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Abstract

Primary Sjogren’s Syndrome (pSS) is a chronic systemic autoimmune disease characterized
by lymphocytic infiltration of the exocrine glands, predominantly the salivary and lachrymal
glands, leading to damage and secretory impairment. It occurs mainly in women, with ratios
of incidence female/male are between 10:1 and 20:1. Women over 50 years of age are the
most affected. The main symptoms of this condition are xerostomia (dry mouth),
keratoconjunctivitis sicca (ocular dryness with corneal damage), and dryness of other
mucosal surfaces (skin, vagina and respiratory epithelium). Extraglandular manifestations
frequently occur, especially inflammatory articular and cutaneous manifestations, as well as
less common and more serious involvement such as neuropathy, nephritis, vasculitis or
lymphoma. Several viruses have been associated with pSS. Epstein-Barr virus (EBV) has
been a strong candidate for the triggering of autoimmune epithelitis occurring in pSS. There
isn’t, however, an established viral trigger for SS autoimmune epithelitis. Our study revealed
a lymphocytic profile indicating B cell hyperactivity, Breg impairment and T cell alterations,
namely in circulating T cells with follicular-like phenotype. These changes can be attributed
to an underlying viral agent triggering an unregulated response. Indeed, pSS patients
presented a higher percentage of positive serum for anti-EBV EA-D IgG, which might point
towards a role of EBV in pSS. Still, more work is required to establish a definite viral trigger
for pSS. Adding to this study, more antiviral Abs can be assessed, namely, against CMV,
human T-lymphotropic virus (HTLV), HCV and others. We call the attention towards
follicular T cell subsets for a possible link between viral infection and pSS. More studies
using animal models can be paramount in the understanding of follicular T cells roles in both
contexts and identify similar mechanisms and differentiation patterns and a breakdown of

tolerance mechanisms.



Resumo

A Sindrome de Sjogren primaria (pSS) é uma doenca sistémica autoimune caracterizada pela
presenca de infiltrados linfocitarios nas glandulas exocrinas, predominantemente nas
glandulas salivares e lacrimais. Ocorre principalmente em mulheres, onde os racios de
incidéncia feminino/masculino estdo entre 10:1 e 20:1. Mulheres com mais de 50 anos de
idade sdo mais afetadas. Os sintomas principais desta condi¢do séo: xerostomia (boca seca),
keratoconjuctivitis sicca (secura dos olhos com inflamacéao), e secura de outras superficies
mucosas (pele, vagina e epitélio do aparelho respiratorio). VVarios virus tém sido associados
apSs. O virus Epstein-Barr (EBV) tem sido um forte candidato para o despoletar da epitelite
autoimune presente na pSS. No entanto, ndo existe um causador viral estabelecido da epitelite
autoimune em pSS. O presente estudo demonstrou um perfil linfocitico que indica
hiperatividade da célula B, limitacdo da célula Breg e alterac6es na célula T, nomeadamente
nas células T circulantes que possuem um fendtipo caracteristicamente folicular. Estas
alteracBes podem apontar para a existéncia de um agente viral subjacente causador de uma
resposta imune desregulada, uma vez que alteracdes semelhantes estdo presentes num
contexto de infecdo viral. De facto, pacientes com pSS apresentam uma percentagem
aumentada de soros positivos de IgG anti-EBV EA-D, que poderd apontar para o
envolvimento do EBV na pSS. Assim, € necessario mais trabalho para estabelecer um
causador viral em pSS. Para acrescentar a este estudo, mais anticorpos para antivirais podem
ser avaliados, nomeadamente, anti-citomegalovirus, anti-virus T linfotropico humano, anti-
hepatite C entre outros. Chamamaos a atencdo para as células T foliculares para uma possivel
ligagdo entre infecdo viral e pSS. Estudos adicionais com modelos animais podem ser
cruciais na compreensdo do papel destas células em ambos os contextos e identificacdo de

mecanismos e padrdes de diferenciacdo similares e a falha dos mecanismos de tolerancia.

