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This entry summarizes the current knowledge of T cells subsets contribution to the SS immunopathology, focusing on the
cellular and biomolecular properties allowing them to infiltrate and to harm target tissues and, that simultaneously make
them key therapeutic targets for SS treatment.
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| 1. Introduction

Sjogren’s syndrome (SS) is a complex, inflammatory, autoimmune disorder characterized by damage to the salivary and
lacrimal glands, which may lead to the loss of appropriate tear and saliva production, resulting in symptoms of severe dry
eyes and mouth. The pathology in SS may additionally extend from sicca symptoms and complications of mucosal
dryness, as a result of exocrine gland involvement, to a systemic disease or even to malignant B cell lymphoproliferation.
SS is called “primary” (pSS) when it occurs alone, or “secondary” (sSS) if it is associated to the presence of another
autoimmune disease . Current evidence suggests that T cells form a large part of the lymphocytic infiltrated at earlier
stages of the disease, involved in tolerance loss to self-antigens and in the secretion of many pro-inflammatory cytokines
associated to local inflammation (22!,

T cells comprise the helper T cell populations (CD4+), which differentiate in several subsets such as Thl, Th2, Thl7,
regulatory T cells (Treg), and T follicular helper cells (Tfh), as well as CD8+ T cells, also called Cytotoxic T Lymphocytes
(CTL) @ Increased T cells infiltration into salivary glands (SG) from pSS patients has been evidenced accomplished by
decreased levels in periphery blood, supporting the hypothesis that lymphopenia, a frequent finding in pSS patients
associated with higher disease activity and increased mortality, might be owed to T cells migration [,

Both Thl and Th17 cells subsets infiltrating the SG at an early disease stage have been evidenced by detection of
interferon (IFN)-y and interleukin (IL)-17 respectively, being highly associated with the inflammatory damage . In regard
to regulatory T cells (Treg), some studies show conflicting data about their frequency in blood and target organs,
displaying uncertain effects. Although circulating Treg cells have not been shown to be significantly decreased with
impaired clonal expansion and functionality [4, their physiological and pathological role in SS is unclear yet. Tfh cells are
taking special attention for their essential roles in ectopic lymphoid structures (ELS) development in pSS patients, due to
their germinal center (GC)-like organization that allows a potent B cell response [8l. On the other hand, CTL have also
been implicated into SS pathology, since data from a murine SS model and human biopsies reveal the pathogenic
significance of CD8+ T cells in the development and progression of SS in the SG . Strikingly, a novel T cells subset is
emerging, namely a kind of regulatory T cell localized in the GC to limit the humoral response, called follicular regulatory T
cells (Tfr), which might play a critical protective role, since their deficiency affects the salivary glands with lymphocyte
infiltration and antibody deposition in a mouse experimental model of SS 19,

| 2. T Cell: Targeted Shots in Sjogren’s Syndrome

Mechanistically, many factors are largely and recently associated with the involvement of T cells and the detrimental
conditions developed in SS patients. Genetic associations have pointed to the aberrant biology of T cells that can carry
weight in SS development L2 |n pSS, the lymphocytic infiltration of the salivary and lacrimal glands may organize into
B and T cell areas, where different T cell subsets may be involved in the pathology by infiltration, secretion of pro-
inflammatory cytokine, damage to epithelium, and also by regulating the function of other immunological cells. On the
other hand, some biological processes such as autophagy are acquiring a novel interest in the intracellular events that
regulate the immunobiology of T cells since it is crucial for their development, proliferation, survival and functions 12!,
Autophagy is a mechanism that has been recently involved in the etiology and development of autoimmune/anti-
inflammatory disease as systemic lupus erythematosus, inflammatory bowel disease, rheumatoid arthritis, psoriasis and
multiple sclerosis 14l Although there are few evidences depicting the association of autophagy and SS, some studies



suggest that dysregulated autophagy could be involved in the aberrant activation of T cells 58] On the other hand,
regarding the break of self-tolerance at the T cell level, the activation of autoreactive T cells by commensal microbiota-
derived antigens has been explored as molecular mimicry, prompting SS onset 2. Additionally, a persistent viral infection
has been related to the high frequency of CTL in pSS patients 18], Likewise, T cells hyperactivity related to dysregulated
immune checkpoint signaling pathways could play an important role in pSS pathogenesis. The above is owing to a
regulatory pathway for T cell activation associated to autoimmune diseases: the axis T cell Ig and ITIM domain (TIGIT)
and CD226 (TIGIT/CD226) 19 was overexpressed in T cells from pSS patients. This suggests that this axis might be
involved as an unsuccessful negative immune regulation, making it a potential therapeutic target for this disease 29,

