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Abstract
Sjögren’s syndrome (SS) is a systemic autoimmune disease that affects primarily the lacrimal and salivary glands. In addition to a systemic autoimmune response directed against ubiquitous antigens (such as Ro and La antigens), patients with SS mount a localized response that affects the epithelial component of exocrine glands leading to the establishment of a destructive inflammatory infiltrate comprised of activated T and B cells. Local chemokine and cytokine production drive the recruitment and local activation of immune cells that cause injury to acinar cells. CD4 T cells with different functional differentiation programs including Th1 (IFN-), Th2 (IL-13, IL-4) and Th17 (IL-17, IL-21, IL-22) as well as diverse cytokine signaling pathways, are involved at the initiation, perpetuation, and progression of the disease. Which factors initiate this response and allow it to become chronic are unknown. Proposed mecha​nisms include viral infections and acinar cell apoptosis. Moreover risk-conferring genetic variants, probably through the facilitation of innate and adaptive immune activation, most certainly contribute to the creation of an underlying environment that fosters tolerance loss and facilitates perpetuation of the autoimmune response. In this review, we describe the mechanisms through which the immune response causes SS and emphasize the pathways that are amenable of being targeted with therapeutic purposes. 

Key words: Sjögren’s syndrome; Pathogenesis; Therapy; T cell; Cytokines

© The Author(s) 2015. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: Sjögren’s syndrome (SS) is a complex entity caused by an autoimmune process that encompasses both an anti-acinar and a systemic response. Exocrine gland infiltration is probably primarily responsible for the destruction of the acinar cells and consequently for the development of sicca symptoms. The participation of diverse chemokines, activated T cells and B cells, cytokines and cytokine signaling pathways has been recognized. The aim of this review is to discuss some aspects of SS pathogenesis and emphasize the potential opportunities where therapeutic interventions might be useful.
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INTRODUCTION
Primary Sjögren’s syndrome (PSS) is a chronic systemic autoimmune disease. Clinical and pathological manifesta​tions in patients with PSS are most evident in exocrine glands, in particular in salivary and lacrimal glands. However, patients frequently also exhibit extraglandular manifestations[1]. 

The origin of the disease is unknown. An autoim​mune response primarily directed towards exocrine glands develops in the midst of a less well defined systemic loss of tolerance. Why some patients with systemic autoimmunity develop a response against lacrimal and salivary glands is still poorly understood, but local factors that induce infectious and non-infectious cellular injury are probably involved. Risk-conferring genetic variants, probably through the facilitation of innate and adaptive immune activation, most certainly contribute to the creation of an underlying environment that fosters tolerance loss and facilitates perpetuation of the autoimmune response upon environmental triggering elements[2]. 

Sicca symptoms, the hallmark manifestation of Sjögren’s syndrome (SS) are the result of acinar cell dysfunction and destruction (Figure 1). Because both phenomena are primarily immune-mediated, the interruption of the anti-acinar immune response has been the focus of most therapeutic proposals. T cells comprise a large fraction of the inflammatory infiltrate of affected salivary glands. Therefore, they are considered important players in the pathogenesis of SS[3]. Other cells, including B cells which undergo local activation and proliferation, also play a central roles in the development of the disease[4]. 

The aim of this review is to discuss some aspects of SS pathogenesis and emphasize potential opportunities where therapeutic interventions might be useful. As targeting B cells has been recently discussed in the literature[5,6], we have decided to focus in other potential approaches.

SYSTEMIC AUTOIMMUNITY

SS is considered a systemic autoimmune disease, because in contrast to patients with organ-specific autoimmune conditions such as type 1 diabetes, patients with SS mount a robust immune response mostly dire​cted against ubiquitously expressed molecules (e.g., Ro antigen). Amid this systemic autoimmune response, patients with SS develop a response that preferentially affects exocrine glandular tissue, most notably acinar cells from lacrimal and salivary glands. This anti-acinar response is a unifying characteristic, a sine qua non that defines SS present either as a primary disease or as a condition associated to other systemic autoimmune diseases (secondary SS). 

