e diversas funcbes, que sdo
coletivamente designadas Bregs 2%3. Estas incluem células B CD24"CD38", CD24MCcD27*
(B10), CD38*CD1d*IgM*CD147*GrB*, plasmablastos CD27"CD38", e células B CD19*TIM1*
224225244246 Apesar de todas estas populacdes terem demonstrado capacidade de
supressao de reagdOes pro-inflamatdrias, estima-se que em cada um destes subtipos de
células a fracdo capaz de produzir IL-10 e suprimir as respostas imunes ndo ultrapasse os
20% 233,

A populacdo de células B de transicao, identificada pela forte co-expressao de CD24
e CD38, tem uma grande representacdo de células reguladoras 22424’ e é a populac3o Breg
mais estudada. Com frequéncia, a expressao de CD24 e CD38 é utilizada para quantificacdo
de células Breg em sangue periférico. A frequéncia das células B CD24MCD38" varia em
diversas entidades clinicas 2%, sendo dificil estabelecer associacdes entre os nimeros ou
frequéncias destas células e mecanismos fisiopatoldgicos especificos. Além disso, é
admitida a existéncia de diferentes subtipos de células de transicao com perfis reguladores
distintos 248,

Na populacdo de células B CD24MCD27* circulante existe também um subtipo com
propriedades reguladoras 2*4?%°, que foram caracterizadas como B10 e B10pro. Estas
células representam um pequena fracdo das células B CD24MCD27*, mas demonstraram
uma grande capacidade secretdria de IL-10 quando estimuladas 244,

A presenca de disturbios das propriedade reguladores das Bregs foi ja descrita em
varias doencas autoimunes, incluindo a esclerose multipla 2°°, lGpus eritematoso sistémico

223

224,251,252 GGp 244253254 asclerose sistémica 2°°, artrite reumatdide 223, psoriase e artrite

psoriatica 2°°.
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1.2.2. Linfécitos T
Percursores e Diferenciacao

Os linfdocitos T, em conjunto com as células B, constituem o ramo adaptativo e reativo do
sistema imunitdrio. As células T, ao contrario de outras células hematopoiéticas, tém uma
longevidade extensa, um grande potencial proliferativo e uma capacidade de diferenciagao
terminal especializada %°’.

Tal como descrito para as células B, também os linfécitos T derivam de células
progenitoras comuns linfoides. No entanto, ao contrario do que acontece no
desenvolvimento B, estas células migram da medula éssea, através do sangue, para o timo,
o 6rgao linfoide primario que fornece um ambiente especializado e organizado para a
diferenciacdo dos precursores de linfécitos T 2°8. Este desenvolvimento é semelhante ao
das células B, na medida em que inclui também processos de rearranjo genético nos genes
gue codificam o recetor de antigénios destas células (recetor de célula T ou TCR) e a
eventual montagem de um TCR funcional a superficie da célula. No entanto, ao contrario
do recetor da célula B, o TCR ndo é um anticorpo, mas sim um heterodimero de duas
cadeias polipeptidicas glicosiladas, codificadas por genes distintos. Assim, o
desenvolvimento T permite a producdo de duas linhagens T distintas consoante as cadeias
que formem o TCR: linhagem a:B ou y:8 2°°. No dmbito desta tese, ird ser abordado o
desenvolvimento das células T a:p.

As células T em desenvolvimento sdao conhecidas por timdcitos, e passam também
por um controlo rigoroso no que diz respeito ao reportdrio de células T maduras de forma
a assegurar células que reconhegam complexos MHC do préprio, mas que sejam
simultaneamente tolerantes a presenca de autoantigénios. Os timdcitos estdo rodeados
por uma rede de tecido conjuntivo conhecido por estroma timico, que fornece um
microambiente exclusivo para o desenvolvimento destas células, analogo a importancia
estroma da medula dssea no desenvolvimento das células B. As células timicas epiteliais
representam grande parte do estroma timico, e sdo cruciais para a diferenciacdo e selecado
do reportério T, por apresentarem caracteristicas fundamentais para este processo,
incluindo a expressdao antigénica, a producdo de fatores timicos importantes para a
maturacdo dos timdcitos, e modulacdo da resposta linfocitarias 2°. O estroma timico é
também composto por células endoteliais, importantes para a manutencao da vasculatura
timica (e, portanto, para a coloniza¢do do timo por progenitores de células T transmitidas
pelo sangue) e células mesenquimais, que regulam a proliferacdo das TECs e progenitores
de células T 21, Por ultimo, este 6rgdo é também ocupado por células dendriticas, células
B e macrdfagos, todos envolvidos na formacdo do repertdrio de células T e na eliminacao
dos timdcitos apoptoticos 261262,
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Os percursores do desenvolvimento T fazem parte de uma populagao que expressa o
marcador CD34 263, também expresso em células progenitoras hematopoiéticas mas
ausente nas popula¢des mais diferenciadas 2647266,

A expressao sequencial dos co-recetores da célula T, nomeadamente CD4, CD3 e CD8
é usada para definir as diferentes fases do desenvolvimento T humano 2°%. Assim, os
timdcitos em desenvolvimento dividem-se de acordo com a expressao destes marcadores
em: células triplas negativas (TN); células imaturas com expressao de CD4 (CD4ISP); células
duplas positivas para CD4 e CD8 com ou sem expressdo de CD3 (DP); e finalmente células
T CD3* com expressao de CD4 ou CD8 2°%267, Da mesma forma que o CD19 é o marcador
principal das células B, o complexo CD3 tém a mesma importancia como marcador de
linhagem T. Nas células T af maduras, a expressao de CD3 associa-se tambem a expressao
do co-recetor CD4 ou CD8, que interagem com moleculas de MHC de classe | ou I,
respetivamente, e identificam as duas principais populacdes de células T no sangue
periférico: células T CD4* ou auxiliares, e células T CD8* ou citotdxicas.

As células CD34*CD1a TN representam a populagdo mais imatura no timo e nao
estdo, ainda, comprometidas com a linhagem T 268259 Este comprometimento estd
fortemente associado ao inicio da expressdo de CD1a* 296270 e com o inicio do rearranjo
dos locus B, A e & do gene do TCR 272,

Os vdrios processos que envolvem a diferenciacdo e proliferacdo dos timécitos estdo
fortemente regulados por uma combinac¢do de diversos fatores envolvidos nas principais
vias de sinalizac¢do, incluindo interleucina 7 (IL-7), fator de células estaminais, e as vias de
sinalizacdo Wnt, Hedgehog e Notch1. 2622727274,

O Notch1 é um recetor transmembranar altamente conservado que esta envolvido

na regulacdo do destino celular em vérias linhagens celulares 27>

, € juntamente com os seus
ligandos, Delta-like 1 (DLL1) e DLL4, foi identificado como fator determinante no
comprometimento da linhagem de células T e B 276, A titulo de exemplo, quando postas em
cultura, células CD34* do sangue do corddao umbilical e da medula éssea na presencga de
células estromais da medula éssea de ratinho que expressam DLL1, desenvolvem-se em
células T maduras. Por contrario, a utilizacdo de inibidores da sinalizacdo Notch afeta

substancialmente o desenvolvimento das células T 277278,

Assim, as células precursoras entram no timo pela juncdo cortico-medular 27°, onde
s30 expostas a niveis elevados de DLL1 expresso pelas células estromais 28, Esta exposic¢do,
resulta na ativacdo da via de sinalizacdo Notch nas células percursoras, promovendo entdo
a sua diferenciacdo a favor da linhagem T ou NK, mas n3o da linhagem B 2°8,

Um outro fator importante no desenvolvimento de células CD34* progenitoras de
células T é a sinaliza¢3o por IL-7, produzido pelas células do estroma timico 28, Esta citocina
atua apds ligacdo ao seu recetor, o IL-7R, composto por duas cadeias alfa (IL-7Ra, ou
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CD127), e uma cadeia gama, também conhecida por cadeia gama comum (yc), uma vez que
estd presente na estrutura de recetores de outras citocinas, incluindo IL-2, IL-4, IL-9, IL-15
e IL-21. Desta forma, mutag¢des nos genes que codificam estas cadeias, ou no genes da Jak3,
um outro componente da via de sinalizagdao da IL-7, resulta numa profunda auséncia de
células T, uma das formas de imunodeficiéncia combinada severa (SCID) 2827284, De forma
semelhante, a exposicdao de células CD34+ progenitoras de células T a inibidores da
sinalizagdo por via do recetor IL-7R, resulta no bloqueio do seu desenvolvimento,
impedindo a transi¢do das células TN para o estadio seguinte 282,

Rearranjo do TCR e sele¢ao B

Nesta fase, em que as células ja perderam, na sua maioria, a capacidade de originar células
NK ou células dendriticas, os timdcitos comegam a expressar moléculas de CD4 e a perder
completamente a expressdao de CD34, designando-se por timdcitos CD4ISP (CD4 Imature
Single Positive) %2>,

Durante esta fase, inicia-se o rearranjo dos genes do TCR, de forma a originar células
T com TCR (af ou y&) funcionais, por processos de recombinagao dos segmentos genéticos
V, D e J, de cada locus, por a¢do das enzimas RAG1 e RAG2 286,

O comprometimento dos timdcitos para com as linhagens off ou y6, é mediado por
sinalizacdo via TCR %*7. O rearranjo do locus das cadeias B, y, e & inicia-se quase
simultaneamente nos timdcitos em desenvolvimento, e as duas linhagens celulares
divergem de um precursor comum apenas apds certos rearranjos genéticos ja terem
ocorrido 28, Isto é, a decisdo de um timécito em se comprometer com a linhagem Ta ou
Tyd, depende do tipo de TCR que é expresso primeiramente durante o seu
desenvolvimento. Assim, se um TCRyd completo se formar antes de um rearranjo bem-
sucedido do gene da cadeia B, o timdcito vai receber uma sinalizacdo mais forte via TCRyS,
impedindo a continuacao do rearranjo da cadeia B. Por contrario, se a forma¢ao de uma
cadeia B funcional anteceder a conclusdao de um TCRy§, esta cadeia vai-se emparelhar com
uma cadeia alfa nao-polimdrfica, denominada pré-TCRa, formando o chamado pré-TCR. Da
mesma forma, a sinalizacdo via pré-TCR interrompe o rearranjo do locus y e §, direcionando
a célula para a linhagem af 2%.

A partir desta fase, a continuacdo do desenvolvimento requer uma sinalizacdo efetiva
por via do pré-TCR de cada timdcito, de forma a assegurar a sobrevivéncia, proliferacao, e
correta selecdo para a linhagem T af3, com interrup¢ado do rearranjo do locus da cadeia 3,
e inicio do rearranjo do locus da cadeia a 2°°. Este processo é conhecido como sele¢do B e
representa o primeiro checkpoint do desenvolvimento T 2°8. Durante este processo,
timécitos cujo rearranjo VDJ no locus B origine uma cadeia B ndo-funcional, ndo recebem
sinais de sobrevivéncia e/ou proliferacdo, acabando por morrer. Desta forma, apenas as
células que expressem um TCRP funcional passam a fase seguinte do desenvolvimento,
com inicio da expressdo de moléculas de CD8a, seguindo de moléculas de CDS8p,
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transformando-se primeiro em linfécitos CD8a* e a seguir em CD8af*, constituindo uma
populacdo de timdcitos duplamente positivos para os marcadores CD4 e CD8, ou DP, sem
expressdo do marcador CD3 (CD3" DP) 2%, E principalmente nesta fase de timdcitos DP
pequenos, e apods varios ciclos de proliferagdo celular, que se inicia o rearranjo no locus da
cadeia a, com consequente eliminagdo do locus & (por se encontrar contido no locus a) e
formac3o de circulos de DNA conhecidos como TRECs (TCR excision circles) 2°%2%2,

Selegdo positiva e negativa das células T em desenvolvimento

A semelhanga do que ocorre durante o desenvolvimento linfocitario B, os linfécitos T
possuem também a capacidade de discriminar o “préprio” (self) do “nado-préprio” (non-
self). Ou seja, no final do desenvolvimento, os linfécitos T maduros deverdo ter a
capacidade, por um lado, de reagir contra moléculas de MHC contendo péptidos “ndo-
préprios” e, por outro lado, ndo reagir, ou reagir com reduzida afinidade, contra moléculas
de MHC contendo péptidos “proprios”.

Esta capacidade é avaliada apds o rearranjo no locus da cadeia a, através da interacdo dos
dimeros TCRaB com os complexos MHC:péptido do préprio no timo. Assim, aqueles
timdcitos cujo TCRaf interaja com uma baixa afinidade com os complexos MHC:péptido do
proprio, expressos pelas células epiteliais timicas do cértex, recebem sinais de
sobrevivéncia, enquanto que aqueles que ndo reconhecem estes complexos (constituindo
mais de 90% dos timdcitos) ndo recebem sinais de sobrevivéncia e morrem — selecdo
positiva. Por outro lado, aquelas células cujo TCRa apresenta uma afinidade elevada para
os complexos MHC:péptido do préprio, expressos por células epiteliais timicas da zona
medular ou por células dendriticas, sao eliminados por morte celular programada — sele¢ao
negativa 2°32°*, Este processo é também conhecido por delecdo clonal, eliminando células
potencialmente auto-reativas 2°%. Uma vez que a selecdo negativa tem como base a
resposta a antigénios do préprio, ndo é expectdvel, no entanto, que varios antigénios do
proprio sejam expressos no timo (por exemplo, insulina). Assim, a expressdo destes
antigénios especificos de certos tecidos por parte das células envolvidas neste processo, é
controlada pelo gene AIRE (Autoimune Regulator), que induz a expressdao de inuUmeros

antigénios 2%

Linhagem CD4 e CD8 dos linfécitos T aff

A escolha da linhagem CD4 ou CD8 é uma decisao crucial que ocorre nos timdcitos DP ja
com expressdo de CD3 (DP CD3*) 2°6, Esta decisdo estd diretamente associada a
especificidade do TCR de cada timécito para o MHC durante a selecdo positiva que, entre
outros fatores, promove a diferenciacdo seletiva para a linhagem CD8 ou CD4, conforme a
especificidade do TCR para moléculas de MHC Classe | ou classe Il, respetivamente 27, A
importancia das moléculas de MHC reflete-se na sindrome do Linfécito Nu, um tipo de
imunodeficiéncia combinada, causada por mutag¢des no fator de transcricdo que regula a
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expressdo de MHC 2?8, A representac3o sumaria do desenvolvimento das células T no timo
é apresentada na Figura 4.

Célula-tronco Percursor ore.T2
timica T/NK Pre.T4 (CD4ISP)
NOTCH1 HEB/E2A
D34Y) | ey CD4+
CD8
. HEB/ R
: LE2A| ID2

." Celula NK
. ] .
Figura 4. Modelo das fases iniciais do desenvolvimento dos linfécitos T no timo. Adaptado de Spits (2002)
258

Precursores hematopoiéticos CD34+ colonizam o timo e passam por diferentes etapas, que podem ser
distinguidas com base na expressdao de marcadores de superficie e pelo estado de rearranjo do recetor dos
linfécitos T (TCR). Apds comprometimento com a linhagem T, os timécitos CD34+CD1a- comegam a expressao
de CD1a e iniciam o rearranjo do locus B, y e & (timdcitos pre-T1). Na préxima fase do desenvolvimento, os
timacitos expressam CD4, mas ndo ainda CD8, e sdo designadas como timdcitos imaturos positivos para CD4
(CD4ISP). Esta populagdo contém os precursores para ambas as linhagens Tap e TyS. Depois desta fase, os
timocitos comegam a expressar uma das cadeias da molécula de CD8, CD8a, e sdo designados por timdcitos
duplos positivos iniciais (EDP). Por fim, estes timdcitos vdo expressar as duas cadeias de CD8, tornando-se
timocitos DP maduros e originar linfécitos T CD4 e T CD8 maduros. A populagdo de células CD34+CD1a- pode
originar precursores da linhagem T e da linhagem NK. A sinalizagdo via Notchl é crucial para o
desenvolvimento da linhagem T no timo.

Atualmente, o modelo mais aceite para explicar o processo de comprometimento
para a linhagem CD4 ou CD8 propde que esta escolha é determinada pela duracdo da
sinalizacdo do TCR, com citocinas, principalmente IL-7, a desempenhar um papel
fundamental nesta duracdo 2%°.

De acordo com este modelo, os timdcitos DP CD3* baixam a expressao de CDS,
tornando-se temporariamente timécitos CD4*CD8'°%.3%0, A partir daqui, se estas células
receberem sinalizagao via TCR, significa que estao a reconhecer péptidos do préprio em
moléculas de MHC Il (devido a auséncia de CD8). A continuacdo desta sinalizagdo promove
o bloqueio da sinalizacdo por IL-7 e induz a diferenciacdo em células T CD4 maduras. Por
outro lado, se a sinalizacdo pelo TCR for interrompida nos timdcitos apds a perda de CD8
(por estarem a reconhecer moléculas de MHC |), ndo ocorre bloqueio da IL-7, promovendo
a reversdo da expressdao dos recetores, com silenciamento da expressao de CD4 e re-

expressdo de CDS, diferenciando-se em células T CD8 maduras 226301,
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No entanto, é importante referir a importancia de fatores de transcricdo,
nomeadamente Th-POK e RUNX3, na especificacdo de linhagem, por regularem a
transcricdo dos genes do CD4 e CDS, respetivamente 392-3%4, Qutros fatores, como o TOX e

o0 GATA3, parecem estar também envolvidos no comprometimento com a linhagem T CD4
305306

Por fim, as células T CD4 e T CD8 com um repertdrio TCR rigorosamente selecionado
e com a aquisicdo do marcador naive CD45RA, saem do timo e migram para a periferia,
incorporando o pool de células T naive maduras 2>,

1.2.2.1. Linfdcitos T CD4

Como ja foi referido, os linfécitos TCRapB que sobrevivem aos mecanismos de sele¢ao no
timo dividem-se em dois grandes grupos. Os linfdcitos T CD4*, conhecidos como linfdcitos
auxiliares (Th), representando cerca de 40-50% dos linfécitos em circulacdo, e os linfécitos
T CD8*, designados por linfdcitos citotoxicos ou Tc, representando 20-25% dos linfécitos no
sangue. Para além destes linfocitos ditos convencionais, existem também linfécitos T com
propriedades reguladoras/supressoras, descritos mais a frente.

No entanto, os linfécitos T (naive) que saem do timo, nunca foram ativados por um
antigénio, e sé apds esta interacdo, é que se poderd originar linfécitos T CD4* com
propriedades auxiliares (ajudam a promover resposta B, T CD8, e na ativacdo das células
do sistema inato) e linfécitos T CD8 com propriedades citotdxicas. Uma caracteristica
importante destas células é a expressdo do recetor CD28, que ird ser crucial na mediagao
da resposta imune apds contacto com antigénios 3%7.

A ativacdo de uma resposta eficaz do sistema imunoldgico adaptativo contra

qualquer agress3o, seja ela externa ou interna, envolve uma serie de fases 308

, que se
encontram intrinsecamente associadas a processos de sobrevivéncia e de diferenciacao,

com mudancas fenotipicas e funcionais dos linfécitos T naive ativados 3%,

A ativacdo T tém inicio com o reconhecimento por parte de complexos TCR/CD3
presentes nos linfocitos T CD4* ou CD8* de péptidos antigénicos expostos na superficie de
células dendriticas (DC) em associacdo com moléculas de MHC classe Il e classe |,
respetivamente 3%, Esta interacdo TCR/CD3-MHC:péptido constitui o sinal de ativacdo
primario, e confere especificidade a resposta adaptativa. No entanto, este sinal nao é
suficiente para induzir uma ativacao eficaz e promover a proliferacdo dos linfécitos T naive,
sendo necessario o envolvimento de outros sinais, nomeadamente pelo recetor CD28,
constituindo o sinal 2 311, De facto, a existéncia de um Unico sinal 1, na auséncia de sinais
acessorios, pode induzir a célula a entrar num estado de anergia, caracterizado pela
incapacidade de responder a estimulos, nomeadamente antigénios 37,
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Assim, este duo de sinais mediados pelo complexo TCR/CD3 e do recetor CD28 inicia
uma serie de eventos intracelulares que resultam num processo de divisdo celular que pode
durar vérios dias, com o objetivo de formar uma populacdo de linfécitos efetores,
juntamente com uma pequena fra¢do de células de memaria 3%, Esta fase de proliferacdo
estd altamente regulada por recetores sinalizadores expressos unicamente na superficie
dos linfécitos T ativados, nomeadamente recetores ativadores da familia do CD28 (por
exemplo ICOS, expresso maioritariamente por linfocitos T CD8*), da familia do TNFR (Tumor
Necrosis Fator Receptor; por exemplo CD40L, expresso maioritariamente por linfocitos T
CD4*) e de recetores de citocinas, bem como pela presenca dos seus ligandos no
microambiente que os rodeia. De facto, é exatamente este sinal proveniente da interagao
entre citocinas presentes no microambiente e os recetores que define o sinal 3 da ativagao
312 Dentro dos recetores e suas respetivas citocinas, salienta-se o CD25 (IL-2), CD124 (IL-
4), CD132 ou recetor yc (IL-2, IL-4, IL-7, IL-9, IL-15 e IL-21), e CD212 (IL-12). As citocinas
referidas podem ser produzidas por DCs, por linfécitos T mais diferenciados, assim como
por células do microambiente como fibroblastos e células epiteliais 3'3.

Todos estes processos que ocorrem durante a ativacdo do linfécito T, resultam no
inicio de um complexo processo diferenciacdo que ird originar linfécitos T com
caracteristicas efetoras 3%, Os linfécitos T CD4* diferenciam-se em varios subtipos, como
as Th1, Th2, Th17, Treg, Th9, Th22, T reguladoras e T foliculares (Tfh) 31# (Figura 5).

1.2.2.1.1. Linfécitos Thl

Estes linfécitos Thl surgem apds ativacdo de um linfécito CD4* naive por uma DC num
microambiente rico em IL-12 e INF-y, presumivelmente produzidas pela DC ativada 31331>,
A exposicao a estas citocinas resulta na ativacdo dos fatores de transcricdo STAT-4, T-bet e
Eomes, que vao regular a ativacdo da transcricao dos genes das citocinas IL-2, INF-y e TNF-
B, passando estes linfécitos a produzir e secretar estas citocinas 316317313,

A IL-2 é importante como fator de crescimento para os préprios linfocitos Thi,
enguanto que o INF-y atua na amplificacdo da resposta imunoldgica, nomeadamente ao
nivel da ativacao de macrofagos, do desenvolvimento de linfécitos Thl, do aumento da
atividade citotdxica de linfocitos T CD8 e NK, e do aumento da capacidade apresentadora
de antigénios por DCs. No geral, os linfécitos Th1 sdo responsdaveis por potenciar respostas
contra bactérias intracelulares e virus, mediadas por outros linfécitos (T CD8* e NK),
estando assim envolvidos na regulacdo de respostas celulares 313,
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Figura 5. Diferencia¢do das células T naive. Adaptado de Geginat. 318

As células T naive podem diferenciar-se em diversos subtipos de células T efetoras apds sinalizagdo por
citocinas especificas. Estes subtipos de células T expressam fatores de transcri¢gao definidores de linhagem
que induzem marcadores de superficie especificos, e secretam citocinas efetoras especificas apds a
estimulagdo do seu TCR.

1.2.2.1.2. Linfécitos Th2

Os linfécitos Th2 caracterizam-se pela producdo de IL-4, IL-5, IL-9, IL-10 e IL-13, e
diferenciam-se apds ativacdo por DC num microambiente onde predomina a IL-4,
presumivelmente produzida pelo linfécito T CD4* horas depois da ativagdo 31>31°, Nesta
diferenciacdo estdo envolvidos os fatores de transcricdo STAT-6, GATA-3 e C-Maf, que
regulam a ativacdo dos genes das citocinas referidas 313. De salientar que o GATA-3 ndo sé
promove a diferenciacdo em linfécitos Th2, mas também impede o acesso de STAT-4 as
regides promotores dos genes das citocinas IL-2, INF-y e TNF-B, inibindo a diferenciagao em
linfécitos Thl. As citocinas produzidas pelas células Th2 atuam ao nivel da regulagdo da
producdo de Ig’s por linfdocitos B, ativacdo de eosinodfilos, desgranulacdo de mastdcitos,
inibicdo da formacdo de linfécitos Th1l e inibicdo da ativacdo de macrofagos. Desta forma,

59



os linfdcitos Th2 exercem um papel critico na regulacdo de respostas humorais e doencas
alérgicas, bem como na defensa contra agentes patogénicos extracelulares (helmintas) 31°.

1.2.2.1.3. Linfocitos Th17

Como o nome sugere, os linfécitos Th17 caracterizam-se pela produgado principal de IL-17,
por ativacdo do fator de transcricdo RORyt 32, Este programa de diferenciac¢do é induzido
apos ativacdo num microambiente onde predominem as citocinas TGF-f3, IL-1B, IL-6 e IL-23
321,322 Os linfécitos Th17 s3o células altamente inflamatdrias, envolvidas nas respostas
contra bactérias extracelulares e fungos, através do recrutamento de mondcitos e

neutréfilos, estando também envolvidos na patogénese de algumas doengas autoimunes
323324

1.2.2.1.4. Linfécitos T reguladores

As células T reguladoras (Tregs) sdo um subtipo de linfécitos T CD4* que desempenham um
papel crucial no equilibrio do sistema imunitdrio, ao manterem a tolerancia a
autoantigénios e prevenirem uma resposta exagerada das células efectoras 3%. As Tregs
intervém na maioria das respostas imunes - incluindo alergia, autoimunidade, inflamacao,
e reagdes a micrébios e tumores. Para isso, sdo capazes de controlar a atividade da maioria
dos subtipos celulares do sistema imunitério inato e adaptativo 32°,

Sakaguchi, em 1995, identificou pela primeira vez as células CD4*CD25* como as
responsaveis pela manutencdo da tolerancia ao self, e provou que a sua deplecdo se
associava ao desenvolvimento de diversas doencas autoimunes em ratinhos 3%7. Apesar
desta evidéncia ter aberto as portas ao estudo das Tregs, a comunidade cientifica na altura
encontrava-se focada no estudo de citocinas e outros intervenientes da imunidade
humoral, de modo que estas células apenas foram identificadas em humanos passados 6
anos 3?8, Apesar da identificacdo do CD25 como um marcador das Tregs ter permitido
estudos funcionais destas células, a sua utilidade é limitada pela sua sobre-expressdao em
células ativadas, pelo que na altura ndo era possivel distinguir entre células Tregs e células
T convencionais ativadas no contexto de inflamacdo 3%6. A identificacdo do Fator de
transcricdo forkhead-box protein P3 (Foxp3) 3?° estabeleceu definitivamente as Tregs como
uma linhagem distinta de células T, assistindo-se desde entdo a um crescimento
exponencial do interesse nestas células.

Origem, Classificagdo e Fungdo das Tregs

De acordo com a sua origem, as células Tregs sao classificadas em naturais ou timicas
(nTregs ou tTregs) e induzidas ou adaptativas (iTregs ou pTregs).
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As células nTregs CD4* de origem timica representam 5 a 10% das células CD4
circulantes 3%, Estas células formam-se durante o periodo de selec3o das células T no timo,
sendo demonstrado em ratos a sua migracdo para o sangue periférico a partir do 32 dia de
vida 331, Os percursores das tTregs sdo timdcitos cuja afinidade do TCR para péptidos do
self se encontra em niveis intermédios entre os das células que sofrem deleg¢ao clonal por
apoptose devido a elevada afinidade e os das células que sofrem sele¢do positiva por baixa
afinidade 332333, No entanto, admite-se que possa existir j4 o compromisso com a linhagem
Treg ainda antes do processo de selecdo pela afinidade do TCR, permitindo a inclusdo nesta
populacdo de células com recetor de baixa afinidade para o self 33*. As Tregs que se
desenvolvem no timo migram posteriormente para os érgao linfoides periféricos, onde as
suas propriedades sdao reforgcadas pela ativagdo, ao mesmo tempo que as suas
caracteristicas sdo perpetuadas por multiplas divisdes celulares 33>, Algumas células Tregs
migram para 6rgaos ndo-linfoides, como o tecido adiposo visceral, o musculo e o intestino,
onde adquirem caracteristicas adicionais por influéncia do meio 33, Esta atividade dindmica
das Tregs é controlada ao nivel transcricional e epigenético 3.

O Foxp3 é essencial para a fungdo supressora, potencial proliferativo e metabolismo
das células Tregs, e, além disso, impede a diferenciacdo dos percursores das Tregs em
células T efectoras 3%’. Recentemente foi descrito que a co-expressdo de Foxp3 e Helios
(um Fator de transcrigao da familia Ikarus) representa um estadio critico na atividade das
Tregs 3333 Foi também demonstrado que as células Tregs Helios*Foxp3* tém
propriedades supressoras superiores as Tregs Helios'Foxp3* 340, Devido a sua expressdo
timica, o Helios permite descriminar entre tTregs (Helios*) e iTregs (Helios’) em ratos, mas
é controverso se em humanos este marcador é igualmente discriminativo 342,

Uma vez adquirida a identidade de Tregs, estas células mantém a sua linhagem
estdvel através de multiplos mecanismos moleculares, incluindo alguns dos que
contribuiram para a sua génese, como o TCR e a IL-2 342,

As pTregs desenvolvem-se na periferia a partir de células naive ou, por vezes, a partir
de células diferenciadas, apds estimulacdo antigénica em condicdes propicias 343 (Figura 6).
Ha ainda limitacdes na compreensao dos processos envolvidos em cada microambiente
periférico, mas é segura a necessidade de estimulacdo do TCR e a presenca de TGF-f e IL-2
344 Apesar de corresponderam apenas a uma pequena percentagem do total das Tregs, as
pTregs sdo particularmente abundantes em drgaos especificos, como o intestino e a

345

placenta >*. Deste modo, esta células serdo especialmente importantes na manutencdo da

tolerancia a bactérias comensais, alimentos, alergénios, e ao feto 3%,
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Figura 6. Diferenciacao, fenoétipos e carateristicas funcionais das células Treg. Adaptado de Zhang (2020)
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As células Treg CD4+ Treg classificam-se em 2 grupos; as tTregs (timicas), e as Tregs induzidas (pTreg,
induzidas in vivo; iTreg, induzidas in vitro). As Treg exercem as suas agdes supressoras sobre as células T
efetoras por contacto direto através do CTLA-4, ou pela secre¢do de citocinas imunossupressoras e
moléculas pro-apoptéticas.

Ambos os subtipos cooperam na manutenc¢do da homeostase do sistema imunitario
344 sendo as Tregs originadas na periferia tdo eficazes na supressdo das respostas imunes
com as Tregs geradas no timo 3%7. As Tregs sdo capazes de inibir diversos tipos de células,
incluindo linfécitos T CD4* e CD8*, células natural killer (NK), linfocitos B, mondcitos e
células dendriticas 3%%. O efeito supressor das Tregs é exercido através de varios
mecanismos (Sakaguchi et al. 2009; Schmidt, Oberle, and Krammer 2012; Shevach 2009):
producdo de citocinas inibidoras, como a II-10, 1I-35 e TGF-B; atividade citotdxica
envolvendo a libertacdo de perforina e granzima; inducdo da apoptose através da
disrupcao de vias metabdlicas; reducdo da co-estimulacdo através da interferéncia com
varios mecanismos funcionais das células dendriticas; inibicdo da maturacdo das células B
através da reducdo da acdo T-efectora; inibicdo da sintese de anticorpos e da recombinacao
da classe de Ig. Os principais mecanismos de a¢ao das Tregs estao representados na Figura
7.

Outros subtipos de células T com propriedades reguladoras foram ja descritos, para
além das Tregs CD4*CD25*Foxp3*, como as as células CD4*CD25"°“GITR* 352, as Th3 3°3, as

Tr1 354, as Treg CD8*CD25* 3°°, as Treg y& 3°° e as células NKT 3%7, e as Tregs foliculares (Tfr)
358
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As células T reguladoras foliculares tem um perfil de marcadores de superficie de
célula T folicular (CXCR5hi PD-1hi ICOS+) e localizam-se nos CG, mas também expressam
Foxp3 e apresentam um perfil de célula Treg ativada, através da expressao de CTLA-4, GITR,
ICOS, e IL-10 39, A diferenciacdo de tTreg e pTreg em Tfr é influenciada por sinais fornecidos
por células dendriticas e células B. Estas células apresentam grande heterogeneidade,
consoante a sua via de desenvolvimento e progenitor, a especificidade de antigénio, a
producdo de IL-10 e a expressdo de PD1 a superficie cells 362,

Identificagdo das Tregs

As Tregs sdo definidas pela expressao de Foxp3, que é essencial ao o seu desenvolvimento
e funcdo supressora 3¢2, sendo este marcador considerado o "gold standard" para a
identificacdo das Tregs 233. No entanto, devido a localizagdo intracelular do Foxp3, a
identificacdo das Tregs por citometria de fluxo exige varias etapas, o que a torna morosa e
tecnicamente exigente, limitando a sua reprodutibilidade e aplicacdo clinica 363,
Adicionalmente, a necessidade de fixacdo das células inviabiliza a realizacdo de estudos
funcionais adicionais, pelo que ha a necessidade de identificar marcadores de superficie

especificos das Tregs.

63



Antes da emergéncia do Foxp3 como marcador de eleicdo para a identificacdo das
Tregs, estas eram definidas apenas pela expressdao de CD25, mas a sua utilizacao isolada foi
abandonada apds a constatacdo de que o CD25 é expresso também em células T efectoras
ativadas 354, Vdrios outros marcadores de superficie tém sido estudados e propostos para
identificar as Tregs, mas a demonstragdo de que a expressao de CD127 se correlacionava
inversamente com o CD25 e que as Treg ndo expressam niveis valorizaveis de CD127, levou
a identificacdo da combinacdo CD25*CD127""- como o melhor candidato 3%. Foi
demonstrado que as células CD25*CD127'"°% n3o sé tinham a maior expressido de Foxp3,
como tinham também uma excelente capacidade supressora 3%°. Consequentemente, o
Human ImmunoPhenotyping Consortium (HIPC) prop6s um painel padrdao para
identificacdo das principais popula¢des linfocitarias, incluindo as Tregs, para as quais
apenas seriam utilizados marcadores de superficie, excluindo o Foxp3 1. No entanto, uma
vez que sdo conhecidas populagdes T CD127* que expressam Foxp3, a identificacdo das
Tregs apenas como células CD25*CD127'°%/, embora interessante na pratica clinica, podera
ndo ser suficiente para fins de investigacdo 3. Novas técnicas e protocolos tém sido
propostos, como por exemplo a associacao de marcadores de superficie e Foxp3 de modo
simplificado, com boa reprodutibilidade 363.

1.2.2.2. Linfocitos T foliculares

Os linfécitos T CD4* foliculares providenciam uma ajuda especial aos linfécitos B nos
foliculos dos 6rgaos linfoides secundarios, sendo por isso essenciais na formacgdo de centro
germinativos, maturacdo da afinidade, e desenvolvimento de linfécitos B de memdria e
anticorpos de alta afinidade 367,

A diferencia¢do dos linfécitos Tfh é um processo multifatorial com varias etapas. Nao
existe, por isso, um Unico evento que defina a diferenciagdo dos linfocitos Tfh, ao contrario
do que se observa, por exemplo, na diferenciacdo de linfécitos Thl, que pode ser
facilmente induzida por exposicdo a IL-12. De forma semelhante, a diferenciacdo dos
linfocitos Tfh comeca com interacdes entre DCs e linfécitos T CD4 naive 3%, com
consequentes ciclos de proliferacdo 349370, Na presenca de IL-6 e IL-21, os linfécitos T CD4
ativados vao iniciar a diferenciagdo em linfocitos Tfh, com consequente expressao dos
fatores de transcri¢do Bcl-6 e Maf, e dos recetores ICOS, PD-1 e CXCR5 371, A expressdo de
CXCR5 permite a migracdo dos linfécitos Tfh em diferenciacdo para a regido interfolicular
dos foliculos dos 6rgdos linfoides secundarios.

A sinalizacdo da IL-6 e IL-21 constituem os primeiros sinais envolvidos na iniciacdo da
diferenciacdo dos linfdcitos Tfh, induzindo a expressao do fator de transcricao Bcl6 e Maf
nos linfécitos T CD4 ativados 372. De facto, varios modelos mostram a necessidade da
presenca de Bcl6 na expressdo inicial de CXCR5 373374 enquanto que a auséncia de IL-6
resulta em defeitos na diferenciacdo de linfécitos Tfh 374, Desconhece-se, no entanto, quais
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as células especificas que iniciam a diferenciacdo dos linfocitos Tfh, sendo provavel que ndo
haja nenhum tipo celular especifico, uma vez que varias DCs e mondcitos conseguem iniciar
esta diferenciacdo em diferentes condicdes 37°.

Uma vez na regido interfolicular, os linfécitos Tfh vao interagir com linfécitos B
especificos para o antigénio que deu inicio a esta diferenciacdo. Esta co-localizagao é
possivel porque, como ja referido, os linfécitos Tfh possuem CXCR5 (sdo atraidos para a
zona B por CXCL13, abundante nesta regido) e perdem a expressdo de CCR7, cujos ligandos
(CCL19 e CCL21) se encontram na regidgo T. De facto, os linfocitos B sdo cruciais na
continuacgdo do desenvolvimento dos linfocitos Tfh 1, porque para além atuarem como
células apresentadoras de antigénio, possuem ICOSL na sua superficie. Esta interagdo ICOS-
ICOSL é fundamental para a estabilizacdo e diferenciacdo das células Tfh 139143369376 pqgr
ultimo, a diferenciagdao final dos linfocitos Tfh envolve a formagdo dos centros
germinativos, onde vao exercer a sua funcdo nos processos acima descritos, através de
interacdes com os linfocitos B e producdo das citocinas IL-21, IL-4 e CXCL13 145377378 Qg
linfécitos Tfh dos centros germinativos tem uma expressao de proteinas de superficie,
fatores de transcricdo, e citocinas secretadas bem conservadas entre espécies, sendo
caracterizadas como linfécitos T CD4 com forte expressdao de CXCR5, PD-1 e Bcl6, e baixa
expressao de CCR7 e S1P1R. Estes linfocitos expressam também importantes moléculas de
adesdo, incluindo SLAMF (signaling lymphocyte ativation molecule family)-6 CD84 e SAP
(SLAM-associated protein) 37°.

Uma vez diferenciadas, os linfécitos Tfh ndo ficam confinados nos centros
germinativos. Ao contrario dos linfocitos B, os linfécitos Tfh podem rapidamente sair do

380 ou

centro germinativo e (1) transitar para o centro germinativo de um foliculo vizinho
(2) permanecer temporariamente num foliculo adjacente antes de entrar no centro
germinativo de origem, ou (3) sair do centro germinativo, baixar a expressdo de Bcl6 e
desenvolver-se num linfécito Tfh de meméria 382381, Assim, um linfécito Tfh CXCR5* fora do
centro germinativo pode representar diferentes vias de migracdao, com reducdao da
expressao de Bcl6. Os linfocitos Tfh de memodria residem principalmente no baco, nddulos
linfaticos e medula dssea, e possuem a capacidade de recirculacdo no sangue. De facto,
cerca de 20% dos linfécitos T CD4 de meméria central expressam CXCR5, evidenciando a

importancia deste compartimento 382383,

O comportamento do programa de diferencia¢ao dos linfécitos Tfh é semelhante ao
referido para as outras subpopulacdes efetoras, com a participacdo de principais fatores
de transcricdo, nomeadamente Bcl6, Maf, STAT3 e STAT4. Estes fatores de transcricdo,
controlam os aspetos gerais dos linfécitos Tfh, incluindo a localizacdo, funcdo,
diferenciacao, e repressdo de programas de diferenciacao alternativos, através da inibicdo
da expressao de recetores necessarios para a diferenciacdo de outros linfécitos T efetores.
De facto, Bcl6 tem um papel importante neste aspeto, inibindo a funcdo de Blimp-1,
fortemente associado com a diferenciacdo de outros linfdcitos ndo Tfh 384,
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Tal como foi referido para os outras populagées efetoras TCD4, também os linfdcitos
Tfh circulantes podem ser divididos em trés principais compartimentos, com base na
expressdo de CXCR3 e CCR6: linfécitos cTfhl (Bcl6"CXCR3*CCR67), linfécitos cTfh2
(Bcl6"CXCR3°CCR67), e linfécitos cTfh1l7 (Bcl6"CXCR3°CCR6*) 3%, Para alem destas
populag¢des, existem também linfocitos T foliculares com propriedades reguladoras (Tfr),
que regulam as respostas adaptativas nos foliculos linfoides e centros germinativos. Estes
linfocitos expressam marcadores de linfdcitos Tfh (CXCR5, Bcl-6, PD-1 e ICOS) e marcadores
de linfécitos Treg (FoxP3, IL-10, GITR e CTLA4) 386:387,

Os linfécitos Tfh estdo envolvidos em varias doengas autoimunes, sendo esperado
que o aumento do conhecimento sobre estas populagbes origine novas abordagens
terapéuticas. De facto, foram observadas frequéncias aumentadas de linfécitos com perfil
Tfh (CXCR5* ou PD-1"" ou ICOS") em doentes com sindrome de Sjégren 2338,
dermatomiosite juvenil 38, e Lupus Eritematoso Sistémico 216388 (He et al., 2013; Simpson
et al.,, 2010). Uma vez que estas doencas estdo associadas com producdo anormal de
autoanticorpos, os linfécitos Tfh poderdo estar na génese destas doencgas autoimunes, ndo
sé por facilitarem a producdo destes autoanticorpos, mas também por facilitarem a
formacdo e manutencdo dos foliculos ectdpicos, que servem como nichos para outras
células potencialmente patogénicas no contexto das doencas autoimunes.

1.2.2.3. Linfécitos T CD8

Ao contrario dos linfécitos T CD4, os linfécitos T CD8 sdo ativados apds reconhecerem
antigénios pelas moléculas de MHC classe | nas APCs. Esta populacdo de linfocitos tem um
papel muito importante na defesa contra agentes patogénicos intracelulares, incluindo
virus e bactérias, vigilancia tumoral, e contribuem na regula¢ao de processos patoldgicos,
tais como doencas autoimunes e alérgicas 3%. De forma semelhante, a ativacdo dos
linfécitos T CD8 envolve a participacao de sinais acessorios e citocinas secretadas por APCs
e/ou linfécitos T CD4, com influéncia na diferenciacdo dos linfécitos T CD8 em diferentes
populacdes efetoras. No entanto, em alguns casos, como DCs infetadas, a infecdo cria
inflamacdo suficiente para a producdo das citocinas e sinais acessorios necessarios para
ativar as células T CD8 na auséncia de células T CD4 38,

Apds ativacdo, o linfocito T CD8 tem varios mecanismos de atuacdo 3°%3°1, De forma
geral, o modelo de atuacdo dos linfécitos T CD8 na destruicdo de células alvo assenta na
libertacdo de moléculas citotdxicas, como perforina e granzimas. Enquanto que a perforina
forma um poro na membrana da célula-alvo, as granzimas, por sua vez, vao clivar as
proteinas dentro da célula alvo, impossibilitando a producao de proteinas virais. Por fim, a
célula alvo entra em apoptose. E importante referir que os granulos citotéxicos s3o
libertados apenas na diretamente contra a célula-alvo, alinhadas ao longo da sinapse
imunoldgica, para evitar danos indiretos nas células adjacentes ndo infetadas. Os linfocitos
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T CD8 secretam ainda citocinas que ajudam na resposta inata e adaptativa contra agentes
patogénicos intracelulares, nomeadamente INF-y (interferdo-y) e TNF-a (Fator de Necrose
Tumoral a) 39331, Por ultimo, os linfocitos T CD8 exercem a sua funcdo através das
interacdes Fas/FasL. Os linfocitos T CD8" ativados expressam FasL a superficie celular,
ligando do recetor Fas que se encontra a superficie da célula alvo. Esta interagao promove
a ativacgdo das caspases na célula alvo, resultando na inducdo da apoptose 32,

Ainda que ndo estejam tdao bem caracterizados, os linfocitos T CD8* naive podem
também diferenciar-se em varios subtipos com fenétipos efetoras, ainda que nem todos
com propriedades citotodxicas, semelhantes aos que foram referidos para os linfécitos T
CD4*, apods interagdao com as DCs— Linfdcitos Tcl (produgao de INF-y), Tc2 (produgdo de IL-
4), Tc17 (producdo de IL-17), Tc9 (producdo de IL-9) e Tc22 (producdo de IL-22) 3%, Ainda
gue os programas de diferenciacdo destes linfécitos sejam semelhantes aos dos linfécitos
TCD4*, nomeadamente o tipo de DC e o ambiente citocinico, existem alguns fatores que
parecem ser especificos dos linfécitos T CD8* 382,

Recentemente, foram descritos linfocitos T CD8 com propriedades reguladoras, ainda
que com propriedades fenotipicas e funcionais dos linfécitos T CD4 reguladores .33,
Linfécitos T CD8 com expressao de CXCR5 e localizados junto dos linfécitos B nos foliculos
dos o6rgdos linfoides secundarios foram também recentemente descritos em humanos —
linfécitos T citotdxicos foliculares (Tfc). Esta populacdo de linfécitos é semelhante aos
linfocitos Tfh, com participacdo dos mesmos fatores de transcri¢do 3%4.
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2. SINDROME DE SJIOGREN PRIMARIA

2.1. Definigao

A Sindrome de Sjogren (SS) é uma doenca inflamatédria crdnica, sistémica, de origem
autoimune, que se caracteriza pela infiltracdo linfocitdria e lesdo das glandulas exdcrinas,
sendo também designada epitelite autoimune 3%. O envolvimento das gandulas salivares e
lacrimais, das glandulas exdcrinas do epitélio nasal, do aparelho respiratério superior, da
vagina e pele origina disfuncdo glandular e as queixas secas que caracterizam a doenca 3%,
Podem ocorrer manifestacbes extra-glandulares ou sistémicas, como artrite, lesdes
cutdneas, envolvimento pulmonar, neuroldgico, renal ou vasculite 3%7.

A SS pode ocorrer isoladamente, sendo designada SS primaria (SSP), ou associada a
outras doencas sistémicas, em particular a Artrite Reumatdide (AR) 3%%3% ao Lupus
Eritematoso Sistémico (LES) 492401 ou & Esclerose Sistémica (ESP) #9493, sendo nesses casos
designado SS secundaria ou associada. Apesar da distingao entre SSP e SS secunddria estar
instituida na prética clinica desde ha mais de 50 anos %%%, atualmente esta distin¢do tem
sido contestada 4%>4%, Pode também ocorrer a presenca simultinea de SSP e doencas
autoimunes especificas de érgdo, como tiroidite autoimune, colangite biliar primaria ou
hepatite autoimune 47,

2.2. Perspectiva histdrica

Henrik Sjogren, um oftalmologista sueco, descreveu em 1933 uma condicdo que designou
queratoconjuntivite sicca %, e que veio a receber o seu nome - Sindrome de Sjégren. No
entanto, ja em 1925 Gougerot, um dermatologista francés, havia descrito casos de
sindrome sicca e atrofia glandular 4%°. A tumefacdo glandular e as caracteristicas
histoldgicas tinham sido descritas por Mikulicz, em 1892 4, embora atualmente se

considere que a entidade descrita por este corresponda a Doenca Relacionada com a IgGs
411,412

Na década de 1960 a origem autoimune da SSP foi confirmada e importantes avangos
no diagnéstico da doencga foram introduzidos, como a identificacdo dos anticorpos anti-
Ro/SSA e anti-La/SSB *'3 e a elaboracdo de uma classificacdo histolégica da bidpsia de
glandula salivar minor por Chisholm e Mason 414, Foi também descrita a associacdo entre
SSP e linfoma MALT (mucosa-associated lymphoid tissue) de células B 4%°.
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O conhecimento sobre a SSP tem progredido continuamente, mas os aspectos
fundamentais que caracterizam a doenca foram reconhecidos nesta fase inicial: o
desenvolvimento de queixas secas, o envolvimento sistémico, a infiltragao linfocitaria das
glandulas exdcrinas, a presenca de autoanticorpos, e o risco aumentado de linfoma 3°.

2.3. Epidemiologia

A SSP afeta predominantemente mulheres, com uma razdo feminino-masculino de
aproximadamente 10:1 %%, A doenca pode ocorrer em qualquer idade, mas é mais
frequente o seu inicio entre os 40 e os 60 anos *Y/.

A SSP é uma das doencgas autoimunes sistémicas mais frequentes, afetando entre
0,01% e 1% da populagdo 14418, N3o hd dados sobre a prevaléncia da SSP em Portugal, mas
em Espanha a preveléncia foi estimada em 0,33% da populacdo %1%, quando consideradas
as formas primdria e secundaria. A variabilidade na prevaléncia verifica-se ndo sé entre
diferentes regides do mundo, mas inclusivé no mesmo pais. Entre as razbes desta
discrepancia estardo diferentes metodologias, como os critérios de classificacdo utilizados
e a sua aplicacdo, bem como a especificidade da recolha da informacdo, que pode variar
desde estudos em contexto comunitario até casuisticas hospitalares. Também é de
considerar a influéncia de fatores genéticos e ambientais na diferenca das prevaléncias
regionais 429,

2.4. Fisiopatologia

A imunopatogénese da SSP é complexa e envolve o sistema imune inato e os ramos celular
e humoral do sistema imune adaptativo, sob influéncia de complexas interacdes genéticas,
ambientais e hormonais 421,

Foram identificados diversos processos patogénicos: ativacdo de vias da imunidade
inata e adquiririda, como as relacionadas com os sistemas do Interferdo (IFN) tipo | e Il 422,

423 qumento da atividade das T efectoras #%4,

acao deficiente das células T reguladoras
linfomagénese com formacao de CGE, e ativacao anormal das células B e a sua expansao
clonal #%. Os possiveis mecanismos imunopatogénicos subjacentes a SSP estdo

representados na Figura 8.

Cré-se que o fendmeno inicial é a lesdo epitelial, provavelmente induzido por um
agente patogénico viral, que estard na origem da perda de tolerdncia %?°. A resposta
immune anormal resulta em aumento da apoptose das células acinares e ductais das GS,
que leva a ativacdo de céluals T e NK pela acdo de citocinas pré-inflamatérias 427428, Esta
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libertagdo macica de antigénios podera levar, por um processo de expansao de epitopos, a
extensdo do processo autoimune a outros locais do corpo 4%°.

Na fase inicial da SSP, o processo patogénico é dominado pelas células T, cuja
progressiva infiltragdo a volta dos ductos das glandulas salivares e lacrimais compromete a
funcdo glandular e leva a secura oral e ocular #3°. Em simultaneo dé-se o recrutamento de
linfécitos B e células apresentadoras de antigénio, com formagdo de agregados linfocitarios
no tecido glandular, designados “focos” 43!, O aumento da producdo de interlucina 21 e da
citocina ativadora de linfécitos B (BAFF) promove a ativacdo dos linfécitos B e a producdo
de anticorpos %32,

433 530 os disturbios

Embora os linfécitos T CD4* predominem nas lesdes epiteliais
das células B que constituem a face mais visivel da SSP, quer a nivel da expressao e evolugado
clinica, quer no progndstico 434436, A hiperatividade dos linfocitos B na SSP pode ser
reconhecida pela presenca de hipergamaglobulinémia, crioglobulinémia, producdo de

citocinas e de autoanticorpos %¥’, e resulta num risco aumentado de linfoma 43843,
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Figura 8 — Possiveis mecanismos imunopatogénicos subjacentes a SSP. Adaptado de Bjork (2020) #4°,

Agentes microbianos, como infeg¢Ges virais, iniciam a disrup¢do do epitélio das glandulas salivares e
induzem a produgdo de IFN tipo I, criando assim um micro-ambiente inflamatdério com autoantigénios
libertados e expostos nas células apoptéticas. As células apresentadoras de antigénio processam e
apresentam antigénios virais e autoantigénios, levando a ativacdo de células T e B auto-reativas e
subsequente diferenciagdo e ativacdo de plasmadcitos. As células T auto-reativas agravam a lesdo tecidular
através da secrecdo de granulos citotdxicos, aumentando a exposicdo de autoantigénios. Num ciclo auto-
perpetuante de autoimunidade, os imunocomplexos ligam-se as pDCs, resultando num aumento do IFN tipo
I, que novamente induz aumento da produc¢do de autoanticorpos através da amplificacdo da diferenciacdo e
ativagdo de células B.

IFN, interferdo; pDCs, células dendriticas plasmacitdides; MHC, complexo major de histocompatibilidade;
TCR, recetor de célula T.
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2.4.1 Fatores genéticos

Na SSP, a predisposicdo genética, mecanismos epigenéticos e Fatores ambientais
contribuem para o desenvolvimento da doenca #4*. (Figura 9)

Os Fatores de risco genéticos mais importantes na SSP estdo associados ao complexo
major de histocompatibilidade (MHC), nomeadamente os alelos da classe Il DRB1*03:01,
DQA1*05:01 e DQB1*02:01 442,

Varios genes nao-MHC, relacionados com a imunidade inata e adaptativa, foram
também identificados como Fatores de risco #43444, Genes envolvidos na via do IFN tém
expressao aumentada na SSP, incluindo o STAT4 (signal transducer and ativator of
transcription 4), IRF5 (IFN regulatory Fator 5), IL-12A, e OAS1 (2-5 oligoadenylate
synthetase 1), e associam-se a presenca de anti-SSA e SSB #?2. O aumento da expressdo de
TLR7 (toll-like receptor 7) e TLR9 e da ativagao de células dendriticas plasmocitdides sao
também Fatores genéticos que contribuem para a assinatura do IFN na SSP 44°. Alguns SNP
(single nucleotide polymorphisms) e alelos de risco relacionados com o IFN, quimiocinas e
seu receptores, e com a resposta inflamatdria tém também sido identificados 446447,
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Figura 9. Mecanismos genéticos e epigenéticos associados a susceptibilidade para SSP. Adaptado de
Imgenberg-Kreuz (2019) 4,

Caixas Rosa: genes ndao-HLA com SNP associados a susceptibilidade para SSP com significado no genoma
total, incluindo BLK, CXCR5, GTF2I, IL12A, IRF5, OAS1, STAT4, TNFAIP3 and TNIP1

Caixas Verdes: genes induzidos pelo IFN, como MX1, IFI44L, OAS1, OAS2, TNFSF13B e IRF7, com regides
CpG hipometiladas na SSP.

Caixas Laranja: meQTLs, referindo-se as associa¢des entre variantes genéticas (SNP) e o nivel de metilagdo
de regides CpG préximas, demonstradas no BLK, CXCR5, IL12A, IRF5-TNPO3, STAT4 and TNIP1.

Caixas Azuis: alteragdes na expressdo de miRNA identificadas na SSP, incluindo miRNA-146a.
meQTL: methylation quantitative trait loci.
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Mecanismos epigenéticos, como a metilacdo do DNA, miRNAs e IncRNAs, contribuem
também para a ativacdo de genes relacionados com as vias da inflamag&o 441,

De acordo com o perfil clinico da doencga, a expressao génica varia. Doentes com
manifestagbes extra-glandulares tém maior expressdao de genes relacionados com a
resposta imune inata (apoptose, TLR, IFN) e adaptativa (ativacdao de células B e T), enquanto
gue doentes apenas com disfuncdo glandular ou dor generalizada tém maior expressao de
genes relacionados com a percepc¢do sensorial e dor 44,

2.4.2. Fatores desencadeantes e ambientais
2.4.2.1. Agentes Infecciosos

A etiologia da SSP ndo esta ainda esclarecida, mas varios estudos suportam o conceito de
desencadeantes virais #*° ou bacterianos 4°° que tenham tropismo para as células epiteliais.

Ndo foram ainda identificados agentes especificos, mas alguns virus da familia
Herpesviridae exibem tropismo para os tecidos-alvo da SSP, as glandulas salivares e
lacrimais, sendo fortes candidatos a desencadeantes #*. A agress3o viral inicial, combinada
com uma predisposicao genética para a perda de tolerdncia na SSP, leva a um processo de
ativacao de células T mediado por antigénios, com subsequente migracdo para as glandulas
exocrinas de células T CD4* e células B, que interagem promovendo a expansao e formacgao
de plasmdcitos e a producdo local de auto-anticorpos #*2.

Virus linfotrépicos como o Epstein-Barr (EBV) e o Citomegalovirus (CMV) sdo
especialmente suspeitos de causar a les3o inicial na SSP %3, sendo a implica¢do do EBV
geralmente aceite. Mecanismos como o mimetismo molecular e susceptibilidade genética
ao EBV acrescem a excessiva co-estimulacao das células T, deficiente resposta T-especifica
ao EBV %4, reacdo cruzada de anticorpos anti-EBV ou inibicdo da apoptose das células B,
habitualmente associados a linfoproliferacdo induzida por antigénio #>>. Foi demonstrado
gue CGE de glandulas salivares infectadas por EBV promovem a producdo de anticorpos
anti-EBV, anti-Ro/SSA e anti-La/SSB, e a sobrevivéncia de células B autoreativas #°°.

2.4.2.2. Fatores Endogenos
Stress

Fatores de stress psicolégico, agudos ou crénicos, podem induzir perturbacdes das
respostas imunes inatas e adaptativas, mediadas pelo eixo hipotdlamo-hipdfise-
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suprarrenal %7, De facto, eventos de vida traumaticos antecedendo o inicio da doenga tém
sido propostos como um Fator de risco para o desenvolvimento de doencas autoimunes
48 Na SSP, um estudo concluiu que eventos de vida adversos eram mais frequentes no ano
que antecedia o inicio da doencga, e que a percep¢do de mau suporte social e estratégias
de coping deficientes eram mais frequentes, em comparag¢ao com individuos com linfoma
e controlos saudaveis 4>°,

Hormonas

Varios estudos sugerem também o papel de mecanismos neuroenddcrinos na disfungao
das glandulas exdcrinas, como hormonas e neuropéptidos #¢°. Esta pode ser uma das razdes
para que alguns doentes apresentem sintomas secos muito intensos, na auséncia de
infiltrados inflamatdrios glandulares significativos 461,

O acentuado predominio do sexo feminino sugere que as hormonas sexuais tenham
um papel na etiologia da SSP. OS estrogéneos poderao contribuir para a maior incidéncia
da SSP através do aumento da producdo de autoanticorpos, levando a deposicdao de
imunocomplexos, dano nos tecidos, ativacao de toll-like receptor (TLR) e do inflamassoma,
aumento do IFN, e disfuncdo glandular %62, E provével que o contributo hormonal dependa
da predisposicdo genética e de estimulos ambientais, pois alguns estudos associaram maior
tempo de exposicao hormonal (idade de menarca e de menopausa, histéria reprodutiva,

uso de terapias hormonais, e histdria de histerectomia) a uma menor prevaléncia de SSP
463

Vitamina D

A vitamin D exerce efeitos imunomoduladores, e niveis baixos foram identificados como
Fator de risco na Esclerose Multipla %64, Na SSP, até a data, n3o evidéncia significativa que
apoie o envolvimento da caréncia de vitamina D na patogénese da doencga 44°.