CTLA-4/CD28 axis remains the most studied pathway working as a major immune checkpoint regulating T cells activation
in SS and other autoimmune diseases 2. For this reason, abatacept (a humanized cytotoxic T-lymphocyte—associated
antigen 4 (CTLA4)-IgG1 fusion protein binding CD80 or CD86 and inhibiting the CD28 co-stimulatory pathway on T cell
therapy) has been evaluated for SS treatment (221123124 The focus towards TIGIT/CD226 pathway similarly relies on the
CTLA-4/CD28 pathway owing to the TIGIT/CD226 pathway that exerts its immunomodulatory effects by competing for the
same ligand. Moreover, additional pathways like PD-1/PD-L and ICOS/ICOSL have also been considered as defective
immune checkpoints associated with T cells hyperactivity in SS 241,

Thus, regarding all those aforementioned aspects, here, we discuss the current knowledge of T cells subset involvement
in SS, focusing on their properties for the infiltration of exocrine glands and their pathologic mechanisms, as well as the
novel emerging factors making them potential therapeutic targets for the treatment of SS.

3. Th1/Th17 Cells: Primordial Effectors Coordinating the Inflammatory and
Detrimental Environment

Thl and Th17 cells have long been implicated as crucial mediators at early stages of SS pathology, contributing in shape
up the inflammatory microenvironment (Figure 1). Such notion was emphasized by the fact that both pSS-infiltrating
activated Thl and Th17 subsets presented restricted clonal diversities with TCR recognizing common autoantigen unique
to pSS [, Thi cells have also been narrowly associated to development and disease severity, owing to their selective
infiltration into target tissues, analyzed by the presence of the transcription factor T-bet and IFN-y (28, Alternatively, some
studies have found an increased expression of predominantly Thl-cytokines, such as IL-2, IL-12, IFN- y, and IP-10, in
liquids like tears and saliva from pSS patients correlating with clinical manifestations 24128l Consistent with the underlying
mechanism to shape the setting of the inflammatory and detrimental environment, IFN-y might disrupt tight junction
structure in glandular tissue from SS patients 29, indicating that the local cytokine production may contribute to the
observed glandular dysfunction. In addition, it is very well known that IFN-y regulates the activity of certain innate immune
cells, whose overactivation may further contribute to SS pathology BAUBLE2E3] On the other hand, TNF-a is another Thl
cytokine associated to SS development in murine model, detected at high levels in serum 4 and exhibiting enhanced
expression in saliva fluid and salivary glands from SS patients (281351, Although TNF-a can be produced not only by T cells,
this cytokine effectively acts on both naive and effector T cells by regulating their proliferation and survival B8, Further,
TNF-a can mediate inflammatory activity via special effects on structural cells through regulating the reorganization of
epithelial junctions and inducing the expression of adhesion molecules, such as E-selectin, facilitating leukocytes
adhesion 7. Alike IFN-y, the detrimental roles of TNF-a on glandular tissues from SS patients are due to its tight
junctions-disrupting effect 29, Furthermore, TNF-a can impact at the inflammatory microenvironment by stimulating
secretion of pro-inflammatory cytokines like IL-8, which in turn increases leukocyte infiltration, particularly neutrophils,
whose extracellular traps have been related to SS pathogenesis 839, Additionally, TNF-a induce amphiregulin (AREG)
secretion by epidermal cells, a growth factor whose presence has been demonstrated to play critical roles in pro-
inflammatory cytokine secretion in SG from SS patients 4941,



Figure 1. Sequential roles of T cells in SS progression: flares of main implications. Tolerance loss drives T cell activation
and migration to exocrine glands, where they provide several factor that make the auspicious environment for the
pathology establishment: Thl and Th17 cells contribute for inflammatory and detrimental environment by secreting
cytokines like IFN-y, TNF-a and IL-17, triggering sustained T cells migration and hyperactivation. Th2 cells are suggested
to modulate early B cells response, and to contribute with Th17 cells in initial ESL development, allowing Tfh cells to
establish and to provide the necessary factors to trigger B cells response; thus, leading to progressive tissue damage.
Treg cells dysfunctionality and low frequency are suggested to contribute to periphery loss tolerance. Positive T and B
cells feedback trough intercellular contact and soluble factor allow a sustained B cells response and the onset of clinical
features. GC, Germinal Center; ELS, Ectopic Lymphoid Structures.