Vi
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1. Chapter 1 — Introduction

1.1. Immunology overview

1.1.1. Innate and adaptive immunity

The human immune system is responsible for defending the organism from harmful
invaders such as viruses, bacteria and macromolecules.* It can also protect the organism
from internal threats such as cancer cells.! Human immunity is divided into innate (also
called non-specific) and adaptive (specific) immunity.3® Innate immunity is the first barriers,
such as the skin and the mucosal epithelia. It prevents microbes from establishing infections,
as well as providing an immediate response if the microbes can penetrate the first barriers of
defence (skin, stomach high acidity, mucosal secretions, etc). Innate responses are mediated

by cells like the granulocytes (basophils, neutrophils, eosinophils and mast cells), phagocytes
(monocytes/macrophages and also neutrophils) and natural killer (NK).** Pathogen
associated molecular patterns (PAMP) from the invading microorganisms are detected by
pathogen recognition receptors (PRR) present in immune cells and in soluble form in the

serum and other body fluids.®> PAMPs are essential molecules of the microorganism, like
double-stranded RNA, lipopolysaccharide (LPS), lipoproteins and carbohydrates. Innate
immunity acts by recognizing these general molecular structures common to a group of
related microbes and is unable to distinguish between different types of microbes.? The time
of response and efficacy of threat elimination is practically unchanged, even with repeated
invasion.

Adaptive immunity responds to microbial invaders in a specific manner and the time and
effectiveness of response improves each time a specific invader is encountered. This type of

immunity is capable of defending the organism against a large number of microbes and

establishing immunological memory, which allows for a more effective response in a second

exposure to a given pathogen.* The adaptive immune response also adapts to better respond
to an invading pathogen, increasing its recognition and elimination effectiveness. Adaptive

immunity can be divided into humoral immunity and cell-mediated immunity. The cells



responsible for humoral immunity are the B cells, which are produced and matured in the
bone marrow. These cells that produce and release antibodies which are the mediators of
humoral immunity recognize microbial antigens (Ags) and opsonize them for posterior
destruction by various mechanisms.?’
These cells, when activated become plasmablasts, that produce and release the antibodies
(Abs) in humoral responses.?’ Cell-mediated immunity aims for the destruction of cells
infected with intracellular microbes, such as virus and some bacteria. This is carried out by
cytotoxic T cells which are lymphocytic cells produced in the bone marrow, but their
maturation occurs in the thymus. Also, another type of T cells are the helper T cells, whose
function is to provide stimuli to B cells.**

Though distinct in terms of mechanisms and effector cells, innate and adaptive
Immune responses establish constant and diverse interactions. For instance, innate immune
cells play a significant role in messaging adaptive response cells, and promote the recruitment

of lymphocytes to sites of infection.

1.1.2. Lymphocytes and membrane markers
In immune responses, B and T cells interact with other immune players through membrane
receptors. The B cell receptor (BCR) and the T cell receptor (TCR) are surface complexes
present in B cells and T cells, respectively. In T cells, the TCR function is to bind an Ag
presented by the major histocompatibility complex (MHC) molecules, expressed in the
surface of Antigen-Presenting cells (APC).% However, this interaction between the TCR and
the Ag:MHC complex is weak, and the binding affinity is enhanced by co-receptors.>* Two
major subsets of T cells are distinguished within T cells, according to the type of co-receptor
they express: CD4* and CD8* T cells. CD4" T cells - the helper T cells (Th) - are responsible
for stimulating differentiation and proliferation of antibody-producing B cells, binding to the
Ag presented by the MHC class Il molecules.”? Also, they engage in cytotoxic T cell
activation and help macrophages in their phagocytic activity.*** Th cells can be further

divided in specific subgroups such as Thi, Thz, Thiz, Thi7/Thi-like, Treg (regulatory T cells)



and Tfh (follicular helper T cells), which are distinguished by the type of cytokines and
surface markers that they express.®

CD8* T cells are cytotoxic cells responsible for cell-mediated immunity and bind to the Ag
presented in MHC class 1.72 Both types of T cells express yet another receptor, CD28, that
works as a co-stimulator.'3°! The interaction between CD28 present on T cells and CD80/86
(B7.1 and B7.2) on APCs is essential for T cell activation and survival.*:*® T cells originate
in a bone marrow cellular precursor that migrates to the thymus where development to mature

T cells occurs. 2653

Table 1. Surface molecules expressed in T cells subsets.