2.4.2.3. Fatores Exdgenos
Tabaco

Parece existir uma tendéncia para maior risco de SSP em ex-fumadores e um menor risco

465

em fumadores ativos **>, sugerindo uma situacdo como a que ocorre na Colite Ulcerosa,

em que o tabagismo tem um efeito protector 6,

O tabaco também parece reduzir o focus score de um modo dose-dependente, e
associa-se a menor frequéncia de presenca de anticorpos anti-SSA e SSB #¢7. No entanto,
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uma explicacdo alternativa podera ser que individuos com inflamacdo mais leve e sintomas
mais ligeiros tenham uma tendéncia para manter os habitos tabagicos, enquanto indviduos
com doenca mais grave seriam levados a deixar de fumar devido a irritacao ocular, oral e
respiratdria do fumo 440,

Ndo se encontraram associagdes entre o tabagismo e manifesta¢ds extra-glandulares

468 469

ou com atividade sistémica da doenca

Alcool

O consumo de alcool pode inibir a inflamacdo e reduzir a resposta a antigénios 470471 e
deste modo reduzir o risco de autoimunidade. Estudos noutras doengas autoimunes
demonstraram uma relacdo inversa entre o consumo de dlcool e o risco de AR 42 e
Esclerose multipla 473.

O papel do consumo de alcool na SSP ndo é conhecido. No entanto, doentes com SSP
apresentaram menor frequéncia de consumo de alcool em relagdo a controlos saudaveis
474 ‘embora se possa admitir que a menor ingest3o se deva ao desconforto oral provocado

pelas bebidas alcodlicas em doentes com xerostomia.

Solventes organicos

A associacdo entre a SSP e a exposicao ocupacional a solventes organicos foi referida num
estudo, mas ndo foi estabelecida relagdo causa-efeito uma vez que nao foi clara a distin¢do
entre a exposicdo pré- e pds-inicio da doenca 47>,

Silica

Apesar da exposicao a silica ser reconhecida como um Fator de risco ambiental para o
desenvolvimento de AR, LES e ESP %7, os dados disponiveis sdo insuficientes para
estabelecer uma associacdo da silica a SSP. Adicionalmente, as mulheres, que sdo a
populacdo predominanatemente afetada pela SSP, tém uma menor probabilidade de ter
exposicdo ocupacional a silica 440,

Silicone
Varios efeitos imunoldgicos de silicones tém sido relatados #’’. Embora alguns estudos

tenham referido uma relacdo entre implantes mamarios de silicone e o aumento de risco
de SSP, a maioria dos estudos ndo detectou essa associa¢do 440,
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2.4.3. Sistema imunitario inato

Ap0s a agressdo inicial as células epiteliais das glandulas salivares e/ou lacrimais, a ativagdo
da imunidade inata tem uma papel central na patogénese da SSP %’® (Figura 10). A
sinalizagdo através de TLR7, presente em mondcitos e nas células ductais, leva a ativagao
da via do IFN tipo | e ao desenvolvimento da sialoadenite 47°.

As células dendriticas plasmacitéides (pDC) sdo as principais produtoras de IFN tipo |,
que em condicdes fisioldgicas tem como principal funcdo a defesa contra agentes virais 480,
Para além desse papel, o IFN tipo | tem varias outras fungcdes imunomoduladoras, como a
expansdo, migracado e diferenciagdo de células B através da indugao do B cell ativating Fator
(BAFF) 81 e da recombinac3o de classe de imunoglobulina #82(7), aumento da apresentacdo
de antigénio, e citotoxicidade mediada por células T e Natural Killer (NK) 83, Além disso, o
IFN-I exerce um efeito indirecto na estimulacdo da atracdo e expansdo dos linfocitos por
via da ativac3o de células dendriticas convencionais e outras células do sistema imune 428,
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Figura 10. Papel do sistema imune inato no processo de ativagdo inicial da SSP. Adaptado de Maria (2015)
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As células dendriticas e os IFN estdo implicados na origem de um processo patogénico que se auto-
amplifica. Um dano inicial, como uma infe¢do ou stress, leva a acumulagdo de debris apoptdticos, induzindo
a producdo de IFN tipo | pelas células dendriticas plasmacitdides (pDCs). O IFN tipo | liga-se ao recetor IFNAR
(IFNa, B receptor) de células adjacentes, o que induz uma assinatura de IFN e a ativagdo de células efetoras
maduras, pela perpetuagdo da via TLR7 em plasmdcitos auto-reativos e pela auto-amplificagdo nas pDCs. A
sobre-regulagdo do TLR7 em plasmdcitos auto-reativos aumenta a produgdo de autoanticorpos associados a
RNA (ant-SSA/Ro52, SSA/Ro60 e SSB/La). Estes autoanticorpos e debris apoptdticos formam imunocomplexos
qgue aumentam a ativacdo da via TLR7. Os neutréfilos podem causar dano adicional nos tecidos através da
formacdo de redes de neutrdfilos, que sdo potentes indutoras do IFN tipo |. Por sua vez, os autoanticorpos
induzem a amplificagdo das redes neutrofilicas, perpetuando o ciclo. As pDC ativadas pelo IFN promovem a
ativacdo de células T e NK, que por sua vez produzem grandes quantidades de IFN tipo Il (IFNy). Dados recente
sugerem o contributo conjunto de TLRs e RLHs (cytoplasmic RIG-I-like family of helicases) na promogdo da
perda de auto-tolerancia e hiper-ativagao persistente do IFN.

APRIL, a proliferation inducing ligand; BAFF, B-cell ativating Fator; IL, interleukin; MDAS5, melanoma
differentiation-associated protein 5; MHC, major histocompatibility complex; RIG-I, retinoic acid-inducible
gene 1; Th17, T-helper type 17; TLR, Toll-like receptor; Treg, regulatory T cells.

Na SSP, as pDC apresentam um fenétipo ativo com producdo aumentada de IFN e de
citocinas pro-inflamatdrias, e varias outras populacdes celulares apresentam sobre-
expressao de genes estimulados pelo IFN, como as células dos ductos salivares, monécitos
e linfocitos B 4%,

As células epiteliais das glandulas salivares, para além de serem o alvo da reagdo
autoimune na SSP, poderdao também desempenhar um papel na patogénese. Através da
expressao de moléculas co-estimulatdrias, com CD80, CD86 e CD40, é possivel que actuem
como células apresentadoras de antigénio, e através da secrecdo de mediadores sollveis
promovem a ativac¢do e sobrevivéncia dos linfécitos B 4,

2.4.4 Sistema imunitario adaptativo

Apds a ativacdo do Sistema imunitdrio inato, a intensa expressdo e apresentacdo antigénica
leva ao recrutamento de células T para o epitélio afetado. Ai, ocorre uma ativagao e
proliferacdo de células B auto-reativas dependente de antigénio, promovida
maioritariamente pelas células T (Figura 11). Esta interacdo B-T é facilitada pela formacao
de estruturas linféides tercidrias nas GS, designadas centros germinativos, onde pode
posteriormente ocorrer linfomagénese 434,

2.4.4.1. Linfécitos T
Nas fases iniciais da SSP, os infiltrados linfocitarios nas GS sdo compostos maioritariamente
por linfécitos T (> 75%), sobretudo CD4* %87, e pequenos nimeros de células B, macréfagos

e células dendriticas. Com a progressdao da doenca aumenta o nimero de células B e
plasmdcitos nas lesdes autoimunes da SSP 428,
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Figura 11. Resposta imune na glandula salivar. Adaptado de Yao (2020) 4%,

As respostas imunes nas glandulas salivares na SSP compreendem a ativagao do sistema imunitério inato
e adaptativo. Na presenca de autoantigénios libertados pelas células danificadas e apoptodticas do epitélio
glandular, as células apresentadoras de antigénio, como as células dendriticas, macréfagos e células B,
facilitam a ativacdo de células T CD4* e CD8* T. As células T ativadas secretam citocinas inflamatdrias e
amplificam o processo inflamatorio.

DC, células dendriticas; M, macréfago; Tfh, célula T efetora (helper) folicular; ICOS, inducible T cell co-
stimulator; ICOSL, ICOS ligand; IFN-y, interferdo gama; IL, interleucina; TNF-a, tumor necrosis Fator alfa; MHC,
classe do major histocompatibility complex; ICAM, intercellular adhesion molecule; VCAM, vascular cell
adhesion molecule; BAFF, B cell ativating Fator; TLR, Toll-like receptor; TCR, T cell receptor; TGF-B,
transforming growth Fator beta; S1P, sphingosine 1- phosphate.

A maioria das células CD4* que infiltra as glandulas salivares na SSP apresenta um
perfil ativado ou de meméria #°%%°1, Em doentes com SSP, as células T ativadas reagem a
um intenso estimulo antigénico, como ocorre com o reconhecimento dos auto-antigénios
Ro e La presentes em particulas de células apoptdticas 492, que induzem uma intensa
resposta proliferativa 4°3. Assim, o reconhecimento de auto-antigénios e a consequente
ativacao das células T sao cruciais na sequéncia de eventos que levam ao desenvolvimento
da SSP. As células T podem proliferar localmente nos tecidos-alvo, ou ser atraidas da
circulacdo para as glandulas por acdo de quimiocinas, como o CXCL9 e o CXCL10 4°4,

A ativacdo das células T nas glandulas resulta em lesdao estrutural e disfuncao
secretdria 43°, A disrup¢do da normal arquitectura glandular pode ser mediada pelas células
T através de mecanismos apoptéticos induzidos pela via do FasL %°>, por acdo citotdxica
directa envolvendo a libertacdo de perforina e secrecdo de citocinas, ou pela ativacdo das
células B 4%,
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Cedo se assumiu que a patogénese da SSP seria mediada sobretudo por respostas
imunes derivadas das Th1 #974%_Células CD4* IFN-y-positivas estdo presentes em grande
numero nas GS de doentes com SSP, e a analise de citocinas intra-celulares demonstrou a
polarizacdo para um fenétipo Thl 4%, Varios modelos animais de SSP demonstraram
também a associacdo da patogénese da SSP a células produtoras de citocinas Th1 00501,
Adicionalmente, IL-2 e IFN-y sdo consistentemente detectados nos tecidos-alvo de doentes
com SSP *%2, enquanto que a IL4 e a IL-5 s3o detectadas apenas em doentes com grande
acumulacdo de células B nas GS °°3, O papel das células T CD4+ T na patogénese da SSP estd
representado na Figura 12.

As células Th17 sdo outra subpopulacdo T que apresenta forte ativacdo na SSP °%,
decorrente certamente do seu papel fisiolégico na defesa das mucosas. As células Th17 sdo
encontradas nas lesdes autoimunes das glandulas salivares de doentes com SSP 20593, e
promovem a inflamacdo através da secrecdo de IL-6, IL-17, IL-21, IL-22 e IL-23 4%,
Efectivamente, niveis aumentados de IL-17, a citocina candnica das Th1l7, tém sido
descritos em doentes com SSP >%°%7 Uma vez que as Th17 também produzem IFN-y, serdo
participantes na patogénese da SSP relacionada com a via do IFN. Adicionalmente, a IL-18
e IL-23 produzidas pelas células do epitélio glandular salivar pode contribuir para a ativacao
das Th17 na SSP °%,
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Figura 12. Papel das células T CD4+ T na patogénese da SSP. Adaptado de Verstappen (2019) 42,

ApOs a agressao inicial, os antigénios sdo apresentados as células T através de moléculas do MHC classe
I, resultando na ativagdo de células T CD4+. Alelos de risco no HLA-DR e HLA-DQ associadas a SSP podem
estar envolvidos na perda de tolerancia aos antoantigénios. Variantes de risco da IL-122 e do STAT4 podem
contribuir para diferenciacdo preferencial em células Thl. Uma segunda agressdo, local, podera induzir a
migragdo de células Th CD4+ para as glandulas salivares ou lacrimais. Este estadio clinico reflete-se em
carateristicas sugestivas de SSP, mas sem infiltrados focais peri-ductais e sem sinais evidentes de
hiperatividade das células B. Uma terceira agressdo é provavelmente necessaria para se estabelecer um ciclo
de auto-amplificagdo entre as células B e T, resultando na hiperatividade B dependente das T. Nesta fase, as
carateristicas tipicas da SSP tornam-se evidentes.
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As células T, em especial as Th17/Th22, desempenham um importante papel na
estruturacdo dos constituintes das estruturas linfdides terciarias nas glandulas salivares,
que acomodam o subsequente recrutamento de células B e a formac¢do de CGE %,

As células T efetoras presentes nos foliculos linfoides, designadas Tfh, desempenham
um papel importante na formagao e manuten¢do dos CGE na SSP e na regulagdo da
diferenciac3o das células B de memdria e plasmdcitos 367384, As Tfh expressam altos niveis
de CXCR5 (CXC Chemokine Receptor 5), que é fundamental para o seu acesso aos foliculos
linfoides 367382, O fendtipo das Tfh inclui ainda a expressdo dos receptores de superficie
ICOS (inducible T cell costimulator) e PD-1 (programmed cell death protein 1), bem como
o repressor nuclear da transcricdo Bcl-6 (B-cell lymphoma 6) 367°10, A |L-21 é a citocina-
chave produzida pelas Tfh >, As células epiteliais das glandulas salivares contribuem para
a ativacdo e diferenciac3o de células Th em Tfh através da secrecdo de IL-6 e ICOS %7,

As células Tfh ativadas secretam IL-21, que promove a maturacao e proliferacdo de
células B 146, As Tfh auxiliam a ativacdo de respostas imunes mediadas por linfécitos B,
incluindo a recombinacdo de classe de Ig, a diferenciagdo de centros germinativos, e a
maturacio da afinidade '* (Figura 13).
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Figura 13. Estruturas linfoides ectdpicas em doengas autoimunes. Adaptado de Corsiero (2016) >2,
Varias citocinas inflamatdrias e linfotoxinas/quimiocinas linfoides tém importdncia na formacdo e
manutencdo de CGE nos érgdo-alvo.

Encontra-se documentado que as células Tfh CD4*CXCR5* estdo aumentadas nas
glandulas salivares e sangue periférico de doentes com SSP, associadas a plasmécitos e
células B aberrantes, o que sugere que as Tfh contribuem para a patogénese da doenca
pela promoc¢do da maturacdo de células B 22. Niveis séricos aumentados de IL-21 associam-
se a atividade sistémica da SSP °*3. A express3o de Bcl-6 pelas células T é fundamental para
a geracdo de Tfh e células B dos CG 37238 e niveis aumentados de mRNA de Bcl-6 foram
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encontrados nas GS de doentes com SSP >4, Doentes com SSP apresentam aumento das
células Tfh circulantes e uma expansdo da sua diferenciacdo nas GS 2122,

Dado que a expressao de CXCR5 é também encontrada em células T CD8*, a existéncia
de células T foliculares citotdxicas (Tfc) é atualmente aceite, contribuindo provavelmente
para a regulacdo das respostas B e producdo de anticorpos >1>°,

As células T reguladoras (Tregs) sdao um subtipo de linfécitos T CD4* que
desempenham um papel crucial no equilibrio do sistema imunitdrio, ao manterem a
tolerancia a autoantigénios e prevenirem uma resposta exagerada das células efectoras 3%°.
Ha um equilibrio delicado entre as Th17 e as Tregs, pois enquanto o TGF- é necessario
para a génese de ambas as populagdes, é a presenga ou auséncia de IL-6 concomitante que
leva a génese de células Th17 ou Tregs, respectivamente >, Enquanto na AR a maioria dos
estudos indica uma deplecdo das Tregs e aumento das Th17 no sangue periférico e érgaos-
alvo, ao qual se juntam defeitos na atividade das Tregs >!%, na SSP ha uma maior
variabilidade dos resultados em relac3o as frequéncias e func¢do das Tregs %°.

Num modelo murino de SSP, a razdo Treg/Th foi significativamente mais baixa que
em controlos, e foi evidente a marcada limitacdo da indugdo de iTreg a partir de células T
naive por acdo do TGF-B °!°. Adicionalmente, as Tregs do modelo murino de SSP
apresentavam producdo de IFN, assemelhando-se a um perfil Th1, e a sua transferéncia
para outros ratinhos ndo foi suficiente para prevenir o desenvolvimento de lesdes
autoimunes °%°.

No modelo murino deficiente em C-C-chemokine receptor 7 (CCR7), andlogo da SSP,
verifica-se um aumento da resposta imune associado a reduzida migrag¢ao de Tregs para os
ganglios linfaticos e consequente disfuncdo supressora das Tregs °2°. Na mesma linha de
investigacao, doentes com SSP apresentaram um numero significativamente menor de
células Treg CCR7*Foxp3* nas glandulas salivares quando comparados com controlos °22.
Estes achados sugerem que a anormal expansao, diferenciacao e perfil functional das Tregs
contribui para a patogénese da SSP.

Em humanos, a maioria dos estudos iniciais descreveu uma reducdo das Tegs CD25"ieh
5222525 oy percentagens similares mas tendencialmente menores valores absolutos
253,526,527 eanquanto outros estudos referem elevacdo das células CD4*CD25* °%8, das
CD4*CD25*Foxp3* °%°, e do subtipo CD4*CD25"Helios*Foxp3* 3. Em parte, estas
discrepancias podem ser explicadas pela estratégia usada da identificacdo das células
Tregs, pois nos estudos mais antigos definiam-se as Tregs apenas pela expressdo de CD25,
enguanto em estudos mais recentes passou a ser utilizada também a expressdo de Foxp3

pois 0 CD25 pode também ser expresso por células T ativadas 2°.

Em relagdo a associacao entre as frequéncias de Tregs e parametros fenotipicos e de
atividade da doenca na SSP, Liu 22 descreveu uma relac3o inversa entre os valores de Tregs
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CD24*CD25*ri8ht @ 3 VS, PCR, FR e IgG. Mais tarde, um estudo do mesmo grupo >3 reportou
também uma relacdo inversa entre os niveis de Tregs CD4*CD25MHelios*Foxp3* e
indicadores como a VS, IgG, IgM e o ESSDAI, bem como menores valores em doentes com
anti-SSB positivo. Miao et al >?’ associaram menores contagens de Tregs a valores de
ESSDAI mais elevados.

As células T reguladoras foliculares (Tfr) sdo um subtipo especializado de Tregs que
conseguem aceder aos foliculos linféides e regulam as respostas B apds a exposicao
antigénica. Estas células sdo definidas como células T CD4+FoxP3+ CD4+ que expressam
niveis variados de CXCR5, e tém um programa transcricional consistente com um fenétipo
regulador 3148 As células Tfr contribuem para a regulacdo das respostas B por varios
mecanismos, incluindo a inibicdo direta das células B através do CTLA-4, e a inibicdo da
produgdo de citocinas pro-inflamatdrias pelas Tfh 32533 E provavel que as Tfr cells regulem
respostas B precoces nos CG, mas ndo tardias, para limitar as respostas auto-reativas e a
producdo de autoanticorpos especificos >34,

2.4.4.2 Linfocitos B

A hiperatividade das células B e disturbios das suas populagdes circulantes sao
caracteristicas da SSP, e desempenham um papel fundamental dos processos autoimunes
e linfoproliferativos da doenca #43*°3, Estes distUrbios incluem uma alteracdo do trafico de
células B entre o componente circulatério e as glandulas inflamadas, e polarizacdo da
diferenciacdo de células B com aumento de plasmdcitos ativados 434236, Além disso, os
linfécitos B polarizados sdo capazes de produzir uma grande variedade de citocinas pro-
inflamatdrias, como a IL-1, IL-6, IL-7, e TNF-a *%’.

A distribuicao das populagdes B tem implicagdes no desenvolvimento de doengas
como a SSP. Em condi¢cGes normais, as células B auto-reativas naturalmente geradas na
medula dssea sdo removidas por dois principais mecanismos de tolerancia (checkpoints).
O primeiro ocorre na medula éssea na fase de células B imaturas, enquanto que o segundo
ocorre entre a passagem da fase de células transi¢cao para a célula B naive madura. Existe
ainda outro checkpoint que assegura a remocdo de células B de meméria IgM+ antes da
formac3o dos centros germinativos %110, S30 precisamente estes mecanismos que est3o
parcial ou totalmente defeituosos e que levam ao desenvolvimento de doencas

autoimunes, como o SSP, com perfis de distribuicdo das populacdes B caracteristicos
436,538,539
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Para além da presenca de auto-anticorpos, doentes com SSP caracterizam-se por
profundas alteracdes na frequéncia das diferentes subpopulacdes de células B, quer no
sangue periférico quer nas glandulas salivares. Nomeadamente, estes doentes apresentam
uma predominancia de células de transicao e B naives, e uma diminuig¢do significativa de
células B de memodria CD27+, particularmente as com fendtipo unswitch (CD27+IgD+),
sendo esta a alteracdo mais bem caracterizada nestes doentes 40543,

Esta alteracdo pode ser explicada pela migracdo ou retencdo destas populacdes nas
glandulas salivares, onde se observou niveis aumentados desta populac3o 2. A acumulagdo
estd relacionada com a formacdo de estruturas linfoides ectépicas que se assemelham a
centros germinativos e que sdo visiveis no epitélio das glandulas salivares de 10-30% dos
doentes com SSP >%4. Nestas estruturas, a expressdo de CXCR5 e de CXCL13, promove o
recrutamento de células Tfh e células B.

Parece haver também um aumento nos niveis de plasmablastos CD27"CD19'°¥CD20-
nas glandulas salivares destes doentes com historial de linfoma 18
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Clinica anti-SSA/Ro, anti-SSB/La, tecido glandular articular, cutaneo, pulmonar, habitualmente nas glandulas
Factor reumatdide Queixas secas renal, neuroldgico, vascular salivares
Clonalidade dos pollel | Oligo/ T
. oliclona Ig0o/monociona
autoanticorpos g
Genes de risco associados as Hiperativacdo e migragdo de células B Estimulagdo crénica:

células B Auto-reactividade aumentada pela recombinagdo V(D)) autoantigénios, citocinas
Desenvolvimento| Mutagdes em genes Marcadores Autoantigénio inflamatorias
P reguladores da fun(;ao B de ativacio , Novas mutages somdticas
patogénico de . g . Célula CD4 T / Expansdo clonal
células B Ligagdo K “~Ligagdd TLRX / %
Y\ \ - \ ( \
repetlda ao { \ [ \
BCR Imunocomplexos \\ OG0 —T—‘"=:¥: ]
\ . >
\ AutoAcs \ J/Apresentagdo = \
// \ - # deantigénio = 4 > ]‘.
IR0 ° N/
\ " ~ %’ VR
\ % // ® 0 .citocmasApro-mﬂamatdrias, proe o @ ‘ , %
——_—— ® o sobrevivéncia e o <

Figura 14. Desenvolvimento e fungdo de células B patogénicas durante a evolugdo da SSP. Adaptado de
Reed (2020) 8.

Multiplas mutac¢Oes da linha germinativa B e variantes somaticas de genes da via do IFN permitem que
células B portadoras de recetores estereotipicos e auto-reativos se evadam dos mecanismos de tolerancia,
sobrevivam, proliferem e se diferenciem em células produtoras de anticorpos. A hiperativacdo de células B
auto-reativas, a recombinagdo da regido varidvel VDJ e a secreagdo de autoanticorpos pode ocorrer através
de vias dependentes ou independentes das células T. Nas vias independents das células T, autoantigénios
associados a 4cidos nucleicos (ex: ribonucleoproteinas Ro e La) fornecem um duplo sinal, estimulando o BCR
(receptor da célula B) e ligando-se a TLR (Toll-like receptors). Nas vias dependentes de céluas T, as células B
auto-reativas apresentam antigénio as células T CD4+ através do MHC classe Il, resultando na diferenciaca
destas em Th, incluindo Tfh que promovem a hipermutag¢do somdtica que aumenta a afinidade para
autoanticorpos. Os autoanticorpos produzidos formam imunocomplexos patogénicos com autoantigénios,
que estimulam sinais inflamatadrios adicionais incluindo a ativacdo de TLR e IFN tipo I. A estimulagdo crénica
por autoantigénios, o microambiente inflamatério e a acumulagdo de mutagdes somaticas criam as condigdes
propicias a proliferacdo descontrolada de células B auto-reativas, levando a expansao clonal e ao linfoma.
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O B-cell ativating Fator (BAFF), produzido por células inflamatdrias, é necessario para
a sobrevivéncia a longo prazo dos plasmdcitos e pela sua intensa produgdo de
imunoglobulinas >*. Na SSP, o microambiente inflamatério do tecido glandular é rico em
BAFF, que contribui para a acumulagao de células B de memoaria CD27* e para o aumento
dos plasmécitos nas GS °*¢°*. Também o aumento da expressdo de CXCR3 e CXCR4 em
plasmécitos e plasmablastos em doentes com SSP induz a migracao destas células para os
locais de inflamacdo >*2. Os plasmdcitos presentes em nimero aumentado nas GS de
doentes com SSP incluem células auto-reativas que produzem autoanticorpos anti-SSA/Ro
ou anti-SSB/La 4843,

Neste perfil molecular pro-inflamatoério, destacam-se as quimiocinas atratoras de
células B CXCL13 e CXCL12 >°0551 O CXCL13 é uma citocina homeostética produzida pelas
células dendriticas foliculares, células Tfh e células T expostas a antigénio, que regula o
movimento das células B através da interacdo com o receptor correspondente nas células
B, 0 CXCR5 >>2, As células B de memdria CD27* expressam os recetores CXCR5 para o CXCL13
e CXCR4 para o CXCL12 >>3°°% pelo que a co-expressdo de CXCL12 e CXCL13 poderd atrair
esta subpopulacdo para as glandulas inflamadas >°%>>4, Um fator adicional na atracdo das
células B de meméaria para as GS podera ser a expressao por estas células de CXCR3, cujos
ligandos sdo extensamente produzidos localmente na SSP #37. Assim, a atrac¢do das células
B de memadria CD27* para as GS explicara a redugdao do niumero destas células no sangue
periférico na SSP. Nas GS, estas células contribuirdo para a formag¢dao de CGE e sofrem
diferenciacdo em plasmablastos e plasmdcitos >>°. A formacdo de CGE nas GS de doentes
com SSP correlaciona-se com maior hiperatividade das células B, presenca de
autoanticorpos anti-SSA e anti-SSB, hipergamaglobulinémia e crioglobulinémia. Assim, a
persisténcia de CGE contribui para a progressdo da doencga na SSP >°® (Figura 15).

Alguns estudos também implicam disturbios das células B reguladoras (Bregs) na
patogénese da SSP. Foram descritos menores percentagens de células B produtoras de IL-
10 CD19*CD24"CD38" em individuos com doenca ativa, em comparac¢do com doentes com
doenca inativa e controlos 2°3. Noutro estudo, doentes com SSP apresentaram
percentagens de células Bregs (CD19*CD24MCD38") superiores aos controlos saudaveis,
mas com deficiente capacidade de inibir a producdo de citocinas pelas T efectoras %°*. No
entanto, um outro estudo que abordou células B produtoras de IL-10 demonstrou
incapacidade destas em regular a producdo de citocinas pelas células T no LES, enquanto
que em doentes com SSP e osteoartrose essa capacidade supressora se mantinha 224,
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Figura 15. Organizagao das estruturas linféides ectopicas nas glandulas exdcrinas na SSP. Adaptado de
Szabo (2014) 514,

Na fase inicial da inflamagado, células T, B e dendriticas atividas acumulam-se em volta dos ductos epiteliais
(a). A resposta inflamatdria, incluindo citocinas produzidas pelas células do estroma, pode induzir a formagao
de estruturas linféides mais organizadas (b) e (c). Agregados com um nivel superior de organizagdo designam-
se centros germinativos (CG) ectdpicos, e apresentam zonas distintas ricas em células T e em células B, com
uma rede central de células dendriticas foliculares (d). As células T foliculares (Tfh) caraterizam-se pela
expressdo de CXCRS5, ICOS, PD-1, CD40L, membros da familia SLAM (signalling lymphocyte ativation molecule
), como o CD84, SAP, e IL-21. A interagdo entre as Tfh e as células B dos CG é essencial para a formagéo e
manutenc¢do dos CG ectdpicos e, consequentemente, para a geragdo de células B de memoria e plasmaécitos
de vida longa. FDC: follicular dendritic cells; HEV: high endothelial venule; SAP: SLAM-associated protein.

2.5. Expressao Clinica

Os sintomas classicos da SSP, presentes na grande maioria dos doentes, consistem em
secura da boca e olhos, frequentemente acompanhada de secura de outras mucosas ou da
pele 3%, Manifestacdes extra-glandulares ocorrem com frequéncia e s30 muito variaveis,
podendo consistir em autoimunidade especifica de um 6rgdo, envolvimento multi-

sistémico, ou inclusivé doenca linfoproliferativa °>>’.

2.5.1. Manifestag¢des Glandulares
A xerostomia corresponde a presenca de menor quantidade de saliva, que os doentes
referem como sensacdo de ardor bucal, Iabios secos, alteracdes do paladar, dificuldade em

falar ou deglutir, halitose ou aftose oral. A necessidade de utilizar dgua para auxiliar a
degluticdo é um dos principais indicadores da reduc3o do fluxo salivar >%.
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A xeroftalmia manifesta-se habitualmente por irritacdo ocular, sensacdo de ardor,
picadas ou corpo estranho, sintomas que se agravam em ambientes secos, ventosos ou
com a atencgdo visual prolongada. Estas manifestacdes tém grande impacto na fungdo visual
e qualidade de vida dos doentes °>°.

O complexo sicca pode afetar outras estruturas, devido ao envolvimento inflamatério
das glandulas exdcrinas da pele e do epitélio do aparelho respiratério, nasal ou vaginal. A
nivel cutaneo, a secura ou xerose manifesta-se por prurido em mais de 50% dos doentes
60 A rinite seca é um sintoma presente em até 40% dos doentes, manifestando-se por
desconforto, crostas nasas, sinusite, epistaxis ou alteracdes do olfacto ou paladar °%%. A
secura da darvore traqueo-brénquica pode manifestar-se por tosse crénica ndo-produtiva
ou sindrome obstrutivo %2, A secura vaginal é comum, associando-se a queixas de
disparéunia e ma qualidade da vida sexual %3,

2.5.2. Sintomas gerais ou constitucionais

Os sintomas constitucionais na SSP incluem febre, emagrecimento e fadiga, e sao
frequentes no inicio da doenca. Estas manifestacdes sdao observadas quer em doentes
seropositivos para anti-SSA/SSB, quer em doentes seronegativos. Contudo, o impacto
funcional destes sintomas gerais parece ser superior nos doentes seronegativos >64°%,

Pode ocorrer febre baixa em 6-41% dos doentes >%°. No entanto, a presenca de febre,
sudorese nocturna e emagrecimento (sintomas B) pode indicar a presenca de linfoma °%’.

Fadiga crdnica e ma qualidade do sono sao referidos por mais de metade dos doentes
%68 Dor musculo-esquelética difusa, semelhante a uma sindrome fibromidlgica, esta
presente em cerca de 50% dos doentes °%°. Doentes com maior intensidade da secura,
fadiga e dor parecem ter menos envolvimento sistémico e menos caracteristicas
imunoldgicas de SSP >7%, tornando muitas vezes dificil a distincdo entre alguns casos de SSP

e fibromialgia.

2.5.3. Manifestag¢Oes Sistémicas

Manifestagdes sistémicas ou extra-glandulares ocorrem em cerca de 50-60% dos doentes
71572 Cerca de 15-20% dos doentes apresentam manifestacdes graves, e necessitam de

acompanhamento e terapéutica mais intensivos, devido ao risco de linfoma, estimado em
5% 572,573

As manifestacGes extra-glandulares podem ser devidas a diversos mecanismos:
epitelite autoimune com infiltracao linfocitica peri-epitelial em érgaos-alvo, autoimunidade
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especifica de drgdo com autoanticorpos especificos, manifestacoes sistémicas associadas a
formacdo de imunocomplexos ou crioglobulinémia, e expans3o linfocitdria clonal 2.

As manifesta¢Oes sistémicas podem estar presentes aquando da identificacdo da
doencga, ou surgir mais tarde. Nalguns casos, no entanto, o envolvimento sistémico pode
anteceder as queixas secas, ou estas serem ligeiras, sendo estes casos de SSP oculto dificeis
de diagnosticar *.

O envolvimento extra-glandular na SSP é diverso, e por vezes multi-sistémico.
Sistemas frequentemente envolvidos sdo a pele, articulacdes, aparelho respiratdrio,
aparelho urindrio, sistema nervoso central e periférico, hematoldgico e circulatério >74.

Os doentes com doenca potencialmente grave podem ser identificados
precocemente pela presenga de baixos niveis dos Fatores C3 e/ou C4 do complemento,
hipergamaglobulinémia, crioglobulinémia, bem como pela positividade para anticorpos
anti-SSA e FR 1.

2.5.3.1. Manifestacdes musculo-esqueléticas

O envolvimento articular é muito frequente na SSP (50% dos doentes), variando de
artralgias de ritmo inflamatdrio a poliartrite n3o-erosiva °’>. A artrite na SSP tem
habitualmente extensdo moderada (<5 articula¢des), caracter intermitente, e envolve
preferencialmente as pequenas articula¢des das m3os e os membros superiores °’>>’¢, No
entanto, sinovite subclinica é frequentemente identificada na ecografia articular >”7.

Apesar de queixas de mialgias serem frequentes na SSP, a presenca de miosite é rara,
com uma prevaléncia inferior a 3% >78.

2.5.3.2. Manifestagdes cutaneas

O envolvimento cutaneo é frequente, estando descritas diversas manifestacdes para além
da habitual xerose, como eritema polimorfo, eritema anular (lesdes semelhantes a lupus
cutaneo subagudo) e purpura vascular por vasculite linfocitica, vasculite urticariforme,
crioglobulinémia ou purpura hipergamaglobulinémica >7>.

Manifestacdes mais raras incluem Ulceras cutaneas, livedo, eritema nodoso,
amiloidose ou granuloma anular >7°,

A vasculite crioglobulinémica é uma manifestacdo potencialmente grave, pois para
além da habitual purpura pode ter expressao neuroldgica (polineuropatia periférica), renal
(glomerulonefrite) e linfoproliferativa (risco de linfoma) >2°.

86



2.5.3.3. Manifestagdes cardiovasculares

O fendmeno de Raynaud é a manifestagao vascular mais frequente na SSP, ocorrendo em
10-20% dos doentes %!, Nestes casos, é frequentemente o primeiro sinal da doenca,
precedendo as queixas secas em até 75% dos doentes 82, A express3o clinica e a evolu¢do
do fenédmeno de Raynaud na SSP é mais favoravel que em outras doencas reumaticas como
a esclerose sistémica, e a hipertensdo arterial pulmonar é muito rara 21

Outras manifestacdes cardiacas sdo raras, como disritmias ou blogqueio cardiaco %3,
pericardite ou cardiomiopatia 2.

2.5.3.4. ManifestagOes respiratdrias

Manifestagdes pulmonares clinicamente significativas ocorrem em 9-20% dos doentes com
SSP 84, No entanto, a avaliacdo com exames de imagem ou provas de func¢3o respiratdria

revela envolvimento subclinico numa percentagem significativa de doentes (43-75%)
575,585

Nos doentes com sintomas respiratérios, o envolvimento das pequenas vias aéreas é
o achado mais frequente, e pode incluir broquiectasias, bronquilite ou hiperreatividade
brénquica °’°>. Manifesta-se habitualmente por um padrdo funcional obstrutivo e
frequéncia aumentada de infe¢des respiratorias °°.

Doenca pulmonar intersticial pode estar presente em diversos padrdes, sendo os
mais frequentes a Pneumonite intersticial ndao-especifica (NSIP) (33-45%), Pneumonia
intersticial usual (UIP) (16-23,8%), e a Pneumonia intersticial linfocitica (9.5-15%) >%7:°88, O
envolvimento instersticial esta mais frequentemente associado a presenca de anti-SSA, FR,
baixos nivies de C3, e elevacdo da proteina C reativa (PCR) >%8. O prognéstico da doenca
intersticial pulmonar associada a SSP é desfavoravel, com melhoria em apenas cerca de
16% dos doentes, estabilizacdo em 47% e deterioracdo em cerca de 37% dos doentes °%.

2.5.3.5. ManifestacOes Gastro-Intestinais

Varias manifestagdes gastrointestinais tém sido descritas na SSP, com cerca de 23% dos
doentes referindo queixas de indole functional, como disfagia, dismotilidade esofagica e

>8 nalgums casos associada a gastroparésia >°°. Outras formas de envolvimento

dispepsia
gastrico incluem a gastrite crdnica linfocitica e a presenca de anticorpos anti-células

parietais ou anti-Fator intrinseco, embora a anemia perniciosa seja rara °%°,
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Outras manifestacdes tais como dor abdominal, diarreia ou malabsorcdo podem
ocorrer no contexto de enteropatia perdedora de proteinas >° ou pela associa¢do a doenca
celiaca >°2.

2.5.3.6. Manifestacoes Hepato-pancreaticas

Alteracdes das enzimas hepaticas podem estar presentes em 10-50% dos doentes, sendo
habitualmente ligeiras e sem significado clinico, e hepatomegalia ocorre em 10-20% dos
doentes 2. Hepatite autoimune pode estar presente em até 4% dos doentes >3,

A SSP e a Colangite Biliar Primaria (CBP) sdo ambas epitelites imunomediadas, com
mecanismos patogénicos similares e frequentemente encontradas em associacdo >°*. Até
10% dos doentes com SSP apresentam anticorpos anti-mitocondriais, tipicos da CBP, sem
manifestacbes clinicas graves da doenca >°°. Em doentes com CBP, coexiste uma SS
associada em cerca de 40% dos casos >°°.

O envolvimento pancredtico, na forma de pancreatite aguda ou crénica e
insuficiéncia pancredtica ocorre em até 7% dos doentes com SSP °%. No entanto, o
envolvimento subclinico serd muito mais frequente, dada a presenca de alteracdes
morfolégicas de pancreatite cronica em 25-33% de individuos assintomaticos >°7.

2.5.3.7. Manifestacoes Nefro-uroldgicas

Na SSP os rins podem ser alvo de dois tipos distintos de lesdo, a nefrite tubulo-intersticial
relacionada com a infiltracdo linfocitdria, e a glomerulonefrite devido a deposicao de
imunocomplexos >%. Cerca de 5% dos doentes com SSP tem envolvimento renal, nimero
gue é seguramente subestimado pois nao inclui casos de envolvimento tubulo-intersticial
assintomatico 7599,

O envolvimento dos tubulos renais é o mais frequente, podendo afetar qualquer
segmento e manifestar-se por acidose tubular renal, diabetes insipida nefrogénica e
disfuncao tubular proximal com proteinuria, podendo complicar-se por nefrocalcinose e
osteomaldcea >996%,

Na SSP pode também ocorrer cistite intersticial devido a infiltracdo linfocitaria da
bexiga, manifestando-se por polaquilria, disuria, tenesmo vesical e dor hipogéstrica 2.

88



2.5.3.8. Envolvimento neurolégico

O envolvimento neurolédgico na SSP é relativamente frequente (18—45% dos doentes) e
afeta quer o sistema nervoso central, quer o periférico (sensitivo-motor e autonémico),
com maior prevaléncia do envolvimento do sistema nervoso periférico 02,

As manifestagdes neuroldgicas clinicamente significativas podem ser manifestagao
inaugural da doenca em cerca de 25% dos casos 03,

2.5.3.8.1. Sistema Nervoso Periférico

As manifestagdes neuroldgicas periféricas sdao polimdrficas e podem ser classificadas de
acordo com a expressao clinica e electrofisiolégica em polineuropatia mista, polineuropatia
sensitiva axonal, neuropatia sensitiva atdxica, polineuropatia axonal sensitivo-motora,
neuropatia sensitiva pura, mononeurite multipla, e polirradiculoneuropatia crdnica
desmielinizante (CIDP) %4, As neuropatias periféricas mais frequentemente detectadas sdo
a polineuropatia sensitiva axonal e polineuropatia sensitivo-motora axonal 6%,

Os nervos craneanos podem ser também afetados, em particular o trigémio (por
envolvimento do ganglio de Gasser) e o facial (paralisia uni- ou bilateral) %2,

Os mecanismos envolvidos sdo sobretudo a infiltracdo linfocitica dos ganglios dorsais,
lesBes vasculiticas dos vasa vasorum, e a eventual presenca de anticorpos especificos anti-
axonio 6,

A lesdo das pequenas fibras nao-mielinizadas pode originar uma neuropatia
autondmica ou uma neuropatia sensitiva de pequenas fibras %7,

2.5.3.8.2 Sistema Nervoso Central

O envolvimento do Sistema nervoso central pode consistir em mielopatias agudas ou
crénicas imitando a esclerose multipla, ou manifestacdes mais difusas como meningite
asséptica, encefalopatia, sintomas psiquiatricos, coreia ou convulsdes 68,

Alguns doentes com SSP apresentam mielite e neurite dptica (Sindrome de Devic),
que faz parte do espectro mais amplo da neuromielite dptica ¢%°. Devido 3 associacdo quase
universal deste sindrome aos anticorpos anti-aquaporina 4, nao é consensual se se tratara
de uma manifestacdo da SSP ou de uma mera associac3o 619,
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Na origem das manifestacGes do Sistema nervoso central podera estar a infiltracdo
linfocitaria directa, o envolvimento vasculitico de pequenos vasos, e o dano causado por
anticorpos anti-neurais e anti-Ro/SSA 611,

As manifestagGes cognitivas e psiquidtricas sdo classicamente associadas a SSP,
embora nao seja claro se sdo causadas por processos imunolégicos, ou se sdo reativas ao
impacto da doenca 62,

2.5.3.9. Sistema Hematolégico

A presenca de anemia esta presente em cerca de 20% dos casos, habitualmente
normocitica e normocrémica, podendo reflectir a atividade da doenga, hemdlise, ou ser
carencial (ferropénica, défice de B12) 613,

A Leucopénia ocorre em 15-30% dos doentes, e corresponde maioritariamente a
linfopénia 63614, A linfopénia deve-se sobretudo a uma redugdo das células CD4+ 1>, e é
considerada um Fator de risco para o desenvolvimento de linfoma 6. Neutropénia (<1500/
ul) ocorre em cerca de 10% dos doentes, e relaciona-se com a presenc¢a de FR e anti-
SSA/SSB, sugerindo uma etiologia autoimune 7.

Trombocitopénia é encontrada em 15% dos doentes '3, de causa periférica, sendo
que a ocorréncia de Purpura trombocitopénica trombética é rara 62,

A intensa estimulacdo de células B reflete-se na presenca de hipergamaglobulinémia,
crioglobulinémia, gamapatia monoclonal e producdo de autoanticorpos %¥’. A formac3o de
imuno-complexos leva ao consumo de Fatores de complemento, que se encontram
diminuidos em cerca de 25% dos doentes, relacionando-se fortemente com a atividade
sistémica e pior progndstico 61°,

2.5.4. Risco de linfoma

Os doentes com SSP tém um risco 16x superior de desenvolver linfoma 62°. Em cerca de
65% dos casos os linfomas associados a SSP sdo linfomas B ndao-Hodgkin (LNH) de baixo
grau, predominantemente linfomas MALT (mucosa associated lymphoid tissue) de tipo
histolégico da zona marginal ®2'. Estes linfomas s3o maioritariamente extra-nodais,
indolentes, e localizam-se habitualmente em 6rgaos onde a doenca é ativa, como as
glandulas salivares %22, Outros dois tipos histolégicos, menos frequentes e de pior
progndstico, sdo os linfomas B difusos de grandes células (15%), que podem ser primarios
ou evoluir a partir de linfomas MALT pré-existentes, e os linfomas B nodais da zona
marginal (10%) ©23. O risco cumulativo de desenvolver linfoma aumenta com a duracdo da
doenca, sendo de 3,4% aos 5 anos e de 9,8% aos 15 anos %2,
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Varios elementos clinicos, laboratoriais e histoldgicos tém sido associados ao risco de
linfoma (Figura 16). Destes, os principais sdo a tumefacdo glandular persistente,
linfadenopatias, crioglobulinémia, vasculite, baixos niveis de C4, e linfopénia %21, Durante a
evolucdao da doenga, deve investigar-se a eventual presenca de linfoma perante febre
recurrente, purpura, neuropatia periférica sensitivo-motora, glomerulonefrite,
linfadenopatia, infiltrados pulmonares nodulares, tumefacdo assimétrica de glandula
salivar ou massa intra-parotidea palpavel 624,

Clinicos Glandulas Salivares
Tumefagdo glandulas salivares Focus score 2 3
Epidemioldgicos Linfadenopatia

Idade de inicio da doenga

Formagao de centros germinativos
4 CXCL12, CXCL13, CXCL21

Sexo masculino Purpura / razdo IFNy/IFNa
Neuropatia periférica ™ NLRP3, 1I-1B, IL-18, células B TSLP*
Fenémeno de Raynaud ' DNMTEB, Me y CP2
Genéticos Atrofia da lingua J miR-200-5p

Inflamagdo crénica
TNFAIP3, LILRA3, HCPS
Hiperatividade de células B

BAFF/BAFF-R Hematolégico
Diminuicdo da vigilancia imune Linfopénia CD4
TREX-1 - .
Metilagdo anormal do DNA Linfoma B Neutropenia
MTHFR ndo-Hodgkin Leucopénia
. { razdo CD4/CD8
Serolégicos 2 mRNA nas PBMC
Autoanticorpos (BAFF, IL-14, NLRP3, ASC)

ACA, FR, anti-Ro/SSA, anti-La/SSB
Hiperatividade B/Formag&o de CGE

A BAFF, Fit, TSLP, |, C4, I CXCL11, CXCL13 Saliva
Monoclonalidade B Autoanticorpos
MG, MMC, B 2-microglobulina, FLC k/y cofilina-1, a -enolase, anexina-A, RIG2
Inflamagao crénica Proteinas
/" atividade LpLA2, ASC, IL-18, LILRA3 S100A8, S100A9

Figura 16. Fatores clinicos e moleculares que contribuem para o desenvolvimento de linfoma na Sindrome
de Sjogren. Adaptado de Skarlis (2020) 6%°.

‘M. aumentado; { : diminuido; fator reumatdide: FR; tumor necrosis Fator-alpha induced protein 3:
TNFAIP3; B cell ativating Fator: BAFF; B cell ativating Fator receptor: BAFF-R; Interferon a/y:IFNa/y; three
prime repair exonuclease 1: TREX-1; leukocyte immunoglobulin- like receptor subfamily A member 3: LILRA3;
Major histocompatibility complex P5 gene: HCP5; methylene tetrahydrofolate reductase: MTHFR; DNA
methyltransferase 3B: DNMT3B; methyl CpG binding protein 2: MeCP2; peripheral blood mononuclear cells:
PBMCs; Rho GDP-dissociation inhibitor 2: RGI2; Extracellular lipoprotein-associated phospholipase A2: Lp-
PLA2; free light chains k/\:FLCk/N; Fms-like tyrosine kinase 3 ligand: Flt-3 L; chemokine (C-X-C motif) ligand
11/12/13/21: CXCL11/12/13/21 NOD-like receptors containing pyrin domain 3: NLRP3; apoptosis-associated
speck-like protein containing C-terminal caspase recruitment domain [CARD]:ASC; Thymic stromal
lymphopoietin: TSLP; monoclonal gammopathy: MG; mixed monoclonal cryoglobulinemia: MMC; anti-
centromere antibodies: ACA

2.5.5. Fenotipos clinicos

De acordo com caracteristicas do doente, como o sexo ou a idade de inicio, a SSP pode
apresentar caracteristicas fenotipicas distintas 62°.
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2.5.5.1. Doente Adulto Jovem

Os doentes com inicio mais jovem (< 35 anos) apresentam maior hiperatividade B em
comparac¢do com as faixas estarias mais prevalentes (52 e 62 décadas). Esta manifesta-se
por maior prevaléncia de tumefacdao das gandulas salivares, linfadenopatia, leucopénia,
hipergamaglobulinémia e hipocomplementémia C4, resultando em maior risco de linfoma
627,628 H3 também uma maior frequéncia de anti-SSA, anti-SSB e Fator Reumatdide em
doentes com SSP de inicio jovem 628629 Clinicamente, tem sido referido maior frequéncia
de purpura e envolvimento renal, bem como maior atividade sistémica da doenca 628630,
Apesar disso, quer as queixas, quer algumas manifestagdes sistémicas como neuropatia
periférica e doenca intesticial pulmonar sdo menos prevalentes no individuo jovem 631,

2.5.5.2. Doente Idoso

A presencga de queixas secas aumenta com a idade e afeta cerca de 30% da populagao acima
dos 65 anos 32. H4 um declinio funcional das glandulas salivares e lacrimais, que se traduz
por testes objetivos anormais e maior probabilidade de "falsos positivos", como no teste
de Schirmer 33, Deste modo, no idoso a presenca de queixas secas ndo significa
necessariamente a presenca de um disturbio imuno-mediado, e obriga a exclusdo de
Fatores externos, em especial farmacos xerogénicos 34,

Ao contrario do que se verifica na AR e no LES, a SSP de inicio no idoso ndo parece
constituir um subtipo distinto de doenca 933, No entanto, em compara¢do com
individuos cujo inicio da doenca ocorreu na idade habitual (52 e 62 décadas), doentes com
inicio mais tardio da doenga apresentam uma resposta imune B-mediada menos robusta,
com menor frequéncia de autoanticorpos e de hipergamaglobulinémia 631637  Estes
doentes também apresentam maior frequéncia de queixas secas e doencga intersticial
pulmonar, e menor ocorréncia de artrite %%7.

2.5.5.3. Sexo masculino

O predominio do sexo feminino na SSP é superior ao de outras doengas reumaticas,com
valores entre 14:1 e 33:1 face ao masculino 63863%,

No sexo masculino a doenca é habitualmente mais grave na sua fase inicial, com
manifestacOes extra-glandulares mais frequentes e numerosas, e niveis de anti-SSA mais
elevados %%, No homem s3o também mais frequentes as manifestacdes constitucionais,
envolvimento intersticial pulmonar, vasculite e linfadenopatia ¢*!. O risco de linfoma é
superior no sexo masculino %42,
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Algumas manifestacOes extraglandulares na SSP seguem a distribuicdo tipica por
géneros, com maior frequéncia de tiroidite, fendbmeno de Raynaud, depressdo e
fibromialgia no sexo feminino 46236 No entanto, os homens apresentam menor disfunc¢do
glandular, com menos queixas secas e melhores medidas centradas no doente (MCD) ©3°,

2.6. Diagnéstico

Tal como sucede noutras doengas reumaticas sistémicas, a SSP apresenta uma consideravel
variabilidade clinica, ndo existindo nenhuma caracteristica especifica que, isoladamente,
permita o diagndstico. Na SSP este é feito considerando o conjunto de manifestagdes
clinicas e alteragdes laboratoriais no contexto especifico de cada individuo *.

O diagnéstico de SSP pode ser considerado num individuo que apresente
manifestacdes tipicas da doenca, nomeadamente secura oral e ocular (sindrome Sicca),
tumefacdo persistente ou intermitente das glandulas salivares, aumento subito da
incidéncia de cdries, presenca de uma doenca do tecido conjuntivo acompanhada de secura
oral ou ocular, manifestacdes extra-glandulares tipicas (eritema anular, crioglobulinémia,
neuropatia periférica, pneumonite intersticial), presenca de anticorpos anti-SSA ou anti-
SSB, e linfoma MALT numa glandula salivar 643 A investigacdo especifica inclui pardmetros
e testes objetivos para confirmar a hipossecracdo glandular ®44®% bem como a
confirmacdo da existéncia de um processo inflamatério autoimune. A marcha diagndstica
exaustiva permite distinguir a SSP de outras patologias ou condi¢des que podem ter uma
sobreposicdo varidvel com as manifestacdes da SSP 2 (Tabela 1).

Os principais elementos para confirmar a SSP sdo a presenca de anticorpos anti-SSA
e anti-SSB 3, e infiltrados linfocitdrios focais na bidpsia de glandula salivar minor (labial) #>.
No entanto, diagndstico clinico nem sempre é facil, sobretudo nas fases iniciais da doenca,
em que a disfuncdo glandular pode ser ainda ligeira . Em alguns casos as manifestacdes
sistémicas podem anteceder o reconhecimento da doenca, sendo necessario um elevado
grau de suspeicdo. Apesar dos anticorpos anti-SSA e anti-SSB poderem estar presentes

623 em um terco dos doentes sdo negativos 4.

antes do reconhecimento clinico da doenga
A presenca de citopénias, hipergamaglobulinémia e elevacdo da velocidade de

sedimentacdo (VS) pode apoiar a hipétese de um SSP oculto 1.

No entanto, diagndstico clinico nem sempre é facil, sobretudo nas fases iniciais da
doenca, em que a disfuncdo glandular pode ser ainda ligeira . Noutros casos, as
manifestacbes sistémicas podem anteceder o reconhecimento da doenca, sendo
necessario um elevado grau de suspeicdo. Apesar dos anticorpos anti-SSA e anti-SSB
poderem estar presentes antes do reconhecimento clinico da doenca %°, em um terco dos
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doentes sdo negativos 4. A presenca de citopénias, hipergamaglobulinémia e elevacdo da
velocidade de sedimentacdo (VS) pode apoiar a hipdtese de um SSP oculto .

Sindrome Envolvimento Envolvimento Envolvimento
Sicca Glandular Articular Sistémico
Medicacdo xerogénica X - - -
Inibidores da Aromatase X - X (X) SSP-like
Secura relacionada com a idade X - - -
Sialoadenose metabdlica _ X - -
Olho seco ndo-56gren X - - -
Irradiacdo da cabeca e pescoco X - - -
Sarcoidose X X X X
Hiperlipoproteinémia (tipos Il, IV, V) X X (X) -
Doenga do Enxerto-versus-hospedeiro X X X X
Linfoma primario X X - (X)
Amiloidose X X (X) (X) Pdrpura renal
Sialoadenite viral crénica (HCV, HIV, HTLV-1) X (X) X X
. . - . - X tipi t
Qutras sialoadenites cronicas inespecificas X |p|.camen € - -
unilateral
. . . X .
Diabetes mellitus X (X) Sialoadenose . (X) . (X) Neuropatia
Queiroartropatia
Hemocromatose X (X) X CPPD (X)
Qutras doencas do tecido conjuntivo X - X X
Artrite reumatoide (X) - X (X)
Granulomatosis com poliangeite X (X) X X
Doenca relacionada com a 1gG4 X X (X) (X)
Ansiedade, fibromialgia X - (X) -
Inibidores dos Checkpoints X (X) X X

Tabela 1. Diagnéstico diferencial da Sindrome de Sjégren Primaria.

O critério histoldgico (focus score 21) é muito especifico, mas tem uma sensibilidade
varidvel # e parece ter uma associacdo a presenca de anti-SSA, fator rematdide (FR) e
anticorpos anti-nucleares (ANA) %47, de modo que novos biomarcadores s3o necessarios
para demonstrar a presenca de disfun¢do autoimune. Como exemplos promissores temos
a caracterizacdo do perfil linfocitdrio por citometria de fluxo 72, a identificacdo de novos
autoanticorpos ° e a ecografia das glandulas salivares .
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2.6.1. Avaliacao do componente oral

As queixas de xerostomia habitualmente ocorrem quando a diminuicdo do fluxo salivar
ultrapassa 50% do valor basal, mesmo que o individuo ainda possa apresentar fluxos dentro
do intervalo de referéncia®. A xerostomia é um sintoma muito prevalente na populacdo
mais idosa, sendo a sua causa mais frequente a utilizagdo de farmacos xerogénicos *°. Além
disso, com o envelhecimento ocorre uma reducao do fluxo salivar basal, dependente das
gandulas submaxilares ©°°, cuja funcdo é fundamental para manter a hidratacdo oral e
prevencdo de cdries. A producdo salivar das gandulas parétidas, estimulada durante a
ingestdo alimentar, é menos afetada com o envelhecimento 1.

Na avaliagdo objetiva da xerostomia, pode ser medido quer o fluxo ndo estimulado,
guer o estimulado. Considera-se hipossalivacdao quando o fluxo ndo estimulado é inferior a
0,1 ml/minuto ou o estimulado inferior a 0,7 ml/minuto 2. Métodos outrora comuns,
como a cintigrafia das gdndulas salivares e a sialografia, ja n3o sdo utilizados de rotina 3,
e 0s peritos responsaveis pela elaboragdo nos actuais critérios ACR/EULAR apenas
consideraram o fluxo salivar ndo-estimulado como representativo do envolvimento oral °.

O envolvimento das gandulas salivares na SSP também pode ser avaliado através da
ecografia, que revela alteragdes tipicas nas glandulas salivares, como a presenca de areas
hipoecogéneas ovodides (as mais especificas), bandas hiperecogénicas lineares, o nimero
de ganglios intra-parotideos, e a definicdo do bordo posterior da glandula *°. As alteracdes
da ecoestrutura das glandulas salivares surgem relativamente cedo na evolugao da doencga,
podendo ajudar no diagndstico precoce ®°*. Estas alteracbes podem ser quantificadas de
acordo coma a sua gravidade/intensidade, estando demonstrada uma correlagdo positiva
entre a pontuacdo obtida e presenca de anticorpos anti-SSA, sialometria anormal, e bidpsia
de glandula salivar minor positiva 85>6%6,

2.6.2. Avaliagdao do componente ocular

A sindrome de olho seco é um disturbio multifatorial, geralmente causado pela diminuicao
da producdo de ladgrima ou pela sua evaporacdo excessiva ®4°. A sindrome de olho seco é
um problema comum, afetando até 17% das mulheres e 11% dos homens, de acordo com
estudos epidemioldgicos dos Estados Unidos®>’. A sua prevaléncia é especialmente elevada
em idosos e em utilizadores de medicamentos xerogénicos.

A avaliacdo objetiva do olho seco baseia-se no estudo do fluxo lacrimal e na avaliacdo
do dano da superficie da cdrnea, através do teste de Schirmer-I, teste de quebra do filme
lacrimal e observacdo da cérnea marcada com corantes vitais 28760, A reprodutibilidade
destes testes ndo é alta, e a variabilidade depende da técnica utilizada, carateristicas do
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ambiente e do préprio doente 61662 Adicionalmente, a fraca associacdo entre as queixas
subjetivas de olho seco e os testes objetivos dificulta a avaliagdo do componente ocular em
doentes com xeroftalmia ®.

O teste de Schirmer mede a produc&o lacrimal e é de fécil realizacdo 3. O fluxo basal
€ avaliado sem anestesia, sendo valores inferiores a 5mm em 5 minutos considerados
anormais e constituindo um dos items nos critérios de classificagdo da SSP 3%, No entanto,
o fluxo lacrimal diminui com a idade, pelo que a interpretacdo do teste no idoso deve ser
criteriosa. Adicionalmente, a fraca associa¢do entre as queixas subjetivas de olho seco e os
testes objetivos dificulta a avaliagdo do componente ocular em doentes com xeroftalmia ®.

A avaliagdo da superficie ocular marcada com corantes vitais, através da lampada de
fenda, é mais sensivel que o teste de Schirmer na detecao de olho seco, existindo varias
escalas de quantificacdo das lesdes, como a de Bijsterveld %%, a de Oxford > ou a do
Sjégren International Collaborative Clinical Alliance (SICCA) 6€°. Lesbes do epitélio da cérnea
sdo visiveis com a fluorosceina, e a presenca de desvitalizacdo das células conjuntivais é
detectada com o verde de lisamina. Para além da sua utilizacdo na detegao e classificacdo
de doentes com SSP, como no caso da de Bijsterveld 31> e SICCA %%, 3 afericdo e
guantificacdo das lesdes da superficie ocular é também utilizada como objetivo em ensaios
clinicos 6.

Novos intrumentos de avaliacdo do olho seco tém vindo a ser estudados, como a
Anterior Segment - Optical Coherence Tomography (AS-OCT) e a microscopia confocal.

Através da AS-OCT pode medir-se as carateristicas do menisco lacrimal, sendo assim
uma técnica n3o invasiva para avaliacdo do filme lacrimal 658667-672,

A microscopia confocal in vivo produz imagens de alta resolucdo da cérnea e da
superficie ocular 73, e pode ser utilizada para estudar alteracdes morfoldgicas do plexo
nervoso subcorneano induzidas pela secura ocular 747>, Esta técnica pode vir a ser til ndo
s6 na detecdo da doenca, mas também na monitoriza¢do da resposta ao tratamento ©7°.