Thl cells can be attracted at SG by exacerbated secretion of specific chemokines; therefore, knowledge of those
mechanisms allowing such migration is essential to elucidate and to treat SS. IL-7 is a cytokine promoting T cells
development and survival. Additionally, it may induce expression of several chemokine favoring massive T cells homing
towards many tissues “2. Interesting data shows that Thl cells may promote development of SS-like autoimmune
exocrinopathy in murine model, supported by enhanced expression of CXCR3 ligands in a IL-7-dependent manner [43],
This notion is relevant owing to an increased expression of IL-7 correlates with increased inflammation in SS 44l and the
expression of CXCR3 ligands (including CXCL9, CXCL10, and CXCL11) are elevated in SG from SS patients 42!,

Regarding TH17 cells involvement, both experimental and clinical data have pointed their crucial role in development and
progression of SS by supporting autoreactive B cells responses. pSS patients show increased levels of circulating Th17
cells, as well as in salivary glands correlating with clinical parameter B847. Th17 cells involvement in SS can be also
analyzed by measuring their associated cytokines, particularly IL-17. This cytokine has been found significantly
augmented in several exocrine glands from pSS patients, correlating with the severity of the pathology 4843, Moreover,
the Th17/Treg cell imbalance ratio in peripheral blood from SS patients with extra glandular complication, relates the
possible role of Th17 cells in the development of systemic manifestations 59, The ontogenesis of Th17/Treg cells
imbalance has recently been implicated to transcriptional regulators. The dysregulated expression of the transcriptional
co-activator TAZ (transcriptional coactivator with PDZ (postsynaptic density 65-discs large-zonula occludens 1-binding))
leads to autoimmune diseases such as SS by promoting Th17 differentiation and attenuating Treg development in a
mouse model. Further, a higher expression of TAZ has been demonstrated in circulating CD4+ memory T cells from pSS
patients 1, Thereby, the aforementioned statements highlight the interest for depicting underlying intracellular events
concerning to Th17/Treg imbalanced driving to development of SS.

Even though low evidence supporting this role until now, IL-17 has been described as a novel Thl7 mechanism
associated with the development of ELS in SS. B2, Th17 cells are more effective than Th1l cells in supporting B cells
responses under autoimmunity conditions like SS, and an increased numbers of circulating RORy+CD161+CD4+Th17
subset positively correlated with humoral manifestations M8l53] || -17 might contribute by modulating the immune
response, since this cytokine induces secretion of inflammatory factors such as TNF, IL-6 and IL-1p and promotes
immune cells recruitment by inducing secretion of chemokine like IL-8, CXCL9 and ligand for CCRS3 receptors, as well as
by modulating the integrity of epithelial barrier trough secretion of proteins like metalloproteinase B4153l, Additionally, there
are six IL-17 isotypes, (IL-17A-IL-17F), with IL-17A and IL-17F being the more prevalent isotypes. Available data display
that both IL-17A and IL-17F are more associated to SS, since high levels of IL-17A are found in salivary glands from pSS
patients 28 and IL-17F was correlated with the humoral and disease activity 2. On the other hand, IL-22 (another TH17
cytokine) favors B cells recruitment and lymphoid aggregation to form ELS, as well as the production of autoantibodies by



inducing the expression of several cytokines such as CXCL12 and CXCL13 8], This aspect is relevant owing to higher IL-

22 levels correlate with SS parameters such as lower saliva flow, autoantibodies profile of anti-SSB, anti SSA/SSB

combined, rheumatoid factor and hypergammaglobulinemia B3, Thus, current evidence shows how Th17 cytokines have

become crucial orchestrators of the aberrant immunity response in SS.
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