T cell CCR7 CXCR5 CD4 CD8
subsets

Naive + - + -
Effector + - + -
Central N i i i
memory
Peripheral N i i i
memory
Follicular T ) N I
cells
T helper 1 - - + -
T helper 17 - - 4 -

During maturation, T cells go through several stages of development in the thymic cortex.
After the thymic maturation, T cells can be categorized in different subsets: naive, effector
and memory. T memory cells can be further subdivided in central memory cells and
peripheral memory cells. Follicular T cells express specific B cell follicle-homing chemokine
receptors that induce their migration to B cell sites in secondary lymphoid organs (SLO).
There, these T cells will provide B cell help by inducing specific antibody produced by

plasma cells. The different T cell subsets differ in the expression of membrane markers

according to the table above.??



Another important subset is the regulatory T cell (Treg). This subset is important in
suppressing autoreactive T cells and maintaining immune homeostasis. These cells are
distinct from other T cells by expressing either CD4 or CD8 along with CD25 with the
absence or very low expression of CD127. Also, they express the X-chromosome-encoded
transcription factor Foxp3 with required signalling from IL-10 in order to supress
inflammation. 8

On the other hand, B cell development starts in the bone marrow, beginning in stem cells
originating lymphoid precursor cells and finishes in the periphery. B cell distinct stages of
maturation and differentiation may be identified in peripheral blood (PB) by specific

membrane markers expressed on the surface according to the following table.?®

Table 2. Stages of B cell development and membrane markers.

B cell development stage CD19 CD20 CD38 CD24 CD27 CXCR5 IgM IgD

Immature + + - - - - + -
Mature naive B cell + + +/- - - + -

Naive activated B cell + + + - = + +

Germinal centre (GC) B cell  + + ++ - - + + 4
Post GC B cell i + + - +/- + | +-
Memory B cell + + - - + - /- +/-
Memory unswitched N N i ) N ] i+

B cells

Memory switched N N ] ) N ] i

B cells

Plasma blast + - ++ - ++ - - -

Plasma cell +/- - +++ - ++ - - -

Like Tregs, B cells also have a regulatory subset. The origin and development of this subset
are still in discovery, but recent results point toward a role in supressing exaggerated immune

responses. Expression of CD24 and IL-10 is a phenotypic marker of Breg.



As for the BCR, it consists of a membrane immunoglobulin complex whose function is to
bind to an Ag, leading to the initiation of a cascade of intracellular signalling. Then, the B
cell internalizes the Ag and further processes it to be presented in the membrane through
MHC class Il and bind to the TCR in helper T cell. This binding of the Ag presented by the
B cell to the TCR of helper Th cells TCR will stimulate the differentiation and proliferation
of B cells. Like the T cells, the BCR also requires co-receptors, namely CD19, CD21 and

CD81, that participate in the signal transduction cascade.
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Figure 1. B cell development with highlighted subsets that might include regulatory B cells.

Adapted from Miyagaket al. (2015).

Furthermore, subsets with regulatory functions have been identified in B cells.% These
regulatory B cells (Bregs) are supposed to play a role in the suppression exaggerated immune
responses.*® A consensual phenotype/marker for Bregs has not been identified so far, thus
their origin and development are still unclear. Expression of CD24 and CD38 are markers
of Bregs.>? The production of IL-10 is also considered an important functional marker of
Breg.”?



1.1.2. Cytokines and antibodies

Communication between immune cells is essential for an effective response against invading
agents. Cytokines are small molecules that participate in these processes. These molecules
potentially secreted by almost all types of cells and bind to specific receptors in target cells,
leading to an alteration of enzyme activity and gene expression of that cell. Cytokines can
regulate the duration and intensity of an immune response. Many physiological processes
require the action of cytokines like wound healing, haematopoiesis, induction of
inflammatory response and cellular and humoral immunity.