2.6.3. Auto-anticorpos

Os anticorpos anti-Ro/SSA e os anti-La/SSB sdo os mais importantes no diagndstico da SSP,
embora sejam também frequentes noutras doencas autoimunes, como o LES ®’7. Na SSP,

os anticorpos anti-SSA estdo presentes em 33-74% dos doentes e os anti-SSB em 23-52%
626

Para além dos anticorpos anti-SSA e anti-SSB, outros antoanticorpos tem sido
propostos como biomarcadores da SSP, nomeadamente os anti-a-fodrina, anti-receptor

96



muscarinico tipo-3 da acetilcolina (M3R), anti-proteina da glandula salivar (SP1), anti-
anidrase carbdnica-6 (CA6), e anti-antigénio secretdrio da parétida (PSP) 7.

2.6.3.1. Anti-SSA

Os anticorpos anti-SSA reconhecem duas ribonucleoproteinas ndo relacionadas e com
funcdes bioldgicas distintas, denominadas Ro52 e Ro60 ©’%. Modelos experimentais
sugerem que estes anticorpos poderao ser diretamente patogénicos na SSP.

A proteina Ro52/TRIM21 (tripartite motif 21) é amplamente expressa em células
hematopoiéticas e participa na ubiquinacdo de varios Fatores reguladores da via do IFN, de
proteinas da via do Fator nuclear KB, e de proteinas reguladoras do ciclo celular 7°. Ratos
com deficiénca de TRIM21 desenvolvem autoimunidade sistémica mediada por células B,
com autoanticorpos, hipergamaglobulinémia e glomerulonefrite %8°. O TRIM21 parece ter
um papel na diferenciacdo, compromisso de linhagem e sobrevivéncia dos linfécitos B, e
na sua auséncia hd um desvio a favor da diferenciacdo em células B foliculares . Em
doentes com LES, a diferenciacdo de células B em plasmablastos e a producdo de anticorpos
foi significativamente superior em doentes com anticorpos anti-TRIM21, em comparacao
com aqueles sem estes anticorpos 2. Além disso, em ratos as respostas imunes iniciadas
pelo Ro52 induziram disfunc¢do das gandulas salivares 3 e olho seco hipossecretor %84, que
poderdo ser mediadas pelos anticorpos anti-Ro52.

A proteina Ro60, também conhecido por TROVE2 (telomerase-RO-vault-element 2),
é uma proteina ligante de RNA, que remove RNAs que falharam a ligacdo as suas proteinas
ligantes especificas, desempenhando assim um papel na prevencao de respostas imunes e
na reducdo do stress celular %8>, Ratos com deficiéncia de Ro60 desenvolvem uma doenca
ldpus-like, provavelmente causada pela acumulagdao anormal de RNAs devido a sua
deficiente remoc3o ©8°.

2.6.3.2. Anti-SSB

O antigénio La/SSB é uma proteina fosforilada de 48 kDa, localizada no nucleo e citoplasma,
gue desempenha um importante papel no processo de transcricdo e maturacdo pela RNA
polimerase lll, através da sua ligacdo as moléculas de RNA durante o ciclo celular %7,
Estudos funcionais demonstraram que os anticorpos anti-SSB/La exercem varios efeitos nas
células polimorfonucleadas humanas, incluindo a supressdao da fagocitose, a apoptose
acelerada e o aumento da produc3o de IL-8 %8, A proteina La encontram-se com frequéncia
fisicamente associada ao complexo Ro60-hyRNA ©8° (36), o que explica a frequente
coexisténcia de anticorpos anti-La e anti-Ro.
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A prevaléncia de anti-La/SSB na SSP é de 23-52% 526, quase sempre associados a anti-
Ro/SSA. A combinacgdo de anti-Ro/SSA e anti-La/SSB é mais especifica para a SSP que o anti-
Ro isolado, e estd associada a doenca mais grave %°°. Em doentes com anti-SSA e anti-SSB
ha maior ocorréncia de manifestagdes sistémicas, como esplenomegdlia, linfadenopatia,
vasculite e fendmeno de Raynaud %%,

A presenca isolada de anti-SSB, na auséncia de anti-SSA, é rara na SSP e ndo parece
estar associada a caracteristicas tipicas da doenca %2, sendo esta uma das razbes para a
ndo inclusdo deste anticorpo nos critérios de classificagdo ACR/EULAR de 2016.

2.6.3.3. Anticorpos especificos glandulares

Para além dos anticorpos anti-SSA e anti-SSB, outros antoanticorpos tem sido propostos
como biomarcadores da SSP, nomeadamente os anti-a-fodrina, anti-receptor muscarinico
tipo-3 da acetilcolina (M3R), anti-proteina da glandula salivar (SP1), anti-anidrase
carbdnica-6 (CA6), e anti-antigénio secretério da pardtida (PSP) ¢77.

Aquando da sua descricdo em 1997, os anticorpos anti-a-fodrina foram considerados
biomarcadores muito promissores na SSP, com uma sensibilidade de 90% e uma
especificidade de 100% ©°3. O interesse nestes anticorpos diminuiu apds estudos
subsequentes, em diferentes cenarios clinicos, terem reportado sensibilidades e
especificidades de 59-75% para os 1gG, e 55-73% para os IgA, respectivamente %94,

Os anticorpos anti-M3R tém uma sensibilidade e especificidade na SSP de 43% e 95%,
respectivamente 9%, Este anticorpos podem ser directamente responsaveis pela
hipossecracdo salivar na SSP 9%, Além disso, tém sido associados a leucopenia devido a
aparente subregulacao do HLA classe Il e do M3R da membrana celular, que é seguida da
morte celular mediada por células NK %7,

Os anticorpos anti-SP1, CA6 e PSP, por reconhecerem antigénios especificos das
glandulas salivares e lacrimais, tém sido alvo de particular interesse. Em modelos animais,
estes anticorpos sdo detectdveis antes do aparecimento dos anticorpos anti-SSA e SSB °.
Na SSP, identificam doentes com secura oral e ocular, e baixo focus score, sendo mais
frequentes em individuos negativos para anti-SSA 628, Com a excepg¢do dos anticorpos anti-
CA6 da classe IgA, presentes sobretudo em doentes com SSP de longa evolugdo, os

anticorpos das classes 1gG e IgM raramente foram encontrados na doenca evoluida %°°.

Estes anticorpos, dos quais 0 mais promissor é o anti-SP1, poderdo vir a ser Uteis no
diagndstico precoce 7, bem como na identificacdo da SS secundaria, sobretudo em

doentes com AR, Esclerose Sistémica e a Doenca Mista do Tecido Conjuntivo 6.
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2.6.3.4. Anticorpos gerais — Anti-nucleares e Fatores Reumatdides

Anticorpos anti-nucleares (ANA) estdo presentes em 59-85% dos doentes com SSP 636701~
703, Doentes com ANA positivo tém maior prevaléncia de hipertrofia das parétidas e maior
frequéncia de manifestagdes extra-glandulares como fendmeno de Raynaud, vasculite
cutanea, envolvimento articular e renal, febre, adenomegalias, citopénias e elevacdo da VS
(>50 mm/h) 636701702 para além de doentes ANA-positivos apresentarem maior niumero de
drgaos envolvidos, tém maior prevaléncia de indicadores de atividade imunolégica, como

hipergamaglobulinémia, fractor reumatdide, anticorpos anti-SSA e SSB e anti-fosfolipidos
701,702

N3o obstante, os ANA sdo inespecificos e frequentemente encontrados, em titulo
baixo, em individuos sauddveis (sobretudo idosos), doentes com outras doencas
autoimunes, e em individuos com histdria familiar de autoimunidade 704,

Fatores reumatdides (FR) sdo anticorpos dirigidos a por¢do Fc de imunoglobulinas da
classe IgG, podendo ser de qualquer isotipo, mas mais frequentemente da classe IgM, IgG
e lgA 7%,

Na SSP os FR sdo encontrados em 36-74% dos doentes 791793 e associam-se a menor
idade de inicio, sexo feminino e positividade da bidpsia de glandula salivar 79%7%, Varios
estudos estabeleceram uma correlagdo entre os FR e a presenca de um perfil seroldgico
ativo, com presenca de anti-SSA, anti-SSB, crioglobulinas, ANA, hipocomplementémia e
hipergamaglobulinémia 636702703707 T3] como os anti-SSA e SSB, o FR é um marcador de
maior disfuncdo das glandulas salivares e lacrimais 7°%. Quer a presenca, quer o titulo de
FR, apresentam uma correlacao positiva com o nimero de manifestacdes extra-glandulares
da SSP 702703707 Comparados com doentes FR-negativos, doentes FR-positivos tém com
maior frequéncia manifestacdes articulares, vasculite cutanea, tumefacao das glandulas
salivares, citopenias, fendmeno de Raynaud, envolvimento renal e do sistema nervoso
central 36792 Foj descrita uma associa¢do entre os FR da classe IgA e envolvimento renal,
maior focus score na bidpsia de glandula salivar, e niveis de outros autoanticorpos 7.

Os FR tém valor progndstico na SSP devido a sua associacdo a manifestacdes
sistémicas e marcadores seroldgicos de doenca ativa 720, Além disso, associam-se ao risco
de linfoma, sendo um dos elementos que compde o modelo preditivo para o
desenvolvimento de linfoma n3o-Hodgkin na SSP 43°,

2.6.4. Histopatologia das glandulas salivares

A presenca de sialoadenite linfocitica focal na biépsia de gandula salivar minor (labial) é
considerada a caracteristica mais tipica da SSP 7!, Chisholm e Mason descreveram a técnica
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de bidpsia labial e elaboraram uma classificacdo ainda hoje utilizada na SSP #'4, utilizando
o conceito de focos, definido como a presenca de agregados de mais de 50 células
(linfécitos) em localizag¢do periductal ou perivascular 722,

Apesar de integrar varios critérios de classificagdo da SSP 131>666713 3 anilise
histopatoldgica da glandula salivar minor esta sujeita a Fatores de confundimento que
podem reduzir a sua reprodutibilidade 7*#71>, De facto, a sua sensibilidade varia entre
63.9% e 85.7%, e a especificidade entre 61.2% and 100% . Um ndmero significativo de
doentes pode ndo ser diagnosticado devido a baixa sensibilidade do exame, especialmente
individuos seronegativos para anti-SSA e SSB 716, para o qual podem contribuir Fatores
como colheita inadequada e discrepancias na interpretacdo ’*’. Tém vindo a ser propostos
aperfeicoamentos para melhorar a sensibilidade e o valor preditivo da bidpsia de GSM,
incluindo o uso rigoroso do focus score 78, a realizacdo de cortes multi-nivel 7*°, e o
consenso por peritos para uniformizacdo 729,

Para além do seu cldssico papel no diagndstico e classificagdo da SSP, o facil acesso
ao tecido glandular através da bidpsia de GSM tem sido uma mais-valia no estudo da
patogénese da doenca, e a relagdo entre aspectos histoldgicos e clinicos pode ser preditor
da evolugdo da doenca e do progndstico 72,

n

O conceito de 722

ocus score", introduzido por Greenspan ’#%, indica o numero de
agregados linfocitarios por drea (4 mm?), com valores mais elevados associados a maior
lesdo acinar e fibrose >. O focus score correlaciona-se com importantes pardmetros
imunolégicos, como os anticorpos anti-SSA e SSB, ANA e FR, e associa-se a menor funcdo
glandular e manifestacdes extra-glandulares como fenédmeno de Raynaud, vasculite e

leucopenia >%47,

Outro aspecto histopatoldgico importante na SSP é a presenca de estruturas com
caracteristicas de CGE nas glandulas salivares 723. Estas estruturas linfoides sdo
relativamente frequentes na SSP, estando presentes em até 40% dos doentes 7%%, e
contribuem para a autoimunidade através da diferenciacdo local de plasmécitos
autorreativos >'2. A presenca de CGE estd associada a maior prevaléncia de anticorpos anti-
SSA e SSB, maior gravidade da doenca, manifestacdes extra-glandulares, e linfoma MALT
de células B 2%, A presenca de CGE nas GSM tem um valor preditivo de 16% para linfoma
ndo-Hodgkin, enquanto a sua auséncia tem um valor preditivo negativo de 98% 72°.

2.7. Critérios de Classificagcao

Enquanto que o diagndstico é o corolario de um processo clinico que avalia a probabilidade
de um determinado individuo ter a doenca, no seu contexto especifico, a classificacdo
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pretende definir presenca ou auséncia da doenca de acordo com carateristicas pré-
estabelecidas *. Os critérios de classificacdo permitem identificar grupos de doentes bem
definidos para estudos clinicos e epidemioldgicos, sendo fundamentais na investigacao
clinica em Reumatologia 7?°. A maioria das doencas reumaticas imuno-mediadas sdo
heterogéneas nas suas manifestagdes clinicas, evolugao e progndstico, e carecem de
identificadores unicos, clinicos, laboratoriais, patolégicos ou radiolégicos que sirvam de
“padrdo-ouro” no diagndstico e/ou classificacdo 7?’. Deste modo, a investigacdo de
mecanismos patogénicos e o desenvolvimento de novas terapéuticas nas doengas
reumaticas ndo seria possivel sem a utilizacdo de critérios de classificacdo. Estes tém sido
revistos ao longo do tempo com a incorporac¢io de novos items e metodologias 7%%.

Os fundamentos da classificacdo sdao o desempenho dos testes utilizados
(sensibilidade, especificidade, receiver operating characteristics), enquanto que a base do
diagndstico é o conjunto das varidveis/caracteristicas relevantes, através das quais se afere
a probabilidade da presenca da doencga 72°. Nos casos em que critérios de classificacdo
apresentassem sensibilidade e especificidade perfeitas (ambas de 100%), entdo seriam
sindnimos de critérios de diagndstico, pois identificariam corretamente todos os casos
individuais *7.

Apesar da maioria dos critérios de classificacdo das doencas reumaticas sistémicas
apresentarem sensibilidade e especificidade moderada a elevada, ainda assim ndo incluem
todas as caracteristicas clinicas necessarias para o diagndstico de doencas heterogéneas e
de baixa prevaléncia 72°. No entanto, na pratica clinica os critérios de classificacdo podem
ser Uteis como uma orientacdo na investigacao e suporte do diagndstico.

No caso da SSP, entre 1965 e 2016 foram desenvolvidos 13 conjuntos de critérios de
classificacdo *. Nos vinte anos que se seguiram a publicacdo dos primeiros critérios, varios
outros foram sendo publicados, por iniciativa individual ou nacional, culminando na
publicacdo de 3 conjuntos distintos de critérios em 1986 730732, Este foi um ponto de
viragem, e a partir dai procurou-se a elaboragao de critérios de consenso gerados por
grupos de peritos, resultando na publicacdo dos Preliminary criteria for the classification of
Sjégren's syndrome 73, patrocinados pela Comunidade Europeia.

A versdo revista dos critérios de 1993 foi publicada em 2002, elaborada pelo
American-European Consensus Group (AECG), e inclui 6 dominios, dos quais 2 sdo
subjetivos (secura ocular e oral) e 4 sdo objetivos (sinais oculares e orais, histopatologia, e
auto-anticorpos) 3. Durante a elaboragdo dos critérios AECG apurou-se uma sensibilidade
de 97,4% e uma especifidade de 89,4% para SSP quando se cumpriam quaisquer 4 dos 6
items. Ao aplicar como critérios obrigatdrios na versao final a serologia ou a histopatologia,
a sensibilidade desceu para 89,5% e a especifidade aumentou para 95,2%, sendo essa
maior especificadade preferivel para efeitos de classificacdo 3. Desde a sua publicac3o,
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estes critérios de classificagdo tornaram-se os mais utilizados, com mais de 1500 citagbes
(Rasmussen et al., 2014).

Em 2012, contudo, um sistema de classificacdo alternativo foi proposto pelo
American College of Rheumatology (ACR) com o objetivo de aumentar a especificidade
perante o crescente nimero de ensaios clinicos (Shiboski et al., 2012). Estes critérios eram
baseados exclusivamente em sinais objetivos (focus score positivo, serologia, e ocular
staining score), mas ndo demonstraram superioridade quando comparados com os
critérios AECG (Rasmussen et al., 2014).

Dada a necessidade de se obterem critérios consensuais, o consoércio International
Sjégren’s Syndrome Criteria Working Group desenvolveu um novo sistema de classificagao
em 2016, que recebeu o nome das associagdes de reumatologia que os adoptaram, o ACR
e a European League Against Rheumatism (EULAR) Classification Criteria (ACR-EULAR)
(Shiboski et al., 2017). Estes novos critérios incorporam elementos dos critérios AECG e
ACR, e atribuem pontos aos 4 items objetivos: focus score >1 foco/4 mm?, anti-SSA/Ro,
sinais oculares (ocular staining score >5/Van Bijsterveld score >4 e teste de Schirmer <5
mm/5 min) e fluxo salivar ndo-estimulado <0.1 ml/min, sendo a classificagdo como SSP
estabelecida com 4 ou mais pontos (Shiboski et al., 2017).

A comparagdo dos critérios AECG e ACR/EULAR ndo demonstrou superioridade
significativa de nenhum deles 4, mas os ACR/EULAR parecem ser ligeiramente menos
especificos mas mais sensiveis 140733734 permitindo a classificacdo de alguns doentes que
ainda ndo apresentavam queixas secas ’34. Os elementos constituintes de cada conjunto de
critérios e as regras de classificacao sao apresentadas na Tabela 2.

No entanto, apesar da elevada sensibilidade e especificade de ambos os critérios,
AECG e ACR/EULAR, nem todos os doentes com um diagndstico clinico de SSP irdo cumprir
critérios de classificacdo °. Uma vez que os critérios ACR/EULAR s3o baseados na
pontuacdo de elementos objetivos, a sua adapta¢ao podera ser exequivel caso novos testes
diagndsticos demonstrem mais-valia. Entre possiveis candidatos encontra-se a ecografia
das gandulas salivares, cuja valor acrescentado aos critérios foi ja estudado 73473, Foi
inclusivé proposta a atribuicdo de 1 ponto a avaliacdo ecografica caso fosse incluida nos
critérios ACR/EULAR 738737 o que aumentaria o conjunto de testes por onde escolher.
Outras técnicas ou biomarcadores que venham a ser validados terdao também potencial de
aperfeicoar os critérios de classificacdo 4.
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2002 AECG 2016 ACR/EULAR Pontos
Sintomas oculares: resposta positiva a pelo menos
uma das questdes:
Tem diariamente secura ocular persistente e
incbmoda ha > 3 meses?
Tem sensagdo recurrente de corpo estranho ou
areia nos olhos?
Usa substituto lacrimal mais de 3 vezes por dia?
Sintomas orais: resposta positiva a pelo menos uma
das questdes:
Tem sensagdo diaria de boca seca desde ha mais de
3 meses?
Teve inchago recorrente ou persistente das GS em
adulto?
Tem de beber liquidos para ajudar a degluticdo de
alimentos secos?
Sinais objetivos oculares: Sinais objetivos oculares:
Resultado positivo em pelo menos um dos testes: Teste de Schirmer I, sem anestesia 1
Teste de Schirmer |, sem anestesia (5 mm in 5 min) [[(£5 mm in 5 min)
Marcagao ocular com Rosa de Bengala ou outro Queratoconjuntivite sicca com:
corante ocular (24 de acordo com o esquema de >3 pontos no Ocular staining score 1
pontuacdo de van Bijsterveld) ou
>4 no esquema de van Bijsterveld
Histopatologia: bidpsia de GS minor apresentando Bidpsia de GS labial apresentando
sialoadenite linfocitica focal com um focus score 21 ||sialoadenite linfocitica focal com um 3
foco / 4 mm? focus score >1 foco / 4 mm?
Evidéncia objetiva de envolvimento das glandulas Evidéncia objetiva de envolvimento
salivares: das glandulas salivares:
Definido como um resultado positivo em pelo Fluxo salivar ndo estimulado <0.1 ml / 1
menos um: min
Fluxo salivar ndo estimulado (<1.5 ml em 15 min)
Sialografia parotidea mostrando sialectasias difusas,
sem evidéncia de obstrugdo nos ductos principais
Cintigrafia salivar mostrando atraso na captacao,
baixa acumulagdo e/ou atraso na secre¢do do
radionuclido
Presenca de autoanticorpos: Presenca de autoanticorpos:
Anticorpos anti-Ro (SSA) e/ou anti-La (SSB) Anticorpos anti-Ro (SSA) 3
(Cont.)
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(Cont.)

Regras de Classificagéo

A presenca de 4 dos 6 items é indicativa de SSP, sendo Classifica-se como SSP um individuo com >4
obrigatério que o item 4 (histopatologia) ou o item 6 pontos e sinais /sintomas sugestivos da
(autoanticorpos) sejam positivos doencga

Critérios de Exclusdo
Critérios AECG: histéria de radioterapia a cabeca e pescoco; infegdo pelo virus da Hepatite C (VHC);
infecdo pelo Virus da Imunodeficiéncia Adquirida (VIH); linfoma pré-existente; sarcoidose; doenga do
enxerto-versus-hospedeiro (GVHD); uso de medicamentos anticolinérgicos (num periodo inferior a 4
semi-vidas do farmaco)
ACR/EULAR: histdria de radioterapia a cabeca e pescoco; infecdo ativa pelo VHC (confirmada por PCR);
infecdo pelo VIH; linfoma pré-existente; sarcoidose; GVHD; amiloidose; doenga relacionada com a IgG4.
(O uso de medicamentos anticolinérgicos deve ser suspendo antes da avaliagdo)

Tabela 2. Critérios de classificagdo da SSP. Adaptado de Vitali (2002)*3 e Shiboski (2017) 738,

2.8. Instrumentos Metroldgicos na SSP

A avaliacdo da atividade da doenca e das MCD é um desafio na SSP devido a
heterogeneidade da doenca, mas é fundamental para identificar doentes com elevado
impacto funcional, atividade sistémica elevada, risco aumentado de linfoma e maior
mortalidade 73°, e assim orientar a terapéutica.

Um outro aspeto fundamental da doenca é o dano funcional ou estrutural irreversivel
acumulado, que pode resultar da atividade da doenca, de efeitos iatrogénicos das
terapéuticas, ou de comorbilidades 74°. Estdo atualmente disponiveis 2 escalas para
afericdo e quantificacdo do dano na SSA: a SS Disease Damage Index (SSDDI) 741 [296] e a
SS Damage Index (SSDI) 742,

A dor generalizada, frequentemente presente nestes doentes, e as queixas secas
orais e oculares, bem como as manifestacbes secundarias a esses sintomas, sdo
importantes para os doentes com SSP, afetando significativamente os componentes fisico,
psicolégico e social da qualidade de vida relacionada com a saude 7%3. No entanto, é
frequente a discordancia entre a resposta subjetiva e os testes objetivos, causando
desacordo entre o médico e o doente relativamente a relevancia da secura, fadiga, mal-
estar e outros sintomas 744,

No ambito da saude oral, tem sido dada atencao a Oral Health Related Quality of Life,
que é baixa nos doentes com SSP 7%°. O Oral Health Impact Profile (OHIP)-14 746 é uma
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versdo simplificada do OHIP-49, com 14 items. Este questionario encontra-se validado em
portugués, e demonstrou bom desempenho na avaliacdo da qualidade de vida relacionada
com a saude oral em doentes com hipossalivacio 74’

Também a nivel ocular foram desenvolvidas algumas escalas, como o National Eye
Institute Visual Function Questionnaire 7*® e o Ocular Surface Disease Index (OSDI) 74°. O
OSDI é uma ferramenta extensamente utilizada no ambito da Oftalmologia, uma vez que
avalia quer a frequéncia das queixas de olho seco, quer o seu impacto na visdo 7°C,
Recentemente, um novo questiondrio, o Symptom Assessment in Dry Eye (SANDE) 7>,
demonstrou boa correlagdo com o OSDI, com a vantagem de consistir apenas em 2
questdes avaliadas com EVA, ao invés das 12 questdes do OSDI. Deste modo, é promissor
como um método valido, simples e rapido para avaliagcao da frequéncia e gravidade dos
sintomas de olho seco.

No entanto, o impacto clinico das queixas secas, bem como as MCD relativas as
gueixas secas, tém uma fraca correlacdo com a fung¢do secretdria glandular, de causa
certamente multiFatorial 7>2. Além disso, as queixas secas, subjetivas, ndo se correlacionam
com a atividade sistémica da doenca, e podem afetar negativamente a qualidade de vida,
mesmo na auséncia de manifestacdes de envolvimento extra-glandular 7°3,

Apesar dos varios instrumentos oriundos de areas particulares, sdo necessarios
instrumentos especificos e abrangentes para a avaliacdo sistematica da qualidade de vida
relacionada com a doenca em doentes com SSP 74, Vdarios instrumentos metroldgicos
foram desenvolvidos para utilizacdo em ensaios clinicos, como o SS disease ativity index
(SSDAI) 741, o Sjégren’s Systemic Clinical Ativity Index (SCAIl) 7>°, o Profile of Fatigue and
Discomfort (PROFAD) 7% e o Sicca Symptoms Inventory (SSI) 7>7.

Nos ensaios clinicos iniciais, a eficacia da terapéutica imunossupressora foi avaliada
recorrendo sobretudo a escalas visuais analdgicas (EVA) para as queixas secas, dor e fadiga.
A sensibilidade a variacdo das EVA é questionavel, em particular a relativa a dor, que pode
subestimar ou sobrestimar a real variacdo 72,

Deste modo, a EULAR desenvolveu uma iniciativa com vista a elaboracdo de
instrumentos de avaliacdo das MCD, da atividade sistémica e do dano.

O EULAR Sjégren’s syndrome patient reported index (ESSPRI), composto por EVA de
queixas secas, dor e fadiga 7>°, demonstrou um melhor desempenho que outras MCD 7¢°.

O EULAR Sjégren’s syndrome disease ativity index (ESSDAI) foi desenvolvido para
avaliar a atividade sistémica da doenca. No ESSDAI, as manifestacOes sistémicas da SSP sdo
caracterizadas de acordo com a gravidade ou grau de atividade, e alocadas a dominios de
acordo com o drgdo ou sistema afetado (Anexo 1). Considerando o somatério das
pontuac¢des dos 12 dominios, a pontuacdo deste indice de atividade varia entre 0 e 123 762,
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Para a correta utilizacdo do ESSDAI em ensaios clinicos, e também na pratica clinica, houve
necessidade de clarificar e harmonizar a sua aplicacdo, com a elaboracdo de um guia de
utilizagdo 762,

O ESSDAI e o ESSPRI ndo se correlacionam entre si, sugerindo que as manifestacdes
sistémicas e as queixas reportadas pelo doente sdo componentes distintos da doenga, pelo
gque estes instrumentos complementam-se na avaliagao dos doentes, quer em ensaios,
quer na clinica 763,

A pontuagdo do ESSDAI correlaciona-se com marcadores de atividade das células B,
como a B2 microglobulina, cadeias leves de imunoglobulina livres >73, a citocina BAFF 7%%, e
associa-se ao risco de linfoma >71764,

O ESSDAI foi validado prospectivamente e demonstrou ter elevada sensibilidade a
variacdo, ao contrério das MCD 7%°, Recentemente, foram definidos niveis de atividade de
doenga e estabeleceu-se o conceito de melhoria clinicamente importante (MCl): doenga
moderadamente ativa é definida como um ESSDAI >5 e a MCI é considerada como a
reducio de pelo menos 3 pontos 79>, Com estas defini¢des de niveis de atividade e MCl, os
novos ensaios clinicos passaram a incluir apenas doentes com atividade sistémica
moderada ou elevada (ESSDAI>5), e simultaneamente o ESSDAI comecou a ser utilizado
como medida de eficacia em ensaios clinicos randomizados na SSP, sendo em alguns deles
o indicador primario de resposta.

Contudo, os resultados de ensaios clinicos recentes que utilizaram o ESSDAI como
medida de resposta foram frequentemente desapontantes. Embora os motivos apontados
para a faléncia sejam multiplos, foram reconhecidas limitagdes do ESSDAI como medida
principal de resposta, incluindo elevados indices de efeito placebo 7°°.

Como a ma qualidade de vida na SSP é determinada sobretudo por MCD como o
ESSPRI ou escalas Sicca, em detrimento do ESSDAI 7%7, estdo a ser desenvolvidos indices de
resposta combinados. Um dos indices combinados proposto é o Sjégren’s syndrome
Responder Index (SSRI) 768, que combina EVA’s de fadiga, secural oral e ocular, com o fluxo
salivar ndo-estimulado e a VS. Uma resposta SSRI-30 foi definida como uma melhoria de
30% em pelo menos 2 dois 5 items. Outro indice combinado é o Composite of Relevant
Endpoints in SS (CRESS), que foi desenvolvido a partir de um ensaio randomizado com
abatacept 7%°, O CRESS inclui 5 dominios (ESSDAI, ESSPRI, funcdo glandular salivar e
lacrimal, e serologia) e requer resposta em pelo menos 3 destes.

Os resultados dos ensaios TEARS e TRACTISS apoiam a inclusdo da ecografia das
glandulas salivares num indice de resposta composto 77°. Menores pontuac¢des na EGS
inicial associaram-se a uma melhoria dos parametros relacionados com a secura, sugerindo
que em doentes com elevadas pontuacdes ecograficas possa ja ter ocorrido dano
irreversivel 71, Embora seja necessério esclarecer melhor a correlacdo entre a EGS e a
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histologia glandular, devido ao seu facil acesso a EGS enquadra-se bem no conceito recente
de “fenotipagem clinica profunda” 73°.

Num estudo com base no registo britanico de SSP, os 4 grupos distintos de doentes
definidos de acordo com o conjunto da intensidade da queixas de secura, dor, fadiga,
ansiedade e depressdo (“baixo impacto dos sintomas”, “alto impacto dos sintomas”,
“predominio de secura com fadiga” e “predominio de dor com fadiga”) apresentaram
diferencas significativas entre si em marcadores laboratoriais e transcriptomas 772,

Face a inconsisténcia dos instrumentos metroldgicos habitualmente utilizados e as
novas metodologias descritas, é necessario repensar os instrumentos de medicao da
resposta primaria e considerar a utilizagdo de um conjunto alargado de medidas
complementares. Além da fenotipagem clinica, tém sido feitos importantes progressos na
fenotipagem imunoldgica e molecular da SSP (genética, epigenética, transcricional). Por
exemplo, um perfil linfocitario caracterizado por diminuigao das células T CD4+, das B de
membdria e das células dendriticas plasmacitdides, e aumento das células T CD4+ e CD8+
ativadas, permitiu estratificar os doentes de acordo com a pontuacdo do ESSDAI /73, Noutro
estudo, a quantificacdo de citocinas séricas por um sistema multiplex foi preditora de
resposta a terapéutica combinada com hidroxicloroquina e leflunomida 774. Apesar da
sobre-expressdo de genes relacionados com o IFN (a “assinatura do IFN”) estar presente
em cerca de 60% dos doentes com SSP 4?2, n3o existe uma relacdo consistente entre as
manifestagdes clinicas e o perfil transcricional que permita, na atualidade, a utilizacdo de
tais “assinaturas” como instrumento de avaliacdo 7.

2.9. Terapéutica

Na terapéutica da SSP é necessario considerar a abordagem do envolvimento glandular,
qgue inclui as queixas secas e a tumefacdo glandular, e as manifestacBes sistémicas,
incluindo a fadiga, dor e envolvimento especifico de d&rgao. Foram publicadas
recomendacdes pela British Society for Rheumatology e pela EULAR 277 e a Sjégren’s
Foundation promoveu a publicacdo de orientacbes para a pratica clinica elaboradas por
peritos 777778,

Um desafio futuro é a estratificacdo dos doentes, de acordo com o perfil de atividade
sistémica, biomarcadores, queixas secas e e impacto na qualidade de vida, com vista ao
desenvolvimento de estratégias terapéuticas personalizadas. Um exemplo, utilizando
dados do United Kingdom SS registry, demonstrou-se que existiam diferencas nos
marcadores laboratoriais e transcriptomas entre 4 grupos distintos de doentes definidos
de acordo com a intensidade da queixas de secura, dor, fadiga, ansiedade e depressdo 772
“baixo impacto dos sintomas”, “alto impacto dos sintomas”, “predominio de secura com
fadiga” e “predominio de dor com fadiga” 7’2.
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2.9.1. Manifestagdes glandulares

Em relagao as queixas secas é fundamental a eliminagdo de Fatores de agravamento, como
farmacos xerogénicos, irritantes orais e oculares, ambientes secos ou ventosos, entre
outras medidas.

A abordagem terapéutica da xeroftalmia segue um esquema por degraus, em que de
inicio se recorre as lagrimas artificiais e lubrificantes, seguida da utilizacdo de farmacos
tépicos com acdo anti-inflamatdria como corticéides e ciclosporina, da oclusdao temporaria
ou definitiva do canal lacrimal, e da aplicacdo tdpica de soro autdlogo 77°.

A abordagem terapéutica da xerostomia visa aliviar os sintomas e prevenir as caries,
com recurso a pastas fluoradas, anti-sépticos orais, estimulantes salivares de ac¢do local,
substitutos salivares e segratogogos como a pilocarpina 778780, Infelizmente, as opcdes
terapéuticas para a hipofuncgdo salivar grave s3o limitadas 78782,

2.9.2. Manifestagoes sistémicas

A abordagem terapéutica das manifestacdes sistémicas requer o uso de terapéuticas
imunossupressoras para as quais ha vasta experiéncia em outras doencas reumaticas
sistémicas. Assim, é habitual a utilizacdo de metotrexato no tratamento das manifestacdes
articulares, e azatioprina ou o micofenolato mofetil em manifestacdes especificas de érgao,
tendo os corticoesterdides um papel adjuvante 2. Para manifestacdes sistémicas com risco
de perda de drgdo ou de morte, a abordagem nao difere da utilizada em manifestagdes
semelhantes noutras doencas autoimunes, com a utilizacdo de pulsos de corticoesterdides,
ciclofosfamida, imunoglobulinas endovenosas ou plasmaferese 2.

A hidroxicloroquina é recomendada no envolvimento articular e cutaneo, e pode ter
algum efeito na fadiga 7778, Um estudo retrospectivo sugeriu um efeito protetor em
relacdo ao dano 8%, Apesar da sua extensa utilizacdo, n3o foi possivel demonstrar a eficacia
da hidroxicloroquina na SSP num anterior ensaio clinico randomizado de grande dimensao
785 E possivel que o fracasso deste ensaio se deva a baixa sensibilidade dos instrumentos
de avaliac3o centrados do doente utilizados 726,

Os linfdcitos B sdo desde ha muito considerados um alvo légico na terapéutica da SSP,
dado o seu importante papel na patogénese da doenca **’. Pequenos ensaios abertos com
Rituximab (anticorpo monoclonal anti-CD20) demonstraram rapida deplecdo de células B
nas glandulas salivares e lacrimais 787788, sugerindo um eventual papel na terapéutica
precoce, reforcada por um possivel beneficio nas queixas secas e fadiga 78%7°°, Contudo, 2
grandes ensaios de fase 3 ndo cumpriram os objetivos estabelecidos, avaliados através de
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instrumentos centrados no doente 7°%7°2, N3o obstante, as recomendacdes da British
Society for Rheumatology e da Sjégren’s Syndrome Foundation admitem o uso off-label de
Rituximab em doentes com SSP e manifesta¢des graves, como linfoma, trombocitopénia
autoimune, neuropatia vasculitica, crioglobulinémia, e manifestacdes sistémicas
refractarias aos agentes imunossupressores convencionais 776783,

A faléncia em atingir os objetivos terapéuticos nos ensaios clinicos na SSP pode ser
atribuida a varios fatores, como a heterogeneidade da doencga, o forte efeito placebo, ma
sensibilidade dos instrumentos de avaliacdo, dimensao reduzida da amostra, ou curta
durac3o do ensaio 7?3, Esta faléncia na aprovacdo de terapéuticas inovadoras estimulou o
desenvolvimento de instrumentos metroldgicos especificos, abrangentes e sensiveis a
mudanca, e de biomarcadores para estratificacdo dos doentes de acordo com a
probabilidade de resposta a um determinado agente 7°%.

Ensaios recentes mostraram resultados promissores recorrendo a novas
metodologias de avaliagdo, nomeadamente com o Iscalimab (anticorpo monoclonal anti-
CD40) 7%, lanalumab (anticorpo monoclonal anti-receptor do BAFF) 796797, RSLV-132
(proteina de fusdo RNase-Fc humana) 7%, e a combinacdo de hidroxicloroquina e
leflunomida 7*°.

As terapéuticas atualmente em estudo visam sobretudo as vias imunoldgicas
desreguladas na SSP, como a ativacdo de células B, a co-estimulacgdo, a sinalizacdo por TLR
e a producdo de citocinas pro-inflamatdrias 89, Embora a resolucdo da inflamacdo nos
orgaos afetados seja um importante objetivo da imunoterapia, a recuperagao do epitélio
das glandulas salivares e lacrimais sera também desejavel e permanece um desafio. Foi
demonstrado que a populacdo de células percursoras epiteliais estd reduzida na SSP e
apresenta um fendtipo senescente, realcando a necessidade de eliminar estas células
senescentes e repor o epitélio saudavel, por exemplo através da transferéncia de células
estaminais 801,

Devido a heterogeneidade da SSP, justifica-se uma abordagem médica de precisao,
utilizando futuramente caracteristicas clinicas, imunolégicas, genéticas e transcricionais

para uma decis3o terap@utica personalizada 82,

2.10. Impacto e Progndstico

A morbilidade na SSP decorre principalmente da deficiente funcdo das glandulas exdcrinas,

causando diversos sintomas que afetam a vida didria 7.
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Estas manifestacdes, associadas a elevada prevaléncia de fadiga, dor, alteracGes do
sono e lentificacdo do pensamento ("brain fog"), contribuem para ma qualidade de vida e
altos indices de incapacidade para o trabalho 893804,

Os doentes com SSP apresentaram taxas de incapacidade laboral de 26% aquando do
diagndstico, atingindo 41% 2 anos apds o diagndstico 8%,

A mortalidade na SSP, globalmente, ndo esta aumentada em relagdo a populagdo
geral 8%, No entanto, alguns subgrupos de doentes tém de facto aumento da mortalidade,
incluindo aqueles com vasculite, crioglobulinémia e linfoma 897-8%9, Numa grande coorte de
Espanha, o acréscimo de risco de mortalidade na SSP foi de 4.66 (95% Cl, 3.85 a 5.60) °7,
sendo preditores de maior mortalidade o sexo masculino, a crioglobulinémia e a redugao
do C4. A presenga de vasculite crioglobulinémica no inicio da doenca é um fator
independente de maior mortalidade 8%’. Elevada atividade sistémica no inicio da doenca
também é um fator preditivo de mortalidade, em especial se estiver presente
envolvimento pulmonar >7%,
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CAPITULO II. Objetivos
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A SSP apresenta uma considerdvel variabilidade clinica, ndo existindo nenhuma
caracteristica especifica que, isoladamente, permita o seu diagndstico, recorrendo-se a
critérios de classificagdo, como os do ACR/EULAR e os do AECG, para sele¢do de doentes
para fins de investigacao.

Na pratica clinica, o diagndstico baseia-se na confirmagdo objetiva de que um doente com
queixas secas apresenta efetivamente reduc¢do da capacidade secretdria lacrimal ou salivar,
e que had um disturbio imunoldgico subjacente, sendo este Ultimo requisito obrigatério.

S3o desejaveis novos biomarcadores que traduzam a disfuncdo imune presente na doenca,
sendo um dos exemplos promissores a caracterizacdo do perfil linfocitario por citometria
de fluxo

O objetivo principal deste projeto consiste na explora¢do das subpopulagdes linfocitarias,
caraterizadas por citometria de fluxo, como biomarcador auxiliar no diagndstico e
classificacdo da SSP.

Objetivos gerais

Avaliar se os doentes com SSP apresentam, em relagdo a controlos saudaveis, doentes com
sindrome Sicca ndo-Sjogren e doentes com Artrite Reumatoide, diferentes perfis de
subpopulacdes de linfocitos B (nomeadamente linfocitos B maduros, B de memoria e B
reguladores) e de linfocitos T (nomeadamente linfécitos Th1l, Thl7, T reguladores e T
foliculares) no sangue periférico.

Avaliar o impacto da inclusdo do estudo das subpopulacdes linfocitdrias na sensibilidade e
especificidade dos critérios de classificagdo ACR/EULAR e AECG.

Objetivos especificos

Determinar o perfil imunoldgico de doentes com SSP através da caraterizacdo de linfocitos
B e T no sangue, por citometria de fluxo e estabelecer valores de cut-off (em comparacdo

com grupos sauddveis) das subpopulacdes linfocitdrias que maximizem a especificidade e
sensibilidade para aplicacdo na pratica clinica.
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Averiguar da existéncia de alteragGes dos linfécitos B em doentes com SSP, nomeadamente
de uma razdo (Bm2+Bmz2')/(eBm5+Bm5) aumentada, de uma diminuicdo dos linfécitos B
CD27+ de memdria, e de uma diminui¢3o nos linfécitos B reguladores CD19+ CD24MCD38",
conforme descrito na literatura.

Averiguar da existéncia de alteragGes dos linfécitos T em doentes com SSP, nomeadamente
de uma elevacdo do nimero de células Th17 CD4+, de um aumento da razdo Th17/T rege

de um aumento do numero de linfécitos T foliculares, conforme descrito na literatura.

Avaliar as carateristicas clinicas e distribuicdo das populagdes linfocitdrias, de acordo com
o perfil seroldgico (Acs anti- SSA) de doentes com SSP.

Avaliar a concordancia dos critérios de classificacdo AECG e ACR/EULAR, a sua comparagao
com o padrdo-ouro (o diagndstico clinico) e o possivel valor adicional da avaliacdo de
subpopulagdes linfocitarias especificas para estes critérios de classificacao.

Objetivos complementares

Avaliar a distribuicao das subpopulacdes linfocitdrias consoante o perfil serolégico do EBV.

Avaliar aplicagdo de um novo biomarcador ocular, a morfologia do plexo nervoso corneano
sub-basal, e comparar as carateristicas de doentes com SSP, Sicca, AR e controlos saudaveis

Avaliar a relagdo entre a morfologia do plexo nervoso corneano sub-basal e carateristicas

fenotipicas da SSP, incluindo atividade da doenca e a distribuicdo das subpopulag¢des
linfocitarias.
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CAPITULO Ill. Association between memory B-cells and
clinical and immunological features of primary Sjogren’s
syndrome and Sicca patients | Associagdo entre as células
B de memoiria e as carateristicas clinicas e imunoldgicas de
doentes com Sindrome de Sjogren e sindrome Sicca.
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Abstract

B-cells play a pivotal role in primary Sjogren’s syndrome (pSS) pathogenesis. We aim to (1)
evaluate the distribution of B-lymphocyte subpopulations in pSS and Sicca patients, (2)
establish cut-off points that discriminate pSS from controls, (3) evaluate the association
between memory B-cells and phenotypic features in pSS. We included 57 pSS patients, 68
Sicca and 24 healthy controls. Circulating B-cells were characterized by flow cytometry as
naive and memory subsets and classified from Bm1 to Bm5. Compared to controls, pSS
patients had lower percentages (29.5 vs 44.4%) and absolute numbers (47 vs 106 cells/pl)
of memory B-cells. Through ROC curves, a cut-off of < 58 total memory B-cells/ul yielded a
specificity of 0.88 and a sensitivity of 0.60 for pSS, and was met by 59.6% of pSS patients,
38.8% of Sicca and 12.5% of controls. A cut-off of <23.5 Switched-memory B-cells/ul
yielded a specificity of 0.88 and a sensitivity of 0.54 and was met by 54.4% of pSS patients,
37.3% of Sicca and 12.5% of controls. In pSS, lower total memory B-cells count was
associated with longer disease duration (14.3 vs 8.1 years, p =0.006) and more active
disease profile, as evaluated by the European League Against Rheumatism (EULAR)
Sjogren’s Syndrome Disease Activity Index (ESSDAI) (3.1 vs 1.4, p =0.043). Decreased
numbers of memory B-cells clearly discriminated pSS from controls and can also have
prognostic value. It remains to be clarified whether Sicca patients with decreased memory
B-cells represent pSS and if B-cell profiling could help in the diagnosis of pSS.

Keywords Sjogren’s syndrome:- Flow cytometry- Memory B cells- Diagnosis -
Autoimmunity
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Introduction

Primary Sjogren’s syndrome (pSS) is characterized by lymphocytic infiltration and damage
of the exocrine glands, resulting in glandular dysfunction with xerostomia and
xerophthalmia [1]. Systemic manifestations include arthritis, vasculitis, lung, neurological
and renal involvement [2]. The main elements for pSS diagnosis are the presence of antiSSA
antibodies [3] and focal lymphocytic infiltrates in the minor salivary gland (MSG) biopsy [4,
5]. These have been included as mandatory items used in the classification criteria [6-8],
from which the American-European Consensus Group (AECG) [6] have been the most used
in the clinical practice for the last 15 years. Recently, a new set of criteria was proposed by
the ACR/EULAR joint initiative [8], based on a weighted sum of objective items, which could
potentially be adapted, if new diagnostic tests arise.

Clinical diagnosis remains difficult, especially in the early stages of the disease [9],
since many patients with pSS may not meet the immunological criteria. Although anti-SSA
antibodies can be detected before the recognition of clinical disease [10], they are negative
in one-third of patients [11]. The histological criterion (focus score = 1) has also variable
sensitivity [4] and seems to be associated with the occurrence of anti-SSA, rheumatoid
factor (RF) and antinuclear antibodies (ANA) [12]. Therefore, it is of great interest to
identify and validate other instruments to support the diagnosis, especially in patients that
although not fulfilling the classification criteria, may have the disease, as judged by the
experts. Examples of potential new instruments are the study of lymphocytic
subpopulations by flow cytometry [13, 14], the identification of new autoantibodies [15]
and salivary gland sonography [16].

The immunopathogenesis of pSS is complex and involves the innate immune system
and both arms of the adaptive immune system, cellular and humoral [17]. B-cell
disturbances are the hallmark of pSS and play a pivotal role in the disease pathogenesis and
clinical evolution [18-20]. The hyperactivity of B-lymphocytes in pSS is recognized by
hypergammaglobulinemia, cryoglobulinemia, cytokine and antibody production [21], and
results in an increased risk of lymphoma [22].

B-lymphocytes leave the bone marrow as transitional B-cell and proceed to the
secondary lymphoid organs, where their maturation continues under modulation of T-
lymphocytes [23]. B cells in different stages of differentiation may be identified in
peripheral blood based on their expression of distinct surface markers patterns. There is a
great interest in identifying distinct B-cell subset profiles that may have a potential role for
the diagnosis of autoimmune diseases [14]. In pSS, the distribution of peripheral B-cell
subpopulations is altered, with an increase of the naive subset and the decrease of
circulating memory cells [24-26]. A decreased frequency of memory cells has also been
identified in patients with Sicca syndrome without criteria for pSS [25].

CD27 is a marker of somatically mutated B cells and memory B-cells. The expression
of CD27, IgD and IgM allows the identification of naive B-cells (CD27-1gM*IgD*), unswitched
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(CD27*IgM* IgD*) and switched (CD27*IgM-1lgD-) memory B-cells in the peripheral blood
[27].

The Bm1-Bmb5 classification of the CD19* B-cell compartment has also been used in
the context of autoimmune diseases. According to the expression of CD38 and IgD, it allows
the identification of several development stages of B cells which may leave the germinative
centres and be detected in circulation [28], classified from Bm1l to Bm5 [29]. This
classification partially overlaps with the IgD/ CD27 classification. Bm1 includes transitional
and naive B-cells (IgD*CD38-), which become Bm2 (IlgD*CD38*) upon activation and
progress to germinal centre founder (IgD*CD38*"). Bm3 centrocytes and Bm4 centrocytes
(IgD-CD38*) are seldom identified in circulation and will differentiate inside the germinal
centre into either plasma cells, or early and late memory cells (eBm5: IgD-CD38* and Bm5:
IgD-CD38-, respectively).

In pSS, specific changes in the distribution of these populations have been described,
namely the increase of the Bm2 and Bm2' subsets with a decrease of the eBm5 and Bm5
subpopulations [24]. In recent papers, these changes have been suggested to be useful as
diagnostic tools [30, 31].

Our study aims to evaluate the distribution of B-lymphocyte subpopulations in
patients with pSS and Sicca syndrome through flow cytometry and to establish cut-off
points for pSS classification in relation to healthy controls. Moreover, we aim to evaluate
the relation between lymphocyte subpopulations and phenotypic features in pSS patients.

Materials and Methods
Population

We have included adult patients followed at the Rheumatology department of Instituto
Portugués de Reumatologia and Hospital Cuf Descobertas, with confirmed or suspected
pSS. We have consecutively recruited patients, which were classified as pSS if they fulfilled
the AECG classification criteria [6], or as non-Sjogren Sicca syndrome (designated as “Sicca
group”) if they did not fulfil pSS criteria. The exclusion criteria from the AECG criteria were
applied to all patients, and additional exclusion factors were considered for both groups:
IgG4-related disease, history of other corneal diseases and refractive surgery. Recruitment
and evaluation have been performed between September 2014 and March 2017. The
control group consisted of healthy women without Sicca symptoms, selected from the
Ophthalmology outpatient clinic.

Disease activity in pSS patients was determined with the European League Against
Rheumatism (EULAR) Sjogren’s Syndrome Disease Activity Index (ESSDAI) [32]. pSS patients
were stratified according to the disease activity in two subgroups: low disease activity
(ESSDAI < 5) and moderate or high disease activity (ESSDAI > 5) [33].

Informed consent has been obtained from all patients and controls.
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This study was approved by the Ethics committee of Hospital Cuf Descobertas, Ethics
committee of Instituto Portugués de Reumatologia and NOVA Medical School Ethics (no.
17/2016/CEFCM).

Flow cytometry measurements

A total of 6 ml of whole peripheral blood was collected into EDTA containing tubes. All
samples were processed and analyzed within 24 h after collection.

To characterize B-lymphocyte subpopulations, a pre-validated panel of membrane markers
was used, with the following monoclonal antibodies: CD19, CD24, CD27, CD38, Anti-IgD and
Anti-IgM.

The acquisition of samples was performed using a 4-color BD FACS Calibur™
cytometer (BD Biosciences). Cell Quest Pro™ software (BD Biosciences) was used for both
acquisition and analysis of samples.

In each tube, at least 5 x 103 CD19* events (B-lymphocytes) were acquired.

Each studied B-cell subset was evaluated in percentages and absolute counts. For the
CD27/1gD classification (Figure 1), naive, memory, unswitched memory and switched
memory B-cells were evaluated (Figure 1). As for the Bm1-5 classification, six other subsets
were considered: Bm1, Bm2, Bm2’, Bm3 + Bm4, eBm5 and Bm5 B-cells. For absolute
counts, a single-platform strategy was used, with BD Trucount tubes™.

Complete gating strategies are described in supplementary data and illustrated in
Supplementary Figure 1.

Statistical analysis

An exploratory analysis was carried out for all variables. Quantitative variables were
described with mean and standard deviation (SD) or median and inter-quartile range (IQR:
25th percentile-75th percentile), as appropriate. Categorical data were presented as
frequencies and percentages. To compare the distribution of the B-cell subsets between
pSS, Sicca and control groups, Kruskal-Wallis test was applied, and whenever differences
between at least two of these groups were identified, multiple comparisons were used to
overcome the multiple testing problem. The Receiver Operating Characteristic (ROC) curves
were used to establish cut-off points in the B-cells subset levels and to estimate
corresponding sensitivity and specificity. Data analysis was performed using R (R: A
Language and Environment for Statistical Computing, R Core Team, R Foundation for
Statistical Computing, Vienna, Austria, year = 2017, http://www.R-project.org ).

Results

Patients’ characteristics

Fifty-seven patients were included in the pSS group, 68 in the Sicca group and 24 in the
control group.
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pSS mean age was 58.3 years with standard deviation (SD) of 11.9 years, and Sicca patients’
mean age and SD were 60.5 and 10.7 years, respectively. In the control group, the mean
age was 51.1 years with SD of 6.6 years. The average disease duration in pSS patients was
11.8 years with SD of 7.8 years, and in Sicca patients was 9.7 and 5.0 years, respectively.
The clinical and immunological characteristics of both patient groups are presented in
Table 1.

Table 1 pSS and Sicca patient’s characteristics

pSS (N=57) Sicca (N=68)
Ocular symptoms, n (%) 54 (94.7) 66 (95.6)
Oral symptoms, n (%) 55(96.5 65 (95.6)
Ocular signs, n (%) 34/56 (62.5) 35/66 (53.8)
Oral signs, n (%) 34/50 (70.8) 42/62 (67.7)
Parotid enlargement, n (%) 8 (14.0) 1(1.5)
Extraglandular disease (ever), n (%) 23 (40.4) 24 (35.3)
Joint symptoms, n (%) 24 (42.1) 31 (47.7)
Skin involvement, n (%) 18 (31.6) 16 (24.6)
Other Extraglandular involvement, n (%) 5(8.8) 0(0)
Raynaud's phenomenon, n (%) 8(14.0) 17 (26.2)
Focus score 21, n (%) 43/56 (79.6) 0(0)
SSA, n (%) 38 (66.7) 1(1.5)
SSB, n (%) 18/50 (36.0) 1/61 (1.6)
ANA > 1/320, n (%) 45 (78.9) 37 (54.4)
ANA > 1/640, n (%) 32 (56.1) 16 (23.9)

Rheumatoid factor, n (%)

24/50 (48.0)

18/66 (27.3)

Gammaglobulin > 1.6 g/dl, n (%) 14 (24.6) 3/66 (4.5)
Therapy (any), n (%) 32 (56.1) 30 (46.2)
Glucocorticoids, n (%) 19 (33.3) 18 (26.5)
Hydroxychloroquine, n (%) 20 (35.1) 20 (29.4)
Immunossupressants, n (%) 10(17.5) 8(11.8)

Patient’s characteristics are represented as number of occurrences (n) and percentages (%). Whenever there
were missing values, percentages reflect the number of occurrences over the number of patients tested for
the item. Joint symptoms include arthritis and joint pain of inflammatory origin, but only cases that would
score in the articular domain of ESSDAI were considered as extra-glandular disease. Likewise, in some patients
skin involvement (which not included xerosis) was not considered as extra-glandular disease if it would not
score in the cutaneous domain of ESSDAI

pSS, primary Sjogren’s syndrome; SF, salivary flow; SSA/SSB, Sjogren’s syndrome A/B antibody; ANA,
antinuclear antibody; RF, rheumatoid factor; ESSDAI, European Sjogren’s syndrome disease activity index

B-cell subsets according to IgD and CD27 classification
pSS and Sicca patients had lower absolute number of lymphocytes in comparison to

controls (p =0.001 and p =0.053, respectively), as well as lower B-cell numbers, with
statistical significance when comparing pSS with controls (p =0.031). There were no
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significant differences between both patient groups regarding total lymphocyte and B-cell
numbers (p =0.490 and p = 0.165, respectively) (Table 2). Regarding naive B-cells, there
were no significant differences between patient groups and controls (Table 2;
Supplementary Table 1). Significant differences were found between pSS and controls in
absolute counts of all memory populations: total memory (TMem) (CD19*CD27*), switched
memory (SwWM) (CD19*IgD-CD27*) and unswitched memory (UnSwM) (p < 0.001 for all)
(Table 2). Comparing pSS patients with controls, we found a weak evidence of lower
percentages of TMem B-cells (p = 0.078) in patients, and more significant differences in the
UnSwM subset (p = 0.043) (Supplementary Table 1). Percentages of memory B-cells in Sicca
patients were similar to pSS patients (30.8 and 29.5%, respectively), and lower than
controls (30.8 and 44.4%, respectively), although the difference was not statistically
significant (p = 0.300) (Supplementary Table 1). Absolute memory B-cells numbers in Sicca
were intermediate between those of pSS (66 and 47 cells/ul, respectively, p =0.103) and
controls (66 and 106 cells/ pl, respectively, p =0.071) (Figure 1; Table 2), being more
significant when considering the memory subsets SWM cells (p = 0.053 when comparing
with controls) and UnSwM cells (p = 0.058 when comparing with pSS).
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Figure 1 a Examples of typical blood memory B-cell subset profiling by flow cytometry in pSS patients, Sicca
patients and controls. Annotations of the figure: analyses are gated on IgD and CD27. b Box-plots with the

122



distribution of absolute numbers and percentages of total Memory B-cells (b1 and b2, respectively) and of
Switched memory B-cells (b3 and b4, respectively). pSS, primary Sjogren’s syndrome.

Bm1-Bmb5 classification of mature B-cells

In pSS patients, the percentage of Bm1 cells was lower than in controls and Sicca (p = 0.067
and p =0.064, respectively) (Supplementary Table 1). The difference was even more
significant for absolute counts (Table 2) (p < 0.001 versus controls, and p = 0.002 versus
Sicca).

Regarding Bm2 and Bm2' cells, no significant differences were found between the
three groups, although in the pSS group the Bm2 count was lower than in the other two
groups. The percentages of eBm5 and Bmb5 cells did not differ between groups, but patients
with pSS presented significantly lower numbers compared to controls (p < 0.001 for eBm5
and p =0.002 for Bm5). Sicca patients presented values between those of pSS and controls,
without statistical significance. Even though patients with pSS presented higher
Bm2 + Bm2'/eBm5 + Bm5 ratios than controls, the difference was not statistically
significant (p = 0.613).

Cut-off points for optimal diagnosis and best specificity

pSS patients and controls were compared and ROC curves were used to identify cut-off
points with optimal sensitivity and specificity concerning naive and memory populations,
as well as Bm1-Bmb5 subsets. In most cases, the absolute values produced a better area
under the ROC curve (AUC) than percentages (Table 3; Supplementary Table 2).

The best discriminators were the TMem cells count (in which a cut-off equal to 72
cell/ul had a specificity of 0.75 and a sensitivity of 0.74 for pSS) and the SwM cells subset
count (in which a cut-off equal to 35.5 cells/ul had a specificity of 0.79 and a sensitivity of
0.75 for pSS) (Table 3). The former cut-off was fulfilled by 75.4% of pSS patients and 20.8%
of controls, whereas 61.2% of Sicca patients also presented SwWM counts lower than the
cut-off. Regarding the TMem cut-off of 72 cells/ul, it was fulfilled by 73.7% of pSS patients,
25.0% of controls, and 53.7% of Sicca patients.

In the Bm1-Bmb5 classification, the item with the best performance was the sum of
eBm5 with Bm5 populations, in which, using a cut-off value of 38 cells/ul, a specificity of
0.75 and a sensitivity of 0.72 for pSS was obtained (Table 3). That cut-off was fulfilled by
71.9% of pSS patients, 25.0% of controls, and 55.2% of Sicca patients.

The ratio Bm2 + Bm2'/ eBm5 + Bm5 presented an optimal cut-off value of 3.83,
however, with a sensitivity of only 0.53 and specificity of 0.75.

To reduce the chance of false positives, we have tested several specificity values
between 0.80 and 0.95 and determined that a 0.88 specificity yielded the cut-offs that best
distinguished pSS patients from controls, without severely compromising sensitivity.
Overall, slightly better results were obtained with absolute values than with percentages
(Table 3; Supplementary Table 2). A cut-off of equal to 58 TMem cells/ul was met by 59.6%
of pSS patients, 12.5% of controls and 38.8% of Sicca patients, and a cut-off of equal to 23.5
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SwM cells/pl was met by 54.4% of pSS patients, 12.5% of controls and 37.3% of Sicca
patients. In the Bm1-Bm5 classification, the eBm5 + Bm5 population was a good
discriminator (AUC = 0.77), with a cut-off of 23.33 cells/pl corresponding to 0.88 specificity,
and 0.47 sensitivity. Values lower than this cut-off were obtained in 47.4% of pSS patients,
8.3% of controls and 31.3% of Sicca patients.