The systemic autoimmune response probably pre​cedes and underlies the anti-acinar response. Further, it contributes to the pathogenesis of extraglandular manifestations present in up to 60% of patients with SS (Figure 1). Some autoantibodies commonly found in patients with SS, in particular anti-Ro and anti-La, are directed against ribonucleoproteins that are ubiquitously expressed. Interestingly, these autoantibodies may exert effects locally, at the exocrine gland level, where they affect cellular function and may contribute to acinar cell apoptosis.

ANTI-ACINAR AUTOIMMUNITY

The most distinctive feature of SS is the development of a well-organized immune response in exocrine glands. Which factors initiate this response and allow it to become chronic are unknown. Proposed mechanisms include viral infections and acinar cell apoptosis. Altern​atively, products of an underlying systemic autoimmune response, for example anti-Ro antibodies, may initiate a local inflammatory response by inciting acinar cell damage that is amplified and perpetuated by the infiltrating immune cells. 

Local lymphocyte infiltration 

Chemokines are small molecules that exert powerful chemoattractant effects on a variety of cells. The local secretion of chemokines guides the amount and type of cells that infiltrate and therefore cause inflammation in a tissue. Therefore, the type and abundance of chemokines present in a tissue determine the intensity of inflammation and its characteristics. High concentr​ations of several chemokines including CCL5, CCL3, CCL17, CCL18, CCL19, CCL21, CXCL9, CXCL10, CXCL11, and CXCL13, have been reported in affected glands of patients with SS[7]. CXCL12 and CXCL13 are strongly associated with the development of ectopic germinal center (GC) like structures[8] and CXCL10 has been proposed as a biomarker for early salivary gland inflammation[9]. 

The therapeutic usefulness of targeting chemokines has been tested in animal models. In MRL/lpr mice, the use of an N-terminal-truncated IP-10 analogue that possessed IP-10 receptor antagonist capacities amelio​rated the progression of autoimmune sialadenitis[10]. Likewise, CXCL13 blockade reduced the number of lymphocytic foci in salivary gland in the non-obese diabetic mouse model when administered before disease onset[11]. Conversely, CCL28 a mucosal chemokine that attracts CD4 and CD8 T cells was diminished in saliva of patients with SS[12]. These preliminary data support the hypothesis that blocking chemokines may represent a therapeutic strategy in SS.

Mechanisms of glandular destruction
Cytokine gene knock-out mouse models as well as clinical evidence have shown that effector CD4 T cells with different functional differentiation programs (including Th1, Th2 and Th17) are involved at the initiation, per​petuation, and progression of the disease[13,14]. However data concerning the time when each of these responses is most relevant is conflicting. Some authors propose that a Th2 response dominates in early lesions[15] while others consider that Th1 and Th17 cytokines are essential for the induction and/or maintenance[7]. Th1 cells produce IFN- and IL-2 whereas Th2 cells secrete IL-4, IL-5, IL-6, IL-10, and IL-13[16,17]. On the other hand, Th17 cells represent a major source of IL-17A, IL-17F, and IL-22. Thus blocking one or a cluster of cytokines may be potentially useful therapeutic strategies (Figure 2).
Cytokines produced by innate immune cells and non-immune cells
Increased levels of IL-1 in saliva and peripheral blood of patients with PSS have been reported[18]. In the salivary and lacrimal glands, IL-1production from infiltrating immune cells and also from local epithelial cells has been described[19]. This illustrates how damaged acinar cells may promote the initiation and perpetuation of the response that will further injure them by facilitating their apoptosis and contributing to the recruitment and local activation of T cells[19]. The IL-1R antagonist, anakinra, demonstrated therapeutic benefits as a topical treatment for dry eye in a spontaneous mouse model of autoimmune keratoconjunctivitis sicca that mimics SS[20]. On the other hand, a randomized, double-blind, placebo-controlled trial of IL-1 blockade did not find a significant reduction in fatigue in PSS[21]. 