Antibodies (Abs) are another important set group of immunological proteins are the Abs,
also designated as immunoglobulins (Igs). These glycoproteins, which are present in serum,
are secreted by plasma cells and are responsible for the neutralization and opsonization for
posterior phagocytosis of foreign microbial agents. Also, they participate in complement
system activation and antibody-dependent cell-mediated cytotoxicity (ADCC).**

As to structures, Abs are heterodimeric, with two light (L) chains and two heavy (H) chains.
In the amino-terminal region, there is a highly variable (V) region of about 100-110 amino
acids. The rest of the Ab macromolecule has limited variation and is designated as the

constant (C) region. The V region binds to Ags present in microbial agents while the C region

interacts with immune cells, mediating effector functions (figure 2).”
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Figure 2. Immunoglobulin general structure, showing L and H chains.

Adapted from Navarro et al(2010).

Abs can be divided in five different isotypes differing in their heavy chain constant (Cr)
region: 1gG, IgM, IgA, IgE and IgD. IgG is the most abundant class of immunoglobulins

present in serum and has a variety of immunobiological activities such as complement

activator (1gG3, IgG1 and 1gG2), opsonization (IgG1, 1IgG3 and 1gG2) and placenta crossing
for providing foetal immunity (1gG1, 1gG3 and 1gG4). IgM composes around 5%-10% of
serum immunoglobulins and can be present as a monomeric membrane immunoglobulin in
B cells or can be secreted as a pentamer. IgM is the first immunoglobulin produced in a first
contact with an Ag as well as the first immunoglobulin produced by the foetus. Due to its
pentameric structure and subsequent higher valency, IgM is more efficient in antiviral
responses, since viruses have a great number of repeating epitopes. IgA is the main

immunoglobulin present in external secretions. Although it exists primarily in a monomeric



form, it can present itself in dimers, trimers and tetramers. Secretory IgA is present in dimeric

or trimeric form. Mucous membranes are the main sites of 1gA production.*4

1.2. Sjogren’s Syndrome (SS)

1.1.3. General features

Sjogren’s Syndrome, a condition described initially by a Swedish ophthalmologist Henrik
Sjogren in 1933, is classified as a chronic systemic autoimmune disease characterized by the

presence of infiltrated lymphocytes in the exocrine glands, predominantly the salivary and

lacrimal glands®. It occurs mainly in women, where ratios of incidence female/male are
between 10:14 and 20:1%. Women with over 50 years of age are the most affected

population.”*"®® The main symptoms of this condition are xerostomia (dry mouth),

keratoconjunctivitis sicca (eye inflammation associates with dryness), and dryness of other

mucosal surfaces (nose, larynx, pharynx, tracheo-bronchial epithelium, vagina) and of the

skin. Due to the mucosal surface dryness, there is increased susceptibility to intraoral and

intraocular infections. Other symptoms include dry skin, fatigue, arthralgia with oedema,

parotid gland enlargement (most common in children), Jaccoud’s arthropathy (hand
deformities which can include swan neck deformity, Z deformity of the thumb, and ulnar

drifts)*®, Raynaud’s phenomenon (cold fingers accompanied by changes in skin colour and
numbness)!! and hepatomegaly (figure 3).2° SS patients have a 6.5-fold increased risk of
developing non-Hodgkin’s lymphoma and a 1000-fold increased risk of parotid gland
marginal zone lymphoma.® There are neurological manifestations in 20% of SS patients the
most common being sensory ganglionopathy, painful small fibre neuropathy and transverse

myelitis.’® These neurological symptoms might even present themselves earlier than the
dryness symptoms. Psychopathological features like depression, neuroticism and

psychoticism are also a not rare feature in SS patients.® The distinction between primary SS

(pSS) and secondary SS (eSS) can be made, where secondary SS is used to describe SS

symptomology associated with other autoimmune diseases such as rheumatoid arthritis,



systematic lupus erythematosus and scleroderma. However, in a clinical context, this
distinction is not useful.'®> SS activity and severity are measured using the EULAR SS
Disease Activity Index (ESSDAI), which is the main standard for clinical studies for
classification purposes. It evaluates 3 or 4 levels of activity in 12 organ systems (cutaneous,

respiratory, renal, articular, muscular, peripheral nervous system (PNS), central nervous

system (CNS), haematological, glandular, constitutional, lymphadenopathic and

biological).®

Xerophthalmia (dry eyes)