Table 2 Comparison of B-cell subsets absolute counts in pSS, Sicca syndrome and healthy controls

B-cell types pSS Sicca Controls Groups’ comparisons (p—value*)
Syndrome
n=>57 n=68 n=24 EZi:rsols é;f;grome Vs glscsc;/s
Controls Syndrome
Cells/uL, median (25th-
75" percentile)
Lymphocytes (11:3?-125312) (15552%5297) (19922?-222;87) 0.001 0.053 0.490
B cells 177 (109-261) 229 (143-308) 252 (173-354) 0.031 1 0.165
lgD/CD27
Naive 108 (61-186) 138 (76-208) 137 (89-223) 0.647 1 0.478
Total Memory 47 (29-74) 66 (44-96) 106 (71-134) <0.001 0.071 0.103
Unswitched 22 (12-37) 35 (21-53) 57 (35-80) <0.001 0.190 0.058
Switched 22 (15-35) 30 (20-46) 45 (38-71) <0.001 0.053 0.182
Double-Negative 3(2-8) 4 (2-9) 4(2-8) 1 1 1
Bm1-5
Bm1l 18 (10-27) 28 (18-43) 38 (22-61) <0.001 1 0.002
Bm2 101 (57-162)  138(76-186) 130 (104-199) 0.245 1 0.389
Bm2' 11 (6-29) 11 (6-19) 12 (7-29) 1 1 1
Bm3*Bm4 3 (1-5) 3(2-4) 3 (2-4) 1 1 1
eBm5 15 (9-23) 18 (11-29) 27 (20-38) <0.001 0.062 0.267
Bm5 11 (8-19) 16 (10-22) 24 (15-34) 0.002 0.143 0.331
Bm2*Bm2'/Bm5*eBm5 3.9(2.2-6.9) 4.1(2.1-5.9) 2.9(1.9-4.1) 0.613 0.726 1

pSS, primary Sjogren’s syndrome

*Obtained by Kruskal-Wallis test multiple comparisons
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Table 3 Levels of B-cell subsets (absolute values) for optimal and high specificities for the classification of
pSS

Optimal® Specificity = 0.88

B-cell subsets or combinations AUC (95% Cl)

of subsets Cut-off point  Sensitivity ~ Specificity ~ Cut-off point  Sensitivity
IgD/CD27
Naive 0.61(0.48,0.74)  107.00 0.49 0.71 63.00 0.28
Memory Total 0.78 (0.67, 0.89) 72.00 0.74 0.75 58.00 0.60
Unswitched 0.76 (0.65, 0.88) 36.50 0.74 0.75 17.50 0.37
Switched 0.78 (0.67, 0,89) 35.50 0.75 0.79 23.50 0.54
Ratio Naive/Memory T 0.67 (0.55, 0.80) 1.52 0.65 0.71 3.38 0.33
Ratio Naive/Switched M 0.63 (0.50, 0.76) 3.17 0.63 0.62 8.00 0.23
Double-Negative 0.52 (0.39, 0.66) 3.50 0.54 0.50 0.50 0.09
Bm1-Bm5

Bm1l 0.76 (0.63, 0.88) 27.50 0.77 0.71 13.63 0.42
Bm2 0.64 (0.52, 0.77) 104.50 0.53 0.75 77.50 0.39
Bm2' 0.53 (0.40, 0.66) 19.50 0.65 0.46 4.50 0.19
eBm5 0.77 (0.66, 0.89) 24.50 0.79 0.71 14.50 0.49
Bm5 0.74 (0.62, 0.86) 12.99 0.61 0.83 10.00 0.42
Bm2*Bm2' 0.63 (0.50, 0.76) 132.50 0.60 0.62 82.50 0.37
eBm5*Bm5 0.77 (0.65, 0.88) 38.00 0.72 0.75 23.33 0.47
Bm2*Bm2'/Bm5*eBm5 0.62 (0.49, 0.75) 3.83 0.53 0.75 6.77 0.28

AUC, Area Under Curve; Cl, Confidence Interval; pSS, primary Sjogren’s syndrome a Cut-off points obtained
by maximizing both sensitivity and specificity

Comparison with phenotypic features of pSS

Considering the cut-off values for 0.88 specificity established in TMem and SwM B-cell
counts, we compared the immunological profile and phenotypic features of pSS patients
bellow and above the established cut-off (Table 4).

For both cell populations, patients with cell counts bellow the cut-off were older and
had longer disease duration than patients with cell counts above the cut-off, however only
the disease duration reached statistical significance (14.3 versus 8.1 years, p = 0.006 for
TMem, and 13.8 versus 9.4 years, p = 0.042 for SWM) (Supplementary Table 3).

Regarding the presence of a focus score > 1 in MSG biopsy, it was more frequent in
patients with cell counts below the established cut-off, with an odds ratio of 1.4 for TMem
and 1.7 for SwM, although the differences were not statistically significant (p = 0.618 and
p =0.452, respectively).

Autoantibody occurrence (anti-SSA, SSB, ANA and RF) was higher in the pSS patients’
group with TMem < 58 or SWM < 23.5 cell/ul, but not reaching statistical significance.
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Patients with positive anti-SSA were more likely to present TMem or SwM counts below
the cut-off, compared to SSA-negative patients, with an odds ratio estimate of 2.1 for
TMem and 1.5 for SwWM. Similarly, a greater odds ratio estimate was determined for anti-
SSB positivity (3.5 for TMem and 2.9 for SwM) and for ANA > 1/320 (2.5 for TMem and 1.9
for SwM).

Although the presence of extra-glandular manifestations did not differ between
patients below or above the B-cell cut-offs, patients below the cut-off did had significantly
higher ESSDAI score than patients above the cut-off (3.1 versus 1.4, p = 0.043 for TMem,
and 3.3 versus 1.3, p = 0.022 for SWM—Supplementary Table 3). Among the 9 patients with
at least moderate disease activity (ESSDAI > 5), 8 presented TMem and SwM cell-counts
below the cut-off (with p = 0.082 and p = 0.049, respectively, compared to patients above
the cut-off). By univariate analysis, we determined that patients with ESSDAI > 5 were 6.8
and 8.7 times more likely to have TMem < 58 cells/ul and SwWM < 23.5 cells/ pl, respectively.
Also, patients with gammaglobulin levels above 1.6 g/dl were 3.2 and 2.6 times more likely
to have TMem < 58 cells/ul and SwWM < 23.5 cells/ul, respectively.

Discussion

B-cell subpopulations defined by the Bm1-Bm5 classification have been previously
evaluated as putative diagnostic elements for pSS [30, 31]. To our knowledge, this is the
first study that attempts to establish cut-offs for the naive and memory B-cell
subpopulations defined by the IgD/CD27 expression. Therefore, we have assessed the
distribution of B-lymphocyte subsets in two groups of patients (pSS and Sicca) and in
healthy controls, to determine the cut-off values that better discriminate between pSS and
healthy individuals using both gating strategies (IgD/CD27 and Bm1-Bmb5 classification with
IlgD/CD38).

In our study, we have found a significant reduction in the absolute numbers and
percentage of UnSwM B-cells in pSS patients compared to controls (in line with the lower
number of lymphocytes). These results are in line with those obtained in other studies [20,
24-26, 34], and are likely to represent the impairment of B cell tolerance checkpoints. The
mobilization of self-reactive naive B cells from the bone marrow to the periphery is
increased in pSS [20], with migration of peripheral memory B-cells to the affected salivary
glands [19, 26] where they account for the majority of infiltrating B-cells. Probably there is
also a skew of B-cell differentiation towards plasma cells [24, 35]. Age can be associated
with a decrease in naive B-cells and an accumulation of mature B-cells [36]. However, we
have found that patients with lower TMem and SwM B-cell counts were older and had
longer disease evolution. The impairment in these particular B-cell subsets may be related
to either an increased tissue migration pattern, or a failure in the differentiation of such
post-germinal centre B cells.
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Table 4 Immunological profile and phenotype of pSS patients according to total memory and switched
memory cell count cut-off status

Total Memory B-cells

Switched Memory B-cells

<58 cells/ul  >58 cells/ul 0 <23.5 cells/ul >23.5 cells/ul 0
(n=34) (%) (n=23) p-value OR 95% Cl (n=31) (n=26) p-value OR 95% Cl
Focus score 21
Positive 27/33(81.8) 16/21(76.2) 0.618 1.40 25/30(83.3) 18/24(75.0) 0.452 1.67
(0.35, 5.42) (0.44, 6.61)
Negative 6/33(18.2)  5/21(23.8) 5/30(16.7)  6/24(25.0)
Anti-SSA
Positive 25/34 (73.5) 13/23(56.5) 0.185 218 22/31(71.0) 16/26 (61.5) 0.453 1.53
(0.70, 6.71) (0.50, 4.71)
Negative 9/34(26.5) 10/23 (43.5) 9/31(29.0) 10/26 (38.5)
Anti-SSB
- 3.50 2.95
Positive 14/30 (46.7) 4/20(20.0) 0.061 (L0L, 14.49) 13/28 (46.4) 5/22(22.7) 0.088 (0.89, 11.02)
Negative 16/30(53.3) 16/20 (80.0) 15/28 (53.6) 17/22(77.3)
ANA 21/320
Positive 29/34 (85.3) 16/23 (69.6) 0.160 2.54 26/31(83.9) 19/26(73.1) 0.324 1.92
(0.70, 9.85) (0.53,7.37)
Negative 5/34(14.7)  7/23(30.4) 5/31(16.1)  7/26(26.9)
RF positive
Positive 17/31(54.8) 7/19(36.8) 0.219 2.08 14/28 (50.0) 10/22 (45.5) 0.750 1.20
(0.66, 6.97) (0.39, 3.73)
Negative 14/31(45.2) 12/19(63.2) 14/28 (50.0) 12/22 (54.5)
Gamma 21.6g/dl
Positive 11/34 (32.4) 3/23(13.0) 0.107 3.19 10/31(32.3) 4/26(15.4) 0.148 2.62
(0.85, 5.58) (0.75, 10.75)
Negative 23/34 (67.6) 20/23 (87.0) 21/31(67.7) 22/26 (84.6)
EGM
Positive 15/34 (44.1) 8/23(34.8) 0.482 1.48 15/31(48.4) 8/26(30.8) 0.180 211
(0.50, 4.55) (0.72, 6.50)
Negative 19/34 (55.9) 15/23 (65.2) 16/31(51.6) 18/26(69.2)
ESSDAI 25
Positive 8/34 (23.5) 1/23 (4.3) 0.082 6.77 8/31(25.8) 1/26 (4.3) 0.049 8.70
(1.12, 130.65) (1.44, 167.82)
Negative 26/34 (76.5) 22/23(95.7) 23/31(74.2) 25/26(95.7)
Objective ocular signs
Positi 17/33 (51.5) 18/23(78.3) 0.047 0.30 14/30 (46.7) 21/26(80.8) 0.011 0.21
ositive (51.5) (78.3) 0. (0.08, 0.94) (46.7) (808) 0. (0.06, 0.67)
Negative 16/33 (48.5) 5/23(21.7) 16/30(53.3) 5/26(19.2)
Objective oral signs
17/26 (65.4) 17/22(77.3) 0.369
Positive 18/29 (62.1) 16/19 (84.2) 0.109 0.56
0.31
(0.15, 1.96)
(0.06,1.19) 9/26(34.6) 5/22(22.7)
Negative 11/29 (37.9) 3/19(15.8)
Dry eye symptoms
Positive 32/34 (94.1) 22/23(95.7) 0.800 0.73 29/31(93.5) 25/26(96.1) 0.664
0.58
(0.03, 0.73)
Negative 2/34 (5.9) 1/23 (4.3) 2/31(6.5) 1/26 (3.9) (0.03, 6.41)
Dry mouth symptoms
Positive 32/34 (94.1) 23/23(100.0) 0.992 _ 29/31(93.5) 26/26 (100.0) 0.992 _
Negative 2/34(5.9)  0/23(0.0) 2/31(6.5)  0/26(0.0)
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Table 4 (Legend) 0Odds ratios estimates obtained after discretizing Total Memory and Switched Memory in
the two categories: above and below the established cut-offs

Each phenotypic feature is represented as positive and negative cases and corresponding percentages. pSS
patients were divided in two groups according to the numbers of total memory (TMem) B-cells (< 58 and > 58
cells/ul) and phenotypic features in both groups were compared. The same comparison was performed
according to the numbers of switched memory (SwWM) B-cells (< 23.5 and > 23.5 cells/ul). A TMem cell count
cut-off of 58 cells/ul has a specificity and a sensitivity of 0.88 and 0.60 for pSS, respectively. A SwWM cell count
cut-off of 23.5 cells/ul has a specificity of 0.88 and a sensitivity of 0.54 for pSS, respectively

Cl, confidence intervals; SSA/SSB, Sjogren’s syndrome A/B antibody; ANA, antinuclear antibody; RF,
rheumatoid factor; ESSDAI, European Sjogren’s syndrome disease activity index

Although the percentages of SWM and UnSwM cells in each group were equivalent, the pSS
group presented significantly lower percentages of UnSwM B-cells compared to the control
group. The influence of the evolution time in the distribution of the B cell subpopulations
should be approached in future prospective studies.

Cut-off values for two scenarios were obtained, and we have chosen greater
specificity over optimal sensitivity and specificity, because our objective was to minimize
the chance of false positives, comparing pSS and controls. Better discrimination was
obtained with absolute counts rather than percentages. Patients fulfilling the established
cut-off for either TMem (< 58 cells/ul) or SWM (< 23.5 cells/ul) were more likely to present
other phenotypic features of pSS, such as FS 2 1, anti-SSA and anti-SSB antibodies, ANA, RF
and increased IgG. Although statistical significance was not achieved, probably due to the
small size of our population, these results support a strong association between lower
memory B-cells and immunologic features of pSS. Whether such B-cell cut-offs could be
used in substitution of any of the immunological criteria remains to be clarified. The
association of higher disease activity, as determined by the ESSDAI score, with lower total
memory and switched memory B-cells may be indicative of the role of these immunological
disturbances in disease severity. Adding to its hypothetical diagnostic utility, the
assessment of memory B-cells could have prognostic value.

Our results share similarities with those of Roberts et al. [25], which described
significantly lower frequencies of SwWM and UnSwM B-cells in pSS. However, their work
corresponded UnSwM B-cell with phenotypic features of pSS, whereas in our study we have
focused in TMem and SwM. Differences in phenotypic associations between SwM and
UnSwM B-cell subsets is yet to be clarified.

The distribution of Bm1-Bmb5 cells in our study also confirmed the increase in the
Bm2 and Bm2’ populations, and the decrease in the eBm5 and Bm5, although less marked
than described by other investigators [30, 31]. The optimal Bm2 + Bm2'/eBm5 + Bm5 ratio
cut-offs of > 3,8 in absolute counts and > 3,2 in percentages that we obtained were lower
than the cut-off of >5 obtained by Binard et al. [30] (considering only percentages), and
were associated with lower sensitivity and specificity. However, populations’
characteristics may contribute to these differences, namely the older age of our control
group (51.1 versus 36.8 years) and the lower occurrence of anti-SSA in our pSS group, which
at 66.7% positivity, is lower than the southern Europe prevalence of 71.8% reported in a
large data collection [37]. Although the independent association of the
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Bm2 + Bm2'/eBm5 + Bm5 ratio with a pSS diagnosis was confirmed in another study, the
integration of this test in the AECG criteria did not improve the diagnostic performance
[31]. Additionally, due to current therapy, our patients could have less active disease,
possibly contributing to a lower Bm2 + Bm2'/eBm5 + Bm5 ratio. In fact, a significant
percentage of patients was on low-dose steroid therapy (less than 10 mg/day), and
although circulating B-cells are less affected by glucocorticoids than T-cells [38], the long-
term influence or the cumulative-dose influence on B-cells has not been properly
evaluated. Comparing patients with or without therapy or excluding medicated patients
would introduce a bias because no medicated patients would tend to have mild or inactive
disease. We must also stress out that we aimed to have a study that could represent the
daily clinical basis.

In our study, Sicca patients presented lymphocyte populations’ counts with values in
between those obtained for pSS and controls. Such patients constitute a diagnostic
challenge, because many of their clinical characteristics overlap with pSS but they lack the
specific immunologic markers for pSS, namely the anti-SSA antibodies and the focal
lymphocytic infiltrates in the salivary glands. Considering the 1gD/CD27 classification, it is
interesting to note that the percentage of naive and memory B-cells in Sicca patients was
similar to pSS and different from controls, while their absolute numbers were superior to
pSS, but notably lower than controls. This intermediate lymphocyte profile probably
indicates the presence of disturbed immunological mechanisms in these individuals, which
may have milder forms of the disease or be in an earlier stage. In our Sicca group, about
40% of patients had either TMem or SwM cell count below the established threshold, and
we can therefore admit that some of these individuals may effectively have pSS. Roberts
et al. [25] have also evaluated Sicca patients and described lower memory B-cells
percentages compared to controls, and a subset of Sicca patients with a pSS-like
transcription profile. In our study, however, more significant differences were obtained in
absolute counts of memory B-cells than in their percentages.

We acknowledge some limitations of our study, related to the composition of the
patient groups, since B-cell populations’ distribution may be influenced by age, duration of
disease and past or current therapy. Our pSS and Sicca patient’s groups were constituted
of individuals recruited in a clinical setting, therefore including patients with a broad range
of age and disease duration, as well as variable disease severity.

Although we tried to minimize the age difference between healthy controls and
patients, their difference was still significant. Major age differences between groups could
affect classification cut-offs. Nevertheless, the age difference between our groups did not
prove to be relevant for the interpretation of our results.

Regarding the effect of therapies in the B-cell subset distribution, in a clinical setting
it could only be ascertained in prospective studies or clinical trials. The study of B-cell
subsets in non-medicated patients in a clinical setting like ours would probably have a trend
towards the selection of mild cases not needing therapy, which would limit the validity of
our results. It would be feasible in a triage setting, although there would probably exist an
over-representation of earlydisease patients, whose B-cell populations’ distribution may
not be similar to those of more evolved patients.
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The criteria used for patient inclusion may pose an additional dilemma, since the use
of the classification criteria could fail to identify some patients. However, the use of the
“gold standard” clinical diagnosis may increase subjectivity and decrease the
reproducibility of the results. Nevertheless, the evaluation of the discriminatory role of B-
cell subpopulations in the classification of pSS should be ascertained by comparison with
the “gold standard” that is the clinical diagnosis. For that purpose, pSS and Sicca patients
not fulfilling pSS classification criteria should be subjected to an expert-driven diagnostic
re-evaluation, to identify true pSS based on clinical opinion, and B-cell subsets must be
compared in both “clinical” and “classification”-determined pSS patient groups.

B-cell subpopulations assessment by flow cytometry is a non-invasive procedure that
is reproducible and easy to perform.

We have demonstrated that in pSS, the presence of lower memory B-cells counts was
associated with a longer disease duration and a more active disease, which could represent
a possible role as prognostic markers. Therefore, we aim to continue the present study in
the future to include more patients, allowing us to clearly prove that these measurements
may be used as clinical biomarkers for the follow-up of these patients. In fact, we have
clearly demonstrated the chance to identify a cut-off point in these cell populations that
can be used to clearly distinguish healthy controls from patients. Additionally, they might
also be useful for the early diagnosis of pSS in Sicca patients. Considering the association
of lower memory B-cell counts with typical pSS phenotypic features such as
hypergammaglobulinemia and antibody occurrence, B-cell subpopulations assessment in
Sicca patients could potentially identify individuals in higher risk of progression to pSS.

It remains to be clarified if decreased memory B-cells could complement the
immunological items currently used for pSS diagnosis. If so, future classification criteria
integrating such items could identify patients presently unclassifiable as pSS and allow their
access to novel therapies and clinical trials.
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Supplementary Material
Detailed Methods
Flow cytometry evaluation

After collection, peripheral blood samples were processed for further analysis by flow
cytometry.

To obtain absolute cell counts from a single platform strategy, a lyse-no wash
technique was used. For each patient, a volume of 50ul of peripheral blood was incubated
in Trucount tubes™ (BD Biosciences, San Jose, CA, USA) with FITC Anti-CD19 and PerCP
Cy5.5 Anti-CD45 monoclonal antibodies (Biolegend, San Diego, CA, USA). Cells were then
lysed for 10 minutes with FACS Lysing solution (BD Biosciences) and directly acquired in the
flow cytometer.

In parallel, the protocol for specific B-cell phenotyping was performed using a pre-
validated panel of monoclonal antibodies with a combination of PerCP Cy5.5 Anti-CD19,
APC Anti-CD24, PE Anti-CD27, FITC Anti-CD38, APC Anti-IgD and APC Anti-IgM (Biolegend).
This lyse-wash technique included a 15 minutes incubation with the monoclonal
antibodies, at room temperature in the dark. Afterwards, samples were lysed with BD FACS
Lysing solution (BD Biosciences), washed with PBS and then acquired in the flow cytometer.

Flow cytometry data analysis

In the single platform evaluation, lymphocytes were gated in a CD45/SSC dot plot (CD45"
SSC'°%). Then, within lymphocytes, B cells were identified as the CD19* events. Further
analysis included the classification of B cells (CD19*) according to the expression of IgD and
CD27 (Naive: 1gD*CD27-, total memory: CD27*, unswitched memory: IgD*CD27*, and
switched memory: IgD"CD27%), and the expression of IgD and CD38 (Bm1-5 classification,
Bm1: CD38IgD*, Bm2: CD38*IgD*, Bm2": CD38"1gD*, Bm3*Bm4: CD38"IgD, eBmb5:
CD38*IgD-, and Bm5: CD38'IgD"). Gating strategy is displayed in supplementary Figure 1.
Absolute counts of total lymphocytes were calculated from the number of counting
beads present Trucount tubes™ (lot dependent), the number of bead events acquired per
tube and the number of lymphocyte events acquired per tube. Absolute counts of B cells
were then obtained according to the respective percentage of B cells in total lymphocytes.
B cell subsets percentages were calculated from total B cells (for both the IgD/CD27
and the Bm1-5 classifications), and the respective absolute counts were obtained as well.
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Supplementary Figure 1 Gating strategy for the characterization of the circulating B cell compartment
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Schematic dot-plots representative of the gating strategy used for identifying circulating B-cells and their
respective subsets, according to the IgD/CD27 and Bm1-5 classifications. A: Lymphocyte gate was made in
the CD45" SSC°" events. B: B cells were identified as the CD19* events within the lymphocyte gate. C:
Identification of Naive: IgD*CD27, total memory: CD27*, unswitched memory: IgD*CD27*, and switched
memory: I|gD'CD27"* B cells. D: Identification Bm1: CD38IgD*, Bm2: CD38*IgD*, Bm2": CD38"gD*, Bm3*Bm4:
CD38"IgD, eBm5: CD38*IgD-, and Bm5: CD38'IgD".
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Supplementary Table 1 Comparison of B-cell subsets (percentages) in pSS, Sicca syndrome and Healthy
Controls

Sicca Healthy Groups’ comparisons
ss .
p Syndrome Controls (p-value’)
B-cell types pSS Sicca pSS
n=>57 n=68 n=24 versus versus versus
Controls Controls  Sicca
Cells/uL, median
(25th-75th percentile)
315 32.7 36.7
Lymphocyt 0.095 0.299 1
ymphocytes (24.6-37.2)  (25.7-37.0)  (29.9-39.7)
9.7 11.7 10.4
B cell 1 1 0.149
cels (7.0-13.3)  (8.9-15.0) (8.6-13.3)
IgD/CD27
66.6 67.3 53.0
Nai 0.213 0.453 1
ae (52.0-77.2)  (50.1-75.3)  (43.5-65.7)
29.5 30.8 44.4
Total M 0.078 0.300 1
otal Miemory (20.4-442)  (22.6-45.0)  (32.1-54.6)
13.6 15.9 216
Unswitched 0.043 0.426 1
nswitche (9.0-22.0)  (11.1-243)  (15.9-30.4)
145 14.6 19.5
Switched 0.410 0.453 1
(10.1-21.3)  (10.6-21.9)  (13.9-26.4)
2.2 2.0 2.1
Double-Negati 1 1 1
ouble-Tegative (1.6-4.1) (1.1-3.2) (1.5-2.7)
Bm1-5
9.6 13.4 13.9
Bm1 0.067 1 0.064
(5.8-15.3)  (7.5-18.7)  (10.5-22.2)
60.3 60.7 53.6
Bm2 1 0.991 1
m (48.8-67.0)  (48.0-68.2)  (48.9-61.2)
8.1 5.2 5.0
Bm2' 0.553 1 0.092
m (4.2-13.3) (3.2-8.2) (3.5-7.9)
1.4 1.2 1.2
Bm3+*Bm4 1 1 1
ms7em (1.0-3.5) (0.9-1.8) (1.0-1.8)
8.9 8.5 11.8
eBms 0.243 0.241 1
(6.3-12.7)  (6.2-12.6) (8.9-15.6)
. 7. .
Bm5 69 8 8.9 1 1 1
(4.5-12.8)  (4.6-10.7) (7.4-11.8)
Bm2*Bm2'/ 3.8 41 2.9
Bm5*eBmS (2.1-6.9) (2.1-6.0) (1.9-4.1) 0.718 0.852 1

*Obtained by Kruskal-Wallis test multiple comparisons.
pSS, primary Sjogren's syndrome
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Supplementary Table 2 Levels of B-cell subsets (percentages) for optimal and high specificities for the

classification of pSS.

Optimal* Specificity = 0.88
B-cell subset
cell subsets or AUC(95% Cl)  Cutoff ot
combinations of subsets point Sensitivity Specificity ooint Sensitivity
[
lgD/CD27
i 0.65
Naive 58.02 0.63 0.71 75.80 0.30
(0.53, 0.78)
0.68
Memory Total 38.37 0.67 0.71 22.38 0.33
(0.55, 0.81)
Unswitched 0.68 17.71 0.68 0.71 12.46 0.42
(0.56, 0.81) : : : : :
. 0.62
Switched 17.77 0.63 0.58 9.54 0.19
(0.49, 0.76)
Double-Negative 0.57 2.41 0.46 0.67 3.70 0.28
uble- iv ) ) ) ) )
& (0.44, 0.70)
Ratio Naive/Memory T 0.67 1.52 0.65 0.71 3.38 0.33
y (0.55, 0.80) : : : : :
Ratio Naive/Switched M 0.63 3.17 0.63 0.62 8.00 0.23
(0.50, 0.76) : : : : '
Bm1-Bm5
Bm1l 0.69 12.58 0.68 0.67 8.96 0.49
(0.56, 0.81)
0.60
Bm?2 56.71 0.58 0.62 65.62 0.32
m (0.46,0.73)
Bm?2' 0.62 6.38 0.60 0.67 8.68 0.47
(0.50, 0.74) : : : : '
eBm5 0.65 9.39 0.56 0.71 6.66 0.30
(0.52, 0.78)
0.59
Bm5 7.95 0.60 0.71 4.68 0.28
m (0.45,0.72)
0.64
Bm2+*Bm2' 68.92 0.54 0.75 75.41 0.37
(0.51, 0.77)
eBm5*Bm5 0.62 19.67 0.65 0.62 10.91 0.25
(0.49, 0.75) ' ' ' ' '
Bm2*Bm2'/Bm5*eBm5 0.62 3.20 0.60 0.62 6.78 0.26
(0.49, 0.74) ’ ’ ’ ’ '

*Cut-off points obtained by maximizing both sensitivity and specificity.
AUC, Area Under Curve; Cl, Confidence Interval; pSS, primary Sjogren's syndrome.
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Supplementary Table 3 Comparison of age, disease duration and ESSDAI between patients with Total
Memory and Switched Memory absolute values lower and higher than the established cut-offs.

Total Memory Switched Memory
Total <58 58 23.5 23.5
< > — <23. >23. —
PSS cells/ul cells/ul p-value OR cells/ul  cells/ul  p-value OR
n=57 i 95% Cl i 95% Cl
(n=57) (n=34) (n=23) (95% € (h=31)  (n=26) (95% C1)
Age (years), mean  58.3 60.7 54.7 0.065 1.00 61.0 55.0 0.064 1.05
(SD) (11.9) (9.5)  (14.2) (1.05, 1.10) (9.3) (13.9) (1.00, 1.10)
Disease duration 11.8 14.3 8.1 1.14 13.8 9.4 1.08
0.006 0.042
(years), mean (SD) (7.8) (8.2) (5.5) (1.05, 1.26) (8.4) (6.5) (1.01,1.17)
2.4 3.1 1.4 3.3 1.3
ESSDAI, mean (SD), (2.9) (3.4) (1.6) 0.043 1.35 (3.5) (1.5) 0.022 1.42
[min-max]) ’ ’ ’ ’ (1.05,1.90) ’ ’ (1.10, 2.00)

[0-14] [0-14] [0-6] [0-14]  [0-6]

Odds ratios estimates obtained after discretizing Total Memory and Switched Memory in the two
categories: above and below the established cut-offs.

AbbCl, confidence intervals; pSS, primary Sjogren's syndrome; ESSDAI, European Sjogren's syndrome
disease activity index
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CAPITULO IV. Association between EBV serological
patterns and lymphocytic profile of SjS patients support a
virally triggered autoimmune epithelitis | A associacdo
entre os padroes seroldgicos do virus Epstein-Barr e o
perfil linfocitario na Sindrome de Sjégren apoia a
influéncia viral na epitelite autoimmune.
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Abstract

Sjogren’s syndrome (SjS) is characterized by lymphocytic infiltration of exocrine glands, i.e.
autoimmune epithelitis. Lymphocytes are central in SjS pathogenesis, with B-cell
hyperactivity mediated by T-cells. B-cells are main targets of Epstein-Barr virus (EBV)
infection, a frequently suggested trigger for SjS. We aimed to evaluate how the EBV
infection modulates B and T-cell subsets in SjS, including as controls Rheumatoid arthritis
patients (RA) and healthy participants (HC). SjS patients presented decreased CXCR5* T-
cells, although IL21-secreting Tfh and Tfc cells were increased. Tfc were positively
correlated with ESSDAI scores, suggesting their relevant role in SjS pathogenesis. As
previously described, SjS patients showed expanded circulating naive B-cell compartments.
SjS patients had a higher incidence of EBV-EA-D-IgG* antibodies, characteristic of recent
EBV-infection/reactivation. SjS patients with past infection or recent infection/reactivation
showed increased CXCR3* Thl and CXCR3* Tfh1 cells compared to those without active
infection. SjS patients with a recent infection/reactivation profile presented increased
transitional B-cells compared to patients with past infection and increased plasmablasts,
compared to those without infection. Our results suggest EBV-infection contributes to B
and T-cell differentiation towards the effector phenotypes typical of SjS. Local lymphocyte

1CHRC, Comprehensive Health Research Centre, Lisbon, Portugal. 2CEDOC, Chronic Diseases Research Center,
Immunology, NOVA Medical School|FCM, Universidade Nova de Lisboa, Campo dos Martires da Patria, 130,
1169-056 Lisbon, Portugal. 3Department of Rheumatology, Instituto Portugués de Reumatologia, Lisbon,
Portugal. “Department of Rheumatology, Hospital Cuf Descobertas, Lisbon, Portugal. *Department of
Ophthalmology, Centro Hospitalar de Lisboa Central, Hospital de Santo Anténio Dos Capuchos, Lisbon,
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Rheumatology, Centro Hospitalar de Lisboa Ocidental, Hospital de Egas Moniz, Lisbon, Portugal. 8Department
of Immunoalergy, Hospital da Luz, Lisbon, Portugal. *email: fduartebarcelos@gmail.com
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activation at ectopic germinal centres, mediated by Tfh and Tfc, can be EBV-driven,
perpetuating autoimmune epithelitis, which leads to gland destruction in SjS.

Introduction

Sjogren’s syndrome (SjS) is a chronic systemic autoimmune disease, with an estimated
prevalence between 0.2-0.5%!, affecting predominantly middle-aged women. It is
characterized by lymphocytic infiltration of the exocrine glands, referred to as autoimmune
epithelitis®. Lachrymal and salivary glands (SG) are the most affected glands, originating the
hallmark features of xerostomia and xerophthalmia. Extraglandular manifestations are
common and can be caused by either lymphocytic infiltration of epithelial tissues, or
immune complex disease3.

Lymphocytes are central in the pathogenesis of SjS%, and a lymphocyte profile with
increased naive B-cells and decrease memory B-cells is typical®, reflecting the increased
migratory pathway of differentiated B-cells into affected organs®. A deviation of B-cell
differentiation towards plasma cells has also been described in SjS’.

In SjS, T-cells infiltrate affected organs, like the SG, and support hyperactivity of B-
cells®. In fact, interactions between T-cells and activated B-cells occur in GC-like structures
developed in target tissues, such as the SG°. Recently, follicular helper T-cells (Tfh) have
been addressed as players in SjS pathogenesis. Tfh cells are a major source of interleukin
(IL)-21, which mediates B-cell survival and promotes ectopic formation of germinal-centre
(GC)-like structures?®. SjS patients present increased circulating Tf cells and expanded Tfh
differentiation in the SG'¥2, Tfh cells also express the chemokine receptor X5 (CXCR5),
which induces their homing towards lymph nodes, particularly to B-cell sites. Since the
expression of CXCR5 has been encountered in CD8* T-cells, the existence of a follicular
cytotoxic (CD8*) T-cell subset (Tfc) is now accepted, as well as their possible role in the
regulation of GC B-cell responses and autoantibody production34,

The aetiology of SjS is still poorly understood, but the concept of an infectious trigger
is widely spread. Virallytriggered autoimmunity in SjS possibly results from an antigen-
driven CD4* T-cell activation. Combined with a genetic predisposition to loss of tolerance,
this activation process elicits a migration of both CD4* T-cells and B-cells towards exocrine
glands, where the expansion and formation of plasma cells occurs®. Lymphotrophic viruses,
namely Cytomegalovirus (CMV) and Epstein-Barr virus (EBV), are strong candidates for
triggering the disease!®>. EBV primary infection occurs in B lymphocytes of the
oropharyngeal mucosa, where lytic and latent phases of the viral cycle take place. In the
active lytic phase, EBV replicates and propagates, while in the latent phase it remains
inactive in B-cells'®. Viral agents also interfere with T-cell mediated responses?’. In chronic
viral infections, helper T-cells sustain cytotoxic T-cell responses as long as viral antigens
persist'®, Moreover, the proinflammatory Th1 profile, usually present in acute viral
infections, is somehow replaced by Tf in response to viral persistence and prolonged T-cell
receptor stimulation?®.
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The implication of EBV in SjS is widely accepted. Mechanisms such as molecular
mimicry and genetic susceptibility to EBV infection can overlap with T-cell costimulatory
overactivity, impaired EBV-specific T-cell response, cross-reactivity of anti-EBV antibodies
or inhibition of B-cell apoptosis, often associated with stimulation-driven polyclonal and
monoclonal lymphoproliferation (recently reviewed by Maslinska?®). Nonetheless, the
impact of viral infection on the typical B-cell profile and hypergammaglobulinemia
observed in SjS patients needs further clarification. Thus, we aimed to evaluate circulating
B and T-cell subsets of SjS patients and to assess their relation to the EBV background of
patients.

Results

Population. Fifty-seven SjS patients were recruited along with 20 Rheumatoid Arthritis
(RA) patients and 24 healthy controls (HC). From our cohort, we assessed EBV serology in
34 SjS patients, 20 RA patients, and 20 HC. Participants’ characteristics are presented in
Supplementary Table 1.

T-cell subsets. SjS patients presented lower CD4* T-cell percentages and absolute counts
than HC (p=0.002 and p <0.0001, respectively). Accordingly, the absolute counts of
CXCR5* Tf cells were also lower in the SjS group compared to both HC (p < 0.0001) and RA
patients (p =0.038). However, the percentages of IL21-secreting CD4* T-cells were
increased in SjS patients when compared to both RA patients and HC (p < 0.0001).
Nonetheless, a positive correlation between the percentages of IL21* CD4* T-cells and the
percentages of CXCR5* Tfh cells (r = 0.281, p = 0.034) was observed.

CD8* T-cells percentages were higher in SjS patients compared to HC (p = 0.001),
but not absolute counts. Additionally, IL21-secreting CD8* T-cells’ were increased in SjS
patients when compared to both HC (p = 0.029) and RA patients (p < 0.001). CXCR5*CD8*
T-cells were positively correlated with ESSDAI scores (p = 0.029, r = 0.430) of SjS patients.
Results are summarized in Table 1 and Supplementary Table 2.

B-cell subsets. Considering the IgD/CD27 classification, the percentages of IgD*CD27- B-
cells (naive) were higher in SjS patients when compared to HC (p = 0.028) and RA patients
(p =0.043), and SjS patients also presented higher absolute counts of this subset compared
to RA (p =0.015). Total memory B-cells (CD27*IgD*/") and unswitched memory B-cells
(CD27*1gD*) were lower in SjS patients compared to HC (p = 0.001). However, only absolute
counts of switched memory B-cells (CD27*IgD”) were lower in SjS compared to HC
(p < 0.001), and no differences were observed towards RA patients.
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Percentages SjS RA HC p-value
T-cell subsets
T-cells 74.97 [69.14-78.43] 80.25 [71.59-82.54] 74.71[70.11-79.57] 0.151
CD4 T-cells 61.23 [53.09-67.65] 66.26 [52.80-71.62] 69.09 [60.83-75.89] 0.006
CXCR5* Tfh 18.44 [14.69-23.56] 20.00 [15.48-25.47] 20.80 [17.38-22.93] 0.502
Tfh1* 36.23 [30.18-41.25] 28.64 [23.87-38.20] 31.65 [27.30-35.47] 0.014
Tfh17# 21.15[16.63-26.72] 24.92 [17.08-29.57] 20.88 [17.57-29.11] 0.405
IL-21* 12.41 [8.25-14.92] 8.98 [7.32-11.39] 9.69 [6.32-11.94] 0.031
IL-17+ 2.20 [1.46-3.17] 2.43 [1.20-3.90] 2.40 [1.72-6.74] 0.750
IL-21* IL-17* 0.67 [0.50-0.94] 0.71[0.34-0.94] 0.68 [0.28-1.09] 0.829
CD8 T-cells 38.40 [31.88-46.92] 33.74 [28.38-47.21] 30.90 [23.44-39.17] 0.012
CXCR5* Tfc 2.53[1.99-3.60] 1.98 [1.42-3.69] 3.44 [1.98-3.80] 0.456
IL-21* 4.05 [2.31-5.65] 2.32 [1.15-3.03] 2.79 [0.97-4.40] 0.001
IL-17+ 0.89 [0.56-1.40] 1.06 [0.74-1.80] 1.14 [0.75-2.08] 0.217
IL-21* IL-17* 0.27 [0.14-0.45] 0.18 [0.09-0.59] 0.33[0.16-0.75] 0.350
B-cell subsets
B-cells 9.73 [6.87-13.34] 6.38 [4.40-8.60] 10.40 [8.57-13.65] <0.001
Naive 66.58 [51.84-77.34] 55.80 [30.28-69.42] 53.01 [43.22-69.21] 0.030
Memory 29.46 [20.23-44.44] 32.17 [25.38-56.76] 44.45 [27.37-54.71] 0.032
Unswitched Memory 13.64 [8.91-22.57] 15.99 [10.80-27.53] 21.61[14.57-32.20] 0.029
Switched Memory 14.50 [10.00-21.85] 17.41 [13.59-30.69] 19.52 [13.72-26.48] 0.107
Double negative 2.21 [1.51-4.10] 5.59 [2.33-7.74] 2.07[1.44-2.93] 0.006
Bm1 9.60 [5.62-15.63] 14.27 [11.19-21.66] 13.86 [10.12-22.68] 0.003
Bm2 60.32 [48.75-67.10] 48.81 [31.48-63.13] 53.57 [47.42-61.74] 0.036
Bm2’ 8.08 [3.72-13.44] 3.97 [1.87-9.91] 5.03 [3.46-8.20] 0.053
Bm3+4 1.40 [0.93-3.57] 1.61[0.82-3.52] 1.19 [0.94-1.97] 0.476
eBms 8.85[6.07-12.79] 10.90 [8.28-14.26] 11.76 [8.26-15.69] 0.082
Bm5 6.87 [4.40-13.07] 17.14 [7.42-26.14] 8.86 [6.81-11.98] 0.006

Table 1. Percentages of T and B-cell subsets in all groups. T and B cells subsets’ percentages presented in
mean * standard deviation. Bold numbers highlight the populations that were significantly different. Kruskal-
Wallis test was applied for statistical significance. # Tf1 and Tfh17 are represented as percentages among
CXCR5* Tfh cells. §jS Sjogren’s syndrome, RA rheumatoid arthritis, HC healthy controls.
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Using the Bm1-5 classification, B-cells were classified as Bm1, Bm2, Bm2’, Bm3+4,
eBm5, and Bm5 subsets21. The percentages of Bm1 cells were significantly lower in SjS
compared to RA (p=0.005) and HC (p=0.008), and the absolute counts were also
significantly lower in SjS (p = 0.002) compared to HC. Bm2 (naive) and Bm2' (transitional)
percentages were significantly higher in SjS compared to RA patients (p = 0.015 for Bm2
and p =0.041 for Bm2’), and Bm2' absolute counts followed the same trend (SjS vs RA;
p = 0.003). Lower percentages (p =0.037) and absolute values (p < 0.001) of eBm5 cells
were found in SjS when compared to HC. As for Bm5 cells, SjS patients presented lower
percentages than RA (p = 0.011), and lower absolute counts than HC (p = 0.001). The results
are summarized in Table 1 and Supplementary Table 2.

EBV serological markers. All patients and controls were negative for anti-VCA IgM and anti-
EA IgA, except for 1 HC that presented borderline levels for anti-EA IgA. All samples were
positive for anti-VCA IgG, except for 2 SjS patients, who showed negative values for these
antibodies. Most patients and HC showed positive values for anti-EBNA IgG (76.5% of S;jS;
80.0% of RA and 85.0% of HC), and negative values for anti-VCA IgA (79.4% of SjS; 75.0% of
RA and 80.0% of HC), without significant differences between groups. Interestingly, for
anti-EA 1gG, significant differences were observed between SjS patients and HC (32.4% in
SjS; 20.0% in RA; 5.0% in HC). The results are presented in Table 2.

Group SjS RA HC

(n=34) (n=20) (n=20) p value
IgG antibodies — quantitative assays (positive / negative)
EBV CA IgG + 32/2 20/0 20/0 n.s.
EBV EA IgG + 11/23 4/16 1/19 0.022%*
EBV EBNA IgG + 26/8 16/4 17/3 n.s.

IgA/1gM antibodies — semiquantitative assays (positive / borderline / negative)

EBV CA IgA 1/6/27 2/3/15 3/1/16 n.s.
EBV CA IgM 0/0/34 0/0/20 0/0/20 n.s.
EBV EA IgA 0/0/34 0/0/20 0/1/19 n.s.

Table 2 — EBV serological evaluation in SjS, RA and HC. Results for the different anti-EBV antibodies in the
different patient groups (positive/negative for quantitative assays; positive/borderline/negative for semi-
quantitative assays). SjS Sjogren's syndrome, RA rheumatoid arthritis, HC healthy controls. *p < 0.05, for SjS
versus HC (Fisher’s exact test); n.s., non-significant.

EBV serological patterns in SjS patients. Recognizing that SjS patients presented an
increased prevalence of Anti-EBV EA-D IgG and also an important presence of anti-EBNA
IgG, we further divided these patients into 3 subgroups according to the serological EBV
profile observed: G1 (n = 18), previous infection (EA-IgG-, EBNA 1gG+); G2 (n = 11), recent
infection/reactivation (EA IgG+, EBNA 1gG+/-), and G3 (n =5), no serological evidence of
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active infection (EA IgG-, EBNA 1gG-)?°. Demographic and clinical data are presented in

Table 3.

Distinct EBV serology Sjogren's subgroups
G1 G2 G3

Sjbgren's EA IgG- EBNA EA IgG+ EBNA EA IgG- EBNA

syndrome 1gG+ 1gG+/- 18G—

n=34 n=18 n=11 n=>5
Age (years, median, Min-Max) 57.1(28.6-74.8) | 57.1(28.6-71.4) | 49.1(29.9-74.8) | 63.8 (49.2-67.4)
Age of onset (years, median, Min-Max) 43.7 (24.5-68.3) | 43.8(24.5-58.7) | 39.3(25.3-68.3) | 50.9 (36.0-61.2)
f\\ﬂgaex‘;"t diagnosis (vears, median, Min- 48.9(26.7-71.7) | 49.3(26.7-62.0) | 48.5(29.7-71.7) | 53.8 (41.6-65.2)
n’;’)’(‘)’mm duration (years, median, Min- | 1} 51 5 996) | 13.1(1.3-29.5) | 8.1(1.0-261) | 12.8(5.4-17.8)
Ocular symptoms, n (%) 31(91.2) 17 (94.4) 10(90.9) 4 (80.0)
Oral symptoms, n (%) 33(97.1) 18 (100) 11 (100) 4 (80.0)
Ocular signs, n (%) 22 (64.7) 11 (61.1) 8(72.7) 3(60.0)
Oral signs, n (%) 23 (67.6) 15 (83.3) 5 (45.5) 3 (60.0)
Parotid enlargement, n (%) 6(17.6) 5(28.8) 1(9.1) 0(0.0)
Focus Score 21, n (%) 23/32 (71.9) 15/17 (88.2) 3/10 (30.0) 5 (100)
Active disease, n (%) 17 (50.0) 9 (50.0) 7 (63.6) 1(20.0)
ESSDAI (median, Min-Max) 2 (0-14) 2 (0-14) 2 (0-6) 2 (0-4)
ESSDAI 25, n (%) 5(14.7) 4(22.2) 1(9.1) 0(0.0)
Eii;)j'g'a“d“'ar disease (ever), 16 (47.1) 8 (44.4) 5 (45.5) 3(60.0)
Joint symptoms (ever), n (%) 13 (38.2) 5(28.8) 5(45.5) 3(60.0)
Skin involvement (ever), n (%) 10 (29.4) 4(22.2) 5(45.5) 1(20.0)
Other Extraglandular involvment 2(5.9) 2(11.1) 0(0.0) 0(0.0)
Raynaud's phenomenon 5(14.7) 3(16.7) 2(18.2) 0(0.0)
SSA (%) 27 (79.4) 13 (72.2) 10 (90.9) 4 (80.0)
SSB (%) 13/30 (43.3) 7/17 (41.2) 3/8(37.5) 3 (60.0)
ANA > 1/320, n (%) 28 (82.4) 15 (83.3) 8(72.7) 5 (100)
ANA > 1/640, n (%) 21(61.8) 12 (66.7) 6 (54.5) 3 (60.0)
Rheumatoid Factor, n (%) 16/29 (55.2) 9/16 (56.3) 4/9 (44.4) 3/4 (75.0)
Gammaglobulin > 1,6 g/dl, n (%) 11(32.4) 5(28.8) 5 (45.5) 1(20.0)
Therapy (any), n (%) 21 (61.8) 13 (72.2) 5(45.5) 3(60.0)
Glucocorticoids, n (%) 12 (35,3) 6 (33.3) 3(27.3) 3(60.0)
Hydroxychloroquine, n (%) 12 (35,3) 8 (44.4) 2(18.2) 2 (40.0)
Imunossupressants, n (%) 6(17,6) 5(28.8) 0(0.0) 1(20.0)

Table 3. Characterization of SjS patients and of SjS subgroups with distinct EBV serology. Patient’s
characteristics are represented as number of occurrences (n) and percentages (%). Whenever there were
missing values, percentages reflect the number of occurrences over the number of patients tested for the
item. Ocular evaluation included Schirmer’s test and corneal staining score. The oral signs item consisted of a
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(Cont.) decreased unstimulated salivary flow. Focus score was defined as the number of lymphocyte
aggregates (250 cells) per 4 mm? of glandular area of the biopsy sample. Joint symptoms include arthritis and
joint pain of inflammatory origin, but only cases that would score in the articular domain of ESSDAI were
considered as extra-glandular disease. Likewise, in some patients skin involvement (which not included
xerosis) was not considered as extra-glandular disease if it would not score in the cutaneous domain of
ESSDAI. Clinically active disease was defined as activity in any ESSDAI domain, except the hematologic and
biologic. SjS primary Sjégren’s syndrome, F female, M male, y years, SSA/SSB Sjogren’s syndrome A/B
antibody, ANA antinuclear antibody, RF rheumatoid factor, ESSDAI, EULAR Sjogren’s syndrome disease activity
index.

SjS patients with recent infection/reactivation markers (G2) had earlier disease
manifestations and shorter disease duration.

Half of the patients from group G1 and 2/3 of those in group G2 had active disease at
the time of recruitment, with G1 patients showing higher ESSDAI scores than G2 patients.
The lowest ESSDAI scores were observed in G3 patients. Skin involvement was more
frequent in G2 patients. Parotid enlargement and Raynaud’s phenomenon were not
documented in G3 patients. A higher proportion of G2 patients presented increased
gammaglobulin, with higher mean 1gG compared to G1 and G3 (1.52 g/dl vs 1.42 g/dI vs
1.29 g/dl, respectively). None of the abovementioned differences reached statistical
significance, though.

Regarding T-cells, G1 and G2 patients presented increased CXCR3* CD4* T cells (Th1)
cells and CXCR3* CXCR5* CD4* T cells (Tfh1l) compared to G3 (Th1: G1vsG3, p =0.121, and
G2vsG3, p = 0.009; Tfh1l: G1vsG3, p = 0.003, and G2vsG3, p = 0.066).

As for B-cells, transitional Bm2’ cells were augmented in G2 patients compared to G1
(p =0.024). Moreover, plasmablasts (Bm3 + Bm4) were increased in G1 and G2 patients
compared to G3 (%, G1lvsG3, p =0.088 and G2vsG3, p = 0.003; absolute counts, G1vsG3,
p =0.020 and G2vsG3, p = 0.003).

These data are presented in Table 4 and Supplementary Table 3.

Discussion

Our study aimed to explore the relation between the EBV serological profile of SjS patients
and the distribution of circulating B and T-lymphocyte subsets. First, we report interesting
differences in follicular T-cell subsets between SjS patients and both HC and RA patients.
Despite circulating CXCR5* T cell subsets were decreased in SjS patients, functionally 1L21-
secreting CD4* (Tfh) and CD8* (Tfc) T cells seem to be more pronounced in these patients.
IL21-secreting CD8* T cells (Tfc) were even positively correlated with ESSDAI scores,
suggesting their relevant role in SjS pathogenesis. Moreover, we confirmed the enriched
circulating naive B-cell compartment of SjS patients (compared to both control groups,
healthy and autoimmune), previously reported in the literature®.

The major observation of our study, however, comes from the EBV profile, with SjS
patients presenting a greater incidence of EBV-EA-D-IgG positivity, a profile characteristic
of recent infection/reactivation of EBV infection. Furthermore, SjS patients with either
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serological evidence of past EBV infection or recent infection/reactivation presented higher
values of CXCR3* CD4* T cells (Th1) and CXCR3* CXCR5* CD4* T cells (Tfh1l) compared to
those without serological evidence of active infection. Also, the B-cell compartment was
distinctive in SjS patients with signs of recent EBV infection/reactivation: showing higher
levels of transitional Bm2’ cells compared to patients with past infection and increased
plasmablasts, compared to patients without serological evidence of infection.

Percentages E; IgG EBNA IgG* S: IgG* EBNA IgG*/- SX' IgG- EBNA IgG- p-value
(n=18) (n=11) (n=5)
T-cell subsets
T-cells 77.0 [68.7-83.9] 75.6 [71.9-78.4] 74.8 [63.2-76.2] 0.395
CD4 T-cells 59.9 [50.2-63.6] 62.8 [53.0-67.3] 59.7 [47.4-66.7] 0.727
CXCR5* Tfh 17.1[13.8-24.1] 19.7 [14.2-23.7] 17.4[13.6-27.7] 0.851
Tfh1# 37.3[34.1-41.3] 37.4[31.3-43.1] 28.2 [19.9-32.7] 0.025*
Tfh17# 21.6 [16.1-27.8] 18.7 [13.9-26.2] 23.3[20.2-37.5] 0.168
IL-21* 12.4 [8.1-14.5] 13.27 [9.4-15.0] 13.4 [6.9-24.7] 0.857
IL-17+ 2.42 [1.65-3.38] 2.76 [1.63-3.21] 2.20 [1.52-3.62] 0.882
IL-21* IL-17+ 0.68 [0.53-1.20] 0.73 [0.64-0.99] 0.58 [0.47-1.12] 0.666
CD8 T-cells 40.1 [36.4-49.8] 37.2 [32.7-47.0] 40.4 [33.4-52.7) 0.716
CXCR5* Tfc 2.40 [2.25-3.38] 2.80 [2.10-3.60] 1.90 [1.50-2.40] 0.152
IL-21* 3.94 [2.52-5.30] 4.42 [2.53-8.47] 3.59 [2.04-33.68] 0.698
IL-17+ 1.04 [0.57-1.38] 1.21[0.90-1.61] 0.64 [0.42-2.13] 0.467
IL-21% IL-17* 0.28 [0.14-0.50] 0.37 [0.23-0.48] 0.34 [0.15-1.14] 0.833
B cell subsets
B cells 9.8 [6.6-11.3] 11.0 [8.3-18.4] 7.7 [5.3-9.5] 0.130
Naive 66.7 [48.7-74.4] 71.9 [49.4-77.5] 66.6 [50.4-77.1] 0.751
Memory 31.4 [23.3-49.0] 26.5 [19.6-49.7] 29.3 [22.4-47.1] 0.589
Unswitched Memory 15.0[13.0-24.8] 12.0 [7.9-20.0] 15.0 [6.1-28.5] 0.145
Switched Memory 15.3 [10.0-26.8] 14.2 [10.3-22.5] 16.3 [10.9-18.4] 0.978
Double negative 2.11[1.52-3.06] 2.30[1.59-3.32] 4.07 [1.04-6.91] 0.803
Bm1l 10.0 [7.2-15.7] 5.5 [4.12-10.0] 12.5 [4.5-24.9] 0.203
Bm2 60.5 [45.5-67.1] 60.0 [47.4-64.0] 51.5[47.7-64.2] 0.831
Bm2’ 6.9 [2.3-11.9] 13.6 [6.4-17.4] 5.9 [3.8-18.6] 0.087*
Bm3+4 2.21 [1.00-4.24] 2.83[1.31-4.48] 1.10 [0.74-1.26] 0.043*
eBm5 9.7 [6.0-13.9] 9.2 [7.6-12.8] 11.5[7.0-12.1] 0.997
BmS5 6.45 [4.67-14.81] 6.24 [4.05-11.45] 8.11[6.07-14.83] 0.647

Table 4. Immune profile of SjS patients with distinct EBV serology patterns (percentages). Percentage values
for all T and B cells subsets in median [minimum—maximum] in SjS patients evaluated for EBV serology. SjS
Sjégren’s syndrome, EBV Epstein-Barr virus. #Tfh1 and Tfh17 are represented as percentages among CXCR5*
Tfh cells. *Bold numbers highlight the populations that were significantly different. Kruskal-Wallis test was
applied for statistical significance.

The factors underlying the onset and development of SjS are still uncertain.
Nevertheless, typical immune profiles have been characterized in these patients, which can
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be relevant to unveil important links to other triggering players in this autoimmune disease.
Despite B-cells are the main target for EBV latent infection, T-cells have also a role and have
been studied in autoimmune diseases for which EBV is considered a potential trigger. For
instance, EBV-specific CD8* T-cells are increased during B-cell transformation and in the
productive viral replication phases of EBV in infected RA?? and SLE patients®. Additionally,
the EBV-specific CD8* T-cell pool is reduced by immunosuppressive therapy?%.

Our study supports the presence of a promoted follicular T-cell environment in SjS
patients, traduced by the increased secretion of IL21 by both CD4* and CD8* T-cells. We
found no differences in the percentages of circulating CXCR5* follicular T-cells between
groups, and absolute counts for this subset were even decreased in SjS patients, possibly
due to the decreased absolute counts of CD4* T-cells observed in these patients. Similar
data had been described in the work of Brokstad?®, which reported no differences for total
CXCR5* CD4 T-cell percentages, but only changes in particular subsets of these cells in SjS
patients, such as the increase in Tfh-like ICOS*PD-1* cells. Interestingly, in our study,
another Tfh-like subset was increased in SjS patients, the IL21* Tfh cells. Indeed, both CD4*
and CD8* T-cells were more prone to produce IL21, the Tfh modulating cytokine. If the
lower absolute numbers may indicate retention of CXCR5* follicular T-cells at the exocrine
glands, as supported by previous studies showing a T-cell predominance in lymphocytic
infiltrates of these organs?®, SjS patients seem to be predisposed to promote Tfh
differentiation. Also, when naive T-cells and salivary gland epithelial cells are co-cultured,
Tfh differentiation is observed, i.e. T-cells acquire a classical Tfh phenotype and are able to
secrete 1L21%7. Thus, this systemic follicular function may be overexpressed in SjS patients,
also as an effect of the local altered interplay. We have previously reported that the ESSDAI
score, which is a measure of disease activity in SjS, seemed to be correlated with IL21* CD8*
T cells (Tfc) levels?®. In fact, patients with more active disease present increased circulating
Tfc cells, though the causative link between these observations is still to be clarified (i.e.
whether higher levels of Tfc cells lead to increased disease severity or, on the contrary,
happen in response to disease aggravation).

In addition, the increase in IL21-expressing T-cells resembles the profile of a chronic
active viral infection, as proposed by Fahey and collaborators, who showed that viral
persistence redirects T-cell differentiation towards the Tfh profile in animal models'®.
Moreover, patients with infectious mononucleosis show an increase in a particular subset
of Tfh cells in peripheral blood??, which supports our hypothesis that viral triggers may take
part in the modulation of the immune responses also in SjS patients®.

Interestingly, Fahey and colleagues®® proposed that viral-induced Tfh cells deviate
from an original Th1 profile. In line with this, we observed that SjS patients with serological
evidence for recent infection/reactivation presented increased Th1 and Tfh1 subsets. Thus,
the autoimmune background of SjS patients could provide T-cells with alternate activation
signals leading them to assume both Th1 and Tfh1 profiles under viral persistence, since it
is accepted that the pathogenesis of SjS is mediated by T1-derived responses?’.

149



Strikingly, the implication of Tfc cells in SjS pathogenesis is supported by their
increase in patients with higher disease activity. In line with our results, serum levels of IL21
had already been associated with systemic disease activity in SjS3°, but our results seem to
highlight a role for CD8 T-cells in this scenario. Initially, CXCR5* CD8 T-cells were described
as early effector memory CD8 T-cells present in B-cell follicles of human tonsils3. Recently
these cells were implicated in the control of chronic viral infections?3132, Also, associations
between humoral responses and CXCR5* CD8 T-cells3233 were identified, as these cells
express co-stimulatory molecules. In fact, increased immunoglobulin production by B-cells
occurs when they are co-cultured with CXCR5* CD8 T-cells, suggesting these cells have
other immune functions besides cytotoxic activities3. Considering that dysregulated
humoral responses are present in SjS, Tfc cells, along with Tfh cells, may induce the atypical
antibody production of SjS patients. Nevertheless, the major function of the follicular CD8*
T-cells may still be limiting the replication of viral agents in B-cell follicles, as these cells
show increased cytotoxic capacities3*.