Type Ⅰ interferons are produced by virtually every cell in response to the detection of intracellular infection. They act as danger signals that alert neighboring cells to the presence of pathogens and induce the local influx of inflammatory cells. Expression of genes that are induced by IFN is commonly used as a surrogate measure of IFN levels in a tissue. In salivary glands and in cells from the peripheral blood of patients with SS there is increased expression of IFN-driven genes[22,23]. High levels of type Ⅰ IFN may contribute to the patho​physiology of SS by mediating the recruitment, acti​vation, and differentiation of inflammatory cells, by promoting the secretion of other cytokines such as B cell activating factor by monocytes, and by inducing the expression of pro-apoptotic molecules (e.g., Fas and FasL)[24]. In the context of SS, high levels of type Ⅰ IFN are probably released locally as a result of cellular injury mediated by viruses and perhaps other non-infectious agents, and may also result from the detection of nucleic acid-containing immune complexes[25]. Acinar production of these cytokines may promote local inflam​mation, whereas systemic production may facilitate the inflammatory response through their pro-inflammatory action in immune cells. For these reasons, therapeutic interventions targeting the type Ⅰ IFN signaling pathway may be beneficial to patients with elevated type Ⅰ IFN status. Currently two anti-IFN-monoclonal antibodies, sifalimumab and rontalizumab are being tested in sys​temic lupus erythematosus (SLE) patients, but there are still no trials in SS[26].

Th1 response
CD4 T cells that are primed in the presence of IL-12 be​come Th1 cells. They promote inflammation through the production of IFN- and TNF-, powerful cytokines that affect the behavior of macrophages, T cells, and B cells[27]. Early work reported that T cell differentiation in patients with SS was skewed towards a Th1 response because serum levels of IFN- were high and Th1 cells were more abundant in the peripheral blood of patients with SS than in healthy controls[28,29].

The pathogenic capacity of IFN- is further sup​ported by work in NOD mice where genetic deletion of this cytokine or its receptor prevented the development of an anti-salivary gland autoimmune response. Of note, IFN- deletion was also associated with decreased apoptosis of acinar cells, suggesting that Th1 cells might also damage salivary glands through this mechanism[30]. 

Th17 response
Th17 cells represent potent pro-inflammatory CD4 T cells that promote the infiltration of innate and adaptive immune cells into tissues by producing cytokines (i.e., IL-17A, IL-17F, IL-22) that act mainly on epithelial and endothelial cells by inducing the production of chemotactic molecules[31]. Th17 cells are generated when naïve CD4 T cells are primed in the presence of TGF- and pro-inflammatory cytokines such as IL-1, IL-6, and IL-21, and have been reported to be involved in the pathogenesis of several autoimmune diseases, including SLE[32]. IL-17 and other Th17-related cytokines have been found in high levels in the saliva and in salivary gland tissue of patients and mice with SS[33,34], suggesting the presence of a Th17-type inflammatory response.

Retinoic acid-related orphan receptor gamma (ROR-) is a transcription factor that is necessary for the deve​lopment and function of Th17 cells[35]. Transgenic over-expression of ROR- led to the development of a severe spontaneous sialadenitis driven by the infiltration of salivary glands by CD4 T cells[36]. Interestingly, salivary gland-infiltrating CD4 T cells in ROR- transgenic mice produced not only IL-17, but also IFN-, IL-4, IL-21, and other cytokines. In fact, IL-17 was not necessary for disease development since genetic deletion of IL17a did not modify the frequency or pathology of the disease[36]. 

IL-6 is increased in tears, saliva and serum of PSS patients[37]. This cytokine has been associated with B cell hyperactivity and promotes STAT-3 activation. In Sle1.Yaa mice that develop a lupus- and Sjögren’s-like syndrome, deficiency of IL-6 ameliorated the autoan​tibody production and salivary gland inflamm​ation[38]. Currently IL-6 blocking therapy (tocilizumab) is being evaluated in a phase Ⅲ randomized controlled trial in PSS[39]. 

IL-23, which stabilizes the phenotype of Th17 cells, is also significantly increased at both the protein and the mRNA levels in the salivary glands of patients with PSS[40,41]. Clinical trials using anti-IL-23 (ustekinumab, briakinumab, tildrakizumab and guselkumab) have been performed in psoriasis, yet there is still no information in PSS[42].

The importance of IL-17 in the development of SS has been shown in mouse models. Inhibition of IL-17 activity by expression of a soluble IL-17R:Fc fusion protein restrained the development of SS in C57BL/6.NOD-Aec1Aec2 mice[43]. The use of anti-IL-17 monoclonal antibodies (ixekizumab and secukinumab) or its receptor IL-17RA (brodalumab) are being evalu​ated in rheumatoid arthritis and psoriatic arthritis, but trials in SS using these treatments are lacking[42]. However the use of anti-IL-6 receptor (tocilizumab)[44] or a fusion protein of the extracellular domain of CTLA-4 and human IgG1 (abatacept) significantly decreased the abundance of Th17 cells in the peripheral blood of patients with PSS[45]. 