Xerostomia (dry mouth)

Fatigue

Sex organ dryness

Joint pain

Figure 3. Main symptoms of Sjogren’s Syndrome

Due to the presence of many non-specific symptoms like dryness, fatigue and arthralgia,

which may to be ignored by the patient or attending physician for some time, diagnosis time
can be delayed an average of four years.?* Several criteria for SS classification diagnosis

have been proposed over time, none of which being specifically developed for the diagnosis.
The presence of anti-Ro/SSA (70-100% of patients) and anti-La/SSB (35-70% of patients)



Abs in serum and focal lymphocytic sialadenitis (at least 1 focus per 4 mm2 surface at a 4-
lobule minimum) in a labial gland biopsy are the most useful criteria for diagnoses. However,
since the biopsy is an invasive procedure, it is not suitable for reassessment and some many

patients even refuse to do it.'°

1.1.4. Lymphocytic distribution in pSS
Lymphocytes are central in the pathogenesis of pSS and, therefore, the levels of the different
populations of lymphocytes in peripheral blood (PB) usually exhibit changes.!” Starting with
T cells, it is known that a considerable number of these cells infiltrate the organs most

affected in pSS, like the salivary glands. Systemic T cell lymphopenia has been observed in
pSS patients’, but different subsets of T cells have been studied and evaluated as to their

specific prevalence in SS patients’ blood. CD4* Th cells are decreased in PB®’. A study as
also determined that the Th1/Th; ratio is changed in pSS patients’ salivary gland biopsy.®®
Furthermore, it has been demonstrated through cytokine production that the major difference

in Th cells is an increased presence of Thi7/Thi-like cells, capable of secreting both 1L-17A

and IFN-y.® Also, one study demonstrated an increased number of a small subtype of Thi7
cells, designated DN Thi7, which lacks the expression of both CD4 and CD8. These cells
have been demonstrated as spontaneous producers of IL-17 in SS, and are present in
increased levels in the peripheral blood and infiltrated salivary glands.®

Tth cells might also important in pSS pathogenesis due to its ability to an exacerbated

promotion the B cell survival and activity when ectopic-GC formation occurs in pSS affected
organs. Compared to healthy individuals, pSS patients have greater amounts of Tfh cells in
peripheral blood.>? Treg cells may also be involved in pSS pathogenesis. These cells can be
categorized in two distinct groups: 1L-10 producing Treg and FoxP3* Treg. Evaluation of IL-

10 production and Foxp3* Tregs has shown contradicting results.3*°! FoxP3* expressing Treg

cells measurements have even shown that there is an inversely correlation between its

infiltrated quantity in salivary glands and in the peripheral blood.?°
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As for B cells, increasing evidence supports their active and central role in SS pathogenesis.
B-lymphocytes leave the bone marrow as transitional B cell and proceed to the SLO, where

their maturation continues under modulation of T cells.

Still, further insight is required in pSS lymphocytic profile. This could be useful for diagnosis
and establish a differentiation pattern resembling antiviral responses, giving clue as to how

viral pathogens could induce autoimmune epithelitis.

1.1.5. Pathophysiology
Exocrinopathy associated with SS is caused by the presence of activated B and T cells, as
well as macrophages and dendritic cells (DC), in the parotid glands.%®"° B and T cells exhibit
an abnormal response to the ribonucleoproteins Ro/SSA and La/SSB. Because of this
abnormal response to self-antigens, B and T cells produce increased levels of cytokines and
chemokines, which further promote the autoimmune response, aggravating the inflammation
that progressively destroys salivary gland epithelial cells. This vicious cycle of inflammation
has been called autoimmune epithelitis, considering the role of the epithelial cells as Ag
presenters, being central to the accumulation, activation and differentiation of immune cells
in the autoimmune process of pSS.*® The central role of parotid gland epithelial cells in the
pathophysiology of SS is further suggested by the greater accumulation of lymphocytic
infiltrates close and inside ductal epithelia and signs of in-situ activation demonstrated by
histochemical studies that report the increased expression of immune competent molecules
by epithelial cells. B-cell activating factor (BAFF) — a macromolecule essential for B cell
survival®® - expression was increased in epithelial cell that presented lesions associated with
autoimmunity, suggesting that the B cell alterations described in pSS as well as the ectopic

germinal centres (GCs) that are a hallmark of the syndrome.>®
1.1.6. Etiopathogenesis