As for B-cells, it is accepted they are EBV’s main target3°. Several studies tried to
relate SjS pathogenesis with a specific clonality of B-cells. One of the hallmarks of Sjogren’s
syndrome is, in fact, the formation of ectopic lymphoid structures (ELS) in the SG. ELS are
composed of B-cell/T-cell follicles, supported by networks of stromal follicular dendritic
cells, which support ectopic GC reactions3®. Active EBV infection has been associated with
ELS in the SG of SjS patients and appears to contribute to local growth and differentiation
of disease specific autoreactive B-cells®’. Despite the possibility of an EBV-triggered B-cell
proliferation in SjS, EBV-infected memory B-cells were found to express lower levels of self-
and poly-reactive antibodies than their uninfected counterparts32.

As corroborated by our data, SjS patients present a typical circulating B-cell
compartment, enriched in transitional/naive subsets, in opposition to memory subsets. If
we consider the observations from Coleman and colleagues on the effect of EBV in B-cells®?,
we may also suggest a possible role for EBV in the alterations observed in the B-cell
compartment of SjS patients. In fact, these authors have recognized that murine
transitional B-cells from the spleen can be reservoirs for gammaherpesvirus like EBV, which
can remain latent in these cells, prolonging their life span indefinitely. Our results are in
line with this hypothesis, as SjS patients with serological evidence of recent
infection/reinfection presented higher percentages of transitional Bm2'. Whether this is an
effect of EBV or other concomitant viral infection, remains to be elucidated. However, the
viral input for this feature of SjS patients can be also supported by our observation that
transitional B cells were particularly increased in patients with recent
infection/reactivation. We acknowledge that the assessment of the viral genome in
different B-cell subsets could clarify this idea.

Regarding the serological EBV markers, we found an increased prevalence of Anti-
EBV EA-D IgG in SjS patients, compared to both RA and HC, as described in previous
works374%, The anti-EBV EA-D IgG prevalence in our SjS patients (about 33% vs 5% in HC)
was very close to the one reported by Pasoto and colleagues* (36% vs 4.5% in HC), which
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strengths our data, and led us to further assess the immune compartments according to
the EBV serological profile of SjS patients. Interestingly, patients with evidence of EBV
infection, and particularly those with recent infection/reactivation (EA-D IgG positive) had
earlier disease manifestations, but also a distinct immune profile, with a shift towards pro-
inflammatory Th1/Tfh1 subsets in the T-cell compartment. Furthermore, SjS patients with
evidence of recent infection/reactivation exhibited higher levels of transitional B-cells and
plasmablasts, which may traduce the importance of EBV in the modulation of the immune
responses in SjS patients, with possible clinical impact, as suggested by an earlier onset of
clinical manifestations. The effect of cytotoxic T-cell (CTL) responses, with both CD8* and
CD4* T cells, or even other unconventional T cell subsets, may restrict the expansion of
latently infected B-cells in long-term carriers or patients with past infection®?>43, This later
immune balance may be the cause for the differences observed in transitional B-cells
between SjS patients with recent infection/reinfection and patients with previous infection
(G1). Usually increased in SjS, these cells represent a potential EBV reservoir, and are
markedly increased in G2 patients, showing however a relapse to lower values in past
infections as an effect of an effective immune control happening in these patients (G1).

To better comprehend how EBV profiles modulate immune populations, or whether
the changes are SjS-driven, a comparison between SjS patients and HC with similar EBV
serological patterns would be very helpful. However, considering the reduced number of
HC that could be included in the EBV subgroups G1 (3 HC) and G2 (1 HC), such analysis was
not possible. In the future, we aim to better address this question, extending the study to
a larger cohort, with more SjS patients, but also healthy controls.

Clinical differences between groups were also difficult to assess due to the small size
of our patients’ groups. The ESSDAI score in both groups of patients with positive EBV
serology (G1 and G2) was higher than in EBV-negative patients (G3). G1 patients had a non-
significantly higher ESSDAI compared to G2 patients, in line with a recent report by
Sanosian*, who didn’t find distinct ESSDAI scores in anti-EBV EA-positive compared to anti-
EBV EA-negative patients. No differences were found in specific clinical ESSDAI domains
between G1 and G2 groups, contrasting to the report of Pasoto*!, who found higher
articular activity in anti-EBV EA-positive patients. Nevertheless, the greater frequency of
active disease in our G2 patients may suggest an influence of recent EBV
infection/reactivation in disease activity status, which may be further supported by the
higher levels of IgG observed in this group, despite no statistical significance was achieved.
Furthermore, our observations on the B-cell compartment are in line with this, as the
increased transitional Bm2' and plasmablasts observed in the EBV infection/reactivation
group also suggests a higher B-production and differentiation on these patients, possibly
contributing in parallel for the increased gammaglobulin levels and greater disease activity.

Interestingly, in our study, IgA and IgM EBV-antibodies behaved similarly in SjS, RA
and HC, with a predominance of negative samples for these biomarkers in all groups. As for
VCA IgM, an acute-phase marker, despite it may be present in different viral scenarios, no
differences were expected in SjS according to previous reports®.
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In other systemic autoimmune diseases, particularly SLE, increased levels of IgA
antibodies against the two lytic antigens studied (VCA and EA) have been reported?®>46,
Literature is scarce for this evaluation in SjS patients, nonetheless, both VCA-IgA and EA-
IgA seem to be less present in SjS that in other autoimmune conditions such as SLE. Along
with a few previous studies**, our data suggest a lower mucosal immune response
against EBV in SjS, compared to other autoimmune conditions, with anti-EBV IgA antibodies
prevalence similar to HC. Whether this corresponds to a better or worst control of latent
infections in SjS remains to be elucidated.

To our knowledge, our study is the first to report an association between EBV
serological patterns and the immune profile of SjS patients, despite EBV EA (early antigen)
had already been correlated with autoantibodies production®. Although we observed no
further differences in the clinical manifestations of SjS patients according to their EBV
serology, we were able to identify distinct immune profiles according to the EBV serological
pattern. Still, we must recognize the low number of patients considered and the absence
of other confirmatory methodologies for the effective viral infection. Nonetheless, our data
support the idea that different EBV serological profiles affect circulating B and T-cells in SjS
patients. In fact, a more active serological background, as the ones observed in groups G1
and G2, may suggest a viral influence in the immune system driving it to the more pro-
inflammatory scenario observed in SjS patients when compared to both other autoimmune
conditions or healthy controls.

Other authors have supported the hypothesis that reactivation in the lytic phase of
EBV infection promotes immunological dysfunction in SjS3’. Considering our results, we
also believe special attention should be given to the group of SjS patients with serological
evidence for recent infection/reactivation, which present a proinflammatory profile, with
increased Th1/Tfhl ratio cells along with elevated transitional B-cells and increased
plasmablast differentiation.

We acknowledge limitations in our study, such as the absence of standard molecular
biology assays to confirm EBV infection. In future studies, it would be relevant to assess not
only serology, but also EBV viral load, and eventually other viruses with potential impact in
SjS development, such as CMV. Also, our study was performed exclusively in peripheral
blood, and we realize it may not properly reflect the numbers and interactions of immune
cells at exocrine glands. For instance, SG biopsies would not only clarify the hypotheses on
cell traffic between affected organs and the circulating lymphocyte pool but would also
allow us to prove the presence of EBV in such organs.

Nevertheless, from our results, it is possible to suggest that EBV plays a role in
inducing B and T-cells towards an effector phenotype. EBV enters the replicating phase in
the exocrine glands, where this facilitated interaction between EBV antigens and effector
T-cells might lead to a breakdown of tolerance. The ensuing autoimmune response
mediated by effector B and T-cells might lead to a localized lymphocyte activation with the
formation of ectopic GC or GC-like structures. This process, mediated by Tfh and Tfc, can
thus perpetuate the autoimmune epithelitis and result in gland destruction.
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Our work provides a new perspective on how EBV might be involved in lymphocytic
alterations known to be a feature in SjS. Clarifying the role of follicular CD4 and CD8 T-cells
in the context of viral infection can be of great value in confirming a viral-triggered
autoimmune response in SjS, but a specific strategy for the characterization of these cells
in peripheral blood and target organs is still needed.
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Figure 1. Gating strategy for the identification of circulating T and B-cell subsets. (A) Gating strategy for the
identification of CD4 T-cells (CD3* CD4* lymphocytes): CXCR5* CD4 T-cells were identified (Tfh), and within
this subset, according to the expression of CXCR3 and CCR6, Tfh1 (CXCR3* CCR67), Tfh17 (CXCR3~ CCR6*) and
Tfh1/Tfh17 (CXCR3* CCR6*) cells were identified. CD8 T-cells were identified as the CD3* CD4 population of
lymphocytes. Within CD8 T-cells, CXCR5* cells were identified (Tfc), but also CXCR5™ cells were characterized
according to the expression of CCR7 (negative, positive and high positive). (B) Gating strategy for the
identification of B-cells (CD19* lymphocytes). Using the expression of IgD and CD27 cells were divided in naive
(IgD* CD277), unswitched memory (IgD* CD27*), switched memory (IgD~ CD27*) and double negative (IgD"
CD277). Using the Bm1-5 classification, considering IgD and CD38, B-cells were divided in Bm1 (CD38" IgD*),
Bm2 (CD38* IgD*), Bm2’ (CD38" IgD*), Bm3+4 (CD38" IgD"), eBm5 (CD38* IgD") and Bm5 (CD38™ IgD™. +:
positive; - : negative; hi: high; Tfh—Follicular helper T cells; Tfc—Follicular cytotoxic T cells; DN—Double
negative.

Our study can also constitute a starting point for approaching the role of CXCR5* and
IL21* CD8 T-cells (Tfc) in the context of autoimmunity. The association between CXCR5*
CD8 T-cells and disease activity in SjS observed in our study may be an indicator of their
involvement in the pathophysiology of autoimmune epithelitis. In the current scenario
where Tfc cells involvement in autoimmune pathologies is yet to be elucidated, our study
pioneers the association of Tfc cells with human autoimmunity and paves the way for
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further studies regarding Tfc cells in autoimmune diseases. Indeed, considering the possible
pathogenic role of EBV in the pathogenesis of SjS, therapies directed towards the
interaction between EBV and activated effector T-cells and B-cells could halt the EBV-
triggered lymphocytic activation, and have a relevant clinical applicability.
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Figure 2. Gating Strategy for the identification of circulating CD4 and CD8 T-cells secreting IL-21 after
stimulation. After identifying T-cells according to the expression of CD3 in the lymphocyte gate, CD4 T-cells
were identified as the CD3* CD8 subset and CD8 T-cells as the CD3* CD8*. (A) Expression of IL-21 and IL-17 in
CD4 and CD8 T-cells after a 5-h incubation period with no stimulation. (B, C) Expression of IL-21 and IL(-)17 in
CD4 and CD8 T-cells after a 5-h stimulation with PMA and ionomycin, in the presence of brefeldin A.
Unstimulated controls were used for each sample, to assess the levels of positivity for IL-21 and IL-17.

Methods

Population. In this study, we included SjS patients classified according to the 2016
American College of Rheumatology (ACR)/European League Against Rheumatism (EULAR)
criteria’’, and Rheumatoid Arthritis (RA) patients classified according to the 2010
ACR/EULAR criteria®®. Patients were consecutively recruited, considering as additional
exclusion criteria for SjS the use of B-cell-depleting therapies, and for RA patients the
presence of xerostomia or xerophthalmia, as well as the use of any biologic disease-
modifying anti-rheumatic drug. Disease activity in SjS was evaluated with the EULAR SjS
disease activity index (ESSDAI)*°. Clinically active disease was defined as activity in any
ESSDAI domain, except the hematologic and biologic.

The healthy control group (HC) consisted of women without symptoms or signs of
xerostomia or xerophthalmia, or any history of autoimmune rheumatic diseases, selected
from the Ophthalmology outpatient clinic of Hospital CUF Descobertas.
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Informed consent was obtained from all participants. The study was approved by the
Ethics committees of both recruiting institutions, and NOVA Medical School Ethics
Committee (no. 17/2016/CEFCM).

Flow cytometry procedures. For the immunophenotyping protocols, peripheral blood
samples collected in EDTA-coated tubes were processed and analyzed within 24 h of
collection. A pre-validated panel of monoclonal antibodies (mAbs) was used for the
characterization of T and B-cell subsets, including CD3, CD4, CD8, CD19, CD24, CD27, CD38,
CCR6, CCR7, CXCR3, CXCRS5, Anti-lgD, and Anti-IgM. A lyse-wash protocol was performed
for both T and B-cell characterization. A lyse-no wash single platform strategy was used to
obtain absolute counts of all cell subsets (BD Trucount tubes BD Biosciences, San Diego CA,
USA). All samples were acquired in a 4-color cytometer (BD FACS-Calibur, BD Biosciences).
CellQuest Pro (BD Biosciences) software was used for acquisition and analysis purposes and
Infinicyt 2.0 (Cytognos S.L., Salamanca, Spain) software was also used for more
differentiated subset analysis.

Whenever appropriate, fluorescence-minus-one control tubes were prepared to
assess the positivity of dimer expressions. The subsets analyzed, and the respective gating
strategies, are displayed in Fig. 1. Within T-cells, we characterized CD4* and CD8* (CD4-)
subsets, including CXCR5* Tfh and Tfc cells, and the Tfh1 and Tf17 profiles, according to the
expression of CXCR3 and CCR6, respectively. B-cells’ subsets were addressed according to
the classical 1gD/CD27 classification, and the Bm1-5 classification, often used in
autoimmunity settings?®.

Functional assays for the evaluation of IL21 production by T-cells. Heparinized peripheral
blood samples were used to assess IL21 and IL-17 production by CD4* and CD8* T-cells.

In brief, cells were stimulated with PMA and ionomycin, for 5 h at 37°C in a 5% CO;
atmosphere in the presence of brefeldin-A. After stimulation, cells were lysed, washed and
incubated with anti-CD3 and anti-CD8 mAbs for surface staining. For intracellular stain, cells
were treated according to the protocol defined by the manufacturer for the BD
Fixation/Permeabilization Solution Kit with BD GolgiPlug™ (BD Biosciences) and then
marked with anti-IL21 and anti-IL-17 mAbs, after cell fixation and permeabilization. For
each patient, stimulated and unstimulated tubes were run in parallel to assure proper
stimulation and staining controls. Gating strategy is presented in Fig. 2, with I1L21* (IL17")
cells being identified within CD8* and CD8" T cells, respectively considered as Tfc and Tfh
cells.

EBV serological markers. Enzyme-linked immunosorbent assays (ELISA) were used for the
assessment of IgG, IgA and IgM antibodies (Abs) against EBV antigens (Ags). All ELISA kits
were obtained from Euroimmun (Euroimmun, Luebeck, Germany) and used according to
the manufacturers’ instructions. The following Abs for EBV Ags were determined: 1gG for
diffuse early Ag (EA-D), IgG for viral capsid Ag (VCA), 1gG for nuclear Ag-1 (EBNA1), IgA for
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EA-D, IgA for VCA and IgM for VCA. All tests for IgG Abs were quantitative, while IgA and
IgM were semiquantitative. In quantitative assays, sample concentration was determined
using 3-point calibration curves constructed with ELISA-Logit software, available at
https://ednieuw.home.xs4all.nl/Calibration/Logit/Logit.htm (V24May2017). The cut-off level
for all IgG antibodies assayed was 20 RU/ml. For semiquantitative assessments, a single

calibrator was determined in triplicate per assay. The ratio sample/calibrator was used to
assess positivity levels (Negative: ratio < 0.8; Borderline: ratio >0.8 to < 1.1; Positive:
ratio > 1.1). Patients were randomly assigned to undergo EBV serology evaluation.

Statistics. Graph Pad Prism™ 6.0 (Graph Pad Sofware, San Diego, CA, USA) was used for
statistical analysis. The normality of data sets was assessed using D’Agostino & Pearson
omnibus and Shapiro—Wilk normality tests. ANOVA and Kruskal-Wallis tests were made for
multiple analyses among groups, followed by Dunn’s multiple comparisons test. When a
significant difference was found, comparisons were done using Unpaired Student’s t-test
with Welch’s correction or Mann—Whitney test, for every two groups. For categorical
variables, Fischer’s or Chi-square tests were applied to assess differences between groups.
Statistical significance was considered for p values < 0.05.

Ethics approval. This study was approved by the Ethics committee of Hospital Cuf Descobertas, 8/09/2014,
Ethics committee of Instituto Portugués de Reumatologia, 3/07/2015 and NOVA Medical School Ethics (No.
17/2016/CEFCM).

Informed consent. All patients have signed informed consent to participate according to the Declaration of
Helsinki.
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Supplementary Tables

SiS (N =57) RA (N = 20) HC (N = 24)

Female gender, n (%) 56 (98.2) 16 (80.0) 24 (100)

Age, years 60.6 56.7 51.3

median (Min-Max) (28.6 —78.3) (30.30-78.0) (38.9-63.2)

Age of onset, years 47.1 386 -
(24.5-68.3) (22.2-61.9)

Age at diagnosis, years >38 42.5 -
(26.7-77.2) (22.9-64.0)

Duration of disease, years 113 102 -

(1.0-29.5) (1.5-38.2)

ESSDAI, median (Min-Max) (0_214)

Ocular symptoms, n (%) 54 (94.7)

Oral symptoms, n (%) 55 (96.5)

Ocular signs, n (%) 36 (63.2)

Oral signs, n (%) 42 (73.7)

Focus Score >12 43/55 (78.2)

Parotid enlargement (ever), n (%) 8(14.0)

Extraglandular disease (ever)b, 23 (40.4)

n (%)

Joint symptoms (ever)®, n (%) 24 (42.1)

Skin involvement (ever)¢, n (%) 18 (31.6)

Other extraglandular involvement

(ever), n (%) >(88)

Raynaud's phenomenon (ever), n (%) 8(14.0)

SSA, n (%) 38 (66.7)

SSB, n (%) 18/50 (36.0)

ANA >1/320 45 (78.9)

Rheumatoid Factor, n (%) 24/50 (48.0)

Gammaglobulin 21.6 g/dL, n (%) 14 (24.6)

Therapy (any), n (%) 32 (56.1)

Glucocorticoids, n (%) 19 (33.3)

Hydroxychloroquine, n (%) 20 (35.1)

Immunosuppressants, n (%) 9 10(17.5)

Supplementary Table 1. SjS, RA patients and HC characteristics. The patient’s characteristics are
represented as number of occurrences (n) and percentages (%).  Defined as the presence of 1 or
more dense aggregates of 50 or more lymphocytes, per 4 mm? of glandular area. ®Joint symptoms
include arthritis and joint pain of inflammatory origin, but only cases that would score in the articular
domain of ESSDAI were considered as extraglandular disease. ¢ Skin involvement considered was
polymorphous exanthema, purpura or vasculitis, and subacute cutaneous lupus lesions. ¢ Any of the
following: Methotrexate, Azathioprine, Leflunomide, or Cyclosporine. * SjS vs RA, Fisher’s exact test.
# Brown-Forsythe ANOVA test, with Dunnett's T3 multiple comparisons test showing significant
difference between SjS and HC SjS, Sjogren’s syndrome; RA, Rheumatoid arthritis; HC — Healthy
controls; ESSDAI, European Sjogren’s syndrome disease activity index; SSA/SSB, Sjogren’s syndrome
A/B antibody; ANA, antinuclear antibody.
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Absolute Counts SjS RA HC p-value
T-cell subsets
Tcells 1180 1369 1777 0.001
[778 - 1778] [1229 - 1742] [1426 - 2155] :
D4 T-cells 746 908 1108 < 0.001
[431 - 1073] [691 —1122] [1010 — 1408]
CXCRS* Tfh 134 181 241
(82 - 203] [137 - 219] [221-284] <0.001
TFhi 51 51 80
[25-72] 39 - 73] [48 - 102] 0.002
Tfh17 28 41 53
[16 - 46] [27 - 58] (37-71] <0.001
IL-21* 84 91 113
[52 - 122] [63 — 105] [71-167] 0.157
IL-17+ 13 22 30
(8 -26] [12 - 34] [21 - 46] 0.001
IL-21% IL-17* 5 6 7
[3-8] [3-8] [5-13] 0.143
CD8 T-cells 434 528 533 0.225
[321 - 643] [336 — 667] [394 — 753] :
CXCR5* Tfc 3 3 5 222
2-5) [1-7] 3-6] 0
1L-21+ 18 9 13
[10 - 27] [5-15] [6 - 26] 0.041
IL-17+ 3 > 6
2-7] [3-9] [4-12] 0.037
o 1 2 2
IL-21* IL-17 -2 [Lea] 4] 0.164
B-cell subsets
B-cells 177 133 252
[97 - 261] [83 — 153] [173 - 393] <0.001
Naive 108 68 108
[61-191] [31-97] [61-191] 0.002
Memory 47 46 106
.001
[29 - 75] [24-57] (65— 141] <0.00
Unswitched Memory 22 18 57
[12 - 38] [13 - 30] (32-81] <0.001
Switched Memory 22 20 45
(15 - 37] (13 - 36] (37 - 76] <0.001
Double negative 3 7 4
31
[2-9] [2-11] [2-9] 0318
Bm1 18 19 38
[10 - 27] [11-25] [19 - 62] 0.001
Bm2 101 59 130
[57 - 164] [22 - 84] (97 - 214] <0.001
Bm2’ 11 4 12
[6—29] [2-10] [7-30] 0.005
Bm3+4 3 2 4
[1-5] [1-3] [2-5] 0.089
eBm5 15 1 27
.001
[9-23] [7 - 17] [19 - 45] <000
Bm5 11 14 24
[8-19] [9 - 28] [14 - 35] 0.002

Supplementary table 2. Absolute counts of T and B-cell subsets in all groups. T and B cells subsets absolute
counts presented in median [25™ — 75™ percentile]. * Bold numbers highlight the populations that were
significantly different. Kruskal-Wallis test was applied for statistical significance. # Tfhl and Tfh17 are
represented as percentages among CXCR5* Tfh cells. SjS, Sjogren's Syndrome. RA, Rheumatoid Arthritis. HC,
Healthy Controls.

161



Absolute Counts SAl IgG-EBNA IgG* Sj IgG*EBNA IgG*/~ S: lgG- EBNA IgG- p - value
(n=18) (n=11) (n=5)
T-cell subsets
T-cells 1126 [780 - 2145] 1263 [755 - 1772] 930 [814 - 1638] 0.925
CD4 T-cells 755 [395 - 1227] 823 [395 - 1159] 607 [423 - 903] 0.892
CXCR5* Tfh 134 [88 - 189] 140 [82 - 207] 119 [68 - 209] 0.774
Tfhl 49 [35 - 67] 60 [35 - 72] 34 [17 - 52] 0.283
Tfh17 27 [15 - 43] 28 [14 - 44] 28 [19 - 64] 0.949
IL-21* 90 [45 - 132] 93 [51 - 122] 64 [45 - 159] 0.943
IL-17* 14 [10 - 32] 20 [10 - 29] 9[8-35] 0.764
IL-21* IL-17* 71[2-13] 71[4-8] 3[3-9] 0.662
CD8 T-cells 501 [319 - 1072] 597 [333 - 636] 346 [305 - 811] 0.783
CXCR5* Tfc 15[9-27] 15[5-22] 8[5-17] 0.237
IL-21* 20[12-47] 18 [10- 37] 23[7-121] 0.967
IL-17* 5[2-11] 4[3-8] 3[2-10] 0.681
IL-21* IL-17+ 2[1-3] 1[1-3] 2[1-4] 0.809
B-cell subsets
B-cells 169 [103 - 259] 187 [168 - 261] 112 [62 - 209] 0.334
Naive 97 [55 - 188] 126 [73 - 186] 61 [42 - 145] 0.355
Memory 50 [36 - 112] 64 [33 - 92] 40[19 - 52] 0.306
Unswitched Memory 26 [19-61] 24 [12 - 38] 15 [8 - 26] 0.156
Switched Memory 23[15-37] 32[21-52] 19 [8-33] 0.250
Double negative 3[2-8] 3[2-9] 3[2-7] 0.769
Bm
Bm1l 19 [10-29] 16 [9-19] 13 [8-22] 0.370
Bm?2 91 [49 - 178] 101 [74 - 139] 57 [36 - 115] 0.326
Bm2’ 11[5-22] 24[11-29] 8[4-33] 0.132
Bm3+4 3[2-5] 7[2-8] 1[1-2] 0.009*
eBm5 15[9 - 26] 18 [13 - 24] 13[4 - 26] 0.434
Bm5 10[8 - 20] 18 [8 - 27] 91[6-23] 0.608

Supplementary Table 3. Immune profile of SjS patients with distinct EBV serology patterns (absolute counts).
Absolute values for all T and B cells subsets presented in median [minimum —maximum] in SjS patients evaluated
for EBV serology. * Bold numbers highlight the populations that were significantly different. Kruskal-Wallis test
was applied for statistical significance. SjS, Sjogren's syndrome. EBV, Epstein-Barr virus.
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CAPITULO V. Lymphocyte subpopulations in Sjogren’s
syndrome are distinct in anti-SSA positive patients and
related to disease activity | As subpopulagoes linfocitarias
na Sindrome de Sjogren SSA-positiva sao distintas e
relacionam-se com a atividade da doenca.

163



164



Lymphocyte subpopulations in Sjogren’s syndrome are distinct in anti-SSA-
positive patients and related to disease activity

Filipe Barcelos***« Catarina Martins'?« Nathalie Madeira® « Miguel Angelo-Dias* «
Joana Cardigos® « Nuno Alves>® « José Vaz-Patto® « Jaime Cunha-Branco**7 «
Luis-Miguel Borrego’?®

Clinical Rheumatology

https://doi.org/10.1007/s10067-020-05537-y

Received: 19 August 2020 / Revised: 28 November 2020 /Accepted: 2 December 2020
Published online: 14 January 2021

© International League of Associations for Rheumatology

Abstract

Objectives Sjogren’s syndrome (SjS) patients exhibit great phenotypical heterogeneity,
reinforced by the positiveness of antiSSA antibody. We aimed to evaluate lymphocyte
subpopulations in SSA-positive (SSA+SjS) and SSA-negative (SSA-SjS) SjS patients, Sicca
patients, and healthy controls (HC), and to investigate associations between lymphocyte
subpopulations and disease activity in SjS.

Methods According to the fulfilment of the ACR/EULAR 2016 classification criteria, patients
were included as SjS or as Sicca. HC were selected from the Ophthalmology outpatient
clinic. Lymphocyte subpopulations were characterized by flow cytometry. Statistical
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analysis was performed with GraphPad PrismTM, with statistical significance concluded if
p < 0.05.

Results We included 53 SjS patients (38 SSA* and 15 SSA-), 72 Sicca, and 24 HC. SSA+SjS
patients presented increased IL21*CD4* and CD8* T cells compared to Sicca and HC,
whereas compared to SSA-SjS patients, only IL-21*CD4* T cell percentages were increased
and Tfh17 percentages and numbers were decreased. Compared to Sicca and HC, SSA+SjS
patients had higher levels of CD24"CD38" B cells, naive B cells, and IgM "~ /*CD38"*
plasmablasts, and lower levels of memory B cells, including CD24"'CD27* B cells. SSA+SjS
patients with clinically active disease had positive correlations between ESSDAI and IL-
21*CD4* (p = 0.038, r = 0.456) and IL-21*CD8"* T cells (p = 0.046, r = 0.451).

Conclusions In SjS, a distinct lymphocyte subset distribution profile seems to be associated
with positive anti-SSA. Moreover, the association between ESSDAI and IL-21"CD4* and IL-
21*CD8* (follicular) T cells in SSA+SjS patients suggests the involvement of these cells in
disease pathogenesis and activity, and possibly their utility for the prognosis and
assessment of response to therapy.

Key Points

* SSA+SjS patients have a pronounced naive/memory B cell imbalance.

* SSA+S]S patients have more active disease associated with IL-21* CD4* and IL-21* CD8* follicular T cell expansion.

o |[L-21*CD4* and IL-21+*CD8* T cell quantification may be useful for the prognosis and assessment of response to therapy

Keywords B lymphocytes - Disease activity - Sjogren’s syndrome - SSA - T lymphocytes

Background

Sjogren’s syndrome (SjS) is a chronic immune-mediated disease characterized by
lymphocytic infiltration and lesion of exocrine glands, with a variable clinical spectrum,
from isolated mucosal dryness to systemic involvement with extraglandular manifestations
[1].

The 2016 American College of Rheumatology (ACR)/ European League Against

Rheumatism (EULAR) classification criteria [2] demand either anti-SSA antibodies or a
positive minor salivary gland (SG) biopsy (highly specific but invasive and dependent on
standardization).
SjS’s immunopathogenesis is complex and involves the innate and adaptive immune
system. B cell hyperactivity is the hallmark of SjS, playing a major role in pathogenesis and
clinical evolution [3]. Interactions between T cells and activated B cells occur in germinal
center (GC)-like structures within target organs, such as SG and lachrymal glands, which
become dysfunctional [4]. Additionally, T cells infiltrate target organs and produce pro-
inflammatory cytokines resulting in B cell activation [5].

Follicular helper T cells (Tfh) have recently emerged as a key player in SjS
pathogenesis. Tfh cells are a major source of IL-21, a cytokine that mediates B cell
differentiation and proliferation and promotes the ectopic formation of GC-like structures
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[6]. The chemokine receptor X5 (CXCR5) induces the homing of follicular T cells to lymph
nodes, particularly to B cell sites, and is a surface marker useful in the identification of
follicular-related T cells. CXCRS5 is also expressed in CD8* T cells, suggesting the existence of
a follicular-related cytotoxic (CD8*) T cell subset (Tfc) [7]. Tfh differentiation is promoted in
the SG of SjS patients, who seem to present increased circulating Tfh cells [8].

Although the frequency of regulatory T cells (Tregs) in SjS is variable in the literature,
SjS patients seem to present Tregs deficiencies [9], contributing to disease pathogenesis.

Regarding B cells, increased naive B cells and decreased memory B cells, particularly
unswitched memory, are typical in SjS patients [10]. Some B cell subsets, known as
regulatory B cells (Bregs), contribute to the regulation of immune responses, mainly
through the secretion of interleukin-10 (IL10). Bregs suppress effector T cells, inhibit Tfh
differentiation, and induce Tregs [11]. Recently, CD19*CD24*CD38" Bregs showed reduced
IL-10 production and defective Tfh inhibitory capacity in SjS patients [12].

The presence of anti-SSA antibodies is associated to distinct phenotypic features of
SjS [13]. We sought to investigate whether lymphocyte subpopulations were distinctive in
SSA* SjS patients versus SSA-S]jS, Sicca patients, and healthy controls (HC), and their impact
in disease activity.

Methods

Population

We enrolled patients with confirmed or suspected SjS, who were consecutively recruited
and classified as SjS if ACR/ EULAR 2016 classification criteria were fulfilled, or otherwise
included in the Sicca group. All patients had been subjected to a multidisciplinary
evaluation which included ocular evaluation (Schirmer’s test and corneal staining score),
and unstimulated salivary flow assessment (Table 1). Secondary SjS patients were excluded.
The HC group consisted of women without Sicca symptoms, selected from the
Ophthalmology outpatient clinic.

Disease activity in SjS was assessed with the EULAR Sjogren’s Syndrome Disease
Activity Index (ESSDAI) [14]. Patients were considered having clinically active disease if they
scored in any ESSDAI domain except for the hematologic and biologic ones. Patients were
stratified according to disease activity as low (ESSDAI < 5) or moderate/high (ESSDAI > 5)
[15].

Informed consent was obtained from all participants. This study was approved by the Ethics
committees of Hospital CUF Descobertas, Instituto Portugués de Reumatologia and NOVA
Medical School (no 17/2016/CEFCM).

Flow cytometry measurements

Blood samples were collected into EDTA-containing tubes, processed, and analyzed within
24 h after collection. Prevalidated panels of monoclonal antibodies were used to
characterize lymphocyte subpopulations, including anti-CD34, antiCD4*, anti-CD198, anti-
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CD248B, anti-CD258, anti-CD278, anti-CD388, anti-CD1278, anti-CCR6*, anti-CCR78%,
antiCXCR3%, anti-CXCR5", anti-IgDB, and anti-lgMA (*BD Biosciences; BBiolegend), as
described elsewhere [16].

Table 1 Patients’ characteristics

. G ! i
Sjogren's Syndrome (S;jS) roup's comparison

(p value)
. . . . . SSA+SjS .
Total SjS SSA+SjS SSA-SjS Sicca Total SjS vs SSA+S;S
n=53 n =38 n=15 n=72 vs Sicca SSA-S]S vs Sicca
Sex, F/M 53/0 38/0 15/0 71/1 1,000 1,000 1,000
Age at onset (y), mean (SD) 46,2 (11,6) 44,4 (11,1) 50,7 (11,8) 50,8 (10,0) 0,022#  0,092% 0,004#
Age (y), mean (SD) 57,5(11,9) 56,8 (12,4) 60,0 (9,0) 60,8 (11,0) 0,127% 0,538# 0,109%

Age at diagnosis (y), mean (SD) 51,7 (11,9) 49,6 (12,0) 57,0(10,2) 57,4 (10,4) 0,006#  0,032# 0,001#
Symptom duration (y), mean

(<D) 11,5 (7,6) 12,3 (7,6) 9,3(7,3) 10,0 (5,4) 0,509  0,183% 0,174*
Ocular symptoms, n (%) 50 (94,3) 36 (94,7) 14 (93,3) 69 (95,8) 0,650 1,000 0,610
Oral symptoms, n (%) 51 (96,2) 36 (94,7) 15(100,0) 69 (95,8) 1,000 1,000 0,610
E"(‘;/‘:)SCh"merls / keratitis Sicca, 33 65 3) 22 (57,9) 11(73,3) 39 (54,2) 0464 0359 0,840
:T;fased salivary Flow, 41(77,4) 30 (78,9) 11(73,3) 50 (69,4) 0417 0722 0,370
Clinically active disease, n (%) 26 (49,1) 21 (55,3) 5(33,3) 10 (13,9) <0,001 0,224 <0,001
ESSDAI, mean (SD) [min-Max] 2,5(3,0)[0-14] 3,0(3,2)[0-14] 1,3(1,9) [0-7] NA - 0,025# -
ESSDAI 25, n (%) 9(17,0) 8(21,1) 1(6,7) NA - 0,418% -
Salivary gland swelling, n (%) 8(15,1) 8(21,1) 0(0) 2(2,8) 0,018 0,088 0,003
Joint symptoms, n (%) 23 (43,4) 18 (47,4) 5(33,3) 32 (50,8) 1,000 0,539 0,842
Skin symptoms, n (%) 18 (34,0) 13 (34,2) 5(33,3) 16 (22,2) 0,160 1,000 0,182
cher extraglandular 9(17,0) 8(21,1) 1(6,7) 1(14) 0,002 0418 0,001
involvment, n (%)

Raynaud's phenomenon, n (%) 7 (13,2) 7 (18,4) 0(0,0) 18 (25,0) 0,118 0,172 0,483
Focus score 21, n (%) 39 (76,5)? 24 (66,7)¢ 15 (100) 3(4,2) <0,001 0,011 <0,001
SSA, n (%) 38 (71,7) 38 (100) 0(0,0) 1(1,4) <0,001 <0,001 <0,001
SSB, n (%) 19 (39,6)P 19 (57,6)¢ 0(0,0) 1(1,4) <0,001 <0,001 <0,001
ANA > 1/320, n (%) 43 (81,1) 33 (86,8) 10 (66,7) 39 (54,2) 0,002 0,124 0,001
ANA > 1/640, n (%) 31(58,5) 28 (73,7) 3(20,0) 26 (36,1) 0,019 0,001 <0,001
RF positive, n (%) 31(58,5) 26 (68,4) 5(33,3) 19 (26,4)¢ 0,001 0,030 <0,001
Gammaglobulin = 1.6 g/dl, n (%) 14 (26,4) 13 (34,2) 1(6,7) 3(4,2) 0,001 0,080 <0,001
Therapy (any), n (%) 30 (56,6) 21(55,3) 9 (60,0) 32 (44,4) 0,207 1,000 0,319
Glucocorticoids, n (%) 18 (34,0) 14 (36,8) 4(26,7) 18 (25,0) 0320 0539 0,270
Hydroxychloroquine, n (%) 19 (35,8) 13 (34,2) 6 (40,0) 21(29,2) 0,445 0,756 0,666
Immunossupressants, n (%) 9(17,0) 6 (15,8) 3 (20,0) 9(12,5) 0,608 0,701 0,771

Patient’s characteristics are represented as number of occurrences (n) and percentages (%). Whenever there
were missing values, percentages reflect the number of occurrences over the number of patients tested for
the item (* n = 51;° n =48; °n = 36; 9n = 33; ¢ n = 71). Joint symptoms include arthritis and joint pain of
inflammatory origin, but only cases that would score in the articular domain of ESSDAI were considered extra-
glandular disease. Likewise, in some patients, skin involvement (which not included xerosis) was not
considered extra-glandular disease if it would not score in the cutaneous domain of ESSDAI. Statistically
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(Cont.) significant results are indicated in italic.

SjS, primary Sjogren’s syndrome; F, female; M, male; y, years; SSA/SSB, Sjogren’s syndrome A/B antibody;
ANA, antinuclear antibody; RF, rheumatoid factor; ESSDAI, European Sjogren’s syndrome disease activity
index

*Fisher’s exact test # Mann-Whitney U test #Mann-Whitney U test.

Samples were acquired in a 4-color BD FACS Calibur™ cytometer (BD Biosciences)
and analyzed with Cell Quest Pro™ software (BD Biosciences). This study addressed several
subsets of T cells, including Tregs and CXCR5* follicular-related T cells, as well as naive and
memory B cell subsets.

Each subset was evaluated in percentages and absolute counts, using BD Trucount
tubes™ (BD Biosciences).

Complete gating strategies are described in Figure 1.

"
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Side Scatter:SSC-H-. CD38FITG:FLI-H CD27 PEFL2ZH CD38 FITC:FL1-H

Fig. 1 Gating strategy for the identification of distinct T and B cell subsets. (a) Lymphocytes were identified
according to forward and side scatter characteristics. (b and e) CD4* T and B cells were identified as CD4* (b)
and CD19* (e) cells within the lymphocyte gate, respectively. (c) Treg subset was identified according to the
expression of CD25 and CD127 within the CD4* T cells gate. (d) T-helper (Th) subsets were identified according
to the expression of CXCR3 and CCR6 in Th1l (CXCR3*CCR67) and Th17 (CXCR3~ CCR6*) cells. (f) B cells with a
regulatory phenotype were identified as CD24"CD38" cells within the B lymphocyte gate. (g) B cell subsets
were identified according to the expression of IgD and CD27 in naive, 1gD*CD277; unswitched
memory/marginal zone like (MZ), IgD*CD27*; switched memory, 1gD"CD27*; and double-negative (DN)
memory B cells, IgD- CD27.

Functional assays for the evaluation of IL-21- producing CD4 and CD8 T cells
To characterize IL-21 and IL-17-producing T cells, heparinized blood was collected and
stimulated with PMA (phorbol myristate acetate; 50 ng/mL) and ionomycin (1 pg/mL), for

5hat37°Cina5% CO; atmosphere, in the presence of brefeldin A. After stimulation, cells
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were lysed, washed, and then incubated with anti-CD3 and anti-CD8 for surface staining.
Afterwards, cells were treated according to the manufacturer’s instructions for the BD
Fixation/Permeabilization Solution Kit with BD GolgiPlug™ (BD Biosciences) and marked
with anti-IL-21 and anti-IL17. Stimulated and unstimulated tubes were run in parallel to
assure proper stimulation and staining controls. Gating strategies are presented in Figure 2.

Statistical analysis

GraphPad Prism™ software 8.3.0 for Windows was used for statistical analysis. Categorical
variables were expressed as numbers and percentages and analyzed using Fisher’s exact
test. Normality was assessed using the D’Agostino and Pearson test, and continuous
variables were presented as means (standard deviation) or medians (25th—75th
percentile), as applicable. The Mann-Whitney U test was used to compare every 2-
independent groups. Spearman correlation coefficients were calculated to assess
correlations. Statistical significance was concluded when p < 0.05.

T helper (Tfh)
cells

d Unstimulated e PMA+lonomycin
37°C, €O,, 5h

184
1E.

11214 Tfh  IL-21*Tfc
cells cells

CD8* Tcells CDA*T
’1((3[)4‘] cells

e

CXCRS5 PE:FL2-H

CCR7 ALEXA 647:FL4-

hd

APC

C T oytotoxic(Tic)
A cells

€1
(o]
(e}

CD3 FITC:FL1-H

1IL21

CXCRS5 PE:FL2-H

CCR7 ALEXA 647:FLa-  /

Fig. 2 Identification of follicular T cell subsets. (a—c) Gating strategy for the identification of follicular-related
(CXCR5*CCD7*) cytotoxic (b) and helper (c) T cells. (d and e) IL-21-producing CXCR5* CD4* and CD8* T cells
were analyzed for the expression of IL-21 after a 5-h incubation period without stimulation (d) and after
stimulation (e) with PMA (phorbol myristate acetate) and ionomycin, for 5 h at 37 °Cin a 5% CO2 atmosphere
in the presence of brefeldin A. Unstimulated tubes were used to assess IL-21 positivity

Results

Patient’s characteristics

Fifty-three SjS and 72 Sicca patients were included. Thirtyeight SjS patients (71.7%)
presented anti-SSA antibodies (SSA+SjS) while 15 (28.3%) were anti-SSA-negative (SSA—
SjS). The HC group included 24 women. Table 1 describes the demographic, clinical, and
immunological characteristics of patients.
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SSA+SjS had a younger age of onset (44.4 years vs 50.7 years; p =0.092) and were
diagnosed earlier (49.7 years vs 57.0 years; p = 0.032) than SSA-SjS. None of the SSA-SjS
patients presented parotid enlargement or Raynaud’s phenomenon, although significance
was not reached compared to SSA+S;jS. Clinically active disease was present in 55.3% of
SSA+SjS patients, with a mean ESSDAI of 3.0 (3.2), and in 33.3% of SSA-SjS with a mean
ESSDAI of 1.3 (1.9) (p = 0.025). Rheumatoid factor (RF) was positive in 68.4% of SSA+S;|S,
significantly more frequent than in SSA-SjS (33.3%, p = 0.030) and Sicca (26.4%, p < 0.001).
Hypergammaglobulinemia was also more frequent in SSA+ SjS (34.2%) compared to
SSA-SjS (6.7%, p = 0.080) and Sicca (4.2%, p < 0.001).

Lymphocyte characterization

Complete results are presented in Table 2 and Supplementary Table 1.

CD4* and CD8* T cell subsets

Compared to both Sicca and HC, SjS patients presented lower CD4* T cell counts, especially
when considering the SSA+ SjS subgroup (percentages, p <0.032; absolute counts,
p <£0.046). CD4* T cell counts were also significantly lower in Sicca compared to HC
(p <0.001). Both SjS groups presented higher CD8* T cell percentages compared to Sicca
and HC, with no differences in counts.

Treg counts were lower in all patient groups when compared to HC (p <0.042),
although with higher percentages in SSA+SjS compared to Sicca (p = 0.007) (Figure 3).
When considering only SSA+SjS patients with moderate/high disease activity (ESSDAI > 5, n
= 8), a negative correlation was found between Treg counts and the ESSDAI (p = 0.011, r = -
0.854) (Figure 4).

Percentages of CXCR5* CD4* or CD8* T cells were similar in all patient groups.
Nevertheless, lower levels of CXCR5* T-helper cell counts were observed in SSA+SjS
compared to Sicca (p = 0.026), and in all patient groups compared to HC (p < 0.022).
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Table 2 Comparison of T and B cell subsets’ percentages in SjS, Sicca, and healty control groups

Sjogren's Syndrome Sicca HC Group's comparisons (p-values)
TotalSjS  SSAS]S  SSA-S|S Si/;“ Si’s“ Si’s“ S\Slf' S\S:' Si\fsca
n=>3 n=38 n=15 n=r12 n=2% " Ssp Sicca HC  Sicca HC  HC

Lymphocytes (within leukocytes) (23,341-,358,1) (23,391-,376,4) (22,331_'5012) (25,372_'32711) (291336_57918) 0,499 0,531 0,034 0,900 0,242 0,027

B cells (6,9?1173,3) (5,9?’18610) (7109_’171,0) (8,%—11131,8) (8,613?1,‘31,7) 0,636 0,319 0,723 0,023 0,231 0,392

T cells ( 67’7;'788, 5 67’7;'798, 5 (7 0,75‘3'768' 8 | 67,76?1'717' 3 @ 0,714{'779, g 0721 0409 0391 0266 0836 0059

T-cell Subsets

CD4* (53,611-,626,6) (51,621-,626,9) (55,5 1?'675,1) (60,%?'702,6) (60,68?,715,9) 0897 0004 0001 0032 0006 0227

Thl (28,46(3,436,0) (27’328_'41519) (32,411—'426,3) (30,328_?:;7'4) (31’375_'47519) 0,383 0,535 0,878 0,620 0,464 0,625

Th17 (13,:;9—,258,6) (13,::38—,207,2) (19,226—'361,6) (16,242—'278,7) (17,20%1311,7) 0,154 0,085 0,089 0603 0516 0,630

Tregs 6, 5%'120' N @ 1%'160' 6 6};:; 5 6};:2’ o 6;:2' g 0085 0007 0067 0464 0535 0,948

cba+ (33,308-236,9) (32?5%f8,9) (34,?:14,9) (27,34%'319,7) (23,3:3599,2) 0,511 G.010° 6,008 G025 06,007 0,231

CXCR5*CD4* T-cells (within CD4+ T-cells) (14,17%,243,6) (14’12%'25310) (15,136_'294'7) (14,198_'231'5) (17'24(?'28219) 0,615 0,907 0,214 0,580 0,892 0,121

Surface expression of CCR7*

Naive (CCR7%) (14'158_'203’2) (13'198_'202’0) (14’1963'273'7) (14’17%'211'1) (17'22(?'242’2) 0,594 0,665 0,182 0,611 1.000 0,137

Differentiated (CCR7’) ( o,g:g, o o,g:g, o 0,213, 6 0,213,5) ( 0,213,7) 0,528 0,003 0411 0,094 0,915 0,060
Surface expression of CCR3 and CCR6

CXCR5*CD4* Th1 (CCR3*CCR6’) (30’376_'422’4) (3027_?:;4’0) (30,331{'317,8) (28,381—'346,8) (27’331_'37515) 0,204 0,003 0012 0,339 0,280 0,538

CXCR5*CD4* Th17 (CCR3°CCR6") (16,26(3’256,7) (15;9_'244’7) (20,245-'268,6) (18,292—'297,3) (17,26?1299,1) 0,036 0,024 0,240 0,465 0,351 0,547



Table 2 (Cont.)

CXCR5*CD4* CCR3'CCR6

CXCR5*CD8* Tcells (within CD8* Tcells)
Surface expression of CCR7

Naive (CCR7*)

Differentiated (CCR7")

IL'21 production
CcD4*

IL21*

IL21*1L17*
cDs*

IL21*

IL2171L17*

B cell Subsets
IgD/CD27 (within Brcells)

Naive

Sjogren's Syndrome Sicca HC Group's comparisons (p-values)
+ + + - - j
TotalSjS  SSA#S]S  SSA-S)S Si/: si/: si/: S\S//: 53’: S’\fsca
n=>3 n=38 n=15 n=72 N=24 SsA- Sicca HC  Sicca HC  HC
9,9 9,3 10,0 8,8 8,2 0,537 0,106 0,078 0,064 0,051 0,563
(7,0-12,8) (6,8-12,7) (7,7-14,0) (6,5-10,7) (5,8-10,1)
31,9 32,3 31,7 35,0 37,0 0,515 0,054 0,026 0,019 0,009 0,418
(26,8-38,1) (26,2-38,4) (27,2-33,2) (31,2-41,9) (31,5-43,3)
2,9 2,9 2,6 2,8 3,4 0,949 0,534 0,360 0,650 0,716 0,755
(119'317) (118'316) (2'0'412) (211'412) (210'318)
1,9 2,0 1,8 1,9 2,1 0,707 0,757 0,608 0,578 0,419 0,713
(112_219) (112_310) (1I2_2I8) (1I4_3I2) (115_312)
0,6 0,6 0,6 0,8 0,8 0,249 0,106 0,535 0,850 0,516 0,745
(0,4-1,0) (0,3-0,9) (0,5-1,5) (0,5-1,1) (0,3-1,4)
12,5 13,3 8,5 9,6 9,7 0,015 0,000 <0001 0,707 1.000 0,664
(8,5-14,9) (10,1-16,3) (6,9-13,4) (7,5-12,6) (6,3-11,9)
0,7 0,7 0,7 0,7 0,7 0,721 0,549 0,603 0971 0,695 0,875
(016'019) (016'019) (014'112) (014'110) (0r3'111)
4,3 4,6 3,5 3,1 2,8 0,071 0,009 0,008 0,787 0,537 0,317
(213'518) (215'714) (113-4I8) (211-414) (110_414)
0,3 0,4 0,2 0,2 0,3 0,033 0,101 0,900 0,287 0,059 0,176
(0,2-0,5) (0,2-0,5) (0,1-0,4) (0,2-0,5) (0,2-0,8)
66,6 70,3 62,7 67,3 53,0 0,281 0,429 0,032 0,546 0,282 0,066
(51,6-77,4) (52,7-78,5) (46,9-74,8) (51,0-75,7) (43,2-69,2)
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Table 2 (Cont.)

Sjogren's Syndrome Sicca HC Group's comparisons (p-values)
SSA+  SSA+  SSA+ SSA- SSA- Sicca
Total SjS SSA-SjS _ : S S Vs S S S
n=>53 n=15 n=72 n=24 SSA-  Sicca HC Sicca HC HC
Memor 29,5 33,4 30,8 44,5 0,212 0,292 0011 0,670 0,199 0,042
y (20,2-45,2) (23,1-48,8) (22,1-44,9) (27,4-54,7)
Unswitched memor 13,5 14,8 15,9 21,6 0,342 0,074 0004 0,796 0,144 0,078
y (8,7-21,6) (10,2-25,5)  (11,0-24,9) (14,6-32,2)
Switched memor 14,5 18,6 14,5 19,5 0,243 0,741 0,055 0,217 0,733 0049
y (10,0-22,5) (12,2-24,1) (10,2-21,6) (13,7-26,5)
i i 6,3 4,2 4 3,2 0,518 0006 0,058 0,246 0,194 0,819
CD24™'CD38™
(2,8-9,6) (3,2-7,2) (2,2-5,5) (2,4-5,8)
) 16,9 19,6 21,3 32,0 0,173 0014 <0,001 0,813 0,122 0031
CD24%cD27*
(10,1-27,6) (12,7-38,4) (14,0-34,1) (21,7-42,5)
2,0 1,9 1,2 1,4 0,114 0,001 0,032 0,576 0,739 0,500
Plasmablasts IlgM7*CD38**
(019'315) (017'217) (017-1I9) (110-119)

Mann-Whitney nonparametric U test was used for group’s comparison. Results are presented as medians and interquartile range, median (IQR). Statistically significant results are indicated in

italic.
SjS, Siogren ‘s syndrome: HC, healthy controls; IQR, interquartile range.
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Figure 3 Distributions of T and B-cell subsets’ percentages in all groups.

Regarding CXCR5 *Th subsets, CXCR5*Th1 (CCR3CCR6-) percentages were higher in
SSA+SjS than in Sicca (p =0.003) and HC (p =0.012), while CXCR5*Th17 (CCR3- CCR6")
percentages were lower in SSA+SjS compared to SSA-SjS (p = 0.036) and Sicca (p = 0.024).
However, CXCR5*Th1 counts were lower in SSA+SjS and Sicca compared to HC (p < 0.001),
whereas SSA+SjS presented lower CXCR5*Th17 counts compared to all groups (p <0.015)
(Fig. 3). To investigate possible relations with disease activity, we further explored the
association between Tfh-related subsets and the ESSDAI (Fig. 4). SSA+SjS patients showed
a trend for a positive correlation between ESSDAI and CXCR5*Th1 percentages (r = 0.294,
p =0.073), which was statistically significant in patients with clinically active disease
(r=0.616, p=0.003), and among those, even stronger when considering patients with
moderate/high disease activity (r=0.927, p = 0.002). Contrarily, ESSDAI and CXCR5*Th17
percentages (r = - 0.341, p = 0.036) showed a negative correlation, also slightly stronger in
patients with active disease (r=- 0.456, p = 0.038). Despite the low number of patients
with moderate/high disease activity, a similar trend was also observed for ESSDAI and
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CXCR5*Th17 percentages (r = - 0.659, p = 0.088) in this group. No correlations were found
between Tfh-related subsets and ESSDAI in SSA-S|S patients.
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Figure 4 Correlation between Treg counts and the ESSDAI.

IL-21-secreting CD4 and CD8 T cells

We found increased percentages of IL-21*CD4* T cells (13.3%) in SSA+SjS compared to SSA
-SjS (8.5%, p = 0.015), Sicca (9.6%, p < 0.001), and HC (9.7%, p = 0.002), without differences
in absolute counts. Similarly, IL-21*CD8* T cells percentages were significantly increased in
SSA+SjS (4.6%) compared to Sicca (3.1%, p=0.009) and HC (2.8%, p=0.008), and
tendentially significant compared to SSA -SjS (3.12%, p = 0.071) (Fig. 3).

Contrary to SSA -SjS, SSA+SjS patients showed higher IL-21*CD8* T cell counts
compared to Sicca (p=0.031). Furthermore, ESSDAI positively correlated with both
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IL21*CD4* (r=0.456, p =0.038) and IL-21*CD8* (r=0.451, p =0.046) T cells in SSA+SjS
patients with clinically active disease, but not in SSA-SjS (Fig. 4).

B cell subsets

The levels of total B cells were similar between groups, though increased percentages of B
cells were observed in Sicca compared to SSA -SjS (p = 0.023), and decreased counts were
present in SSA+SjS compared to HC (p = 0.033). We found no differences in the distinct
IgD/CD27 B cell subsets between SSA+SjS and SSA -SjS. Interestingly, SSA+SjS patients
showed increased naive (p = 0.032) and decreased unswitched memory B cell percentages
(p =0.004) compared to HC. No differences were observed between SSA-SjS and the
remaining groups, though these patients presented lower unswitched and switched
memory B cell counts than HC (p <0.025). Sicca patients also presented decreased
percentages and absolute counts of total memory (p <0.042) and switched memory
(p £0.049) B cells compared to HC.

When analyzing subsets related to regulatory B cells, memory CD24HCD27* B cells
showed lower counts and percentages in SSA+SjS patients than in Sicca (p £ 0.014) and HC
(< 0.001). CD24"CD27* B cell percentages were similar in SSA-SjS and HC, although SSA-SjS
presented decreased counts (p = 0.006). CD24"CD38" B cell percentages were higher in
SSA+SjS compared to Sicca (p = 0.006).

Concerning IgM~/*CD38" plasmablasts, SSA+SjS showed increased percentages
compared to Sicca (p = 0.001) and HC (p = 0.032).

Discussion

SjS patients display great clinical and biological heterogeneity [17].

We explored the clinical and immunological features of SSA*/SSA - patients focusing
on the lymphocyte subpopulations distribution and its association with disease activity.

In our study, SSA+SjS patients presented higher proportions of IL-21-producing CD4*
and CD8* T cells, a pronounced decrease in memory B cells, and increased naive B cells,
compared to HC. Moreover, SSA+SjS patients presented higher disease activity, and
associations between ESSDAI and several lymphocyte subsets, including IL-21*-producing
CD4* and CD8* T cells, and Tregs. To our knowledge, this is the first study to approach
CXCR5*Tc cells in SjS patients according to anti-SSA positivity.

In SjS, the presence of anti-Ro/SSA and anti-La/SSB is a dominant feature, reflecting
the hyperactivity of autoreactive B cells/plasma cells [18, 19]. Anti-SSA antibodies are
associated with younger age of disease onset, worst exocrine gland function, and parotid
gland enlargement [20], as well as several extra-glandular manifestations [13]. An
increased risk of lymphoma is predicted by clinical adverse prognostic factors, along with
the disease activity (ESSDAI scores) [21].
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Our SSA+SjS patients had a younger age of onset and, conversely, a longer disease duration
compared to SSA-SjS. ESSDAI was higher in SSA+SjS, but due to the small sample, clinical
differences were not statistically significant, although SG swelling and Raynaud’s
phenomenon only occurred in SSA+SjS. RF and hypergammaglobulinemia were more
prevalent in SSA+SjS. All these differences are in accordance with published data [13, 20].

In SjS patients, we found not only T cell lymphopenia but also decreased B cell counts,
which also occurred to a lesser degree in Sicca patients.

Mandl [22] found significantly lower CD4* T cell counts and percentages in SjS, and
lower absolute CD4* T cell counts in SSA+SjS, compared to Sicca patients. Another study
showed that SSA*/SSB*SjS patients had decreased circulating CD4* T cells compared to
SSA-/SSB-SjS and HC [23]. Also, CD4* T cell numbers were lower in both SjS groups
compared to HC and in SSA*/SSB*SjS compared to SSA-/SSB-SjS [23]. Our findings are
partially in line with these studies, as both SSA+SjS and SSA-SjS groups had lower CD4* T
cells compared to Sicca and HC groups. Interestingly, CD4* T cell counts were also lower in
Sicca compared to HC.

Lymphopenia in SjS has been attributed to the migration of peripheral blood CD4* T
cells to the exocrine glands [24] and therefore may traduce a more active disease profile.
However, it has been recently proposed that decreased T cells in SjS represent a senescent
phenotype due to earlier increased proliferation on naive CD4* T cells contributing to their
later exhaustion [25]. Epigenetic cell counting, a promising novel tool to quantify immune
cells in the salivary glands, may contribute to a better understanding of cell distribution and
immunopathology [26].

The higher percentages of CD8* T cells found in both SjS groups compared to Sicca
and HC differ from Mandl et al. [22] study, which found no differences in CD8* T cells
percentages while describing, as we did, lower CD8* T cell counts in both SSA* and SSA-SjS
[22].

Follicular T cells participate in T cell-dependent B cell responses in ectopic lymphoid
structures. Typically, they express the follicular homing chemokine receptor CXCR5, which
guides their migration into B cell follicles, and secrete the B cell helper cytokine IL-21 [27].

Increased Tfh frequencies have been described in the blood and SG of SjS (recently
reviewed by Verstappen [5]), possibly related to extra-glandular manifestations [5, 28]. Our
results showed no differences concerning CXCR5*CD4* T cell frequencies between SjS (SSA*
and SSA-) and the other groups, while lower numbers were found in SSA+SjS compared to
Sicca and HC. When addressing CXCR5*Th1 and Th17 profiles, according to CXCR3 and CCR6
expression, we found higher frequencies of CXCR5*Thl and lower frequencies of
CXCR5*Th17 in SSA+S|S patients, especially when comparing SSA+SjS with SSA-SjS patients.
Moreover, SSA+SjS had lower CXCR5*Th17 counts compared to the other groups, and Th17
percentages were lower in SSA+SjS compared to SSA- and Sicca.

Despite some reports describe decreased circulating Tfh1 in SjS patients compared
to HC, and higher or similar Tfh17 levels [29, 30], Aqrawy [31] observed a significant
decrease of CXCR5*Th17 frequencies in SjS. Our data are consistent with the later study,
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supporting possible retention of CXCR5* Th17 cells in the SG at the site of inflammation,
thus decreasing their circulating levels. The lower frequencies found in SSA+SjS patients
might traduce a more intense SG accumulation in these patients, although a more specific
phenotypic characterization of Tfh cells (PD1 marker) was not performed.