IL-22 is produced by Th17 and NK cells. IL-22 is over-expressed in the serum and salivary glands of patients with PSS and correlates with hyposalivation, the presence of autoantibodies and the focus score[46]. The IL-22 axis seems to be functionally dependent on IL-18 signaling and both IL-18 and IL-22/IL-22R1 are over-expressed in PSS patients with non-Hodgkin lymphoma[47]. The potential role of blocking IL-22 in SS pathogenesis remains to be evaluated in mouse models and humans.

IL-21 has pleiotropic effects promotes the dif​ferentiation, proliferation, and survival of B and T cells. IL-21 exerts pro-inflammatory functions by inducing the expression of IL-6 and ROR- and thus contributing to the generation of Th17 cells and attenuating Treg induction. Patients with PSS have elevated serum IL-21 levels and expression of IL-21 at lymphocytic foci and periductal areas of minor salivary gland biopsies has been documented[48]. Moreover, a genetic polymorphism located upstream of IL-21 (IL2-IL21 intergenic region) was associated with PSS in a Latin-American population[49]. The suppression of local IL-21 expression at the submandibular glands using an shRNA-encoding lentivirus reduced the lymphocyte infiltration and improved salivary gland function in NOD mice[50]. Now​adays there is only a phase Ⅰ study of a monoclonal anti-IL-21 in humans, so further research is needed[51]. 

Th2 response
Th2 cytokines are also produced in the glands of patients and mice with SS. Evidence indicates that contrary to Th1 and Th17 cells that instigate local inflammation, Th2 cells participate in the pathogenesis of SS by facilitating the autoantibody response. 

IL-4 is present in minor salivary gland biopsies of patients with PSS[7]. In mouse models, it participates in the IgM to IgG1 isotype switch via the JAK/STAT6 signal transduction pathway. NOD mice deficient in IL-4 or in STAT6 still develop focal salivary gland infiltrates, but they fail to produce anti-muscarinic acetylcholine type-3 receptor antibodies of IgG1 isotype and therefore exocrine gland dysfunction is avoided[52,53]. A salivary proteomic biomarker profile study found IL-4 as part of a 4-plex and 6-plex biomarker signatures in PSS[54]. A study reported a similar distribution of IL-4RA genetic variants among PSS and healthy controls. However, the haplotype ARSPRV was significantly more frequent among patients with parotid gland enlargement and positive immunological parameters, suggesting that differential response to IL-4 in epithelial tissue might affect disease phenotype[55]. The potential role of blocking IL-4 in PSS remains to be evaluated.

IL-13 mRNA is present in salivary gland of patients with PSS[15], and SS patients with antiSSA/Ro antibodies had significantly higher IL-13 levels than patients without this autoantibody[56]. Blockade of IL-13 activity in the ID3-KO mice model improved salivary gland function[57]. Recently anrukinzumab, a humanized anti-IL-13 antibody, was evaluated in ulcerative colitis[58], however there are not trials in PSS patients.

IL-10 mRNA expression is increased in salivary glands of PSS patients[59]. In a transgenic murine model, IL-10 induced lymphocytic infiltration and apoptosis of glandular cells[60]. The use of anti–IL-10 mAb adminis​tration has been only explored in a small open study of lupus patients with improvement of disease activity[61]. Conversely, IL-10 has also been considered as an anti-inflammatory agent. For instance, IL-10 is produced by regulatory B cells that are increased in clinical inactive PSS patients[62]. Thus future research to elucidate the complex function of IL-10 is needed.

Several cytokines contribute to the pathogenesis of SS (e.g., IFN-, IL-4, IL-6, IL-21) signal through Janus kinases (JAKs) and signal transducer and acti​vator of transcription (STATs) transcription factors. The activity of the JAK-STAT pathway is negatively regulated by suppressors of cytokine signaling proteins. JAK/STAT kinase inhibitors suppress the inflammatory cytokine function and stimulate the production of anti-inflammatory cytokines such as IL-10[63]. A pan-Janus kinase inhibitor with a higher affinity for JAK1 and 3 (tofacitinib) is currently available and has been used successfully in patients with rheumatoid arthritis[64]. 