Many triggers of the dysregulated autoimmune response in pSS have been proposed, and

they include genetic, hormonal and environmental components.® However, there is special
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interest in the study of environmental triggers of SS, namely viral infections.®” There are at
least four proposed mechanism for the viral triggering of autoimmunity. One is molecular
mimicry, where the pathogen, whether viral or bacterial, expresses proteins with similar
amino acid sequence and structure to self-proteins. When these Ags are presented by APC

through the MHC | and I, immune cells promptly respond to the aggression and start reacting
with the self-Ags that are structurally and chemically similar to the pathogen Ags, resulting

in an autoimmune response. There is also the mechanism of epitope spreading where the
Immune response to a persisting bacteria or virus causes damage to self-tissue by inducing
lysis. Ags released by these lysed cells are taken by APC and presented as Ags, creating an
immune response to self-Ags. The bystander activation mechanism is the indirect killing of
non-infected cells during the immune response mediated by cytotoxic T cells and helper T
cells. When T lymphocytes are recruited to a focus of infection, the lytic enzymes and
cytokines released can damage and kill non-infected cells nearby, inducing additional
immunopathology in these sites. The final mechanism of viral triggered autoimmunity in the
processing and presentation of cryptic Ags. Cryptic Ags are products of self-Ag processing

in which inflammatory and other immunostimulatory conditions cause upregulation of Ag

processing events that can lead to enhanced presentation of the previously cryptic epitope by

the APCs. This in turn might lead to priming of the cryptic epitope-specific T cells and cause

autoimmunity.?® Taking this in consideration and knowing that autoantibodies and
hypergammaglobulinemia play and important role in SS pathogenesis, it is plausible to think

that a viral agent is behind the autoimmune mechanism observed in SS.

1.1.7. Viral infections and Sjogren’s Syndrome
Several viruses have been associated with pSS. Epstein-Barr virus (EBV) has been a strong
candidate for the triggering of autoimmune epithelitis occurring in pSS pathology.* EBV is

a B-lymphotropic y-herpesvirus that causes lifelong infection, in most cases, asymptomatic.

In spite of being present in around 90% of human adult population, its relationship with

12



several diseases as been established.3! The life cycle of EBV can be divided in active lytic
and latent phase. In the active lytic phase, the virus replicates and propagates, while in the
latent phase, the virus remains inactive in B cells. Considering the main pathway of EBV
transmission is through oral mucosa and preference for B cell infection, it is plausible that
this virus may be involved in pSS aetiology and/or pathogenesis. Several studies demonstrate
that the expression of EBV proteins is increased in SS patients, both in peripheral blood and
salivary or lacrimal gland biopsies.>®616980.92 Also, polyclonal activation of B cells in pSS is
greater that in RA and SLE patients.® Molecular mimicry has been pointed out as a possible
mechanism for EBV-induced autoimmunity. Anti-Ro/La autoantibodies — found frequently
in pSS patients — precipitates protein antigens associated with small RNA expressed by
EBV.> Also, an EBV transcriptional activator, EBNA1 has caused cross reactivity with

autoantibodies found in SLE.”™ There isn’t, however, an established viral trigger for SS
autoimmune epithelitis.

EBV serology can provide clues to the state of EBV infection in humans. The profile of anti-
EBV Abs is used to establish the stage on which the infection is and can be used to predict

EBV associated diseases.’38

Table 3. EBV serology used to determine stage of infection.

Infection EA-D CA EBNA
stage 1gG IgA 1gG IgA IgM 19G
Uninftected - - - - - -
Infectious ) + s +

mononucleosis
Convalescent -
Past infection - +/- +

Chronic
active + - +++ +/-
infection

Adapted from Straus, S. E. et al (1993)

For instance, in the beginning of an EBV infection, CA Abs are produced, followed by a

production of finally EA-D Abs and EBNA Abs later on.