A positive correlation between ESSDAI and CXCR5*™"1 percentages was observed in
SSA+SjS patients, stronger in patients with moderate/high disease activity. By contrast, a
negative correlation between ESSDAI and CXCR5*Th17 percentages was present. Previous
reports correlated Tfh17- like cells with disease activity and antibody production,
suggesting also increased expression of effector cell markers such as PD1, CD40L, and IL-21
in these cells compared to Tfh1 cells [30]. Since the associations between ESSDAI score and
CXCR5*Th subsets only occurred in SSA+SjS patients, we admit that the immune
mechanisms underlying T cell dynamics and disease manifestations may differ according to
the presence of anti-SSA antibodies.

Follicular T cells are major sources of IL-21, an autocrine cytokine that regulates GC
responses, B cell activation, and immunoglobulin production [32]. Thus, we characterized
IL21 production by CD4* and CD8* T cells to identify T cells with a follicular phenotype.
SSA+SjS patients presented higher percentages of IL-21-secreting CD4* T cells compared to
all other groups, and higher percentages of IL-21-secreting CD8* T cells compared to Sicca
and HC. Our results suggest that, among SjS patients, those SSA* may have a different
biological and clinical profile, with more intense GC-like reactions. This is in line with a
recent study by Pontarini [33], which showed that circulating CXCR5*ICOS*PD-1* Tfh
subsets producing high levels of both IL-21 and IFN-y were enriched in SjS patients with
anti-Ro/SSA and anti-La/SSB autoantibodies, especially those with ectopic lymphoid
structures, and positively correlated with SG focus score.

Follicular CD8* T cells have been identified in the synovial ectopic follicles of patients
with rheumatoid arthritis [34], and recent data confirmed an important role of CD8* T cells
in the development and progression of the SG lesions in SjS [35]. Our data, showing an
increased follicular function in SSA+SjS patients, assessed by IL-21 production by CD4* and
CD8* T cells, support an important role of both subsets for antibody production by the
infiltrating B cells.

Noteworthy, we have also proven a strong positive correlation between ESSDAI and
both IL-21*CD4* and 1L21*CD8* T cells in SSA+SjS patients with clinically active disease, a
feature not found in SSA-SjS patients. This is in accordance with Mingueneau’s study [24],
where the frequencies of circulating HLA-DR-expressing activated CD8* and CD4* T cells
correlated with the ESSDAI. Our observation that IL-21*CD8* T cells presented the same
association with disease activity as IL-21*CD4* T cells suggest a role of these cells in B cell
responses. Therefore, the increase in circulating follicular-related CD8* T cells in SSA+SjS
probably indicates their role in the active clinical profile of these patients. Considering the
fundamental role of IL-21 in GC dynamics, inducing B cell generation and differentiation
into plasma cells, and that increased serum levels of IL-21 have been detected in patients
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with immune-mediated diseases, including SjS[36], our findings of increased percentages
of IL-21- producing CD4* and CD8* T cells in SSA+SjS patients are not surprising.

For Treg characterization, we used the phenotype CD4*CD25*CD127'"w
recommended by the Human Phenotyping Project [37], as these cells significantly express
Foxp3 and correlate positively with the classic regulatory T cell CD4*CD25*Foxp3* [8].

Although both groups of SjS, as well as Sicca patients, had lower Treg counts
compared to HC, SSA+SjS patients presented higher percentages compared to the other
groups. Gottenberg [38] had previously described a higher proportion of functional
CD4*CD25"8" regulatory T cells in SjS, especially in patients with extra-glandular
manifestations or antiSSA/SSB antibodies, suggesting reactive feedback. Recently, higher
levels of Tregs have also been reported by Maria [39] (in SjS patients with positive
Interferon gene expression signature) and Verstappen [40]. However, Tregs are
controversial in SjS [9]. Sudzius [23] did not find significant differences in circulating
CD4*CD25*Foxp3* T cells in SjS patients with and without anti-SSA antibodies. Nevertheless,
in their study, both patients and controls presented low levels of CD4*CD25*Foxp3* T cells
(< 1.5% of total CD4 T cells) [41].

A negative correlation between the frequency of circulating CD4*CD25*Foxp3* cells
and the proportion of Tregs infiltrating the SG was reported in SjS [42]. Moreover, patients
with advanced pathologic lesions had higher circulating levels of Foxp3* cells and tissue
infiltration by Tregs was reduced. Additionally, this study showed that CD4*CD25*CD127'"%
T cell frequencies paralleled Foxp3* T cells in SjS and controls, supporting our choice for the
CD4*CD25*CD127'"°% phenotype.

Interestingly, in SSA+SjS with moderate/high disease activity, we found a strong
negative correlation between ESSDAI and circulating Treg counts. Considering our data and
the previous observations from Christodoulou [42], activity scores seem to proportionally
increase to the level of infiltrating Tregs, relating to a decrease in circulating levels.
Nevertheless, it cannot be excluded that the association between decreased Treg counts
and ESSDAI may be simply a reflex of the lymphopenia in patients with more active disease.
However, other authors failed to encounter associations between disease activity and
circulating Tregs [9].

SSA+SjS patients presented several features of B cell activation, in accordance with
our previous data [16], with higher proportions of naive mature B cells and lower memory
B cells compared to HC.

The increase in naive mature B cells is widely described for SjS and has been
attributed to impairment of early B cell tolerance checkpoints [3]. Higher proportions of
naive B cells in SSA+SjS support a more severe immune dysregulation. The mobilization of
self-reactive naive B cells from the bone marrow to the periphery is increased in SjS [3],
and recently Glauzy [43] found that among the expanded naive B cells in SjS, most clones
were polyreactive, pointing to their emergence from defective central and peripheral B cell
tolerance checkpoints in SjS patients.
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Also, increased migration of memory B cells to the affected SG occurs [44],
accompanied by a shift in B cell differentiation towards plasma cells [45]. The consequent
increased production of autoantibodies in the SG appears to strongly reflect the serologic
humoral response [46]. Therefore, we admit that our SSA+SjS patients have a greater
reduction in circulating memory B cells due to their migration to the SG, reinforced by the
more frequent occurrence of SG enlargement and hypergammaglobulinemia, both of
which are markers of B cell activation in SjS [47].

Additionally, 1gM~7+*CD38"" plasmablast percentages were increased in SSA+SjS
compared to both Sicca and HC, whereas no differences were found comparing SSA-S]S.
This is in line with the proposed identification of this population as plasma cell precursors,
responsible for antibody production in S;jS.

SSA-SjS also presented increased naive and decreased memory B cell percentages
and numbers compared to HC, although the small number of patients did not allow for
further clarification.

The frequencies of new emigrant/transitional B cells expressing polyreactive B cell
receptors were shown to be increased in SjS patients, a fact attributed to defective central
B cell tolerance in SjS [43]. Considering CD24"CD38" B cells as transitional cells, their
significant increase in SSA+SjS may suggest a greater defect in central B cell tolerance
allowing for their increased release into the circulation.

CD24MCcD38M B cells, as well as CD24%'CD27* B cells, are populations known to be
enriched in regulatory cells [48]. In our study, decreased numbers and percentages of
CD24MCD27* B cells and increased CD24"CD38" B cells occurred in SSA+SjS, whereas
SSA-SjS only presented decreased numbers of CD24"CD27* B cells. Our results on these
populations are difficult to interpret as functional assays for IL-10 production were not
performed. However, decreased CD24MCD27* B cells and a concomitantly reduced
frequency of IL10*CD24MCD27* B cells were reported in systemic lupus erythematosus (SLE)
patients compared to HC [49]. The authors also reported decreased CD24MCD38"B cell
frequency in SLE patients, but no differences in I1L10*CD24MCD38" B cells. Despite the
changes found for CD24"CD38" and CD24"CD27+* B cells in our study, the frequencies and
function of IL-10-producing cells among those subsets remain undetermined.

We acknowledge limitations in our study, such as the inclusion of patients with a
broad range of age and disease duration, variable disease activity and severity, and
exclusive peripheral blood evaluation. Additionally, a significant number of patients in both
groups were under glucocorticoid and/ or hydroxychloroquine therapy, which could
potentially influence lymphocyte subset distribution, although we consider our population
to be representative of the daily clinical practice. We also recognize the potential risk of
bias due to multiple paired testing in our results. Finally, the use of different markers and
phenotypic approaches can explain inconsistencies with the literature, and the absence of
functional assays for regulatory T and B cells may overlook potential functional deficiencies
in our study.
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Our data support that SSA+SjS patients have more active disease, including markers
of B cell activity such as hypergammaglobulinemia, RF, and SG enlargement. Overall, it
seems that the underlying immune mechanisms differ according to the presence of anti-
SSA antibodies, with a distinct lymphocyte subset profile observed in SSA+SjS patients. The
more pronounced naive/memory B cell imbalance in SSA+SjS patients reinforces the
relevance of the expanded follicular T cell compartment and B cell activity. Furthermore,
the association between ESSDAI and 1L21*CD4* and IL-21*CD8* follicular-related T cells
suggests the possible involvement of these cells in the pathogenesis of the disease and
their possible application for prognosis and monitoring of disease activity, particularly in
SSA+S)S patients.
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Supplementary Table

Supplementary Table 1.

Comparison of T and B-cell subsets' numbers in SjS, Sicca, and Healthy Control groups

Sjogren's Syndrome (S;jS) Sicca HC Group's comparisons (P-values)
Cells/ul, median (IQR) Total SjS SSA+ SjS SSA- SjS 7 _ ssar AT soarvs SSA-vs  SSA-vs  Siccavs
n=53 n=38 n=15 - n=24 VS SSA- HC Sicca  HC HC
Sicca
Lymphocytes 1615 1475 1891 1939 2228 0,345 0,093 <0,001 0,829 0,122 0,003
(1131-2475)  (1115-2387) (1119-2587) (1506-2275) (1987-3040)
B cells 186 187 161 228 252 0,988 0,140 0,033 0,214 0,065 0,147
(97-263) (81-263) (109-265) (141-297) (173-393)
T cells 1180 1112 1263 1403 1777 0,320 0,152 0,001 0,841 0,108 0,001
(756-1180)  (750-1717)  (882-1924)  (1038-1656) (1426-2155)
T-cell Subsets
CD4+ 735 694 823 889 1108 0,259 0,016 <0,001 0,841 0,046 <0,001
(431-1083)  (433-1051)  (424-1388)  (694-1157)  (1010-1408)
Thi 259 236 398 347 473 0,062 0,008 <0,001 0,611 0,237 0,003
(176-431) (163-3479 (183-554) (211-467) (360-555)
Th17 125 121 185 196 275 0,190 0,007 <0,001 0,818 0,028 0,002
(82-224) (72-206) (104-271) (123-264) (203-395)
Tregs 65 67 63 68 92 0,685 0,585 0,001 0,989 0,042 <0,001
(36-92) (36-89) (36-99) (45-83) (67-112)
CD8+ 472 401 523 439 533 0,261 0,999 0,086 0,177 0,695 0,049
(320-662) (298-623) (324-723) (319-574) (391-753)
CXCR5+CD4+ T-cells 134 126 170 169 241 0,103 0,026 <0001 0,721 0,022 <0,001
(84-203) (78-189) (118-261) (119-201) (221-295)
Surface expression of CCR7
Naive (CCR7+) 131 123 166 167 234 0,103 0,031 <0,001 0,749 0,022 <0,001
(80-196) (74-185) (117-254) (116-196) (216-283)
Differentiated (CCR7-) 3 3 4 3 5 0,511 0,226 0,019 0,094 0,084 <0,001
(2-5) (2-5) (3-5) (2-4) (3-9)
Surface expression of CCR3 and CCR6
CXCR5+CD4+ Th1 (CCR3+CCR6-) 51 46 61 54 80 0,166 0,240 <0,001 0,484 0,136 0,001
(26-72) (26-63) (23-94) (33-72) (48-102)
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Supplementary Table 1. (Cont.)

Cells/ul, median (IQR) Sjogren's Syndrome (SjS) Sicca HC Group's comparisons (P-values)
SSA+
Total SjS SSA+ SjS SSA- SjS n=72 n=24 SSA+ Vs SSA+vs SSA-vs SSA-vs  Sicca vs
n=>53 n=38 n=15 vs SSA-  Sicca HC Sicca HC HC
CXCR5+CD4+ Th17 (CCR3-CCR6+) 28 23 41 35 53 0,015 0,001 <0001 0,588 0,090 0,002
(15-43) (14-33) (22-58) (23-54) (37-71)
CXCR5+CD4+ CCR3+CCR6+ 12 10 19 14 18 0,073 0,168 0,001 0,325 0,633 0,012
(7-19) (7-17) (9-26) (8-20) (14-259
CXCR5+CD4+ CCR3-CCR6- 44 40 54 55 90 0,191 0,002 <0001 0,712 0,001 <0,001
(25-64) (24-59) (24-70) (42-71) (75-110)
CXCR5+CD8+ T-cells (within CD8+ T-cells) 12 12 13 13 17 0,300 0,755 0,059 0,421 0,506 0,082
(8-18) (7-18) (10-19) (7-19) (18-23)
Surface expression of CCR7
Naive (CCR7+) 9 9 10 9 11 0,628 0,850 0,152 0,366 0,524 0,072
(5-14) (5-14) (7-13) (5-12) (7-20)
Differentiated (CCR7-) 2 2 4 3 4 0,022 0,194 0,078 0,123 0,578 0,399
(2-5) (1-5) (3-7) (2-5) (2-9)
IL-21 production
CD4+
IL21+ 86 88 82 85 113 0,522 0,896 0,168 0,479 0,137 0,060
(51-123) (52-123) (41-110) (60-108) (71-167)
IL21+IL17+ 5 5 5 5 7 0,384 0,191 0,081 0,836 0,377 0,140
(3-8) (3-8) (3-10) (4-8) (5-13)
CD8+
1121+ 18 20 17 14 13 0,408 0,031 0,154 0,646 0,715 0,985
(11-28) (11-29) (8-23) (7-22) (6-26)
1IL21+IL17+ 1 2 1 1 2 0,459 0,195 0,273 0,896 0,108 0,017
(1-2) (1-2) (1-2) (1-2) (1-4)
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(Cont.)

Sjogren's Syndrome (S;jS) Sicca HC Group's comparisons (P-values)
Cells/pl, median (IQR) Total SjS SSA+ SjS SSA- SjS _7 . ssar AT Soavvs SSA-vs  SSA-vs  Siccavs
n=53 n=38 n=15 - n=24 VS SSA- o HC Sicca  HC HC
Sicca
B-cell Subsets
IgD/CD27

Naive 106 113 90 136 137 0,864 0,234 0,209 0,208 0,161 0,694
(61-196) (44-200) (69-168) (75-204) (86-228)

Memory 50 47 69 65 106 0,222 0,021 <0,001 0,666 0,022 0,002
(27-76) (25-71) (30-92) (37-95) (65-141)

Unswitched memory 22 22 32 35 57 0,425 0,007 <0,001 0,365 0,017 0,008
(11-37) (10-35) (15-55) (20-54) (32-81)

Switched memory 23 22 32 30 45 0,233 0,065 <0,001 0,962 0,025 0,001
(15-41) (15-39) (18-45) (18-45) (37-76)

CD24HiCD38Hi 9 13 6 8 8 0,521 0,221 0,821 0,850 0,361 0,380

(4-19) (3-24) (5-11) (4-13) (5-18)

CD24HiCD27+ 30 27 31 46 81 0,214 0001 <0,001 0,257 0,006 0,003
(15-49) (12-43) (20-53) (27-75) (51-103)

Plasmablasts [gM~*CD38** 3 4 2 2 4 0,245 0,122 0,786 0,718 0,119 0,035

(1-6) (1-6) (1-5) (1-4) (2-5)

Statistically significant results are indicated in italic.
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CAPITULO VI. (A). Tear Meniscus and Corneal Sub-basal
Nerve Plexus Assessment in Primary Sjogren’s Syndrome
and Sicca Patients | Avaliagdo do menisco lacrimal e do
plexo nervoso corneano sub-basal em doentes com
Sindrome de Sjogren e sindrome Sicca.
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[Abstract]

Purpose: To evaluate lower tear meniscus and corneal sub-basal nerve plexus in primary
Sjogren’s syndrome (pSS) and Sicca syndrome patients.

Methods: Cross-sectional study of 116 patients with Sicca syndrome associated with pSS
and not associated with Sjogren’s syndrome (nonSS Sicca) and 20 normal control subjects.
Tear meniscus height and area were measured using anterior segment optical coherence
tomography; corneal sub-basal nerve plexus density, length, and tortuosity were evaluated
using in vivo confocal microscopy. Data analysis was performed using IBM-SPSS
Statistics 24.0.

Results: Corneal sub-basal nerve plexus density and length were significantly lower, and
tortuosity was significantly higher in pSS and non-SS Sicca groups than in normal control
subjects (P <0.001; P =0.018, respectively). Corneal sub-basal nerve plexus presented a
strong association with Schirmer test | and tear breakup time. Cut-off values of sub-basal
nerve plexus density (36.5 nerve/mm?) and length (12.5 mm/ mm?) presented 80.2% to
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81.9% sensitivity and 85% specificity for detecting Sicca syndrome patients. No significant
differences were found between the 3 groups regarding tear meniscus height and area.

Conclusions: Corneal sub-basal nerve plexus in vivo confocal microscopy may be a useful
tool in the assessment of dry eye disease in Sicca syndrome, complementing the
information provided by the conventional modalities used in dry eye disease evaluation.

Key Words: dry eye disease, primary Sjogren’s syndrome, tear meniscus, anterior segment,
optical coherence tomography, corneal in vivo confocal microscopy.

Introduction

Dry eye is a highly prevalent ocular finding, especially in the elderly, users of xerogenic
drugs, and patients with chronic rheumatologic diseases. It is a multifactorial disease,
potentially associated with relevant clinical consequences in the ocular surface, with great
impact on the visual function and quality of life of the affected individuals.?

Despite being frequently subject to external factors and patients’ individual
variations, which may be difficult to predict or control, dry eye evaluation is still mainly
based on the assessment of aqueous tear flow and ocular surface damage, using Schirmer
test |, tear breakup time (TBUT), and vital staining scores of the ocular surface.?™

Novel biomarkers to complement the information provided by these conventional
dry eye tests contributing to the diagnosis, severity assessment, and outcome of Sicca
patients are needed.® With this purpose, the development and use of novel objective,
noninvasive, reproducible, and easy to apply tools have been gaining great focus on the
evaluation of dry eye disease (DED), bringing invaluable information to clinical practice.*’

In fact, DED being a disease that directly affects the tear film and ocular surface, an
objective evaluation of these 2 main interveners may change the paradigm of dry eye
evaluation.? In this sense, anterior segment optical coherence tomography (AS-OCT)
provides high-resolution cross-sectional images of the cornea and anterior segment. The
measurement of tear meniscus using AS-OCT enables a noninvasive and practical approach
to assess the overall tear film.**"1* Another promising instrument is the in vivo confocal
microscope, which produces high-resolution images of the living cornea and ocular
surface.!> Damage and consequent stimulation of corneal sensory nerves have been
described in DED.'%'7 Indeed, evidence of morphological changes in the corneal sub-basal
nerve plexus induced by DED may be useful not only in detecting the disease but also in
monitoring patient response to treatment.'®

As a part of a project aiming to search for new objective and serologic biomarkers for
the diagnosis of primary Sjogren’s syndrome (pSS), we designed a study to evaluate novel
diagnostic tools for DED, namely, tear meniscus ASOCT and corneal sub-basal nerve plexus
in vivo confocal microscopy and to compare those tests with conventional objective dry-
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eye tests in a population with Sicca syndrome. We also expect to clarify if the former are
sensitive tools to detect DED in patients with Sicca syndrome.

Materials and Methods

Clinical Study Design and Population

A cross-sectional study of 116 patients with Sicca syndrome and 20 healthy women was
conducted. All subjects signed a written informed consent before their participation in the
study. Approval from the Ethics Committees of Hospital Cuf Descobertas and of Instituto
Portugués de Reumatologia was obtained, and the tenets of the Declaration of Helsinki
were followed.

Patients with Sicca manifestations were consecutively recruited from the
Rheumatology Department of the Instituto Portugués de Reumatologia and Hospital Cuf
Descobertas between September 2014 and March 2017. All patients had ocular or oral
Sicca symptoms or signs and had previously undergone a complete evaluation to diagnose
pSS, which included minor salivary gland biopsy and autoantibody profiling. Patients who
fulfilled the American-European Consensus Group criteria® were diagnosed with pSS,
whereas those who did not fulfill those criteria were classified as the non-Sjogren’s
syndrome Sicca group (non-SS Sicca). Secondary Sjogren’s syndrome (sSS) patients were
not enrolled in the study. All healthy volunteers who came to the Ophthalmology
outpatient clinic during the same period of recruitment, without any Sicca symptoms or
signs, fulfilling all eligibility criteria composed the normal control group. The exclusion
criteria proposed by the American-European Consensus Group were applied to all subjects.
Additional exclusion criteria were the history of IgG4-related disease; other systemic or
organ-specific autoimmune disease; diabetes mellitus and potential neurodegenerative
diseases; treatment with xerogenic drugs or drugs of known corneal toxicity; eyelid
malposition or movement disorders; lacrimal drainage pathway obstruction, including the
presence of tear duct plugs; ocular surface diseases other than DED, including corneal
dystrophy or degeneration, active ocular infection, or allergy; contact lens wear within 2
weeks from the ophthalmic evaluation; or history of corneal laser procedures and
refractive, glaucoma or retinal surgeries. Patients were instructed not to use artificial tears
within 8 hours before their ophthalmic evaluation.

Demographic and clinical data were collected, and a complete ophthalmologic
examination was performed. Additionally, the latest laboratory evaluation was considered.

Ocular Examinations

Dry eye assessment was performed according to the following sequence: tear meniscus
measurement using ASOCT, followed by Schirmer test | without anesthesia, TBUT and
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corneal fluorescein staining score assessment, and finally, corneal sub-basal nerve plexus
evaluation by in vivo confocal microscopy. All subjects were examined by the same
examiner, who was unaware of subject condition/group, under standardized conditions of
room illumination (low illumination), temperature (20-25°C), and relative air humidity
(40%—-60%).2 Both eyes were examined in the majority of the patients. However, for
statistical analysis, the eye recording the highest corneal staining score (CSS) or, in case of
equal CSS, the lower score on Schirmer test |, was selected for analysis.

Anterior Segment Optical Coherence
Tomography: Tear Meniscus Imaging

Tear meniscus was assessed using Visante OCT (Carl Zeiss Meditec, Dublin, CA), as
previously described elsewhere.’® Tear meniscus scans were captured with a vertical beam,
set at a 90-degree angle, in the protocol “AC Biometry PreOp.” Cross-sectional tomographs
of both upper and lower tear meniscus with an axial resolution of 18 um and a transverse
resolution of 60 um were obtained simultaneously. However, for the purpose of this study,
only the lower tear meniscus was subsequently analyzed.

Subjects were instructed to look at a fixation point located in the device, while
maintaining spontaneous blinking. The light beam was focused on the ocular surface
centered at the pupil area and the patient directed to blink. Immediately after blinking, the
scan was performed. Lower tear meniscus height was manually measured using the
software callipers of the device, corresponding to the vertical line formed by the union of
the touch points between tear meniscus and the corneal surface and the lid margin.'® Tear
meniscus area was measured using Image J software (Java software program developed by
the National Institutes of Health, Bethesda, MD). Three images were analyzed, and the
mean value was obtained.

Conventional DED Tests

Conventional ocular tests for DED evaluation were performed following the previously
defined sequence.? First, Schirmer test | was performed without anesthesia, before any
drops were instilled in the eye. Sterile Schirmer strips, bended at the notch, were placed
on the temporal lower lid margin. All patients were instructed to keep eyelids closed during
the test. The strip was removed after 5 minutes or earlier when the strip became totally
wet by the tear fluid, and the length of moisture was measured in millimeters. Immediately
after completing Schirmer test |, a drop of 0.5% fluorescein was applied to the conjunctival
fornix, and the participant instructed to blink. The excess of dye was removed. Two minutes
later, TBUT, defined as the time in seconds between the patient’s last blink and the first
appearance of dry spots on the corneal surface, was measured using the cobalt blue filter
with high illumination and a x10 magnification. A TBUT of less than 10 seconds was
considered abnormal and consistent with dry eye.?° Finally, CSS was assessed using
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fluorescein staining and classified into 6 groups according to severity, based on corneal
surface staining of the Oxford grading scale: 0—absent, |—minimal, ll—mild, Ill—
moderate, IV—marked, and V—severe.?!

In Vivo Confocal Microscopy: Corneal
Sub-basal Nerve Plexus Assessment

Corneal sub-basal nerve plexus in vivo confocal microscopy (Heidelberg Retina Tomograph
[ll, Rostock Cornea Module) was performed, according to the protocol established by
Tavakoli and Malik.?? Patients were instructed to look straight, and the objective lens was
brought toward the center of the cornea. The entire central corneal thickness was scanned,
while the confocal imaging plane was adjusted manually, from superficial to deeper planes,
with the acquisition modality set at “Section Mode.” Two-dimensional digital images with
400 x 400 um, a lateral digital resolution of 1 um/ pixel and a depth resolution of 2
um/pixel, were obtained. Three to 5 best-focused, nonoverlapping, and most
representative images were analyzed using Image J software, plugin Neuron J. Central
corneal images were selected based on the live imaging given by the camera attached to
the microscope and the nerves’ vertical orientation.?>?* As previously reported, sub-basal
nerve plexus was characterized in terms of nerve density, length, and tortuosity. Nerve
density was defined as the total number of major nerves per square millimeter of corneal
tissue; nerve length, was defined as the total length of all nerve fibers and branches, in
millimeter per square millimeter of corneal tissue?>; and nerve tortuosity was classified as
grade 0 = almost straight; grade 1 = slightly tortuous; grade 2 = moderately tortuous; grade
3 = quite tortuous; grade 4 = very tortuous.?®

Statistical Analysis

A descriptive analysis of demographic and clinical variables was performed. Quantitative
variables were described with mean (M) and SD. Categorical data were presented as
frequencies and percentages, and ordinal variables by the mean rank. Comparisons
between the 2 diagnostic subgroups of patients and the control group were performed
using x? tests with Monte Carlo estimation for categorical data and Kruskall-Wallis tests
for ordinal data. A one-way analysis of variance test was used for continuous variables, and
a Scheffe post hoc test was conducted to test for differences between the 3 groups. Despite
the size of the control group, the analysis of variance assumptions was checked and
guaranteed. The Pearson correlation coefficient was used to examine relationships among
continuous variables. Spearman rank correlation was applied for detecting correlations
with ordinal variables. The Cramer V coefficient was used to analyze associations between
categorical and ordinal variables, and eta coefficient to associate categorical and
continuous variables. A receiver operating characteristic (ROC) curve analysis for corneal
sub-basal nerve plexus density and length was performed. In this study, P<0.05 was
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considered significant. Data analysis was performed using IBM-SPSS Statistics for Windows,
Version 24.0 (IBM Corp, Armonk, NY).

Results
Patients’ Characteristics

Fifty-four patients with a mean age of 57.8 years (SD = 11.9 years) were included in the pSS
group. Sixty-two patients with a mean age of 60.7 years (SD = 11.0 years) were included in
the non-SS Sicca group. Finally, 20 subjects with a mean age of 50.9 years (SD = 6.5 years)
were included in the normal control group. All patients were female. Mean disease
duration was 11.6 years (SD = 7.7 years) in pSS patients and 9.9 years (SD = 5.0 years) in
non-SS Sicca patients. Disease onset, defined by the first ocular dryness complaints
reported, and age at diagnosis were significantly lower in pSS group compared with non-SS
Sicca group (P =0.02, P=0.007, respectively). Demographic, clinical, and immunological
characteristics of the subjects in study are presented in Table 1.

Ocular Examinations

The results found in the ophthalmologic evaluation are reported in Table 2. Schirmer test |
found that means were significantly lower in pSS and non-SS Sicca groups, in contrast to
the normal control group (P < 0.001, Table 3). Subjects in the pSS and non-SS Sicca groups
presented a significantly higher frequency of lower TBUT in contrast to those in the normal
control group (P < 0.001), and the difference was greater for patients with pSS. Concerning
CSS, pSS showed a score significantly higher in contrast to non-SS Sicca and normal control
groups (P < 0.001). No significant differences were found between the 3 groups regarding
tear meniscus height and area (Figure 1). Corneal sub-basal nerve plexus density and length
were significantly lower in pSS and non-SS Sicca groups compared with normal control
group (P < 0.001 for both comparisons); tortuosity was significantly higher in the pSS group
in contrast to the normal control group (P =0.0.013; Table 3; Figure 2). Regarding the
Schirmer test | and TBUT, no significant differences were found between pSS and non-SS
Sicca patients. Additionally, nerve density, length, and tortuosity did not present significant
differences between pSS and nonSS Sicca groups (Table 3).

Associations between the ophthalmic variables studied are reported in Table 4. A
positive association was found between corneal sub-basal nerve plexus density, and
Schirmer test | and TBUT (r = 0.364, P < 0.001; n = 0.247, P = 0.004, respectively). Corneal
sub-basal nerve plexus length was positively associated with Schirmer test | (r=0.270,
P =0.002). Corneal sub-basal nerve plexus tortuosity negatively correlated with Schimer
test | (r=20.179; P =0.019).

Patients in pSS and non-SS Sicca groups were compared with control subjects, and
ROC curves were used to identify cut-off points with maximum sensitivity and specificity
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concerning to corneal sub-basal nerve plexus density and length. Cut-off values that best
discriminated patients from normal controls were 36.5 nerves/mm? for nerve density
(80.2% sensitivity and 85.0% specificity) and 12.5 mm/mm? for nerve length (81.9%
sensitivity and 85.0% specificity), respectively. The area under the curve values obtained
were 0.877 (95% confidence interval, 0.811-0.942) for nerve density and 0.869 (95%
confidence interval, 0.805-0.932) for nerve length.

Discussion

DED is a chronic ocular surface disorder, with a wide and expanding prevalence among the
general population.® Although it is one of the most frequent ophthalmologic findings
encountered in daily practice, the methods routinely used for its diagnosis and follow-up
have low-to-moderate reproducibility and, sometimes, high variability, being influenced by
ambient and patient conditions.?’~?° Therefore, the protocol for evaluation of DED should
be reviewed.

TABLE 1. Patients’ Clinical Features

PSS Sicca Control P
No. patients, n (%) 54 (39.7) 62 (45.6) 20(14.7)
Age (yr) * 57.8 (11.9) 60.7 (11.0) 50.9 (6.5) 0.003§
Gender, n (%) 54F (100.0) 62F (100.0) 20F (100.0)
Symptoms Onset (yr) * 46.1 (11.2) 50.8 (10.5) - 0.02*
Diagnosis (yr) * 51.7 (11.7) 57.4 (10.9) - 0.007*
Xerostomia, n (%) 52 (96.3%) 60 (96.8) - NS
Xerophthalmia, n (%) 51 (94.4%) 59 (95.2) - NS
Minor salivary gland biopsy (FS$> 1), n (%) 41/51 (78.8) 0(0.0) - <0.001*
Unstimulated salivary flow (ml/min) 2 38(70.4) 38 (62.3) - NS
Abnormal Submaxillary gland scintigraphy, n (%) 22/27 (81.5) 38/48 (88.4) - NS
Abnormal Parotid scintigraphy, n (%) 20/27 (74.1) 30/48 (69.8) - NS
Low C3, n (%) 11/53 (20.8) 6/58 (10.3) - NS
Low C4, n (%) 4/53 (7.5) 1/58 (1.7) - NS
Leukopenia, n (%) 9(16.7) 8 (12.9) - NS
Gammaglobulin = 1.6 g/dL, n (%) 14 (25.9) 3/60 (5.0) - 0.003*
Anti-Ro/SSA, n (%) 37 (68.5) 1(1.6) - <0.001*
Anti-La/SSB, n (%) 18/48 (37.5) 1/56 (1.8) - <0.001t
Anti-nuclear antibodies, n (%) 50 (92.6%) 46 (74.2) - 0.013%
Rheumatoid factor, n (%) 23/47 (48.9) 18/60 (30.0) - NS

Whenever there were missing values, percentages reflect the number of occurrences over the number of patients tested
for the item.

* Mean and SD were reported.

ty? test with Monte Carlo estimation.

¥t test.

§F-test (one-way ANOVA).

ANOVA, analysis of variance; FS, focus score; non-SS Sicca, non-Sjogren’s syndrome Sicca patients; NS, nonsignificant;
pSS, primary Sjogren’s syndrome.
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In this cross-sectional study, 116 subjects with Sicca manifestations, associated either
with pSS or “idiopathic” Sicca syndrome, and 20 normal control subjects were evaluated
for DED. Conventional and standardized dry eye tests,® namely, the Schirmer test |, TBUT,
and CSS were performed. Additionally, tear meniscus and corneal sub-basal nerve plexus
morphologies were assessed by AS-OCT and in vivo confocal microscopy, respectively,
aiming to determine if the latter are sensitive tests to detect DED. To the best of our
knowledge, this is the first study evaluating simultaneously conventional DED ocular tests,
tear meniscus, and corneal sub-basal nerve plexus, both in pSS and non-SS Sicca patients.

TABLE 2. Patients’ ophthalmic features

pSS Non-SS Sicca Control P
Schirmer's test | (mm)* 5.6 (5.9) 7.1(6.3) 22.3(8.3) <0.001¢%
TBUT (Low) 37 (68.5) 32 (51.6) 0(0.0%) <0.0015
csst 83.9 62.8 44.5 <0.0011!
Tear meniscus height (mm)* 0.29 (0.23) 0.34 (0.25) 0.43(0.11) n.s.
Tear meniscus area (mm?2)* 0.05 (0.06) 0.06 (0.05) 0.06 (0.03) n.s.
Sub-basal nerve plexus density (n/mm?2)* 28.1(12.2) 26.3 (9.2) 43,9 (12.9) <0.001"
Sub-basal nerve plexus length (mm/mm?2)* 10.3 (6.6) 9.4 (3.4) 15.4 (5.1) <0.001*
Sub-basal nerve plexus tortuosity® 77.7 65.3 53.6 0.018]|

*Mean and SD were reported.

tMean rank was reported for ordinal variables.

¥F-test (1-way ANOVA).

§y? test with Monte Carlo estimation.

IKruskal-Wallis test.

ANOVA, analysis of variance; non-SS Sicca, non-Sjogren’s syndrome Sicca patients; pSS, primary
Sjogren’s syndrome

TABLE 3. Pairwise comparisons

pSS vs Non-SS Sicca vs pSS vs Non-SS
Control P Control P Sicca P
Schirmer's test | (mm) <0.001 <0.001 0.454
Css <0.001 0.127 0.008
Sub-basal nerve plexus density (n/mm?) <0.001 <0.001 0.676
Sub-basal nerve plexus length (mm/mm?2) 0.001 <0.001 0.642
Sub-basal nerve plexus tortuosity 0.031 0.512 0.103

pSS, primary Sjogren’s syndrome; Non-SS Sicca, Non-Sjogren’s syndrome Sicca patients.
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We must emphasize that the patients included in our study were selected from
Rheumatology units, where the recognition of pSS among DED patients is of crucial interest
because of the associated organ-specific systemic manifestations and potential
complications. It is known that some patients with DED not fulfilling pSS criteria may have
mild or incomplete forms of the disease, without specific immunologic markers for pSS,
which sometimes may also be absent in pSS. The identification of non-SS Sicca patients is
important because, although they have similar objective findings in conventional tests,
those patients probably do not suffer from autoimmune disease and may be managed
exclusively in an ophthalmology clinic.3°-34 Therefore, it is of great importance to identify
and validate novel objective tests in a clinical setting that could help in the discrimination
between autoimmunerelated and nonautoimmune-related DED.

FIGURE 1. Anterior segment optical coherence tomographic images of the lower tear meniscus in a patient
with pSS (A), in a non-SS Sicca patient (B), and in a normal control subject (C). A vertical scan across the
corneal apex obtained immediately after a blink showed similar cross-sectional appearance of the tear
meniscus. Visante OCT (Carl Zeiss Meditec, Dublin, CA).

FIGURE 2. Corneal in vivo confocal microscopy images of the corneal sub-basal nerve plexus in a patient with
pSS (A), in a non-SS Sicca patient (B), and in a normal control subject (C), showing reduced nerve density and
length and increased nerve tortuosity. Heidelberg Retina Tomograph Ill, Rostock Cornea Module images
400 x 400 pm.

201



As expected, when comparing pSS and non-SS Sicca patients with normal control
subjects, decreased Schirmer test | and TBUT scores and an increase in CSS were evident.

Concerning the corneal sub-basal nerve plexus, nerve density and nerve length were
significantly lower, and nerve tortuosity was significantly higher in pSS and non-SS Sicca
groups in contrast to the normal control group. Additionally, the changes in sub-basal nerve
plexus morphology presented a good association with Schirmer test | and TBUT scores.

Cornea is the most highly innervated body tissue, being dependent on nerves’
integrity for its structural maintenance and function.3> Its microstructure can be evaluated
by in vivo confocal microscopy, which enables a quantitative and objective assessment of
high-resolution and repeatable images of corneal cells and nerves.?33¢ In fact, previous
studies using this technique have demonstrated corneal sub-basal nerve plexus variations
in DED*’ and that those variations may be related to disease severity, turning corneal sub-
basal nerve plexus in vivo confocal microscopy potentially useful for the diagnosis and
follow-up of DED.!® However, it is important to remember that the decrease in nerves’
density and length and the increase in tortuosity seem to represent indicators of nerve
fiber damage, present not only in DED but also in other prevalent diseases, such as diabetes
mellitus.”2>377%2 |n addition, because it is an emerging tool, it is still of limited applicability
in daily practice, taking into account the time and costs associated with this examination.
Meanwhile, published data have shown promising results that seem to support the use of
in vivo confocal microscopy, at least for now, in a more research setting, aiding in
differential diagnosis, risk stratification, and follow-up, and in the knowledge of potential
therapeutic approaches for disease control.#3%4° Also, the development of automated in
vivo confocal microscopy data analysis with specific software, not yet commercially
available to all, can eventually improve accuracy and reduce interpretation time, as well as
extend the evaluation of DED to nonophthalmic providers.*3

Cut-off values for sub-basal nerve plexus parameters are still required to be
validated.*! In our study, a cut-off of 36.5 nerves/mm?2 in nerve density and 12.5 mm/mm?2
in nerve length presented 80.2% to 81.9% sensitivity and 85% specificity for Sicca
syndrome; the area under the curve obtained by ROC analysis showed that both density
and length of corneal sub-basal nerve plexus may enable the detection of Sicca syndrome,
when compared with normal control subjects.

On the other hand, no significant differences were found in tear meniscus height and
area between the subjects in the 3 groups. This can be related with a possible variation in
the time between the blink and the acquisition of the images on the optical coherence
tomography.** Tear meniscus may be objectively assessed by optical coherence
tomography,'3% but, as in Schirmer test |, tear meniscus might be also affected by external
or patient variations, such as the presence of conjunctivochalasis and lid margin
disorders.’ Also, as the Visante OCT uses a time-domain technology, imaging resolution
might still be unsatisfactory to detect changes within the tear film, especially in patients
with DED.'%4 Those reasons may explain the discrepancy of our results in relation to those
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presented in studies already published.*®?8 AS-OCT based on Fourier-domain technology
and the keratograph may have a greater sensitivity to analyze the tear meniscus.*”4®

Finally, although significant differences between pSS and non-SS Sicca patients were
found in CSS, the remaining ocular examinations used in our study did not discriminate
between autoimmune-related and nonautoimmune-related DED. Therefore, further
analysis is needed to explore associations between these ocular tests and specific clinical
and immunologic features in pSS and non-SS Sicca patients that could support their utility
in subsets of patients in both groups.

TABLE 4. Associations between patients’ ophthalmic features

1 2 3 4 5 6 7 8
Xerophtalmia
Schirmer test" 0.064
TBUT (Low)*! —0.034  0.565%**
-0.037 -
CSS8 0.502%+% 0.629***
Tear meniscus height 0.048 0.298***  0.377***  —0.227**
Tear meniscus are 0.023 0.147* 0.210* -0.166* 0.421%**
Sub-basal nerve plexus density ~ 0.038 0.364***  0.247** -0.135 0.186* -0.057
Sub-basal nerve plexus length 0.065 0.270** 0.150 -0.175* 0.155 —0.038  0.659***
Sub-basal nerve plexus 0.028 -0.179* 0.139 0.104 -0.101 -0.033 -0.059 —-0.054

tortuosityll b

*P<0.05; ** P<0.01; ***P < 0.001.

N =136.

tPearson correlation coefficient was used to correlate metric variables.

fEta coefficient was used to associate nominal and metric variables.
§Spearman Rho coefficient was used to correlate ordinal and metric variables.
[ICramer V coefficient was used to associate nominal and ordinal variables.

There are some limitations to the present methodology that must be mentioned.
First, the recruitment of patients from Rheumatology units limits the etiology of DED in our
sample to inflammatory conditions affecting tear production, which could limit the
representativity of the findings to a specific clinical setting. Second, although all patients
presented Sicca symptoms, they were not previously confirmed to have DED. Thus, the
inclusion of patients who did not meet all the criteria for DED in the same group, as those
with definitive DED, may have affected the results, especially for tear meniscus
measurements. Additionally, because our population was representative of daily clinical
practice and taking into account the restriction of eligibility criteria, the size of the normal
control group is relatively small. Nevertheless, all the results were checked and guaranteed.
Another potential limitation in the constitution of the control group is the fact that those
individuals were not screened for pSS related autoantibodies. However, all control subjects
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were previously subjected to a detailed clinical interrogatory screening, confirming that
they did not present subjective or objective evidence of glandular dysfunction suspicious
of pSS.#° Although the presence of autoantibodies could precede disease onset by several
years, the prevalence of anti-SSA and anti-SSB antibodies in asymptomatic individuals has
been reported to be very low.>°>2 Therefore, we consider highly unlikely the presence of
any latent pSS in the normal control group. Finally, to limit eventual confounding factors in
the outcome analysis, patients with sSS were excluded. Though, some of the data published
in the literature do not show significant differences between pSS and sSS regarding
conventional dry eye tests and corneal in vivo confocal microscopy.3°

In summary, new biomarkers for a better diagnosis and follow-up of patients with
Sicca syndrome are needed. Corneal in vivo confocal microscopy may complement the
more conventional modalities for DED evaluation in Sicca syndrome. Noninvasive high-
resolution images of the living cornea, easily repeatable over time, enable the assessment
of the corneal nerves to serve as potential biomarkers of corneal nerve fiber damage
associated with DED. Further studies are still needed to prove the value of corneal in vivo
confocal microscopy in the differential diagnosis of DED from other causes of corneal sub-
basal nerve plexus changes and in identifying improvement of DED.
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CAPITULO VI (B). Corneal Sub-basal Nerve Plexus
Assessment and its Association with Phenotypic Features
and Lymphocyte subsets in Sjogren’s Syndrome |
Avaliagdo do plexo nervoso corneano sub-basal e da sua
associacdo com as caracteristicas fenotipicas e
subpopulagoes linfocitarias na Sindrome de Sjogren.
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Abstract
Purpose

To assess and compare corneal sub-basal nerve plexus morphology with circulating
lymphocyte subsets, immunologic status and disease activity in Sjogren Syndrome (SjS)
patients.

Methods

Fifty-five SjS patients, 63 Sicca patients (not fulfilling SjS criteria), 18 rheumatoid arthritis
(RA) patients and 20 healthy controls (HC) were included. Systemic disease activity in SjS
was assessed with the ESSDAI score. Lymphocyte subpopulations were studied with flow
cytometry. Corneal confocal microscopy and Imagel) software were used to characterize
corneal sub-basal nerve plexus in terms of nerve density (CNFD), length (CNFL), and
tortuosity (CNFT). Conventional dry eye tests were also performed.

Results

CNFL and CNFD were lower in SjS, Sicca and RA groups, compared to HC (p < 0.001 for both
SjS and Sicca); CNFL p = 0.005, CNFD p = 0.018 in RA). CNFT was higher in SjS, followed by
Sicca, RA and HC. A negative correlation was found between ESSDAI score and CNFL (r = -
0.735, p =0.012). CNFL correlated negatively with IL21*CD8*T-cells (r =-0.279, p = 0.039)
and a positively with total memory (r =0.299, p = 0.027), unswitched memory (r = 0.281,
p =0.038) and CD24"CD27* (r=0.278, p = 0.040) B-cells. CNFD showed a tendency to
significance in its negative correlation with ESSDAI (r =-0.592, p = 0.071) and in its positive
correlation with switched memory B-Cells (r = 0.644, p = 0.068).
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Conclusions

This is the first study aiming to correlate ocular findings with lymphocyte subsets in SjS. The
associations founded between CNFL and CNFD and disease activity, IL21* follicular T-cells
and some B-cell subsets suggest that corneal nerve damage may parallel systemic disease
activity and inflammatory cells’ dynamics.

Keywords Corneal confocal microscopy - Corneal sub-basal nerve plexus - Dry Eye - EULAR
- Sjogren’s Syndrome Disease Activity Index - Flow Cytometry - Lymphocyte subsets -
Sjogren’s Syndrome

1. Background

Sjogren’s syndrome (SjS) is a chronic systemic autoimmune disease characterized by
lymphocytic infiltration and damage of the exocrine glands, predominantly affecting the
salivary and lacrimal glands. Dry eye and dry mouth are cardinal features of SjS, usually
being the presenting symptoms (Kassan & Moutsopoulos 2004). In SjS, dry eye is
characterized by decreased tear flow due to lacrimal gland inflammatory damage (Bron et
al. 2017). Lacrimal gland lymphocyte infiltration in SjS correlates with the degree of
glandular dysfunction (Tsubota et al. 1996), and the resulting aqueous deficiency leads to
tear hyperosmolarity. In turn, hyperosmolarity stimulates ocular surface cells to produce
inflammatory cytokines (Interleukin IL-1, IL-6 and Tumor Necrosis Factor TNF-a,) and
proteases (De Paiva et al. 2006), which leads to additional recruitment of inflammatory
cells. The apoptosis of surface epithelial cells (Yeh et al. 2003) and non-apoptotic death of
corneal epithelial cells (Sahin et al. 2012) further contributes to this inflammatory vicious
cycle.

Both innate (macrophages and NK-cells) and adaptative (CD4* T-cells — particularly
Th1 and Th17) immune responses are involved in SjS pathogenesis (Baudouin 2001). The
infiltration of exocrine glands by IL-21-producing CXCR5* follicular helper T-cells (Tfh)
(Szabo et al. 2013) is crucial to B-cell survival and ectopic formation of germinal-centre
(GC)-like structures, and contributes to perpetuating glandular dysfunction. CXCRS5 is also
expressed in CD8+ T-cells, pointing to the existence of a follicular cytotoxic T-cell subset
(Tfc) (Quigley et al. 2007).

In fact, despite the common inflammatory pathway in all dry eye disease (DED)
patients, recent studies reveal a greater upregulation of cytokines in tear fluid in SjS
compared to non-SjS dry eye (Chen et al. 2019, Lee et al. 2013). They corroborated the
interplay between innate and adaptive immunity in SjS dry eye pathogenesis. B-cells also
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appear to be implicated in ocular manifestations of SjS, although their role is less clear
(Stern et al. 2012).

Classical DED evaluations, such as the Schirmer’s test, tear break-up time and corneal
staining measurement have a low-to-moderate reproducibility and are often influenced by
external factors (Nichols et al. 2004). Therefore, new tools for corneal assessment have
been used lately, namely in vivo confocal microscopy (IVCM), which evaluates corneal sub-
basal nerve plexus morphology. Unmyelinated corneal nerves are particularly prone to
degeneration, also occurring due to immune or inflammatory conditions (Petropoulos et
al. 2019). The damage and subsequent regrowth of these nerves have been described in
DED (Belmonte et al. 2017). In SjS, several studies demonstrated significant differences in
corneal sub-basal nerve plexus morphology (density, length, and tortuosity) compared to
healthy individuals (Benitez-del-Castillo et al. 2007, Cardigos et al. 2019, Tuisku et al. 2008).

Our purpose was to evaluate corneal sub-basal nerve plexus and to explore possible
correlations between corneal nerves degeneration, immune parameters, and disease
activity in SjS patients.

2. Methods

2.1. Population

We included adult patients from the Rheumatology Department of Instituto Portugués de
Reumatologia and Hospital Cuf Descobertas, with confirmed or suspected SjS. Patients
fulfilling the AECG criteria formed the SjS group, whereas patients with Sicca symptoms not
fulfilling AECG criteria formed the "Sicca" group. AECG criteria consist of 2 clinical items
(ocular and oral symptoms), 2 objective items (ocular signs and oral diagnostic tests) and 2
immunological items (presence of focal lymphocytic infiltrates in the minor salivary gland
biopsy, and positivity for anti-SSA or anti-SSB antibodies). To fulfil these criteria, at least 4
of the 6 items are necessary, being mandatory to have at least one of the immunological
items. However, in a couple of patients, the salivary gland histopathology item was
unfulfilled due to lack of minor glands in the biopsy, in which case the presence of anti-
SSA/SSB antibodies allowed classification. To prevent overlap between the SjS and Sicca
groups, all patients included as Sicca had a screening for anti-SSA/SSB antibodies and a valid
minor salivary gland biopsy.

The AECG criteria also define several exclusion criteria: current anticholinergic
therapy, hepatitis C and human immunodeficiency virus infection, pre-existing lymphoma,
sarcoidosis, graft-versus-host disease, and history of head and neck radiation treatment.

Additional exclusion criteria considered were IgGas-related disease, other systemic or
organ-specific autoimmune diseases, diabetes mellitus or other possible causes of
peripheral neuropathy, neurodegenerative diseases, ocular surface disease other than
DED, contact lens use, previous ophthalmic surgery, and treatment with drugs of known
corneal toxicity.
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Patients with Rheumatoid Arthritis (RA) without Sicca symptoms were included as a
control group with another autoimmune disease. A healthy control (HC) group was selected
from the Ophthalmology outpatient clinic.

Disease activity in SjS was assessed with the EULAR SjS Disease Activity Index (ESSDAI)
(Seror et al. 2010), which consists of 12 domains (constitutional, lymphadenopathy,
glandular, articular, cutaneous, pulmonary, renal, peripheral nervous system, central
nervous system, muscular, hematologic and biologic), each divided into 3—-4 levels of
activity. Clinically active disease was defined as activity in any ESSDAI domain, except the
hematologic and biologic. Additionally, some patients with musculoskeletal inflammatory
involvement were considered as active disease even though they didn’t score in the ESSDAI
articular domain.

Informed consent was obtained from all participants. The study was approved by the
Ethics committees of both recruiting institutions and NOVA Medical School
(no0.17/2016/CEFCM).

2.2. Ocular examinations

All ocular examinations were performed by the same examiner, who was unaware of the
subject’s condition/group, under standardized conditions of room illumination (low
illumination), temperature (20-25°C) and relative air humidity (40—60%) (Whitcher et al.
2010).

2.2.1. Conventional DED Tests

Conventional ocular tests for DED evaluation followed the previously defined sequence
(Lemp 1995). After performing Schirmer’s test |, a drop of 0.5% fluorescein was applied and
two minutes later, tear break-up time (TBUT)TBUT was measured. A TBUT < 10 seconds
was considered abnormal and consistent with dry eye. Finally, corneal staining score (CSS)
was assessed by fluorescein staining and classified according to the Oxford grading scale
(Bron, Evans & Smith 2003).

2.2.2. IVCM - Corneal Sub-basal Nerve Plexus Assessment

Corneal sub-basal nerve plexus assessment was performed through IVCM (Heidelberg®
Retina Tomograph I, Rostock Cornea Module), according to the protocol established by
Tavakoli et al (Tavakoli & Malik 2011).

Three to five best-focused, non-overlapping and most representative images were
analysed, using Imagel software, plugin Neuron). Central corneal images were selected
based on the live imaging given by the camera attached to the microscope and the nerves’
vertical orientation (Kalteniece et al. 2017, Petroll & Robertson 2015). As previously
reported, sub-basal nerve plexus was characterized in terms of nerve density (CNFD),
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length (CNFL), and tortuosity (CNFT). CNFD was defined as the total number of major
nerves per square millimeter of corneal tissue; CNFL, was defined as the total length of all
nerve fibers and branches, in mm per square millimetre of corneal tissue (Malik et al. 2003);
and CNFT was classified as grade 0: almost straight; grade 1: slightly tortuous; grade 2:
moderately tortuous; grade 3: quite tortuous; grade 4: very tortuous (Oliveira-Soto & Efron
2001).

2.3. Flow cytometry measurements

To perform immunophenotyping, peripheral blood samples were collected into EDTA-
containing tubes, processed and analyzed within 24 hours after collection.

Pre-validated panels of monoclonal antibodies were used to characterize lymphocyte
subpopulations, including CD32, CD42, CD19%, CD24%, CD25%, CD27%, CD38%, CD127%, CCR6?,
CCR7%, CXCR3?, CXCR5?, Anti-IgD?, and Anti-lgM? (}from Biolegend, San Diego, CA, USA;
’from BD Biosciences, San Jose, CA, USA).

Samples were acquired in a 4-color BD FACS Calibur™ cytometer (BD Biosciences),
and cells were analyzed with CellQuestPro™ software (BD Biosciences). The staining
protocol was described elsewhere (Barcelos et al. 2018). The study addressed several
subsets of T-cells, including Regulatory T-cells (Tregs) and Follicular T-cells (Tfh), as well as
distinct naive and memory B-cell subsets.

Each subset was evaluated in percentages and absolute counts, for which a single-
platform strategy was used, with BD Trucount tubes™ (BD Biosciences).

Complete gating strategies are described in supplementary data.

2.4. Functional assays for the evaluation of IL21-producing T-cells

T-cells” functional capacities were addressed, particularly IL21 secretion, a cytokine
typically associated with Tfh/Tfc subsets. IL17 production was assessed to identify 1L21-
producing Th17 cells.

Heparinised peripheral blood samples were collected, and cells were stimulated with
PMA and ionomycin, for 5h at 37°Cin a 5% CO; atmosphere in the presence of brefeldin A.
After stimulation, cells were lysed, washed, and incubated with anti-CD3 and anti-CD8 for
surface staining. For intracellular stain, cells were treated according to the protocol defined
by the manufacturer for the BD Fixation/Permeabilization Solution Kit with BD GolgiPlug™
(BD Biosciences) and marked with anti-IL21 and anti-IL17, after cell fixation and
permeabilization. For each patient, stimulated and unstimulated tubes were run in parallel
to assure proper stimulation and staining controls. Again, a 4-color BD FACS Calibur™
cytometer (BD Biosciences) and Cell Quest Pro™ software (BD Biosciences) were used for
acquisition and analysis. Gating strategies are presented in supplementary data.
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Table 1 Patient’s Characteristics

SjS Sicca

n=>55 n=63
Age (years, mean + SD) 57.8 (11.8) 60.8 (10.9)
Age at diagnosis (years, mean + SD) 51.8 (11.6) 57.5(10.8)
Symptom duration (years, mean * SD) 11.7 (7.7) 9.9 (5.0)
Ocular symptoms, n (%) 52 (94.5) 60 (95.2)
Oral symptoms, n (%) 53 (96.4) 61 (96.8)
Ocular signs, n (%) 34 (61.8) 33 (52.4)
Oral signs, n (%) 40 (72.7) 43 (68.3)
Extraglandular disease (ever), n (%) 23 (41.8) 23 (36.5)
Clinically active disease, n (%) 27 (49.1) 9(14.3)
ESSDAI 5, n (%) 9 (16.4) NA
Joint symptoms, n (%) 24 (43.6) 32 (50.8)
Skin, n (%) 16 (29.1) 17 (27.0)
Other Extraglandular involvement, n (%) 8(14.5) 0(0)
Raynaud's phenomenon, n (%) 8 (14.5) 16 (25.4)
Focus score 21, n (%) 42 (79.2)2 0(0)
Anti-SSA, n (%) 37 (67.3) 0 (0)
Anti-SSB, n (%) 11 (37.5) 0(0)
ANA > 1/320, n (%) 44 (80.0) 35 (55.6)
ANA > 1/640, n (%) 31 (56.4) 16 (25.4)
RF,n (%) 23 (47.9)P 18 (29.5)c
Gammaglobulin > 1.6 g/dl, n (%) 12 (21.8) 3(4.8)¢
Therapy (any), n (%) 30 (54.5) 29 (46.0)
Glucocorticoids, n (%) 18 (32.7) 17 (27.0)
Hydroxychloroquine, n (%) 19 (34.5) 19 (30.2)
Immunossupressants, n (%) 9 (16.4) 8(12.7)

n=53; Pn=48; °n=58; n=62.

SjS, Sjogren's syndrome; Anti-SSA/SSB, anti-Sjogren's syndrome A/B antibody; ANA, antinuclear antibody;

RF, rheumatoid factor

2.5. Statistical analysis

All data were analyzed using GraphPadPrism™ software, version 8 for Windows (GraphPad
Software, San Diego, CA, USA). Statistical significance was concluded when P-value < 0.05.
The normality of distributions was assessed using the D’Agostino and Pearson test.
Categorical variables were expressed as numbers and percentages and analyzed using
Fisher’s exact test. Continuous variables were presented as mean (standard deviation) or
median (25%-75™ percentile), as applicable. The Mann-Whitney U test was used to
compare every 2 independent groups. For the assessment of correlations, Spearman
correlation coefficients were calculated.
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3. Results
3.1. Patients’ characteristics

We included fifty-five SjS patients, 63 patients in the Sicca group, 18 RA patients (mean age
of 55.3 + 13.7 years), and 20 subjects in the HC group (mean age of 51.0 + 6.5 years). SjS
and Sicca patients’ demographic and clinical features are shown in Table 1.

3.2. Ocular assessmentSchirmer’s | test mean values were significantly lower in the SjS,
Sicca and RA groups, compared to HC (p < 0.001) and the frequency of a lower TBUT was
also higher in those groups (p < 0.001) (Table 2). No significant differences were found
between SjS, Sicca and RA patients concerning Schirmer’s-l and TBUT. Figure 1A presents
data regarding CSS.

& g‘éP e\ & - & g\é’ o K

Figure 1 Ocular Examinations_In vivo confocal microscopy images of the corneal sub-basal nerve plexus in a
patient with SjS (A), in a Sicca group patient (B), in a patient with RA (C) and in a HC subject (D), showing
reduced nerve density and length and increased nerve tortuosity in the former three compared to the healthy
control. Heidelberg Retina Tomograph II, Rostock Cornea Module images 400 x 400um.

Bar plot with the distribution of corneal nerve tortuosity (E) and keratitis (F) degrees within each group. SjS,
Sjogren's syndrome. RA, Rheumatoid Arthritis. HC, Healthy Controls. Bar plot with the distribution of corneal
nerve tortuosity (E) and keratitis (F) degrees within each group. SjS, Sjégren's syndrome. RA, Rheumatoid
Arthritis. HC, Healthy Controls.
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Table 2 Ophthalmic Assessment. Comparison between SjS, Sicca, RA and HC

Rheuma
. i . Healthy .
SjS Sicca toid Group comparison (p-values)®
. Controls
Arthritis
SjS SjS SjS Sicca | Sicca RA
n =55 n =63 n=18 n=20 Vs Vs Vs Vs Vs Vs
Sicca HC RA RA HC HC
Oral and ocular
objective features?®
Ocular Assessment

Schirmer test | 6 7.22 7,00 21,55 0,178 | <0,00 | 0,501 | 0,78 | <0,00 | <0,00

(mm) (6,05) (5,61) (6,00) (7,74) 1 1 1
70,9 52,4 77,8 0 0,058 0,763 | 0,063

TBUT (low, %) . . .