Induction of apoptosis

Apoptosis of epithelial cells from exocrine glands represents an important phenomenon in the patho​genesis of SS. The increased rate of acinar cell death has direct consequences on the production of saliva and tears, the most frequent clinical complaint of patients with SS. Moreover, it may represent a key local factor responsible for the recruitment of inflammatory cells that amplify the damage to the glandular tissue. 

Although most studies have found abnormally high levels of apoptosis in ductal and acinar epithelial cells in salivary glands of patients with primary SS[65], it has been difficult to determine whether increased local apoptosis and release of glandular antigens initiates the local autoimmune response in susceptible patients, or whether self-reactive T cells infiltrate the glands guided by their antigen specificity and cause apoptosis in susceptible cells (e.g., cells that express FasL)[66]. 

Epithelial cells from salivary glands of patients with SS are susceptible to apoptosis. Because they express high levels of both Fas and FasL, it has been proposed that apoptosis may be triggered in them in an autocrine or paracrine manner as well as in response to glandular infiltration of Fas-bearing T cells[65]. 

The IgG fraction of sera from patients with SS has the capacity to penetrate living A-253 cells (a human salivary gland cell line) and trigger caspase activation and apoptosis, raising the possibility that autoantibodies produced in SS may contribute to the pathogenesis of the disease by inducing death of epithelial cells[67]. 

Autoantibodies

B cell hyperactivity and the presence of high titers of autoantibodies are common phenomena in patients with SS. Germinal center formation is observed in the glandular tissue of up to 25% of the patients with SS, usually in patients with severe disease[68]. Not surprisingly, patients with germinal centers have higher titers of autoantibodies (e.g., rheumatoid factor, anti-Ro) and a higher risk for development of lymphoma[68]. 

How local B cell activation and proliferation contribu​tes to the pathogenesis of SS is not well understood[69]. B cells may produce cytokines, including IL-6 and IL-10 that affect the activation and function of infiltrating immune cells. Also, they may act as antigen presenting cells, thereby amplifying the autoimmune response. Finally, autoantibodies may contribute to acinar cell dysfunction and death by affecting cholinergic signaling and by inducing apoptosis[67]. 

CONCLUSION
Patients with SS develop an autoimmune response that has systemic and local components. The clinical manifestations of the disease are the consequence of pathological processes that result from both autoim​mune responses. Exocrine gland infiltration and the development of a local chronic inflammatory response is probably primarily responsible for the destruction of the acinar cells and consequently for the development of sicca symptoms. This immune response is complex and comprised of activated T cells and B cells and cannot be attributed to a single cell type and a unique differentiation program. A more thorough understanding of disease pathogenesis, including information obtained in animal models, will allow us to better understand which therapies may be more useful and may stop the destruction of the glandular tissue that leads to the irreversible changes that affect most patients with SS. 
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Figure 1  Patients with Sjögren’s syndrome develop an autoimmune response that has systemic and local (anti-exocrine gland) components. Both responses are most obviously manifested by the presence of autoantibodies directed, respectively, against ubiquitous (e.g., Ro) and tissue-specific (e.g., muscarinic receptor 3) antigens. The anti-exocrine gland response is also notable by the presence of chronic inflammatory cellular infiltrates composed of activated lymphocytes. Autoantibodies contribute to systemic manifestations through immune complex deposition, but also contribute to sicca symptoms by affecting cholinergic function and causing acinar cell apoptosis. Cellular infiltrates directly affect exocrine gland function by inducing local inflammatory damage and local B cell proliferation probably precedes lymphoma development. Injury to acinar cells perpetuates the local immune response by releasing antigens and inflammatory mediators (e.g., IL-1, type Ⅰ IFN). IL-1: Interleukin-1; IFN: Interferon.
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Figure 2  T cells and B cells are recruited into exocrine glands where they mount a chronic inflammatory response. Local production of IL-1and type Ⅰ interferons (IFN) by epithelial cells and innate immune cells contributes to local inflammation and promotes apoptosis of acinar cells. Clones of activated T cells with varied effector differentiation support local inflammation and contribute to acinar destruction. IL: Interleukin; BAFF: B cell activating factor.
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