13



1.3. Objectives

Our aim with this work was to further elucidate the role of viral infection as an etiological
agent of the autoimmune epithelitis observed in SS patients by 1) characterizing T and B cell
population subsets, assess differences between patients groups and evaluate their correlation
with disease activity, clinical manifestation and other immune parameters that might indicate
a dysregulated antiviral response, 2) assess the viral background of patients, namely
evaluating the presence and quantity of antibodies anti-EBV Ags.
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2. Chapter 2 — Materials and methods

2.1 Patients
For this study, we included 57 adult patients (aged 18-75 years) with pSS were recruited from
the rheumatology outpatient clinic in two hospitals in Lisbon - CUF Descobertas and Instituto

Portugués de Reumatologia. pSS patients were classified according to the pSS classification
criteria proposed by the American-European Consensus Group (AECG).% Recruitment and

evaluation was performed between July 2014 and March 2017. Also, for comparison, 4 other
groups were considered in this study: Sicca syndrome patients with (n=38) and without
(n=30) criteria for undifferentiated connective tissue disease (UCTD), patients with
rheumatoid arthritis (RA; n=20) and healthy controls (HC; n=24). The Sicca syndrome group
as composed of patients with oral and ocular dryness (sicca syndrome) not fulfilling AECG
criteria. The exclusion criteria from the AECG criteria were also applied to all sicca patients,
and additional exclusion factors were considered for all patients: 1gG4-related disease,
history of other corneal diseases and refractive surgery. Sicca patients were classified as
undifferentiated connective tissue disease (UCTD) if the presented ANA in a titre equal or
greater than 1/320 and at least one additional clinical feature of autoimmune rheumatic
disease, such as arthritis or inflammatory joint pain, cutaneous rash, Raynaud's phenomenon
or cytopenia of autoimmune origin. Sicca patients without those features were considered
non-UCTD. RA patients fulfilled the American College Against Rheumatology/ European
League Against Rheumatism (EULAR) classification criteria.® All the participants in these
groups were recruited from CUF Descobertas hospital. The control group was composed by
healthy individuals without sicca syndrome recruited from the Ophthalmology outpatient
clinic of CUF Descobertas hospital.

In pSS patients, disease activity was determined using the (EULAR) Sj6gren’s syndrome
disease activity index (ESSDAI) validated scale.®* pSS patients were stratified according to
the disease activity in two subgroups: low disease activity (ESSDAI<5) and moderate or high

disease activity (ESSDAI>S).
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A demographic and anthropometric characterization of patient groups and HC was made.

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). In addition, all patient groups involved gave written consent to participate
in this study and all procedures were performed according to the guidelines of the Declaration

of Helsinki.%

2.2 Flow cytometry

Flow cytometry was used for B and T cell compartment characterization. The cytometer used

was the BD FACS Calibur™ cytometer (BD Biosciences, San Jose, California, USA). This
cytometer is equipped with a 488 nm blue light laser emitter, and a red diode laser with

wavelength emission of 647 nm, allowing a 4-color multiparametric analysis with 4 different
fluorescence channels (FL1-4). A total of 3 ml of whole peripheral blood was collected into
EDTA containing tubes and 3 to 5 mL were collected for tubes containing heparin. All

samples were processed and analysed within 24 h after collection.

A pre-validated panel of monoclonal Abs was used for the characterization of the cell subsets,
using the reagents shown in table 4.

16



Table 4. Monoclonal Abs used in this study

Marker Clone Fluorochrome Manufacturer
CDs3 SK7 FITC BD Biosciences
CD4 SK3 PerCP Cy5.5 Biolegend
CDs8 SK1 PE Cy7 Biolegend
CDs8 SK1 APC Biolegend
CD19 HIB19 PerCP Cy5.5 Biolegend
CD24 ML5 APC Biolegend
CD27 APC PE Biolegend
CD38 HIT2 FITC Biolegend
CCR7 GO043H7 AlexaFluor647 Biolegend
CXCR5 J252DAC PE Biolegend
IgD 1A6-2 APC BD