Tear meniscus 0,34 0,42 0,29 0,45 0,068 | 0,064 | 0,342 | 0,033 | 0,694 | 0,009
height (mm) (0,21) (0,23) (0,22) (0,07)

Tear meniscus 0,06 0,07 0,03 0,07 0,100 | 0,060 | 0,228 | 0,007 | 0,773 | 0,001
area (mm?) (0,06) (0,05) (0,03) (0,02)

Sub-basal nerve 10,26 9,08 11,97 15,35 0,657 | <0,00 | 0,040 | 0,010 | <0,00 | 0,018
plexus density (6,49) (3,01) (4,79) (5,14) 1 1
(mm/mm?)

Sub-basal nerve 28,13 26,23 32,97 43,92 0,822 | <0,00 | 0,120 | 0,044 | <0,00 | 0,005
plexus length (12,94) (9,13) (12,46) (12,92) 1 1
(mm/mm?)

a mean and SD, unless otherwise stated
b Mann-Whitney test, unless otherwise stated
¢ Fisher’s exact test

CNFD and CNFL were significantly lower in SjS, Sicca and RA groups, compared to HC
(p <0.001 for SjS and Sicca in CNFD and CNFL; RA: p =0.018 for CNFD and p =0.005 for
CNFL). No differences were found between SjS and Sicca patients regarding IVCM
measurements, but CNFD was significantly lower in both groups compared to the RA group
(p<0.040). CNFL was also significantly lower in Sicca patients compared to RA (p = 0.044)
(Table 2). SjS, Sicca and RA patients presented higher values of CNFT compared with HCs,
without significant differences between them (Figure 1B).

In SjS patients with higher disease activity (ESSDAI>5), a negative correlation was
found between the ESSDAI and both the CNFL (r =-0.735, p =0.012) and the CNFD (r = -
0.592, p =0.071) (Figure 2).
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Figure 2 ESSDAI score correlations with CNF Length (A) and CNF Density (B) in all patients, patients with
clinically active disease, and patients with ESSDAI score > 5. Spearman correlation coefficients, 95%
confidence interval, and p-values are indicated. CNF, Corneal Nerve Fibre.

3.3. Lymphocyte subsets

3.3.1. CD4* and CD8"* T-cell subsets

Comparing T-cells subsets between SjS patients and HC, we observed that both CD4*T-cell
percentages and absolute counts were lower in SjS patients (p = 0.003 for percentages;
p <0.001 for absolute counts), whereas CD8* T-cell percentages were higher in SjS
(p =0.006) without differences in absolute counts (Table 3, Supplementary Table 1).
Compared to Sicca patients, SjS patients also presented lower CD4* T-cells percentages
(p =0.002) and absolute counts (p = 0.044). No differences were found between SjS and RA
patients.

Tregs absolute counts were lower in all patients’ groups when compared to HC,
although with similar percentages. In SjS patients, a negative correlation was found
between the ESSDAI score and Tregs numbers (r =-0.341, p =0.011), which was stronger
when considering patients with moderate/high disease activity (ESSDAI=5) (r =-0.862,
p =0.001) (Figure 3).

Regarding follicular T-cells subsets, no differences were found in the percentages of
CXCR5*CD4*Tfh cells when comparing SjS patients with any of the other groups. However,
Tfh1 cells percentages (CXCR3*CCR6'CXCR5*CD4*) were increased in SjS when compared to
Sicca (p =0.009), RA (p=0.064) and HC (p =0.011) (Table 3, Supplementary Table 1).
Although SjS patients presented lower absolute numbers of Tfh cells compared to both RA
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(p =0.068) and HC (p < 0.001), the absolute counts of the Tfh1 subset were similar between
the 3 groups of patients (SjS, Sicca, RA), but lower in SjS (p = 0.006) and Sicca (p = 0.009)
when compared to HC.
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Figure 3 ESSDAI score correlations with T-cell subsets in all patients (n = 55), patients with clinically active
disease, and patients with ESSDAI score > 5 (n =9). Spearman correlation coefficients, 95% confidence
interval, and p-values are indicated.

Table 3 Comparison of Lymphocyte subsets and ratios (percentages) in SjS, Sicca, RA (Rheumatoid Arthritis)
and HC (Healthy Controls)
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Group comparison (p-values)

Rheumat . . ) ) )
Lymphocyte 3 i ki Healthy SjS SjS SjS Sicca Sicca RA
%, median SIS Sicca md_ . Controls Vs Vs Vs Vs Vs Vs
5 n=>55 n=63 Arthritis i
(25th-75t percentile) n=18 n=20 Sicca RA HC HC RA HC
31,5 32,2 23,9 35,8 0,723 | 0,022 | 0,039 | 0,043 | 0,004 | <0,001
Lymphocytes (24,5- (25,5- (18,8- (29,3-
37,2) 36,4) 30,6) 39,8)
B cells 9,7 11,2 6,1 10,8 0,106 | <0,00 | 0,321 | 0,803 <0,00 <0,001
(6,7-13,4) | (8,5-14,8) | (4,1-7,1) | (8,4-14,4) 1 1
75,0 71,6 80,3 74,7 0,116 | 0,044 | 0,684 | 0,079 0,004 0,092
T cells (69,1- (67,2- (72,6- (70,1-
78,4) 77,1) 83,4) 79,3)
61,2 65,9 65,3 68,4 0,002 | 0,278 | 0,003 | 0,378 | 0,553 0,274
CD4+ (53,0- (60,5- (49,0- (60,8-
67,3) 70,2) 72,6) 75,8)
39,0 39,8 33,8 36,8 0,701 | 0,541 | 0,885 | 0,626 | 0,421 0,647
Thi (29,0- (30,4- (28,9- (30,2-
46,2) 47,3) 47,2) 47,1)
20,6 22,4 23,4 24,4 0,427 | 0,794 | 0,286 | 0,601 | 0,878 0,567
Th17 (13,9- (16,4- (14,8- (16,3-
29,2) 28,7) 29,0) 32,9)
Tregs 8,2 7,6 7,6 7,2 0,144 | 0,348 | 0,241 | 0,948 | 0,675 0,981
(6,5-10,5) | (7,0-8,9) | (6,2-9,3) | (6,7-8,7)
38,4 34,1 34,8 31,6 0,005 | 0,355 | 0,006 | 0,345 | 0,554 0,262
cD8+ (32,0- (29,8- (27,4 (23,0-
47,0) 39,5) 51,0) 39,2)
18,6 18,2 20,0 20,6 0,804 | 0,572 0,55 0,291 | 0,362 0,935
CXCR5+CD4+ T-cells (14,7- (14,9- (15,6- (16,9-
23,7) 22,3) 24,8) 22,7)
Expression of CCR3
and CCR6 ?
36,2 31,7 29,1 30,6 0,009 | 0,064 | 0,011 | 0,283 0,435 0,649
Tfh1 (CCR3+CCR6-) (30,3- (28,9- (25,7- (25,2-
40,8) 36,4) 39,0) 35,2)
21,4 23,0 24,4 20,9 0,287 0,475 0,646 | 0,794 | 0,798 0,934
Tfh17 (CCR3-CCR6+) (18,1- (19,0- (16,4- (18,3-
26,8) 27,0) 29,0) 30,4)
Surface expression of
CCR7?®
18,1 18,0 19,7 20,2 0,980 | 0,515 0,515 | 0,298 | 0,425 0,981
Tfh Naive (CCR7+) (14,6- (14,8- (15,3- (16,6-
23,3) 21,7) 23,9) 22,0)
. . 0,39 0,3 0,42 0,36 0,025 | 0,887 | 0,558 | 0,238 0,21 0,834
Tfh Differentiated
(CCR7-) (0,26- (0,18- (0,20- (0,22-
0,89) 0,57) 0,71) 0,67)
CXCR5+CD8+ T-cells
. 1,9 2,0 1,2 2,0 0,369 | 0,087 | 0,715 | 0,694 | 0,021 0,075
Tfc Naive (CCR7+)
(1,2-2,8) (1,4-3,4) (0,8-2,5) (1,3-2,8)
(Cont.)
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(Cont.)

Rheumat . X 5 ) )
Lymphocyte 3 i . Healthy SjS SjS SjS Sicca Sicca RA
K SjS Sicca oid
%, median . Controls Vs Vs Vs Vs Vs Vs
i n=55 n=63 Arthritis )
(25th-75t percentile) 18 n=20 Sicca RA HC HC RA HC
n=
. . 0,72 0,67 0,59 0,75 0,795 0,561 0,960 | 0,718 | 0,494 | 0,608
Tfc Differentiated
(CCRT) (0,44- (0,45- (0,25- (0,51-
1,30) 1,10) 1,25) 0,99)
IL-21 producing CD4+
T-cells
1121+ 12,5 9,6 9,5 9,5 0,007 0,064 | 0,013 | 0,454 | 0,837 | 0,628
(8,4-15,0) | (7,5-12,7) | (8,2-11,7) | (6,3-10,9)
0,67 0,73 0,63 0,68 0,724 0,313 0,448 | 0,445 0,177 | 0,902
IL21+IL17+ ’ (0,55- (0,33- (0.24-
0,54-0,96)
1,00) 0,85) 1,07)
IL-21 producing CD8+
T-cells
IL21+ 4,1 3,1 2,4 2,6 0,071 0,002 | 0,022 | 0,200 | 0,018 | 0,447
(2,5-5,7) | (2,1-4,4) | (1,2-3,2) | (1,0-4,4)
0,29 0,23 0,16 0,33 0,935 0,323 0,290 | 0,396 | 0,128 | 0,113
IL21+IL17+ (0,13- (0,16- (0,09- (0,15-
0,46) 0,60) 0,54) 0,75)
B-cells subsets
IgD and CD27 surface
expression
66,6 67,1 55,8 53,8 0,555 0,044 | 0,065 0,235 0,072 0,618
Naive (52,0- (47,8- (27,6- (42,6-
77,5) 75,2) 66,3) 74,2)
29,5 31,1 32,2 44,3
Memory (20,1- (22,7- (24,2- (23,6- 0,399 | 0,214 | 0,029 | 0,169 | 0,488 | 0,618
44,2) 45,4) 59,7) 54,7)
. 17,5 16,3 21,6
Unswitched 13,6
(10,9- (10,3- (13,7- 0,166 | 0,488 | 0,028 | 0,195 | 0,833 | 0,249
memory (8,7-22,0)
25,5) 28,4) 32,2)
14,5 14,7 17,4 18,7
Switched memory (9,89- (10,7- (13,7- (13,7- 0,802 | 0,127 | 0,133 | 0,119 | 0,155 | 0,979
21,3) 21,7) 30,7) 27,5)
Transitional 5,7 4,0 3,0 3,2
. . 0,026 0,037 | 0,119 0,778 | 0,255 0,389
CD24HiCD38Hi (3,1-9,5) | (2,2-58) | (1,0-6,1) | (2,5-6,5)
16,9 21,4 23,2 32,0
CD24HiCD27+ (11,9- (13,9- (12,1- (20,0- 0,045 0,281 0,003 | 0,139 0,855 0,287
25,6) 35,8) 38,6) 42,5)
Plasmablasts IgM~/* 2,0 1,2 1,4 1,4
0,006 | 0,459 | 0,063 | 0,507 | 0,052 | 0,373
CD38* (0,9-3,5) (0,8-1,9) (1,3-2,9) (1,0-1,9)

Exploring the association between Tfh subsets and disease activity, we found a
positive correlation between the ESSDAI and Tfh1 percentages, (r = 0.295, p = 0.029), which
was more significant in patients with active disease (r = 0.607, r = 0.001), and among those,
stronger when considering patients with ESSDAI>5 (r=0.914, r=0.001) (Figure 3.
Conversely, a negative correlation was found between the ESSDAI and Tfh17 percentages
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(r=-0.365, p =0.006), which was also stronger in patients with active disease (r =-0.482,
p =0.013) or with ESSDAI>5 (r =-0.705, p = 0.023).

As for CXCR5+CD8+Tfc cells, no differences were found in percentages and absolute
counts when comparing SjS with Sicca, RA or HC.

3.3.2. IL21 production by follicular T-cells

In the functional evaluation for IL21 production, SjS patients were found to have increased
percentages of IL21-secreting CD4*T-cells when compared to Sicca (p =0.007), RA
(p =0.064) and HC (p = 0.013), although without significant differences in absolute counts.
IL21-secreting CD8* T-cells percentages were also increased in SjS patients when compared
to Sicca (p =0.071), RA (p =0.002) and HC (p =0.022), with a corresponding increase in
absolute counts which reached significance when comparing SjS with RA patients
(p =0.016). Data are shown in Table 3 and Supplementary Table 1.

Moreover, when considering SjS patients with clinically active disease, a positive
correlation was found between the ESSDAI score and either IL21*CD4* (r = 0.446, p = 0.023)
and IL21*CD8* T-cells (r = 0.470, p = 0.016) percentages (Figure 3).

3.3.3. B-cell subsets

The percentages of IgD*CD27 B-cells (naive) were higher in SjS patients when compared to
RA (p = 0.044) and HC (p = 0.065), whereas memory B-cells (CD27*) percentages were lower
in SjS comparing to HC (p = 0.029).

Transitional IgM**CD38**B-cells were increased in SjS patients with a numerical trend
to significance when compared to Sicca (p = 0.064).

Among B-cells subsets known for being enriched in regulatory cells, CD24"'CD38"B-
cells were increased in SjS patients, with significant differences when compared to Sicca
(p =0.026) and RA (p = 0.037). Conversely, a significant decrease in CD24"CD27*B-cells was
found in SjS patients, when compared to Sicca (p = 0.045), and HC (p = 0.003). Results are
summarized in Table 3 and Supplementary Table 1.

Finally, we explored the association between B-cells subsets and disease activity in
SjS patients and found significant negative correlations between the ESSDAI and absolute
counts of memory B-cells (r=-0.316, p =0.019), switched memory B-cells (r=-0.315,
p =0.019), and CD24"CD27*B-cells (r =-0.270, p = 0.047) (Figure 4). A stronger negative
correlation was found between the ESSDAI and switched memory B-cells (r=-0.651,
p =0.041) and CD24"CD27*B-cells (r =-0.644, p = 0.045) when considering only patients
with ESSDAI>5.

3.4. Association between Ophthalmic parameters and Lymphocyte subsets.

We then explored the association between ocular and immune parameters.
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Regarding B-cells, positive correlations were found between CNFL and absolute
counts of total memory (r =0.299, p =0.027), unswitched memory (r=0.281, p = 0.038)
and CD24"CD27* B-cells (r =0.278, p = 0.040), and a tendency for a positive correlation
between CNFD and switched memory B-cells counts (r = 0.644, p = 0.068) (Figure 5).

Considering T-cells, a negative correlation was found between CNFL and IL21*CD8* T-
cells counts (r=-0.279, p =0.039). Moreover, when considering only patients with
ESSDAI>5, a tendency for a positive correlation between CNFL and Tregs counts was found
(r=0.644, p =0.069), as well as a strong negative correlation between Tfh1 and both CNFL
and CNFD (r =-0.760, p =0.017, and r-0.700, p = 0.043, respectively (Figure 5).
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Figure 4 ESSDAI score correlations with B-cell subsets in all patients, patients with clinically active
disease, and patients with ESSDAI score > 5. Spearman correlation coefficients, 95% confidence
interval, and p-values are indicated.
Discussion

Our study aimed to characterize ocular objective findings in SjS patients, particularly the
study of corneal innervation through confocal microscopy, and to explore their association
with clinical and immunological features of the disease. Thus, changes in circulating
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lymphocyte subsets were studied to assess their relationship with ocular and clinical
manifestations, as well as disease activity.

Although we found no differences in the percentages of circulating CXCR5* follicular
T-cells in SjS patients, our study supports the evidence of an increased follicular
compartment in SjS when considering IL21*CD4* and IL21*CD8* T-cells subsets. A modest
positive correlation was found between ESSDAI and IL21*CD8* T-cells in the whole SjS
group. However, greater correlations were found between disease activity and both Tfh
and Tfc cells when considering only patients with clinically active disease, which was even
more robust considering patients with higher disease activity (ESSDAI>5).

We also found, among CXCR5*CD4"* T-cells, a higher proportion of the Tfh1 subset in
SjS, which also correlated with ESSDAI. This observation may be in concordance with the
accepted Thil-derived responses (Saito et al. 2018) in the pathogenesis of SjS.

Our data on the association between disease activity and follicular T-cells not only
are in accordance with the proposed role of Tfh cells in the pathogenesis of SjS (Pontarini,
Lucchesi & Bombardieri 2018, Verstappen et al. 2017) but also suggest, for the first time,
the involvement of Tfc.

All patients
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Figure 5 CNF Length and Density correlations with T and B-cell subsets in all patients (A), and in patients
with ESSDAI score > 5 (B). Spearman correlation coefficients, 95% confidence interval, and p-values are
indicated. CNF, Corneal Nerve Fibre.
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We confirmed a decrease in absolute numbers of circulating T-cells, which is a well-
described feature of SjS (Talal et al. 1974). This could indicate retention of these cells at
target organs, as supported by previous studies showing a T-cell predominance in
lymphocytic infiltrates of exocrine glands (Singh & Cohen 2012). The noteworthy exception
was the higher numbers of 1L21*CD8* T-cells, which showed a numerical trend to
significance, compared to the other study groups, reinforcing the suggestion of a role of
these cells is SjS pathology.

Our cohort also evidenced the distinctive B-cells profile classically considered for SjS-
lower levels of memory subsets and increased naive and transitional compartments, as
previously reported (Barcelos et al. 2018, Roberts et al. 2014). These B-cell disturbances in
SjS may represent the presence of a more immature component in transit to target-organs
and a shift in maturation towards the plasma cell lineage. Also, the increased frequency of
circulating follicular T-cells in SjS may represent the escape of some cells from target-organs
where they are undergoing expansion and supporting GC-like structures.

A hallmark feature of SJS is decreased tear flow, but several other conditions may
also impair lacrimal gland function (Conrady, Joos & Patel 2016). Ocular assessment by
classical tests (Schirmer’s-1l, TBUT) revealed that SjS, Sicca, and RA patients had lower levels
compared to HC.

It is known that tear composition is affected by the lacrimal gland inflammatory
environment and that corneal integrity and innervation are compromised in DED (Tsubota
et al. 2017). Therefore, the development of novel and more specific tests to assess ocular
involvement in SjS is an active field of research.

In this study, SjS and Sicca patients presented a significantly lower CNFD and CNFL,
as well as a higher CNFT, compared to HC, which has already been described (Belmonte et
al. 2017, Cardigos et al. 2019, Tuisku et al. 2008). Interestingly, our non-Sicca RA group
presented lower CNFL and CNFD than HC, and higher CNFT, suggesting an influence of the
inflammatory environment in corneal nerve damage and regrowth. Despite that, the
differences found in corneal nerve morphology between both pSS and Sicca patients and
RA patients may represent the impact of DED on cornea innervation.

Although corneal nerves characterization could be a promising instrument to
evaluate ocular signs of SjS, the relationship between their changes and disease phenotype,
systemic disease activity, and lymphocytic profile had not been explored before. Exploring
the association between disease activity and corneal nerve parameters, we found a strong
negative correlation between the ESSDAI and CNFL and CNFD in patients with higher
disease activity (ESSDAI>5). In fact, patients with higher ESSDAI presented worst ocular
outcomes, i.e., lower CNFD and CNFL. These data suggest that corneal nerve damage may
parallel systemic disease activity, driven by the immune environment in these patients,
since patients with higher disease activity presented higher levels of Tfc cells, but lower
Tregs, and even CD24"CD27*B-cell subsets. Ocular dysfunction, along with disease activity,
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could then relate to the lack of the protective immunossupressive subsets, such as Tregs
and regulatory B-cells within the CD24"CD27* compartment.

The absence of a more evident association between disease activity and corneal
nerve parameters in the whole SjS population may be due to the presence of many stable
patients with long-standing disease and undergoing systemic therapy, who had inactive
disease or very low ESSDAI scores. The assessment of SjS patients with less evolved disease
and not undergoing therapy could better clarify the association between corneal nerve
parameters, disease activity, and lymphocyte subset distribution. Moreover, the possibility
to assess local tissues could also help to clarify the immune cells movements between
different target sites.

Regarding our study limitations, our study included patients with variable disease
duration, which could influence some findings. The effect of therapies in lymphocyte
populations is also elusive and unquantified. SjS patients (as well as Sicca and RA patients)
were under different therapeutic strategies and this might affect lymphocytic populations
and, consequently, the correlations observed between lymphocytic populations and ocular
features. Also, we evaluated exclusively peripheral blood lymphocyte subsets, even though
the salivary and lachrymal glands are major target-organs.

A future study would aim to verify the induction of lymphocyte subsets by ocular
surface cells, to demonstrate if ocular cells can induce autoimmune epithelitis the same
way exocrine glands do, demonstrating that ocular cells are also active participants in the
destructive autoimmune cycle of SjS (Manoussakis & Kapsogeorgou 2010).

This is the first study conducted to correlate ocular findings with lymphocyte subsets
in SjS. DED damage to the sub-basal corneal nerve plexus was evidenced, particularly in
patients with SjS, which was greater with longer duration and disease activity. Moreover,
the association between disease activity and some B-cell subsets with CNFD and CNFL
favours the hypothesis that corneal nerve damage may parallel systemic disease activity.
Evaluating ocular findings, particularly the cornea, not only for SjS diagnosis but also to
assess treatment efficacy might be increasingly explored considering the easy access to this
tissue. Further prospective longitudinal studies may clarify these results.
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Supplementary Data

Supplementary Figure 1 Gating strategy for the identification of distinct T and B-cell subsets.
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subsets were identified according to the expression of CXCR3 and CCR6 in Thl (CXCR3*CCR67) and Th17
(CXCR3°CCR6*) cells. (f) B cells with a regulatory phenotype were identified as CD24"CD38" cells within the B
lymphocyte gate. (g) B cell subsets were identified according to the expression of IgD and CD27 in naive,
IgD*CD277; unswitched memory/marginal zone like (MZ), 1gD*CD27*; switched memory, IgD'CD27*; and
double-negative (DN) memory B cells: IgD'CD27".

Supplementary Figure 2 Identification of follicular T cell subsets.
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cells. (d and e) IL-21-producing CXCR5* CD4* and CD8* T cells were analysed for the expression of IL-21 after
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tubes were used to assess IL-21 positivity.
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Supplementary Table 1 Comparison of lymphocyte subsets and ratios (absolute counts) in Sjogren (SjS),
Sicca, Rheumatoid Arthritis (RA) and healthy controls (HC).
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of Sjogren's syndrome

Filipe Barcelos'*** e Carlos Bras-Geraldes®® e Catarina Martins'? ¢ Ana-Luisa Papoila®’ ¢
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Jaime Cunha-Branco'*>*!° e Luis-Miguel Borrego>*!!

Abstract

Background

Classification criteria are paramount in clinical and epidemiological studies of Sjogren’s
Syndrome (SjS). Since not all patients with clinical diagnosis fulfil classification criteria, the
search for novel biomarkers is an active research area. We aimed to evaluate the added
value of the inclusion of lymphocyte subpopulations regarding discrimination between SjS
and non-Sjogren Sicca patients.

Methods

We have included 62 patients with clinical diagnosis of SjS determined by expert opinion
(Gold Standard — GS) and 63 Sicca patients. Circulating B and T-cell subsets were
characterized by flow cytometry. The 2002 American-European Consensus Group (AECG)
and the 2016 American College of Rheumatology (ACR)/European League Against
Rheumatism (EULAR) SjS classification criteria were compared with clinical diagnosis. The
added discriminative ability of joining lymphocytic populations to classification criteria was
assessed by the area under the Receiver-Operating-Characteristic Curve (AUC) estimated
by multivariable Firth’s bias-reduced logistic regression. De Long’s test was used to
compare AUCs. A level of significance a = 0.05 was considered.

Results

The agreement between AECG and ACR/EULAR criteria was 95.2%. Considering the GS, we
obtained an AUC =0.952 (95%Cl:0.916-0.989) for the AECG criteria, and an UC=0.921
(95%Cl:0.875-0.966) for the ACR/EULAR criteria. Adding Tfh and Bm1 subsets to AECG
criteria, performance of the multivariable model increased, attaining an AUC =0.985
(95%C1:0.968-1.000) (p = 0.021). For ACR/EULAR criteria, Th1/Breg-like CD24MCD27* and
switched memory B-cells (absolute counts) maximized AUC to 0.953 (95%Cl: 0.916-0.990;
p =0.043).

D><1 Filipe Barcelos
filipe.barcelos@nms.unl.pt ; fduartebarcelos@gmail.com

Extended author information available on the last page of the article
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Conclusions

Lymphocyte subpopulations may assist in discriminating SjS from Sicca patients as the
discriminative ability between these two groups of patients increases when specific
lymphocyte subsets are added to the classification criteria.

Keywords: lymphocyte subpopulation, Sjogren’s syndrome, non-Sjégren Sicca syndrome,
classification criteria

Key messages:

Lymphocyte subsets show distinctive features in Sjogren's Syndrome patients compared to
non-Sjégren Sicca patients.

Inclusion of immune cell subsets can improve the performance of classification criteria for
Sjogren's Syndrome

Introduction

Sjogren’s Syndrome (SjS) is a chronic systemic immune-mediated inflammatory disease
that occurs due to lymphocytic infiltration and consequent lesion of exocrine glands?!. The
most common symptoms are xerostomia and xerophthalmia but extra-glandular symptoms
occur in up to 50% of patients?.

In addition to symptoms of dryness, objective signs are sought to confirm salivary or
lachrymal gland dysfunction®*. For dry eye, these include evidence of keratoconjunctivitis
sicca (quantified as a score, like the Ocular Staining Score®) and Schirmer’s test*. Decreased
salivary glands (SG) function may be assessed by sialometry or indirectly suspected through
sonographic changes of the SG®. The main serological markers of SjS are anti-SSA and anti-
SSB antibodies, present in 50-70% and 33-50% of patients, respectively’. The most specific
finding for SjS diagnosis, and a major item in the latest classification criteria, is the
demonstration of focal lymphocytic infiltration on histology of minor labial SG biopsy?®.

Although not designed for this purpose, classification criteria are useful in clinical
practice as a guidance to support diagnosis. The 2002 American-European Consensus
Group (AECG) SjS classification criteria® have been widely used since their presentation,
with over 1500 references®. The new classification criteria proposed in 2016 by the
American College of Rheumatology/European League Against Rheumatism (ACR/EULAR)!?
were intended to replace the AECG criteria (Supplementary Table 1).

Nevertheless, despite the high sensitivity and specificity of both criteria sets, not all
patients with a clinical diagnosis of SjS will fulfil classification criteria®?.

Efforts to increase the performance of SjS classification criteria have been made.
Regarding the 2016 ACR/EULAR classification criteria, studies already assessed the effect
of the inclusion of salivary gland sonography features in these criteria®®. Regarding the
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previous 2002 AECG classification criteria, Binard studied the effect of adding a naive-to-
mature B-cells ratio to the criteria, reporting an increase in their performance for the
diagnosis!4. However, in a later study, these parameters performed poorly in a distinct
clinical setting®.

B-cells hyperactivity is the hallmark of SjS, playing a major role in pathogenesis and
clinical evolution'®. Changes in the distribution of peripheral blood B-cell subsets in SjS are
typical, with increased naive B-cells and decreased memory B-cells, particularly unswitched
memory'’.

T-cells infiltrate target-organs, such as SG and lachrymal glands, produce pro-
inflammatory cytokines and interact with B-cells in germinal centre (GC)-like structures,
resulting in B-cell activation®. Th1 cells were the first CD4* effector subset to be recognized
and associated with autoimmunity and their role in the pathogenesis of SjS is well described
as the accumulation of IFNy-producing Thl cells in the salivary glands contribute to
epithelial cell damage and, consequently, diminished saliva secretion?®.

Follicular helper T-cells (Tfh) have recently emerged as a key player in SjS
pathogenesis since Tfh cells are a major source of IL-21, a cytokine that mediates B-cell
differentiation and proliferation and promotes the ectopic formation of GC-like
structures®®.

Th17 and Treg cells play opposite roles in autoimmune and inflammatory diseases.
While Th17 cells promote autoimmunity, Tregs aim to control it and therefore play a crucial
role in maintaining self-tolerance and controlling the expansion and activation of
autoreactive CD4" effector T-cells?°.

The role of B-cell subpopulations as a biological marker for diagnosis and
classification of SjS has been previously assessed®. T-cells also participate in SjS
pathogenesis'®, but to our knowledge, no study has been made regarding their use as a
biomarker in classification criteria.

We aimed to measure the performance of ACR/EULAR and AECG criteria when
compared to the clinical diagnosis (considered the gold-standard, GS), and to evaluate the
added value, regarding the discriminative ability to differentiate between SjS from non-
Sjogren sicca patients, resulting from including lymphocytes subpopulations in both
criteria. For that purpose, a comparison of B and T-cells subsets distribution between SjS
and non-Sjogren Sicca patients was also performed.

Materials and Methods

Patient selection

Patients with confirmed or suspected SjS were consecutively selected from a SjS dedicated
outpatient clinic. All took a multidisciplinary evaluation according to the AECG and
ACR/EULAR criteria, including a labial gland biopsy, screening for anti-SSA antibodies,
ocular evaluation, and unstimulated salivary flow assessment.
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Clinical files were reviewed by the treating rheumatologists (FB, JVP) with patient
identity occultation, and by an additional experienced rheumatologist (JCB). A clinical
diagnosis was obtained according to at least 2 of the 3 expert physicians and considered
the gold standard (GS) in this study. If a clinical diagnosis of SjS was established, the patient
was included in the SjS group. Otherwise, the patient was included in the Sicca group.

The exclusion criteria applied to all participants were age under 18 years, hepatitis-C
or human immunodeficiency virus infection, pre-existing lymphoma, sarcoidosis, graft-
versus-host disease, IgG4-related disease, history of head and neck radiation treatment,
current anticholinergic therapy, the use of B-cell-depleting therapies or other biologic
disease-modifying anti-rheumatic drugs, and the presence of another systemic
autoimmune disease.

Written informed consent was obtained from all participants. The study was
approved by the Ethics committees of Instituto Portugués de Reumatologia, Hospital Cuf
Descobertas, and NOVA Medical School (no. 17/2016/CEFCM).

Flow cytometry procedures

For the immunophenotyping protocols, peripheral blood samples collected in EDTA-coated
tubes were processed and analyzed within 24h of collection. A pre-validated panel of
monoclonal antibodies was used for the characterization of T and B-cell subsets, including
CD3, CD4, CD8, CD19, CD24, CD27, CD38, CCR6, CCR7, CXCR3, CXCRS5, Anti-lIgD, and Anti-
IgM. A lyse-wash protocol was performed for both T and B-cell characterization. A lyse-no
wash single platform strategy with BD Trucount tubes (BD Biosciences, San Diego CA, USA)
was used to obtain absolute counts of all cell subsets. All samples were acquired in a 4-
colour BD FACS-Calibur cytometer (BD Biosciences).

CellQuest Pro™ (BD Biosciences) software was used for acquisition and analysis
purposes, and Infinicyt™ 2.0 (Cytognos S.L., Salamanca, Spain) software was also used for
more differentiated subset analysis.

Whenever appropriate, fluorescence-minus-one control tubes were prepared to
assess the positivity of dimer expressions. The subsets analyzed, and the respective gating
strategies, are displayed in Figure 1.

Within T-cells, we characterized CD4* and CD8* (CD4-) subsets, including Thl
(CXCR3+CCR6-), Th17 (CXCR3-CCR6+), Tregs (CD4*CD25"CD127%), follicular-like CXCR5*
CD4* (which we designated Tfh) and CXCR5* CD8* (designated Tfc). In the CXCR5* Tfh
subset, we also identified Tfh1 (CXCR3+CCR6-) and Tfh17 (CXCR3-CCR6+).

B-cells’ subsets were addressed according to the IgD/CD27 classification, where the
expression of CD27 and IgD identifies naive B-cells (CD27°IgD*), CD27* memory B-cells,
unswitched (CD27*IgD*) and switched memory B-cells, (CD27*IgD), and IgD"CD27 ("double
negative") B-cells?l. An alternative B-cell classification partially overlaps with the IgD/CD27,
and identifies B-cell from Bm1 to Bm5%2: Bm1 includes transitional and naive B-cells
(IgD*CD387), which become Bm2 (IlgD*CD38*) upon activation and progress to the germinal
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centre founder Bm2’ (IgD*CD38**), Bm3 centrocytes and Bm4 centrocytes (IgD"CD38*) that
differentiate in the germinal centre into either plasma cells, or early and late memory B-
cells (eBm5: IgD"CD38* and Bm5: IgD'CD38, respectively).

Lymphocytes

Side Scatter: SSC-H

Treg cells
(CD4* CD25" CD127')

CXCR5* Tfh

Thi cells
(CXCR3* CCR6')

Th17 cells
(CR3" CCR6*)
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Figure 1 Gating strategy for the identification of distinct T and B-cell subsets

(a) Lymphocytes were identified according to forward and side-scatter characteristics. (b and f) CD4*
T and B cells were identified as CD4* (b) and CD19* (f) cells within the lymphocyte gate, respectively.
(c) Treg subset was identified according to the expression of CD25 and CD127 within the CD4* T cells
gate. (d) T helper (Th) subsets were identified according to the expression of CXCR3 and CCR6 in Th1
(CXCR3*CCR67) and Th17 (CXCR3"CCR6") cells. (e) Follicular CD4 T cells were identified according to
the expression of CXCRS5. (g) In the B lymphocyte gate, we identified CD24"CD38"" B-cells, which
include cells with a regulatory phenotype. (h) B cell subsets were identified according to the
expression of IgD and CD27 in naive, IgD*CD27; unswitched memory/marginal zone like (MZ),
1gD*CD277; switched memory, IgD"CD27*; and double-negative (DN) memory B cells: IgD"CD27". (i) B
cells were further characterized according to the Bm1-5 classification into Bm1 (IgD*CD38°), Bm2
(IgD*CD38*) Bm2' (IgD*CD38**), Bm3 and Bm4 (IgD'CD38*) and early and late memory B-cells (eBm5:
IgD"CD38* and Bm5: IgD"CD38, respectively).

Statistical analysis

An exploratory analysis was carried out for all variables. Continuous variables were
described with mean and standard deviation (SD) or median and inter-quantile range (IQR:
25" percentile-75™" percentile), as appropriate. Categorical data were presented as
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frequencies and percentages. Mann-Whitney non-parametric test was used to compare
lymphocyte subsets or combinations, between SjS and non-Sjogren Sicca patients.

Univariable and multivariable analyses were performed using Firth’s bias-reduced
logistic regression models, used to deal with the problem of separation inherent to the
data. Two univariable models (one for each classification criteria) considered clinical
diagnosis (GS) as the dependent variable and each classification criteria as the independent
variable. From these univariable models, two multivariable models resulted from adding
the lymphocyte subsets or combinations. The discriminative ability, to distinguish between
SjS and non-Sjogren sicca patients, of the univariable and multivariable models was
compared through the Area Under the Receiver Operating Characteristic Curve (AUC),
using Delong test. A level of significance a =0.05 was used but, due to the exploratory
nature of this study, results with p-values < 0.100 were still considered relevant. Data were
analyzed using R software?®.

Table 1 SjS and Sicca Patients’ characteristics.

SjS Sicca

n =62 n =63
Age, mean (SD) (years) 58.1(12.1) 60.9 (10.3)
Symptom duration, mean (SD) (years) 11.7 (7.6) 9.7 (4.9)
Ocular symptoms, n (%) 59 (95.2) 60 (95.2)
Oral symptoms, n (%) 60 (96.8) 60 (95.2)
Low Schirmer’s, n (%) 34 (55.7) @ 29 (46.8) ®
Positive Corneal Staining, n (%) 20(32.8)2 11(17.7)®
Low Unstimulated Salivary Flow, n (%) 41 (66.1) 38(30.3)
Focus score 21, n (%) 43 (71.7) ¢ 0(0)
Anti-SSA, n (%) 37(67.3) 1(1.6)
Anti-SSB, n (%) 18 (32.7) ¢ 1(1.8)¢

an=61.bn=62.cn=60.dn=>55.en=56.

SjS, Sjogren’s syndrome; SSA/SSB, Sjogren’s syndrome antigen A and B.

Patient’s characteristics are represented as the number of occurrences (n) and percentages (%). Whenever
there were missing values, percentages reflect the number of occurrences over the number of patients tested
fortheitem(an=61. bn=62.cn=60.dn=55.en=56).SjS, primary Sjogren’s syndrome; y, years; SSA/SSB,
Sjogren’s syndrome A/B antibody.

Results

Sixty-two patients were included in the SjS group and 63 in the Sicca group. Clinical and
demographic data of SjS and Sicca are presented in Table 1.

Lymphocyte subsets

Complete results are presented in Table 2 and Supplementary Table 2.
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Table 2 Comparison of T and B-cell subsets percentages in SjS and Sicca groups

Lymphocyte subsets or SjS Sicca SjS vs Sicca
combinations n =62 n =63 p values
Cells %, median (25th-75th
percentile)
Lymphocytes 30.6 (11.0) 31.4(8.7) 0.745
T-cells 75.0 (68.2, 78.0) 72.2 (67.6, 77.0) 0.185
cD4* 61.2 (53.7, 68.1) 65.9 (60.3, 70.0) 0.009
cD8* 38.9(11.4) 34.0(9.1) 0.012
B-cells 10.2 (7.5, 14.1) 11.2 (8.5, 14.6) 0.411
T-cells’ subpopulations
Thil 38.7 (29.7, 45.6) 40.4 (30.2, 47.4) 0.555
Th17 19.8 (14.2, 28.4) 22.3(16.6, 28.6) 0.293
Treg 8.4 (6.6, 10.0) 7.6 (6.9, 8.7) 0.059
Tfh (CXCR5+CD4+) 19.4 (5.8) 18.4 (4.7) 0.397
Tfhl 35.4 (7.8) 32.3(6.9) 0.025
Tfh17 21.9 (6.6) 23.2(5.6) 0.165
Tfc (CXCR5+CD8+) 2.6(1.9,4.2) 2.63(1.88, 4.07) 0.865
B-cell’s subpopulations
IgD/CD27
Naive 68.5 (52.5, 77.7) 66.6 (48.6, 75.1) 0.369
Memory 29.3 (20.0, 44.1) 31.4 (23.3,45.2) 0.239
Unswitched 13.6 (8.9, 21.6) 17.5(11.2, 24.5) 0.084
Switched 14.4 (9.7, 21.9) 14.7 (10.9, 21.6) 0.724
Bm1-5
Bm1l 10.0 (5.6, 14.9) 13.9 (8.1, 19.5) 0.003
Bm2 61.4 (49.9, 67.2) 59.8 (47.5, 66.5) 0.673
Bm2’ 8.5(5.9) 5.9 (3.3) 0.046
Bm3+Bm4 1.34(0.93, 3.28) 1.36 (0.87, 1.85) 0.348
eBm5 8.5 (6.1, 12.5) 8.6 (6.3, 12.6) 0.841
Bm5 6.9 (4.4, 12.4) 7.8 (5.1, 10.6) 0.927
Bm2+Bm2’ 71.2 (56.2,79.2) 67.1(52.0, 73.4) 0.146
eBm5+Bm5 16.8 (10.8, 24.9) 16.7 (12.4, 25.2) 0.884
Bm2+Bm2’/Bm5+eBm5 3.9(2.2,7.2) 4.1(2.0,5.9) 0.641
cp24"cp3g™ 5.6 (2.2, 8.5) 4.1(2.7,5.3) 0.061
cp24"cp27" 16.9 (12.2, 25.4) 21.3(14.3,35.4) 0.024
T-cell/B-cell Ratios
Thl/CD24hiCDZ7+ 2.23 (1.22, 3.60) 1.60(1.09, 2.70) 0.033
Th17/Tregs 0.26 (0.18, 0.40) 0.35(0.22, 0.44) 0.021

Bold numbers represent significance (p-values < 0.05) or relevance (p-values < 0.100).

SjS, Sjogren’s syndrome. Mann-Whitney nonparametric U test was used for group’s comparison. Results are
presented as medians and 25" and 75" quartiles. Statistically significant results are indicated in bold.

SjS, Sjogren’s syndrome.

CD4* and CD8* T-cell subsets

SjS patients presented lower CD4+ T-cells’ percentages and absolute counts compared to
Sicca (p = 0.009 and p = 0.051), and higher CD8+ T-cells percentages (p = 0.012).
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Tregs counts were similar in both patients’ groups (p = 0.436), although SjS patients
presented evidence, although week, of higher percentages (p = 0.059), compared to Sicca.

Tfh and Tfc cells were similar in both groups of patients. Concerning Tfh subsets, Tfh1
percentages were higher in SjS than in Sicca (p = 0.025), and Tfh17 absolute counts were
decreased in SjS (p = 0.05) (Table 2, Supplementary Table 2).

B-cell subsets according to IgD and CD27 classification

SjS patients had lower absolute counts of B-cells in comparison to Sicca patients (p = 0.152),
and a significant decrease was found in the absolute counts of CD19*CD27* memory B-cells’
in SjS (50 vs 66 cells/ul, p =0.021), more pronounced in the CD19*IgD*CD27* unswitched
memory B-cells subset (23 vs 35 cells/ul, p = 0.009) (Table 2 and Supp 2). CD19*IgD*CD27*
unswitched memory B-cells’ percentages were also lower in SjS patients, with a trend to
significance compared to Sicca (13.6% vs 17.5%, p = 0.084). Regarding naive B-cells, there
were no significant differences between SjS and Sicca patients (Table 2, Supplementary
Table 2)

Bm1-Bm5 classification of mature B cells

The percentages and absolute counts of Bm1 cells were lower in SjS patients than in Sicca
(p =0.003 and p<0.001, respectively) (Table 2, Supplementary Table 2).

Regarding Bm2, no significant differences were found between groups. SjS patients
presented higher Bm2'cells’ percentages compared to Sicca (p=0.046), without
differences in counts.

SjS patients presented lower absolute counts of eBm5 and Bm5 cells compared to
Sicca, with a trend to significance (p=0.089 and p=0.079, respectively), whereas
percentages were similar.

No differences were found in the Bm2+Bm2’/Bm5+eBm5 ratio between SjS and Sicca
patients.

Other B-cell subsets

When analysing subsets related to regulatory B-cells, CD24"CD27* B-cells were decreased
in SjS compared to Sicca (p = 0.001 for absolute counts and p = 0.024 for percentages).

CD24MCD38M B-cells absolute counts were similar in both groups, and weak evidence
of higher percentages was identified in SjS patients compared to Sicca patients (5.6% vs
4.1%, p = 0.061).
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Performance of T and B-cells’ subsets in the discrimination

between SjS and Sicca patients

Lymphocyte subsets were compared between SjS and Sicca, and AUC’s were estimated

considering the expert clinical diagnosis as the gold standard (Table 3).

Considering subsets’ percentages, most AUC’s obtained were lower than 0.60, with
the highest being 0.66 for Bm1 cells, and 0.62 for Tfh1 and CD24MCD27*. For absolute
counts, higher AUC values were obtained for the Bm1 (0.675) and CD24"CD27*(0.668) B-

cells (Supplementary Table 3).

Table 3 Area Under the Curve (AUC) receiver operating characteristic curve (ROC) of the comparison

of T and B-cell subsets percentages in SjS (clinical diagnosis) and Sicca groups (GS vs Sicca). Added-
value of the addition of each cell subset to the AECG (AUC and p-value) and the ACR/EULAR criteria

(AUC and p-value)

Lymphocyte subsets or GS vs Sicca Added to 2002 AECG Added to 2016 ACR/EULAR
combinations AUC
AUC, 95%Cl AUC p values AUC p values
Lymphocytes
0.57 0.958 0.932
T-cells 0.625 0.440
(0.47 - 0.67) (0.919-0.998) (0.884 - 0.98)
0.54 0.985 0.944
B-cells 0.0227 0.163
(0.44 - 0.65) (0.968 - 1) (0.900 - 0.988)
T-cell subpopulations
0.53 0.959 0.931
Thl 0.542 0.496
(0.43-0.63) | (0.921-0.996) (0.882 - 0.979)
0.56 0.950 0.922
Th17 0.825 0.915
(0.45 - 0.66) (0.904 - 0.996) (0.867 - 0.978)
0.60 0.978 0.932
Treg 0.081 0.580
(0.50 - 0.70) (0.951-1) (0.877 - 0.987)
0.54 0.977 0.944
Tfh (CXCR5%) 0.053 0.190
(0.44 - 0.65) (0.953 - 1) (0.898 - 0.989)
0.62 0.956 0.924
Tfhl 0.640 0.824
(0.52-0.72) (0.919-0.993) (0.872-0.976)
0.57 0.957 0.925
Tfth17 0.714 0.804
(0.47-0.67) | (0.916-0.999) (0.870 - 0.980)
0.51 0.954 0.922
Tfc (CXCR5*CD8*) 0.860 0.945
(0.41-0.61) (0.914 - 0.995) (0.868 - 0.975)
B-cells’ subpopulations
IgD/CD27
. 0.55 0.964 0.938
Naive 0.352 0.272
(0.45 - 0.65) (0.928 - 1) (0.892 - 0.984)
0.56 0.965 0.939
Memory 0.307 0.232
(0.46 - 0.66) (0.930-1) (0.894 - 0.984)
. 0.59 0.968 0.933
Unswitched 0.206 0.404
(0.49 - 0.69) (0.936-1) (0.885-0.981)
(Cont.)
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(Cont.)

Lymphocyte subsets or GS vs Sicca Added to 2002 AECG Added to 2016 ACR/EULAR
combinations AUC
AUC, 95%ClI AUC p values AUC p values
. 0.52 0.960 0.939
Switched 0.640 0.269
(0.42-0.62) (0.920-1) (0.892 - 0.986)
Bm1-5
0.66 0.975 0.943
Bm1 0.062 0.087
(0.56 - 0.75) (0.95-1) (0.903 - 0.982)
0.52 0.967 0.948
Bm2 0.207 0.077
(0.42-0.62) (0.935-1) (0.908 - 0.987)
0.60 0.963 0.935
Bm2’ 0.422 0.362
(0.50-0.71) (0.925-1) (0.887 - 0.983)
0.45 0.966 0.945
Bm3+Bm4 0.199 0.125
(0.35-0.55) | (0.934-0.997) (0.903 - 0.987)
0.51 0.947 0.941
eBm5 0.668 0.215
(0.41-0.61) (0.900 - 0.994) (0.896 - 0.986)
0.51 0.957
Bm5 0.726 0.477
(0.40-0.61) | (0.915 - 0.999)
0.58 0.965 0.943
Bm2+Bm2’ 0.307 0.139
(0.47 - 0.68) (0.930-1) (0.900 - 0.985)
0.49 0.958 0.936
eBm5+Bm5 0.688 0.343
(0.39-0.60) | (0.916 - 0.999) (0.888 - 0.983)
0.48 0.960 0.939
Bm2+Bm2’/Bm5+eBm5 0.570 0.238
(0.37-0.58) | (0.920-0.999) (0.894 - 0.985)
) _ 0.60 0.960 0.939
CD24hicD3ghi 0.604 0.295
(0.49-0.70) (0.918-1) (0.891-0.987)
, 0.62 0.966 0.938
CD24hCD27+* 0.275 0.226
(0.52-0.72) (0.932-1) (0.894 - 0.982)
T-cells/B-cells Ratios
) 0.61 0.967 0.939
Th1/CD24NCD27* 0.257 0.180
(0.51-0.71) (0.933-1) (0.896 - 0.982)
0.62 0.967 0.952
Thl7/Tregs 0.223 0.075
(0.52-0.72) (0.934-1) (0.912-0.992)

Bold numbers represent significance (p-values < 0.05) or relevance (p-values < 0.100).

GS, Gold-Standard; AUC, area under the Receiver-Operating-Characteristic Curve; IC: Interval of
Confidence, AECG, American-European Consensus Group classification criteria; ACR/EULAR, American
College of Rheumatology/European League Against Rheumatism classification criteria.

Additionally, the Th1/CD24MCD27* B-cells ratio was increased in SjS, compared to
Sicca patients (p = 0.033), and for the Th17/Treg ratio, a significantly lower value was also
found in SjS patients (p = 0.021).

Performance of AECG and ACR/EULAR classification criteria
compared to expert clinical diagnosis

The AECG and ACR/EULAR criteria were compared with the GS to assess the discriminatory
power between patients with SjS and Sicca, resulting in agreement rates of 95.2% and
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90.3%, respectively. Both classification criteria agreed in 95.2% of cases. An analysis of the
discriminatory ability of the classification criteria was also carried out taking into account
the GS, with an AUC = 0.952 (95%Cl: 0.916-0.989) for the AECG criteria and an AUC = 0.921
(95%Cl: 0.853-0.954) for the 2016 ACR/EULAR criteria.

Added value on the discrimination between Sjogren and Sicca patients
resulting from the inclusion of lymphocytes subpopulations
in both classification criteria

Following a univariable analysis where the expert clinical diagnosis was considered as the
dependent variable, some of the lymphocyte subpopulations, namely Tfh, memory B-cells
(total and with switch), Bm1, CD24MCD27* B-cells, and the Th1/Breg CD24"CD27* ratio
were selected for the multivariable analysis.

Regarding the multivariable model where those lymphocyte subpopulations were
added to the 2002 AECG criteria, only the variables Tfh and Bm1 (both in percentages)
remained in the final model, and an AUC of 0.985 (95%Cl: 0.968-1.000; p = 0.021) was
achieved. For the 2016 ACR/EULAR criteria, the variables Th1/Breg CD24MCD27* and
absolute counts of switched memory B-cells (dichotomized with a cut-off = 25 cells/ul)
maximized the AUC of the multivariable model to 0.953 (95%Cl: 0.916-0.990; p = 0.043).

In both cases, the discrimination ability (SjS vs Sicca) of the two multivariable models
led to results with statistical significance (p =0.021 for the AECG, and p = 0.043 for the
ACR/EULAR criteria).

Discussion

SjS diagnosis and classification remains a challenge, especially at the onset of the illness,
when patients may have milder phenotypes of the disease or uncommon presentations?*.
In the absence of SjS diagnostic criteria, clinicians often use classification criteria for
guidance in making the diagnosis, but these are not designed to be used for clinical
diagnosis or applied to individual patients but intended to identify well-defined
homogenous cohorts for clinical research?. SjS criteria have been revised with improved
methodology, although there is still a margin for improvement%-26,

Several authors report the need to improve the value of these criteria, mainly to allow
an early diagnosis, because not all patients who have clinical, serological, imaging and/or
functional characteristics suggestive of SjS effectively fulfil criteria, and can be erroneously
managed???’.

One of our goals was to measure the performance of AECG and ACR/EULAR criteria
compared to the gold standard for SjS diagnosis. Here we found an agreement rate of
95.2% of 2002 AECG in discriminating between SjS and Sicca which was in line with the
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study of Zaho et al’®. Concerning the 2016 ACR/EULAR criteria, we found a lower
agreement rate, of 92.0%, in discriminating between SjS and Sicca.

Generally, the ACR/EULAR criteria had been reported to be slightly more sensitive
than the AECG criteria. A study conducted in Japan that compared the performance of 2016
ACR/EULAR, the 2002 AECG criteria, the 2012 ACR criteria and the Japanese criteria
considering physician diagnosis as reference standard concluded that ACR/EULAR criteria
were the most sensitive but also the least specific of the three criteria®®. A Korean study3°
which compared the ACR/EULAR criteria, the 2012 ACR criteria and the AECG criteria also
showed that the ACR/EULAR had higher sensitivity and lower specificity compared with
both previous criteria sets. Billings® compared the ACR/EULAR and the AECG criteria, which
showed similar performance, without evidence of the superiority of the ACR/EULAR set. Le
Goff3! also found excellent agreement between both criteria sets, with the ACR/EULAR
criteria being slightly more sensitive, allowing the classification of some patients with early
disease and prominent systemic features.

Several groups have suggested that the performance of the ACR/EULAR criteria could
be improved with the inclusion of SG ultrasonography!*2631, Considering the distinctive
lymphocyte profile in SjS3?, we sought to explore the added value of these variables to the
ACR/EULAR and AECG S;jS classification criteria.

Our SjS cohort had decreased B-cells’ counts and evidenced the distinctive B-cells
profile classically described in the disease — lower levels of memory subsets and increased
naive and transitional subsets, as previously reported using the IgD/CD27 classification3233,
Regarding the Bm1-Bmb5 classification, Bm2 and Bm2’ have been reported to be increased
in SjS, whereas Bm5 and eBm5 were decreased®*, a tendency we have confirmed in our
study, and we highlight as well a decrease in percentages and absolute counts of Bm1 cells
in SjS.

The increase in naive mature B-cells in SjS has been attributed to the impairment of
early B-cell tolerance checkpoints®. The mobilization of self-reactive naive B-cells from the
bone marrow to the periphery is increased in SjS*¢, and recently Glauzy3® found that among
the expanded naive B-cells in SjS, most clones were polyreactive, pointing to their
emergence from defective central and peripheral B-cell tolerance checkpoints in SjS
patients. Also, there is increased migration of memory B-cells to the affected SG3¢,
accompanied by a shift in B-cell differentiation towards plasma cells®’.

In our study, CD24"CD27* B-cells, a population of memory B-cells known to be
enriched in regulatory cells and the human equivalent of B10 cels38, were significantly
decreased in SjS patients, although our results are difficult to interpret as functional assays
for IL-10-production were not performed. Interest in CD24MCD27* regulatory B cells has
grown lately, and this subset has been implicated in other rheumatic diseases, such as
Systemic Lupus Erythematosus (SLE)*® and Rheumatoid Arthritis (RA)*%*1. Nevertheless,
some data suggest that changes in the "mother population", CD24MCD27* B-cells, may
correlate with changes in the IL10*CD24"CD27* B-cells, therefore providing a simpler
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method to address Bregs in a clinical setting3®4'. In the same line, we have previously
reported a negative correlation between CD24"MCD27* B-cells and disease activity in anti-
SSA-positive SjS patients*?.

The increased Th1/CD24"CD27* B-cells ratio in our SjS patients may represent an
imbalance between Breg-enriched populations and effector Th1 cells.

In SjS patients, we also found T-cell lymphopenia. Lymphopenia in SjS has been
attributed to the migration of peripheral blood CD4* T-cells to the exocrine glands** and
therefore may traduce a more active disease profile. Increased peripheral Tfh cells have
been reported in SjS patients*t, although in our SjS population only the Tfhl subset
presented increased percentages compared to sicca, whereas Tfh17 presented lower
percentages and absolute counts. Additionally, Tfhl had one of the highest AUC in
discriminating SjS from Sicca. This was not surprising considering the crucial role of Tth cells
in regulating immune responses, allowing B cell differentiation towards memory B cells and
plasma cells within secondary lymphoid follicles*.

Regarding regulatory T-cells’ (Tregs), our SjS patients showed a tendency to increased
percentages. Tregs frequency in SjS is variable in the literature, but SjS patients seem to
present Tregs deficiencies*®, contributing to disease pathogenesis. Therefore, an increased
number of Treg cells in SjS does not mean that these cells can suppress the immune
response. Additionally, the decreased Th17/Treg ratio found in our SjS population was due
to a relative increase in Tregs, as opposed to Th1l7, whose numbers were in line with the
global T-cell lymphopenia.

We also aimed to evaluate the added value on discrimination between SjS and Sicca
of the inclusion of lymphocytes subpopulations in both criteria.

It has been previously reported that a high (Bm2+Bm2’)/(eBm5+Bm5) ratio is more
frequent in SjS both compared to RA, SLE, Sicca patients and healthy subjects, and could
constitute a diagnostic tool'*#*>, However, Cornec et al*° reported that evaluating this ratio,
although valuable for the individual patient, had a small diagnostic weight compared to
other items of AECG CC, as adding an item consisting of a (Bm2+Bm2’)/(eBm5+Bmb5)
ratio > 5 did not significantly modify the performance of the criteria.

Mingueneau®? recently published the first attempt of a global evaluation, using 34
distinct protein markers characterized by mass cytometry and using bioinformatics analysis
to recognize multiple distinct cell subsets. A blood 4-cell disease signature including
plasmacytoid dendritic cell, CD4* T cell, memory B cell, and human leukocyte antigen (HLA)-
DR*CD4* T cells was defined in this manner, and was able to diagnose SjS with good
accuracy in two different cohorts of patients (AUC 0.86—0.89).

Using conventional cytometry, we have identified several lymphocyte subsets that
showed a reasonable accuracy in distinguishing SjS from Sicca patients. When added to the
classification criteria, some of those lymphocyte subsets were able to increase the
performance of the criteria. In our study, the variables Th1/Breg CD24"CD27* and B-
memory with switch (dichotomized with a cut-off = 25 cells/pl) maximized the AUC of the
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2016 ACR/EULAR CC to 0.953. The value of the 2002 AECG CC was also maximized when
considering the variables Bm1 and Tfh (both in percentages), thus increasing the AUC to
0.985.

We acknowledge some limitations in our study that may affect the reproducibility,
namely patients characteristics such as age, sex, disease duration, current and previous
therapies, although our patients were recruited from an outpatient clinic and are
representative of the clinical setting. However, the small size of our sample may have
limited the obtention of more robust results. Also, the use of clinical diagnosis as gold
standard may originate an incorporation bias due to the familiarity of the experts with the
two specific criteria sets under study.

Conclusion

To the best of our knowledge, this is the first study that addresses the effect of lymphocyte
subset profiling in the performance of the 2016 ACR EULAR criteria. Our study confirmed
the high degree of agreement between both classification criteria and clinical diagnosis,
with 2002 AECG criteria having superior performance than 2016 ACR/EULAR criteria. The
two models that included each set of criteria separately had an increase in their
performance regarding discrimination between SjS and Sicca patients when specific
lymphocyte subpopulations were considered. Although our exploratory study suggests, in
a novel approach, the potential use of subsets such as unswitched memory B cells to
improve the performance of classification criteria, further studies, preferentially
multicentric, are needed to confirm if specific populations could be included as a new
weighted item in the ACG/EULAR criteria.
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Supplementary Tables

Supplementary Table 1 2002 AECG and 2016 ACR/EULAR criteria

2002 AECG 2016 ACR/EULAR Score
Ocular symptoms: a positive response to at least one of
the questions:
Have you had daily, persistent, troublesome dry eyes
for more than 3 months?
Do you have a recurrent sensation of sand or gravel in
the eyes?
Do you use tear substitute more than 3 times a day?
Oral symptoms: a positive response to at least one of
the questions:
Have you had a daily feeling of dry mouth for more
than 3 months?
Have you had recurrently and persistently swollen
salivary glands as an adult?
Do you frequently drink liquids to aid in swallowing dry
food?
Objective ocular signs — a positive result for at least one Objective ocular signs:
of the following two tests: A positive result for Schirmer’s | 1
Schirmer’s | test, performed without anesthesia (<5 test, performed without
mm in 5 min) anesthesia (€5 mm in 5 min)
Rose Bengal score or other ocular dye score (> 4 Keratoconjunctivitis sicca with:
according to van Bijsterveld’s scoring system) Ocular staining score 23 or 1
van Bijsterveld’s scoring
system >4
Histopathology: in minor salivary glands (obtained Labial salivary gland biopsy
through normal appearing mucosa) focal lymphocytic exhibiting focal lymphocytic 3
sialoadenitis, evaluated by an expert histopathologist, sialadenitis with a focus
with a focus score > 1, defined as number of score > 1 focus/ 4 mm?
lymphocytic foci (which are adjacent to normal-
appearing mucous acini and contain more than 50
lymphocytes) per 4 mm? of glandular tissue
Salivary gland involvement: objective evidence of Salivary gland involvement:
salivary gland involvement defined by a positive result objective evidence of salivary 1
for at least one of the following diagnostic tests: gland involvement defined by
Unstimulated whole salivary flow (<1.5 ml in 15 min) Unstimulated whole salivary
Parotid sialography showing the presence of diffuse flow (£1.5 ml in 15 min)
sialectasias (punctuate, cavitary, or destructive
pattern), without evidence of obstruction in major
ducts
Salivary scintigraphy showing delayed uptake, reduced
concentration and /or delayed excretion of tracer (Cont )
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(Cont.)

6 Autoantibodies: presence in the serum of the following
antibodies:
Antibodies to Ro (SSA) and/or La (SSB) antigens

Autoantibodies: presence in
the serum of the following
antibodies:

Antibodies to Ro (SSA)

Classification rules

The presence of any 4 of the 6 items is indicative of
primary SS, as long as either item 4 (Histopathology) or
6 (Serology) is positive

The classification of SS, which
applies to individuals with
signs/symptoms that may be
suggestive of SS, will be met in
patients who have 2 4 points
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Supplementary Table 2 Comparison of T and B-cell subsets absolute counts in SjS and Sicca groups

Lymphocyte subsets or combinations of Grouf)'s
subsets SjS Sicca comparisons
Cells/uL, median n=62 n=63 (p values)
(25th-75th percentile) SjS vs Sicca
Lymphocytes 1679 (1135, 2350) 2006 (1533, 2277) 0.089
T-cells 1192 (768, 1754) 1429 (1076, 1672) 0.166
CcD4+ 785 (437, 1074) 889 (708, 11595) 0.051
cD8* 431 (319, 632) 457 (343, 577) 0.950
B-cells 187 (113, 264) 224 (140, 303) 0.152
T-cell subsets
Thil 260 (161, 418) 359 (222, 467) 0.028
Th17 125 (87, 224) 200 (135, 264) 0.010
Treg 64 (38, 89) 69 (47, 84) 0.436
Tfh (CXCR5*CD4*) 135 (83, 205) 169 (121, 199) 0.177
Tfhl 51 (26, 73) 55 (34, 67) 0.600
Tfh17 27 (16, 49) 35 (24, 50) 0.050
Tfc (CXCR5*CD8*) 13 (7, 19) 12 (9, 17) 0.894
B-cell subsets
lgD/CD27
Naive 122 (63, 195) 135 (72, 203) 0.380
Memory 50 (29, 76) 66 (43, 97) 0.021
Unswitched 23 (12, 38) 35 (21, 54) 0.009
Switched 22 (15, 38) 30 (20, 47) 0.045
Bm1-5
Bm1 18 (10, 28) 29 (18, 43) <0.001
Bm2 109 (59, 172) 124 (72, 182) 0.331
Bm?2’ 11 (6, 29) 11 (6, 19) 0.562
Bm3+Bm4 3(1,5) 3(2,4) 0.767
eBm5 15(9, 23) 18 (11, 28) 0.089
Bm5 11 (8, 19) 15 (10, 22) 0.079
Bm2+Bm2’ 128 (69, 195) 139 (81, 198) 0.479
eBm5+Bm5 26 (18, 44) 34 (23) 0.071
Bm2+Bm2’/Bm5+eBm5 4(2,7) 4(2,6) 0.476
CD24hCD3ghi 8 (4, 18) 9 (4, 13) 0.726
CD24hCD27+ 30(17, 49) 47 (28, 77) 0.001
T-cell/B-cell ratios
Th1/CD24NCD27+ 9.75 (5.88, 16.12) 7.07 (4.39, 10.06) 0.003
Thl7/Tregs 0.26 (0.18, 0.39) 0.34(0.22, 0.44) 0.025

Bold numbers represent significance (p-values < 0.05) or relevance (p-values < 0.100).

SjS, Sjogren’s syndrome.
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Supplementary Table 3 Area Under the Curve (AUC) receiver operating characteristic curve (ROC) of the

comparison of T and B-cell subsets absolute counts in SjS (clinical diagnosis) and Sicca groups (GS vs Sicca).
Added value of the addition of each cell subset to the AECG (AUC and p-value) and to the ACR/EULAR criteria

(AUC and p-value).

Lymphocyte subsets GS vs Sicca Added to 2002 AECG Added to 2016 ACR/EULAR

or combinations of

subsets AUC AUC p values AUC p values

AUC, 95% ClI

Lymphocytes

T-cells 0.581 (0.477-0.685) 0.973 (0.938-1) 0.411 0.936(0.887 - 0.984) 0.361

B-cells 0.590 (0.489-0.690) 0.964 (0.930-0.999) 0.630 0.917(0.863 - 0.971) 0.719

T-cell subsets

Thl 0.615 (0.515-0.715) 0.972 (0.938-1) 0.423 0.932 (0.881-0.983) 0.441

Th17 0.630 (0.530-0.729) 0.950 (0.900-1) 0.967 0.930 (0.877-0.982) 0.479

Treg 0.555 (0.453-0.658) 0.972 (0.936-1) 0.446 0.938 (0.981-0.894) 0.325

Tfh (CXCR5*) 0.585 (0.482-0.687) | 0.954 (0.904-1) 0.948 |0.921(0.861-0.982) 0.658
Tfhl 0.540 (0.437-0.643) 0.961 (0.919-1) 0.742 0.918 (0.859-0.978 0.707
Tfh17 0.614 (0.512-0.715) 0.953 (0.902-1) 0.955 0.900 (0.830-0.970) 0.941

Tfc (CXCR5+*CD8*) 0.502 (0.399-0.605) 0.968 (0.931-1) 0.289 0.925 (0.873-0.977) 0.238

B-cell subsets

IgD/CD27
Naive 0.561 (0.459-0.662) 0.971 (0.943-0.998) 0.423 0.904 (0.844-0.965) 0.982
Memory 0.626 (0.526-0.725) 0.967 (0.930-1) 0.568 0.937 (0.891-0.983) 0.334

Unswitched 0.637 (0.539-0.735) 0.969 (0.936-1) 0.498 0.932 (0.884-0.980) 0.420
Switched 0.614 (0.514-0.714) 0.954 (0.909-1) 0.928 0.941 (0.897-0.986) 0.271

Bm1-5
Bm1l 0.675 (0.580-0.770) 0.964 (0.927-1) 0.637 0.923 (0.871-0.976) 0.593
Bm2 0.566 (0.526-0.725) 0.970 (0.941-0.999) 0.442 0.903 (0.842-0.965) 0.998
Bm?2' 0.515(0.411-0.618) 0.962 (0.924-1) 0.704 0.916 (0.860-0.972) 0.742
Bm3+Bm4 0.471 (0.368-0.573) 0.970(0.937-1) 0.476 0.940(0.895-0.985) 0.289
eBm5 0.599 (0.499-0.700) 0.961 (0.922-1) 0.728 0.934 (0.886-0.981) 0.395
Bm5 0.594 (0.493-0.696) 0.956 (0.910-1) 0.890 0.397 (0.890-0.983) 0.344
Bm2+Bm?2' 0.552 (0.450-0.654) 0.970 (0.941-0.999) 0.452 0.904 (0.844-0.965) 0.980
eBm5+Bm5 0.602 (0.501-0.703) 0.958 (0.916-1) 0.821 0.936 (0.890-0.982) 0.352

CD24hiCD3gh 0.497 (0.392-0.601) 0.961 (0.921-1) 0.744 0.925 (0.871-0.979) 0.567

CD24hCD27+ 0.668 (0.572-0.764) 0.967 (0.932-1) 0.560 0.932 (0.885-0.980) 0.410

T-cell/B-cell ratios

Thl/CD24NCD27+ 0.638 (0.539-0.736) 0.960 (0.923-0.997) 0.741 0.895 (0.832-0.958) 0.837

Thl7/Tregs 0.609 (0.509-0.709) 0.967 (0.932-1) 0.562 0.937 (0.889-0.984) 0.347

GS, Gold-Standard; AUC, area under the Receiver-Operating-Characteristic Curve; IC: Interval of Confidence;

GS, Gold-Standard; AUC, area under the Receiver-Operating-Characteristic Curve; IC: Interval of Confidence,

AECG, American-European Consensus Group classification criteria; ACR/EULAR, American College of

Rheumatology/European League Against Rheumatism classification criteria.
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A Sindrome de Sjogren primaria (SSP) é uma doenga inflamatdria crénica, de origem
autoimune, que se carateriza pela infiltragdo linfocitéria e lesdo das glandulas exdcrinas 3°°.
O envolvimento das glandulas salivares e lacrimais origina as queixas secas que a
caraterizam 3%, No seu decurso podem ocorrer manifestacbes extra-glandulares ou
sistémicas, potencialmente graves, em cerca de metade dos doentes 37,

O diagndstico diferencial entre uma sindrome seca de origem autoimune (SSP) ou
ndo-autoimune (complexo Sicca) é o principal desafio no diagndstico da SSP, tendo extrema
importancia no progndstico e na terapéutica.

O diagndstico da SSP, na pratica clinica, baseia-se na confirmacgao objetiva da reducao
da funcgao secretéria lacrimal ou salivar num doente com queixas secas, e na comprovagao
obrigatéria da existéncia de um disturbio imunoldgico subjacente.

Atualmente, os principais elementos para confirmar o componente autoimune da
SSP s30 a presenca de anticorpos anti-SSA e anti-SSB 3, e de infiltrados linfocitarios focais
na bidpsia de glandula salivar minor (labial) #>. Nem sempre é facil confirmar o diagndstico,
sobretudo nas fases precoces da doenga, pelo que sdo desejaveis novos biomarcadores que
traduzam a disfun¢do imune presente na SSP 773,

Na patogénese da SSP, a hiperatividade das células B suportada por células T é
responsavel por algumas das carateristicas clinicas e imunoldgicas mais reconheciveis da
doenca #3780, J3 foi sugerido que perfis de linfocitos especificos poderiam auxiliar no
diagndstico da SSP, tendo como modelo os critérios de classificacido AECG 773811,

O objetivo principal deste projeto de investigacdo consistiu na exploracdo das
subpopulagdes linfocitdrias (caraterizadas por citometria de fluxo), como biomarcador
auxiliar no diagndstico e classificacao da SSP.

Foram incluidos 57 doentes com SSP classificados de acordo com os critérios do AECG
13 68 doentes com sindrome Sicca sem critérios de SSP, 20 doentes com AR, e 24 individuos
saudaveis sem queixas secas.

No Capitulo lll caraterizam-se e comparam-se as subpopulac¢des de linfocitos B de

doentes com SSP e Sicca, e de controlos saudaveis. Estabeleceram-se os pontos de cut-off
nos valores das distribuicdes celulares que melhor distinguiram entre SSP e controlos, e
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compararam-se as carateristicas fenotipicas de doentes com SSP e Sicca acima e abaixo do
cut-off das subpopula¢des mais relevantes.

O racional deste estudo prende-se com estudos anteriores nos quais foi
documentada a existéncia de alteragdes de varias subpopulag¢des linfocitarias B na SSP, em
especial a reducdo das células B de memdria circulantes e o aumento de células B
naive,1%>4812 tendo mesmo sido postulado por Carvajal que a caraterizacdo do perfil
linfocitdrio na SSP pode ter utilidade no diagnéstico 2.

No nosso estudo, em que foi utilizada a classificacdo 1gD/CD27 82, verificou-se a
existéncia de uma reducdo dos nimeros absolutos e percentagens de células B de memoéria
(sobretudo as sem switch) e aumento das células B naive, em comparagdo com os
controlos, ja descrita por outros autores 18436,541,542,812

Estes valores refletem provavelmente falhas nos checkpoints de tolerancia das
células B, levando a um aumento da mobilizacdo de células B auto-reativas da medula dssea
para a periferia #3® e 3 migrac3o de células B de memdria para as glandulas salivares 18433,

A avaliacdo das células B de acordo com a classificagdo Bm1-Bm5, proposta por
Bohnhorst °, confirmou o aumento das subpopulacdes Bm2 e Bm2’, e a diminuicdo das
eBm5 e Bm5, mas menos acentuada que o descrito por nos trabalhos de Binard 8! e de
Cornec 813, Na razdo entre as Bm2+Bm2' e as eBm5+Bm5 obteve-se um cut-off ideal na
discriminacdo entre SSP e controlos de 23,8 considerando os nimeros absolutos de células,
e 3,2 considerando as percentagens, distante do cut-off >5 obtido por Binard 8!, e com
menor sensibilidade e especificidade.

Investigdmos cut-offs nos valores das populacdes linfocitarias B de acordo com dois
cenarios, um em que se maximizava a especificidade, e outro em se determinava o ponto
de corte referente a sensibilidade e especificidade 6timas. Optamos pelo que maximizava
a especificidade, de modo a reduzir a probabilidade de falsos positivos na comparacao
entre SSP e controlos saudaveis. Foi obtida melhor discriminagdao com a utilizacdao dos
numeros absolutos. Doentes com SSP abaixo de um cut-off de <58 células de memaria/pl
ou de <23,5 células de memoédria com switch/ul) apresentavam maior frequéncia de
carateristicas fenotipicas da doenca, como FS>1, anticorpos anti-SSA e anti-SSB, ANA e FR,
e aumento das imunoglobulinas. Esta associacdo de menores valores de células B de
memoéria a disfuncdo autoimune na SSP esta de acordo com a hipdtese de que a
diferenciacdo das células B periféricas que migram para as glandulas salivares favorecem a
formac3o de plasmdcitos e a consequente producdo de autoanticorpos 43812,
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Verificdmos também que os doentes Sicca, considerando a classificacdo 1gD/CD27,
apresentaram percentagens de células B naive e de memdria semelhantes as de doentes
com SSP e distintas das dos controlos, enquanto que os valores absolutos destas
populagdes foram superiores aos da SSP, mas inferiores aos controlos. Doentes com
sindrome Sicca constituem um desafio diagndstico, pois muitas das suas carateristicas
clinicas sobrepdem-se a SSP, mas carecem dos marcadores imunoldgicos de SSP,
nomeadamente os anticorpos anti-SSA e o infiltrado focal nas glandulas salivares. O perfil
linfocitario intermédio entre SSP e controlos, evidente nos doentes Sicca, sugere a
presenca de disfungdo imunoldgica, podendo alguns deles corresponder a formas ligeiras
ou precoces de SSP.

No grupo Sicca, cerca de 40% dos doentes apresentavam contagens de células B de
memoaria com switch abaixo do cut-off estabelecido para a SSP, reforcando a hipdtese de
que alguns destes individuos possam efetivamente ter SSP. Estes dados estdo em linha com
o trabalho de Roberts e colaboradores >*!, que descreveu a existéncia de percentagens
inferiores de células B de memadria em doentes Sicca comparados com controlos, tendo
identificado um subgrupo de doentes Sicca com um perfil transcriptomico semelhante a
SSP.

O nosso estudo foi o primeiro estudo realizado que procurou identificar os valores de
cut-off nas subpopula¢des de linfécitos B definidas pela classificagdo 1gD/CD27. Deste
modo, comprovamos a existéncia de um cut-off nas contagens de células B de memoria
qgue claramente distingue SSP de controlos saudaveis, ou seja, patolégico de normal.
Aplicando um cut-off semelhante aos doentes Sicca, podera vir a ser possivel identificar
individuos cujo perfil se assemelhe ao da SSP, e que de facto representem formas ligeiras
ou precoces da doenca.

Adicionalmente, demonstramos que em doentes com SSP a presenca de menores
contagens de células B de memdria estava associada a uma evolugdo mais prolongada e a
doeng¢a mais ativa, o que abre perspetivas para que a avaliacao desta popula¢ao celular
possa ter também um papel progndstico.

As células T foliculares efectoras (Tfh) tém um importante papel na patogénese da
SSP, uma vez que infiltram os 6rgao afetados e promovem a hiperatividade das células B
42 As interacbes entre as células T e as células B ativadas ocorrem em estruturas
semelhantes a centros germinativos ectépicos (CGE) formados nos érgdos-alvo, como as
GS 84, As células Tfh sdo grandes produtoras de IL-21, uma citocina fundamental para a
sobrevivéncia das células B e a formac3o de CGE 81>,
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Na SSP, esta descrito um aumento das células Tfh circulantes e uma expansao da sua
diferenciacdo nas GS 2122, Para além das células T CD4+, as células T CD8+ também
expressam CXCR5 (chemokine receptor X5), que induz a atragdo celular para as zonas B de
estruturas linfoides, indicando a existéncia de células foliculares citotéxicas (Tfc) °¥°. A
marcada expansao de células Tfh e a simultanea presenca de células Tfc nas glandulas
salivares na SSP pode relacionar-se com mecanismos de resposta a um agente infecioso
sialotrépico, como o EBV #°%, Assim, aquando da caraterizacdo das células T foliculares no
Capitulo IV, foi avaliado também o perfil seroldgico do EBV, um virus fortemente suspeito
na iniciacao dos processos autoimunes da SSP, e comparadas as subpopulac¢oes linfocitarias
de acordo com os distintos perfis.

Neste estudo confirmamos o perfil de células B tipico da SSP, com expansdo das
células B naive circulantes e reducdo das B de memdria 816, e demonstrdmos importantes
diferencas nas subpopulagées de linfécitos T foliculares entre doentes com SSA e individuos
com AR ou controlos saudaveis. Apesar dos nimeros absolutos de células T CXCR5* estarem
diminuidos na SSP, encontramos um aumento das células T produtoras de IL-21, quer CD4*
(Tfh), quer CD8* (Tfc).

As células Tfc estavam aumentadas nos doentes com SSP com maior atividade da
doencga, tendo sido possivel identificar uma correlagao positiva entre os nimeros absolutos
de células T IL21*CD8* e o ESSDAI, sugerindo um papel destas células na patogénese da
doenca. Em linha com os nossos resultados, Gong ja havia associado o aumento da IL-21 a
atividade sistémica da SSP 37, no entanto o nosso estudo parece realcar o papel das Tfc
neste cenario. Curiosamente, o aumento das células T produtoras de IL-21 lembra o perfil
de uma infec3o viral crénica, como sugerido em modelos animais 87,

Em relacdo aos marcadores serolégicos de EBV, os doentes com SSP apresentaram
maior prevaléncia de anti-EBV EA-D IgG, em comparacdo com doentes com AR e controlos
saudaveis, sendo estes resultados consistentes com a literatura. Os nossos doentes com SSP
apresentaram prevaléncias de anti-EBV EA-D IgG sobreponiveis as encontradas por Pasoto
e colaboradores 88, Os grupos de Croia #°°. e Kivity 8'° descrevem também uma maior
prevaléncia de anti-EBV EA-D IgG na SSP. Adicionalmente, Croia e colaboradores sugeriram
gue a infecdo por EBV pode contribuir para a expansdo e diferenciacdo de células B em
estruturas linfoides secundarias na SSP 4°6.

Reconhecendo que os doentes com SSP apresentavam aumento da prevaléncia de
anti-EBV EA-D IgG e uma prevaléncia importante de anti-EBNA IgG, procedemos a avaliacdo
clinica e das subpopulagdes linfocitarias de acordo com o perfil serolégico do EBV. Para isso,
subdividimos os doentes com SSP em 3 grupos: G1, infecdo por EBV prévia (EA-IgG—, EBNA
lgG+); G2, infecdo recente/reativacdo (EA IgG+, EBNA IgG+/-); G3, auséncia de marcadores
de infecdo por EBV ativa (EA IgG—, EBNA IgG—) de acordo com o proposto por Masliriska 4°>.
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Em relacdo a atividade sistémica da doenca, os doentes com serologia positiva para
EBV (G1 e G2) apresentavam ESSDAI superior ao de doentes sem evidéncia de infe¢do (G3).
Ndo se encontraram diferengas entre os grupos G1 e G2 em dominios especificos do ESSDAI
nem na sua pontuacao total, mas no grupo G2 a frequéncia de doentes com doenca ativa
era superior a dos doentes com infecdo antiga, embora sem significado estatistico.

Doentes com evidéncia de infecdo por EBV, em especial aqueles com infecdo
recente/reativacdo apresentavam um perfil imunoldgico distinto, com maior representagao
das subpopulagdes T pro-inflamatdrias Thl e Tfh1, o que pode indicar a influéncia viral na
diferenciacdo preferencial em células Tfhl, conforme postulado por Fahey 3.
Adicionalmente, doentes com infe¢do por EBV recente/reativagdo apresentavam niveis
superiores de células B de transicao e de plasmablastos, o que pode indicar a influéncia do
EBV na modulagdo das respostas imunes na SSP e na expressao clinica, conforme sugerido
pela manifestacdo mais precoce da doenca e maior frequéncia de doenca ativa nestes
individuos. Em linha com o aumento destas células, e suportando a influéncia da infecao
recente/reativacdo, os doentes do grupo G2 apresentavam niveis de IgG mais elevados
(mas sem atingir significado estatistico).

Apesar do EBV EA (early antigen) ter ja sido correlacionado com a producdo de
anticorpos por outros autores 819, o nosso estudo explora pela primeira vez a associa¢do
entre os padrdes serolégicos do EBV e o perfil de subpopulacdes linfocitarias na SSP.

Em sintese, os nossos resultados suportam a presenca de uma amplificacdo do
ambiente folicular na SSP, que se traduz pela secre¢cao aumentada de IL-21 por células T
CD4* e CD8* (foliculares).

Este estudo também é pioneiro na abordagem das células Tfc (CXCR5*CD8*e IL-
21*CD8*) no contexto de autoimunidade, uma vez que a associacdo entre estas células e a
atividade da doenca na SSP poderd ser um indicador do seu envolvimento na patogénese
da epitelite autoimune.

Na SSP, a presenca de anticorpos anti-SSA associa-se a carateristicas fenotipicas
distintas, como pior fungao glandular, maior infiltragao linfocitaria glandular, tumefagao
glandular, manifestacdes extra-glandulares (fenédmeno de Raynaud, artrite, vasculite,
envolvimento renal, neuropatia periférica), citopénias e marcadores imunoldgicos
positivos (ANA, FR, crioglobulinas) 3. Assim, tendo em conta esta maior atividade
autoimune, no Capitulo V pretendemos investigar se existiam diferencas nas populac¢ées
linfocitarias de doentes com SSP e anti-SSA positivo (SSA*SSP), em comparacdo com
doentes seronegativos (SSA'SSP), doentes com sindrome Sicca e controlos saudaveis.
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Pretendeu-se também caraterizar eventuais associagdes de subpopulagdes linfocitarias
com a atividade sistémica da doenca nos doentes SSA*SSP e SSA'SSP.

Assinalamos que o explordmos pela primeira vez a relacdo entre as células
CXCR5*CD8* (Tfc) e a positividade para anti-SSA na SSP. Nos doentes com SSP encontrdmos
ndo so linfopénia T, mas também reducdo dos numeros de células B, o que se verificava
também nos doentes Sicca, embora em menor grau.

Os doentes SSA*SSP apresentaram maiores proporg¢des de células T CD4* e CD8*
produtoras de IL-21, uma acentuada reduc¢ado das células B de memadria e um aumento das
B naive B, em comparagdao com controlos saudaveis. Além disso, os doentes SSA*SSP
apresentaram maior atividade de doenca, e verificou-se a existéncia de associacbes entre
o ESSDAI e varias subpopulagdes linfocitdrias, incluindo as populagcbes T IL-21*CD4%, IL-
21*CD8" e Tregs.

A linfopénia T na SSP pode dever-se a migracao das células CD4* periféricas para as
glandulas salivares 773 e assim refletir a disfuncdo autoimune e um perfil de doenca mais
ativo. Ambos os grupos, SSA*SSP e SSA'SSP, apresentaram menores contagens de células T
CD4* em comparagao com doentes Sicca e controlos, e foi interessante verificar que os
doentes Sicca tinham menores contagens CD4* que os controlos. Os nossos resultados
estdo em linha com estudos prévios publicados por Mandl 1> e Sudzius °?°.

A correlagdo positiva entre o ESSDAI e as percentagens de células CXCR5*Th1 (Tfh1),
observada apenas nos doentes SSA*SSP, e ainda mais significativa nos doentes com
atividade de doenca moderada/elevada (ESSDAI >5), sugere que 0s mecanismos
patogénicos subjacentes a dindmica das células T e as manifesta¢des da doenca diferem de
acordo com a presenca de anticorpos anti-SSA.

As menores frequéncias de células CXCR5*Th17 circulantes e a sua associagdo
negativa com o ESSDAI verificada em doentes SSA*SSP pode dever-se a uma maior
acumulacdo destas células nas GS destes doentes 82° ou a uma polarizac¢do da diferenciacdo
Tfh a favor do subtipo Tfh1.

Em relacdo as Tregs, encontrdmos uma forte correlacdo negativa entre os seus
nimeros e o ESSDAlI em doentes com SSA*SSP apresentando atividade de doenca
moderada/elevada. Considerando estes dados e as observagGes prévias de Christodoulou
423 0s menores numeros de Tregs circulantes podem refletir a sua acumulacdo nas GS,

proporcional a maior atividade da doenca.
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Para melhor caraterizar as células T com fendtipo de célula folicular, avalidamos a
producdo de IL-21 pelas células T CD4* e CD8*. Esta citocina, produzida pelas células T
foliculares, regula os processos imunes nos centro germinativos, como a ativa¢do das
células B e a producio de autoanticorpos 432,

Os doentes SSA*SSP apresentaram maiores percentagens de células T CD4*
produtoras de IL-21 (IL-21*CD4*) em comparacdo com 0s restantes grupos, e maiores
percentagens de células IL-21*CD8* em comparacdo com os Sicca e controlos. Estes
resultados sugerem que doentes SSA*SSP com fung¢do folicular aumentada poderao
desenvolver reagdes de centro germinativo mais intensas. Os nossos resultados estao em
linha com um estudo recente de Pontarini e colaboradores 8%, que demonstraram que as
células Tfh circulantes CXCR5*ICOS*PD-1* secretoras de elevados niveis de IL-21 e IFN-y
estavam aumentadas em doentes com SSP positivos para anti-SSA e anti-SSB, em especial
os que apresentavam estruturas linfoides ectdpicas, e se correlacionavam o focus score das
GS. Na mesma linha, Gao e colaboradores demonstraram o papel das células T CD8* no
desenvolvimento e progressio das lesdes das GS em doentes com SSP 822, A forte
correlacdo positiva entre o ESSDAI e os niveis de células IL-21"CD4* e IL-21*CD8* nos
doentes SSA*SSP com doenca clinicamente ativa, que ndo se verificou nos doentes SSA'SSP,
suporta uma maior ativacao B nestes doentes. Adicionalmente, os nossos resultados
suportam o provavel papel importante das células Tfc no desenvolvimento do ambiente
inflamatdrio e perfil clinicamente ativo dos doentes SSA*SSP.

Avaliando as subpopulagdes B, vérias diferencas entre os doentes SSA*SSP e SSA'SSP
apoiam a presenca de maior desregulagdao imune nos primeiros, como a mais elevada
proporcao de células B naive B e a menor proporg¢ao de células B de memédria, sendo a
maior mobilizacao de células naive da medula e retencdo das B de meméria nas GS a
explicacdo mais plausivel 43¢, Esta alteracdo da dindmica das popula¢des B, bem como a
diferenciac3o terminal preferencial em plasmdcitos nos doentes SSA*SSP >*° é apoiada pela
maior frequéncia de tumefacdo das GS e hipergamaglobulinémia nestes doentes, sendo a
propria presenca de anti-SSA sugestiva de uma maior resposta humoral 823, No entanto,
uma vez que as células IgM7*CD38", precursores dos plasmdcitos, estavam aumentadas
nos doentes SSA*SSP em comparac¢do com os Sicca e controlos, mas sem diferencas face
aos SSA'SSP, sugere a intervencdo de outros fatores na resposta humoral.

Nos doentes SSA*SSP encontrdmos uma diminuicdo das células B CD24"CD27* em
comparacdao com os SSA'SSP, uma subpopulacdo que, tal como as B de transicdo
CD24YCD38" (em menor nimero, mas aumentadas nos SSA*SSP), é enriquecida em células
Breg 23°. No entanto, n3o podemos avaliar em concreto o perfil das Breg dado n3o se ter
efetuado o estudo da producdo de IL-10, citocina que carateriza funcionalmente as células
B reguladoras. Os trabalhos de Jin e colaboradores no LES 824 e de Salomon e colaboradores
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na AR 82> sugerem que as alterac¢des nas células B CD24"CD27* se podem correlacionar com
as alteracdes nas células com fenético regulador, IL10*CD24MCD27*, constituindo assim um
método mais simples para o estudo das Bregs num contexto clinico. Nesta linha,

encontramos uma correlagdo negativa entre as células B CD24"CD27" e a atividade da
doenca nos doentes SSA*SSP.

Estas alteracdes, sobretudo das células CD24HCD27*, podem refletir a influéncia de
disturbios nos nimeros e fungao das Breg na maior expressao clinica e disfungao imune de
doentes SSA*SSP.

Em resumo, os nossos resultados indicam que os doentes SSA*SSP apresentam maior
atividade de doenga, incluindo marcadores de ativagdao B como hipergamaglobulinémia, FR
e tumefacdo das GS. Globalmente, o perfil linfocitdrio observado nestes doentes sugere
que 0s mecanismos autoimunes subjacentes diferem de acordo com a presenga de anti-
SSA. O maior desequilibrio entre células B naive e B de memoria reforca a importancia da
expansdo do compartimento T folicular e da producdo de IL-21 na atividade das células B.
Além disso, a associagdo entre a atividade da doenca e as células T IL-21*CD4* e IL-21*CD8*
(foliculares), para além de poder traduzir o envolvimento destas células num fendtipo mais
ativo da doenca, poderd indicar um futuro papel da caraterizacdo destas células no
progndstico e monitorizacdo da doenca.

No Capitulo VI (A) sdo descritos os resultados da avaliagdo com duas novas técnicas
diagndsticas nao invasivas: a avaliagdo do menisco lacrimal por AS-OCT (anterior segment
optical coherence tomography) %7 e a avaliacdo do plexo nervoso corneano sub-basal por
microscopia confocal 82 em comparacdo com os testes convencionais ( teste de Schirmer
I, o teste de quebra do filme lacrimal (tear breakup time - TBUT) e marcac¢ado da cérnea com
corantes vitais), com o objetivo de avaliar caracteristicas distintas entre doentes com SSP,
Sicca e controlos saudaveis.

A microscopia confocal in vivo permite a avaliagcdo quantitativa e objetiva de imagens
de alta resolucdo das células e nervos da cdrnea 827822 O dano e subsequente regeneracdo
destas fibras estd descrito na sindrome de olho seco 8%°. As fibras nervosas ndo-mielinizadas
da cdrnea sao particularmente vulneraveis a degeneragao, que ocorre também no contexto
de inflama¢do ou autoimunidade 23°. Na SSP, foram demonstradas diferencas na
morfologia do plexo nervoso corneano sub-basal (densidade, comprimento e tortuosidade)
em comparacdo com individuos saudaveis 822831 pelo que esta técnica pode vir a ser util
ndo sé na detecdo da doenga, mas também na monitorizacdo da resposta ao tratamento
676, No Capitulo VIb explordamos e descrevemos possiveis associacdes entre a morfologia
do plexo nervoso corneano sub-basal e as subpopulagdes linfocitarias e a atividade da
doenca na SSP.
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Na avaliacdo objetiva efetuada no Capitulo VI (A), os testes convencionais de olho
seco estavam alterados em ambos os grupos de individuos com queixas secas (SSP e Sicca),
em comparag¢ao com os controlos, como esperado.

As carateristicas do menisco lacrimal (area e altura) ndo apresentaram diferencas
entre grupos.

Em relagdo a morfologia do plexo nervoso corneano sub-basal, a densidade e
comprimento das fibras foi significativamente menor nos doentes com olho seco, e a
tortuosidade significativamente maior, em comparacdo com o grupo controlo. Doentes
com SSP e Sicca apresentaram parametros morfoldgicos do plexo corneano semelhantes.
Adicionalmente, as altera¢des do plexo nervoso corneano sub-basal apresentaram uma
boa associagdao com o teste de Schirmer e o tempo de quebra do filme lacrimal.

A imagem da cérnea por microscopia confocal demonstrou um bom desempenho na
identificacdo de individuos com olho seco, face a individuos saudaveis sem queixas secas.
Adicionalmente, o facto de ser ndo-invasiva e menos dependente de fatores ambientais e
relacionados com o doente torna-a um instrumento promissor na avaliagao objetiva da
xeroftalmia.

No entanto, é preciso ter em conta que outras doengas com potencial neuropatico,
como a diabetes, podem também levar a alteracdes da inervacdo corneana. Assim, é
necessdria a identificacdo de eventuais perfis morfoldgicos que possam distinguir entre o
dano induzido pela hipossecrec¢ao lacrimal, pelo efeito de mediadores inflamatdrios locais,
e por doencas como a diabetes 8327835,

O estudo apresentado no Capitulo VI (B) foi o primeiro na literatura a avaliar a relacdo
entre as carateristicas morfoldgicas do plexo corneano sub-basal e a distribuicdo das
subpopulagdes linfocitarias na SSP.

Em relagdo as alteragdes morfolégicas do plexo nervoso corneano sub-basal
atribuiveis ao olho, foram mais evidentes nos doentes com SSP com maior duracdo e
atividade da doenca.

Explorando mais detalhadamente a associacdao entra a atividade da doenca na SSP e
as carateristicas dos nervos corneanos, encontrou-se uma forte correlagdao negativa entre
o ESSDAI e comprimento (CNFL) e a densidade das fibras (CNFD) em doentes com maior
atividade da doenca (ESSDAI >5), doentes estes que apresentavam os piores parametros
oculares (menor CNFD e CNFL).
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Adicionalmente, quando considerados apenas os doentes com ESSDAI>5, encontrou-
se uma correlagdo positiva entre o CNFL e o niumero de Tregs, bem como uma forte
correlagdo negativa entre as Tfhl e ambos os parametros morfolégicos do plexo corneano
(CNFL e CNFD.

Em relacdo as células B, verificaram-se correlagdes positivas entre o CNFL e os
numeros absolutos de células de memodria (totais, com switch e sem switch) e de células B
CD244YCcD27+.

Considerando as células T, encontrou-se uma correlagao negativa entre o CNFL e os
numeros absolutos de células IL21*CD8*, que pode apoiar a influéncia da disfuncdo imune
na lesdo da cérnea.

Os nossos dados sugerem que a lesdo dos nervos corneanos é mais acentuada em
doentes com maior atividade sistémica da doenga, o que pode sugerir uma evolucdo
paralela a atividade inflamatdria da SSP. Adicionalmente, piores parametros morfoldgicos
do plexo corneano parecem relacionar-se com a maior desregulacdo imune nestes doentes,
com niveis mais elevados de Tfc e mais baixos de Tregs e de células B CD24"CD27*.

Em conclusdo, considerando as associagdes da CNFL e da CNFD com a atividade da
doencga, com as células T foliculares IL21* e com as subpopula¢cdes B de memdria, parece
existir evidéncia que indica a evolucdo paralela do dano as fibras nervosas da cérnea e a
atividade imunolégica da SSP.

Deste modo, a avaliagdo morfolégica do plexo nervoso corneano sub-basal em
doentes com SSP pode fornecer indicios do grau de disfungdao imunoldgica e da dinamica
das populagdes linfocitdrias. Para esse fim, é necessario o desenvolvimento de um sistema
de pontuacdo das alteracdes morfolégicas, bem como a identificacdo de eventuais padrdes
morfolégicos tipicos da SSP.

O diagnéstico e classificagdo da SSP é ainda desafiante, sobretudo nas fase iniciais da
doenca, em que os doentes podem apresentar fendtipos mais ligeiros ou manifestacdes
incomuns 8%, Na pratica clinica, os critérios de classificacdo sdo habitualmente utilizados
como orientacdo para o diagndstico, apesar de ndo serem elaborados com vista a aplicacao
ao doente individual, mas sim para a selecdo de grupos homogéneos para fins de
investigacdo 728, Os critérios de classificacdo da SSP tém sido revistos, recorrendo a novas
metodologias, mas ha ainda margem para aperfeicoamento 1>737,

O papel das células B como biomarcador para o diagnéstico e classificacdo da SSP foi
previamente avaliado em associacdo aos critérios AECG 811813, Apesar das células T serem
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elementos fundamentais na patogénese da SSP %2, até a data n3o tinham sido avaliadas
como potencial biomarcador em critérios de classificacdo. Adicionalmente, ndo tinha ainda
sido abordado o efeito da adi¢do de subpopulag¢des linfocitarias aos critérios ACR/EULAR.
No Capitulo VII pretendemos avaliar se a inclusdo de subpopulagdes linfocitdrias
aumentava o poder discriminativo dos critérios AECG e ACR/EULAR na distingdo entre SSP
e Sicca. Para isso, recorremos a definicdo dos casos de SSP de acordo com o diagnéstico
clinico (definido como o padrdo-ouro), e comparamos a distribuicdo das subpopulacdes
linfocitarias B e T de doentes com SSP e Sicca. Algumas das subpopulagdes que
demonstraram uma aceitavel precisdao na distingdo entre SSP e Sicca foram incluidas no
modelo multivariado para avaliar se melhoravam o desempenho dos critérios de
classificagdo.

Este estudo avaliou pela primeira vez o efeito da caraterizagdo do perfil linfocitario
no desempenho dos critérios de classificagdo ACR/EULAR.

Nos doentes com SSP confirmou-se o perfil tipico de subpopulacdes de linfécitos B
habitualmente descrito na doenga através da utilizagdo da classificagdo 1gD/CD27 —
diminuig¢do dos linfécitos B de memoaria e aumento dos linfocitos B naive (Roberts et al.
2014).

Em relacdo a classificacdo das células B de Bm1 a Bm5, na SSP é habitual o aumento
das popula¢des Bm2 e Bm2' e a diminui¢cdo das eBm5 e Bm5, conforme revisto por Carvajal
8. No nosso estudo confirmdmos este perfil, e adicionalmente destacamos a reduc3o das
percentagens e valores absolutos das células Bm1.

Destacamos também a significativa diminuicao da subpopula¢do B caraterizada por

hi + . . .
CD24°CD27, que sabemos ser enriquecida em células B reguladoras 2*°. Tendo em conta
a correlacdo negativa entre estas células e a atividade da doenga, que descrevemos no

Capitulo V, o aumento darazao Th1/CD24hiCD27+ nos nossos doentes com SSP pode refletir
o desequilibrio entre o compartimento B regulador e as células efetoras Th1.

O grupo de Szabd descreveu um aumento das células Tfh na SSP 2!, mas no nosso
grupo SSP apenas as células Tfh1 apresentaram aumento das percentagens em relacdo aos
Sicca, enquanto as Tfh17 estavam diminuidas. Efetivamente, as células Tfh1 demonstraram
uma das maiores AUC na discriminacdo entre SSP e Sicca.

As células Tregs apresentaram uma tendéncia para valores aumentados em
comparacdo com os Sicca. Conforme revisto por Alunno e colaboradores %, as frequéncias
de Tregs na SSP sdo variaveis na literatura, mas deficiéncias da sua funcdo parecem
contribuir para a patogénese da doenca. Adicionalmente, constatou-se a presenca de uma
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razdo Th17/Treg diminuida, explicada pelo relativo aumento das Tregs e pela diminuigdo
das Th17, que seguia a tendéncia para linfopénia nestes doentes.

Ao avaliar o desempenho dos critérios ACR/EULAR em comparag¢do com o diagndstico
clinico, obtivemos uma concordancia de 92,0% na discriminacao entre SSP e Sicca. Em
relacdo ao desempenho dos critérios AECG, a concordancia com o padrdo-ouro foi de
95,2%, em linha com o estudo de Zhao e colaboradores 8%,

Pretendemos de seguida avaliar o valor acrescentado ao poder discriminativo entre
SSP e Sicca com a inclusdo de populagdes linfocitdrias em ambos os critérios.

Apds termos identificado diferencas em varias subpopulacdes linfocitdrias entre SSP
e Sicca, aquelas que demonstraram uma maior AUC na distincdo entre ambos os grupos
foram incluidas no modelo multivariado. Assim, demonstramos que algumas populac¢ées
linfocitarias permitiam aumentar o poder discriminativo dos critérios de classificagdo. Em
relacdo aos critérios ACR/EULAR, as varidveis Th1/Breg CD24"CD27* e as células B de
memoria com switch (dicotomizadas com um cut-off=25 células/ul) maximizaram a AUC
para 0,953. Considerando os critérios AECG, a AUC foi maximizada para 0,985 quando
consideradas as percentagens de Bm1 e Tfh.

Demonstramos assim, neste estudo exploratério, que é possivel aumentar o poder
discriminativo de ambos os critérios de classificagdo com a inclusdo no modelo de
populacdes linfocitdrias. A nossa abordagem foi diferente da de Binard e colaboradores
(Binard et al. 2009), que utilizaram a razdo (Bm2+Bm2’)/(eBm5+Bm5) nos critérios AECG,
com melhoria do desempenho, embora num estudo subsequente Cornec e colaboradores
813 obtiveram um reduzido valor diagndstico comparado com os restantes itens dos
critérios AECG. Por sua vez, o grupo de Mingueneau 7’3, recorrendo a uma avaliacdo de 34
biomarcadores por citometria em massa e bioinformatica, identificou um perfil distinto de
4 tipos celulares (células dendriticas plasmacitéides, células T CD4", células B de memodria,
e células T HLA-DR*CD4") que identificava doentes com SSP com boa precisdo (AUC 0.86—
0.89). No entanto, esta técnica ndo é, na atualidade, de utilizacdo rotineira.

No nosso estudo verificdmos que a inclusdo de subpopulacdes linfocitarias no modelo
levou a um aumento na capacidade discriminativa dos critérios EACG e ACR/EULAR. Tendo
em conta que estes Ultimos se baseiam num conjunto de itens aos quais é atribuida uma
pontuacdo ponderada, o nosso estudo abre perspetivas para uma posterior analise com
maior numero e diversidade de doentes, com vista a confirmar a selecdo das populagcdes
linfocitarias a incluir nos critérios ACR/EULAR, e determinar a pontuagdo que lhes seria
atribuido.
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Limitagoes do projeto de investigagao

Estamos cientes de que este Projeto de Investigacdo apresenta algumas limitacdes, umas
de indole global, e outras de natureza especifica.

Em relagdo as limitagdes de indole global, reconhecemos que a dimensdo da amostra
foi reduzida, quando se constata a heterogeneidade dos grupos de doentes no que respeita
aidade, duracdo da doenca, perfil de manifestacdes clinicas e serologia dos autoanticorpos.

Esta variabilidade reflete o contexto clinico em que o recrutamento se processou,
sendo representativa da pratica assistencial em Reumatologia.

Outro aspeto a considerar é o efeito das terapéuticas imunomoduladoras nos
processos imunes e na distribuicdo das populacdes linfocitarias. Uma vez que os doentes
com SSP e Sicca foram recrutados da consulta de Reumatologia, muitos encontravam-se
sob terapéutica, maioritariamente corticoesteréides em baixa dose e hidroxicloroquina. No
entanto, o estudo de doentes com SSP sem este tipo de medica¢do enquadrar-se-a em dois
cenarios: doentes em fase precoce da doen¢a ou do acompanhamento reumatoldgico, ou
doentes sem doenca grave que ndo necessitassem de terapéutica imunomoduladora.
Ambos os cendrios teriam desvantagens: o primeiro obrigaria a realizacdo de um estudo
multicéntrico de modo a se obter uma amostra de dimensao aceitavel, enquanto o segundo
cenadrio representaria um viés de selecdo a favor de formas mais leves da doenca.

O seguimento prospetivo dos nossos doentes, com avaliacdes clinicas regulares e a
repeticdo subsequente da caraterizacdo das populagbes linfocitarias e das avaliacdes
poderia esclarecer melhor a dinamica destas células em doentes sob farmacos
imunomoduladores.

Também assinalamos a dificuldade na obtencdo de um grupo controlo sauddvel sem
gueixas secas cuja idade ndo diferisse da dos doentes com SSP ou Sicca. Apesar de grandes
diferencas de idade se poderem traduzir em diferentes dinamicas celulares, consideramos
gue no nosso estudo a diferenca entre doentes e controlos, apesar de estatisticamente
significativa, ndo terd sido relevante na interpretacdo dos nossos resultados.

Por fim, a caraterizacdo das populac¢es linfocitarias foi realizada exclusivamente no
sangue periférico. Reconhecemos que as populacdes circulantes poderdo nao refletir
fielmente os numeros e interagdes das células imunes nas glandulas exdcrinas, nem
identificar as vias migratérias entre drgaos-alvo distintos. Seria importante a caraterizar em
simultdneo as populagdes linfocitarias presentes nos tecidos-alvo, como as glandulas
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salivares, para melhor caraterizar a disfungao imune na SSP e validar o significado do perfil
linfocitdrio circulatorio.

Quanto as limitagGes especificas de cada trabalho, temos a referir:

Em relacdo a caraterizacdo do perfil seroldgico para o EBV, seriam importantes
estudos moleculares como a pesquisa de RNA viral para melhor determinar a presenca de
infecdo ativa e respetiva carga viral.

Adicionalmente, a avaliagdo de tecido das glandulas salivares poderia revelar sinais
da presenca de EBV nestes érgaos.

Finalmente, sendo o EBV um virus com elevada prevaléncia na populacdo adulta,
seria necessaria uma amostra maior de doentes e controlos para se caraterizar as
diferencas imunoldgicas entre os individuos sem histdria de infecdo e os individuos
portadores de infecdo classificados de acordo com o grau de atividade.

Em relacdo a exploracdo da relacdo entre a presenca do anticorpo anti- SSA e o perfil
linfocitario, seria importante a determinacdo dos niveis de anticorpos, bem como o acesso
as populagdes linfocitdrias das glandulas salivares.

Uma limitacdo aplicavel a todos os nossos estudos de populac¢des linfocitarias, mas
gue tem mais relevo nas associacdes entre a presenca de anti-SSA, a atividade da doenca
e as populagGes celulares, é identificacdao das populacdes reguladoras.

Apesar da caraterizacao das células Treg ser possivel através de marcadores de
superficie, a identificacdo do marcador de linhagem Foxp3 carateriza melhor o fenétipo
regulador, mas a sua localizacdo intracelular dificulta a aplicabilidade clinica.

Em relacdo as células Breg, a identificacdo das populagdes-mae (como as CD24CD27)
pode transmitir uma impressao vaga sobre a dinamica das células B reguladoras incluidas
nessa subpopulacdo. Seria necessdria a avaliagcdo da producdo de IL-10 para identificar as
células com fenétipo regulador, dado ndo possuirem marcadores de linhagem.

Adicionalmente, quer se utilizem marcadores de linhagem ou se avalie a capacidade
produtora de uma citocina especifica, a auséncia de estudos para avaliar a funcdo
supressora das células Treg e Breg pode negligenciar deficiéncias funcionais destas células
na SSP.
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Relativamente a caraterizagao da morfologia do plexo nervoso corneano sub-basal e
a sua relacdo com os processos imunes na SSP, seria util a avaliagdo do ambiente
inflamatério lacrimal, nomeadamente através do estudo de citocinas e células
inflamatdrias da lagrima, para melhor compreender as relagdes entre a inflamagao
sistémica, local e o dano ocular.

Relativamente a avaliacdo do valor acrescentado da inclusdo de subpopulagdes
linfocitarias no poder discriminativo dos critérios AECG e ACR/EULAR face ao diagndstico
clinico, para além das limitagGes relacionadas com a dimensdao da amostra, assinalamos a
variabilidade clinica e as terapéuticas em curso, que podem afetar as distribuicGes
linfocitarias. Deste modo, estes resultados necessitam de validacdo numa coorte
independente, multicéntrica e de maior dimensao.

Além disso, pelas suas carateristicas, existe o potencial de variabilidade nos
protocolos de citometria de fluxo, sendo necessdria uma padronizacdao de modo a facilitar
a utilizacdo das subpopulac¢ées linfocitarias como biomarcador na SSP.

Perspetivas Futuras

Neste estudo demonstramos que é possivel a determinagdo de um cut-off nas contagens
de células B de memdria que claramente distingue a SSP de controlos saudaveis, ou seja,
patoldgico de normal.

Aplicando um cut-off semelhante aos doentes Sicca, podera vir a ser possivel
identificar individuos cujo perfil se assemelhe ao da SSP, e que de facto representem
formas ligeiras ou precoces da doenca. Esta é uma possivel aplicagdo como auxiliar de
diagnéstico e terapéutica.

Adicionalmente, demonstramos que em doentes com SSP a presenca de menores
contagens de células B de memdria estava associada a evolu¢ao mais prolongada e doencga
mais ativa, o que abre perspetivas de que a avaliacdo desta populacdo celular possa ter
também um papel progndstico.

A sugestdo do envolvimento das Tfc na patogénese d SSP, com um perfil de
amplificacdo do ambiente folicular similar a uma resposta viral e maior prevaléncia de
marcadores serolégicos de EBV em doentes com maior atividade de doenca justifica
estudos complementares acerca do papel destas células na autoimunidade e dos seus
agentes ativadores. A confirmar-se a acao da estimulagdo crénica por EBV na manutencdo
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deste perfil Tfc ativo, futuras abordagens terapéuticas poderdao contemplar a interrupgao
da ativacdo linfocitaria induzida por estes agentes.

Independentemente da sua eventual associagdo a um estimulo viral, a promogdo do
ambiente folicular relacionado com a hiperatividade das células T foliculares pode ser
avaliado através de estudos funcionais por citometria de fluxo, e constituir um indicador
de atividade de doenca, progndstico e monitorizacdo da resposta a terapéutica.

A avaliacdo da avaliagdo da morfologia do plexo nervoso corneano sub-basal por
microscopia confocal é sensivel na dete¢ao do dano das fibras nervosas associado ao olho
seco, e tem boa correlacdo com os testes convencionais de olho seco.

Quando a técnica vier a estar padronizada, e caso se confirme a existéncia de padrdes
morfolégicos especificos da SSP, a avaliacdo do plexo nervoso corneano sub-basal podera
ser um instrumento ndo-invasivo, estavel e de facil reproducdo e avaliagdo. Acresce que
num futuro préoximo analises de imagens deste tipo poderdo ser realizadas facilmente por
programas informaticos.

A homogeneizagdo de protocolos de citometria de fluxo pode permitir a realizagao de
avaliagbes multicéntricas da distribuicdo das subpopulagbes de linfocitos na SSP. Nessa
perspetiva, a possibilidade de se vir a utilizar o perfil linfocitario como adjuvante dos
critérios de classificacdo é uma possibilidade em aberto.

As perspetivas de aplicabilidade imediata que identificamos sdo as seguintes:

1)  Varia¢Oes nas populacdes linfocitarias podem ajudar a identificar individuos
com maior atividade de doenga ou com maior risco de manifestacdes graves

2) A estratificacdo clinica dos doentes, de acordo com o bindmio
atividade/impacto, pode ser facilitada pela presenca de alteragbes na
distribuicdo das populagdes linfocitarias

3) A decisdao quanto ao inicio e a escolha de uma terapéutica imunomoduladora,

bem como a afericdao do seu efeito no controlo dos processos autoimunes pode
ser facilitada pelo perfil de subpopulagdes linfocitarias.
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Table 3. The EULAR Sjogren’s Syndrome Disease Activity Index (ESSDAI): Domain and item definitions and weights.

Domain |Weight]

Activity level

Description

Constitutional [3]

No=0

Absence of the following symptoms

Exclusion of fever of Low=1 Mild or intermittent fever (37.5°-38.5°C) / night sweats and/or involuntary weight loss of 5 to 10% of body weight
infectious origin and Moderate =2 Severe fever (>38.5°C) / night sweats and/or involuntary weight loss of >10% of body weight
voluntary weight loss
Lymphadenopathy [4] No=0 Absence of the following features
Exclusion of infection Low=1 Lymphadenopathy =~ 1 cm in any nodal region or > 2 cm in inguinal region
Moderate = 2 Lymphadenopathy > 2 cm in any nodal region or > 3 cm in inguinal region, and/or splenomegaly (clinically palpable or assessed by
imaging)
High= 3 Current malignant B-cell proliferative disorder
Glandular [2] No=0 Absence of glandular swelling
Exclusion of stone or Low =1 Small glandular swelling with enlarged parotid (< 3 cm), or limited submandibular or lachrymal swelling
infection Moderate = 2 Major glandular swelling with enlarged parotid (> 3 cm), or important submandibular or lachrymal swelling
Articular (2] No=0 Absence of currently active articular involvement
Exclusion of osteoarthritis  Low =1 Arthralgias in hands, wrists, ankles and feet accompanied by morning stiffness (>30 min)
Moderate = 2 1 to 5 (of 28 total count) synovitis
High= 3 = 6 (of 28 total count) synovitis
Cutaneous [3] No=0 Absence of currently active cutaneous involvement
Rate as “No activity” stable Low =1 Erythema multiforma
long-lasting features related  Moderate = 2 Limited cutaneous vasculitis, including urticarial vasculitis, or purpura limited to feet and ankle, or subacute cutaneous lupus
10 damage High= 3 Diffuse cutaneous vasculitis, including urticarial vasculitis, or diffuse purpura, or ulcers related to vasculitis
Pulmonary [5] No =0 Absence of currently active pulmonary involvement
Rate as “No activity” stable Low = 1 Persistent cough or bronchial involvement with no radiographic abnormalities on radiography
long-lasting features related Or radiological or HRCT evidence of interstitial lung disease with: No breathlessness and normal lung function test.
to damage, or respiratory Moderate = 2 Moderately active pulmonary involvement, such as interstitial lung disease shown by HRCT with shortness of breath on exercise (NHYA II)
involvement not related to or abnormal lung function tests restricted to: 70% >DLo > 40% or 80%>FVC-60%
fhe disease (tobaccouse  pigh= 3 Highly active pulmonary involvement, such as interstitial lung disease shown by HRCT with shortness of breath at rest (NHYA IIL, IV) or
; with abnormal lung function tests: DL¢o< 40% or FVC< 60%
Renal [5] No=0 Absence of currently active renal involvement with proteinuria< 0.5 g/d, no hematuria, no leucocyturia, no acidosis, or long-lasting stable
Rate as “No activity” stable proteinuria due to damage
long-lasting features related  Low = 1 Evidence of mild active renal involvement, limited to tubular acidosis without renal failure or glomerular involvement with proteinuria
to damage, and renal (between 0.5 and 1 g/d) and without hematuria or renal failure (GFR =60 ml/min)
involvement not related o Moderate = 2 Moderately active renal involvement, such as tubular acidosis with renal failure (GFR <60 ml/min) or glomerular involvement with
;2:2’;:2‘;5 B proteinuria between 1 and 1.5 g/d and without hematuria or renal failure (GFR =60 ml/min) or histological evidence of extra-membranous
performed, please rate glomerulonephritis or important interstitial lymphoid infiltrate
activity based on High= 3 Highly active renal involvement, such as glomerular involvement with proteinuria >1.5 g/d or hematuria or renal failure (GFR <60 ml/min),

histological features first

or histological evidence of proliferative glomerulonephritis or cryoglobulinemia related renal involvement
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Muscular [6] No=0 Absence of currently active muscular involvement

Exclusion of weakness due ~ Low = 1 Mild active myositis shown by abnormal EMG or biopsy with no weakness and creatine kinase (N <CK < 2N)

to corticosteroids Moderate = 2 Moderately active myositis proven by abnormal EMG or biopsy with weakness (maximal deficit of 4/5), or elevated creatine kinase (2N
<CK =4N),

High= 3 Highly active myositis shown by abnormal EMG or biopsy with weakness (deficit < 3/5) or elevated creatine kinase (>4N)

PNS [5] No=0 Absence of currently active PNS involvement
Rate as “No activity” Low=1 Mild active peripheral nervous system involvement, such as pure sensory axonal polyneuropathy shown by NCS or trigeminal (V) neuralgia
stable long-lasting features  Moderate = 2 Moderately active peripheral nervous system involvement shown by NCS, such as axonal sensory-motor neuropathy with maximal motor
{""ll/t"/ to damage or PNS deficit of 4/5, pure sensory neuropathy with presence of cryoglobulinemic vasculitis, ganglionopathy with symptoms restricted to
:;;:”Z;s‘e’::g’ not related to mild/moderate ataxia, inflammatory demyelinating polyneuropathy (CIDP) with mild functional impairment (maximal motor deficit of 4/5or
mild ataxia),
Or cranial nerve involvement of peripheral origin (except trigeminal (V) neralgia)

High= 3 Highly active PNS involvement shown by NCS, such as axonal sensory-motor neuropathy with motor deficit <3/5, peripheral nerve
involvement due to vasculitis (mononeuritis multiplex etc.), severe ataxia due to ganglionopathy, inflammatory demyelinating
polyneuropathy (CIDP) with severe functional impairment: motor deficit <3/5 or severe ataxia

CNS [5] No=0 Absence of currently active CNS involvement

Rate as “No activity” Low=1 Moderately active CNS features, such as cranial nerve involvement of central origin, optic neuritis or multiple sclerosis-like syndrome with

stable long-lasting features symptoms restricted to pure sensory impairment or proven cognitive impairment

::f:'fﬁ‘:,:"z;l::zgr‘:z,iﬁz High= 3 Highly active CNS features, such as cerebral vasculitis with cerebrovascular accident or transient ischemic attack, seizures, transverse

the disease myelitis, lymphocytic meningitis, multiple sclerosis-like syndrome with motor deficit.

Hematological 2] No=0 Absence of auto-immune cytopenia

For anemia, neutropenia, Low =1 Cytopenia of auto-immune origin with neutropenia (1000 < neutrophils < 1500/mm3), and/or anemia (10 < hemoglobin < 12 g/dl), and /or

and thrombopenia, only thrombocytopenia ( 100,000 < platelets < 150,000/mm3)

(mro-ilnnnme‘qwopenia Or lymphopenia (500 < lymphocytes < 1000/mm3)

must be considered Moderate = 2 Cytopenia of auto-immune origin with neutropenia (500 < neutrophils < 1000/mm3), and/or anemia (8 < hemoglobin < 10 g/dl), and/or

Exclusion of vitamin or iron thrombocytopenia (50,000 < platelets < 100,000/mm3)

deficiency, drug-induced Or lymphopenia (<500/mm3)

cytopenia High= 3 Cytopenia of auto-immune origin with neutropenia (neutrophils < 500/mm3), and/or or anemia (hemoglobin < 8 g/dl) and/or
thrombocytopenia (platelets <50,000/mm3)

Biological [1] No =0 Absence of any of the following biological feature

Low=1 Clonal component and/or hypocomplementemia (low C4 or C3 or CH50) and/or hypergammaglobulinemia or high IgG level between 16
and 20 g/L

Moderate = 2 Presence of cryoglobulinemia and/or hypergammaglobulinemia or high IgG level > 20 g/L, and/or recent onset hypogammaglobulinemia or

recent decrease of IgG level (<5 g/L.)

CIDP= chronic inflammatory demyelinating polyneuropathy; CK= creatine kinase; CNS= central nervous system; DLCO= diffusing CO capacity; EMG= electromyogram;
FVC= forced vital capacity; GFR= glomerular filtration rate; Hb= hemoglobin; HRCT= high-resolution computed tomography; IgG= immunoglobulin G; NCS= nerve
conduction studies; NHY A= New York heart association classification; Plt= platelet; PNS=peripheral nervous system;

338



339





