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Sjögren Syndrome (SS) seems to be associated with a greater “overall risk” of cardiovascular (CV) and cerebrovascular events. Although not conventionally considered a feature of the disease, CV events represent a major burden in SS patients. CV risk is the consequence of a complex combination of multiple factors, including traditional risk factors and disease-related mechanisms. A complex relationships between disease-related features, endothelial dysfunction and traditional risk factor has been suggested. Several drugs are available for treating the systemic manifestations of SS, however they have shown positive effects on different outcomes of the disease, but until today the data on the role of these drugs on CV events are scarse. Given these data, the aim of this review was to evaluate the risk of CV risk in primary SS and the effect of the drugs on this manifestation.
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Introduction

Sjögren’s Syndrome (SS) is one of the most frequent rheumatic diseases, with a prevalence of 0.1-0.6% in the adult population, a male-female ratio of approximately 1:9 and an average age at diagnosis of 50 years (1). It is characterized by a lymphocytic infiltrate in the lacrimal and salivary glands causing keratoconjunctivitis sicca and xerostomia, which are the main clinical manifestations of the disease (2). Other clinical manifestations are vaginal dryness, non-productive cough, salivary gland swelling and systemic symptoms (arthralgia, fatigue and general discomfort) (3, 4).

SS can be primary (pSS) or associated to other connective tissue disorders, in particular Systemic Lupus Erythematosus (SLE) and rheumatoid arthritis (RA). Extra glandular involvement may be present in about one third of patients with pSS. The most affected organs are thyroid, lungs, gastrointestinal tract, blood, kidneys, skin and central and peripheral nervous system. The involvement of the cardio-vascular system is less commonly observed in these patients. Severe complications as acute pericarditis and myocarditis have been rarely reported (5), although the best-known cardiac complication is congenital heart block associated with positive anti-Ro/SSA antibodies, which is one of the manifestations of neonatal lupus. However, the latter is rare in adults and is not consistently correlated with the presence of anti-SSA/Ro antibodies (6). Moreover, patients with SS secondary to anti-phospholipid antibody syndrome (APS) are characterized by an increased risk of ischemic stroke.

Numerous studies have highlighted how acute systemic inflammation and chronic vasculitis are known to be associated with endothelial dysfunction (7). Furthermore, in some rheumatic diseases including SLE and RA, the tendency to develop atherosclerosis is one of the major causes of mortality (8).

Primary SS appears to be associated with a greater “overall risk” of CV and cerebrovascular events. However, evidence related to prevalence of cerebrovascular events appears conflicting. In fact, pSS can be associated with vasculitis, which may cause an increased risk of haemorrhagic strokes due to the inflammatory infiltrate in the vascular wall (9). However, other studies have reported either a greater risk of ischemic cerebrovascular events (10) or have shown no difference between patients with pSS and the control group (11).

The purpose of this review was to evaluate the risk of CV risk in pSS and the effect of medications on this manifestation.



Cardiovascular Events in pSS: What Is the Evidence?

Although not conventionally considered a feature of the disease, CV events represent a major burden in pSS patients, similarly to what has been extensively described in other autoimmune diseases such as RA and SLE.

Several studies demonstrated an increased risk of CV and cerebrovascular events in pSS patients, compared to the general population. The main limitation to the interpretation of these data is the wide heterogeneity of outcomes and of variable definitions. In fact, the definition of cardio and cerebro-vascular events, beyond stroke and acute myocardial infarction (AMI), may include or exclude transient ischemic attacks (TIA), arrhythmias, angina, valvular disease and thromboembolic events.

However, the prevalence of CV involvement in a very wide sense was demonstrated to be about 61.6% in pSS subjects compared to 29.7% in healthy controls (HC) (12). More specifically, in a cohort study, cerebrovascular and CV events had a significantly higher prevalence in pSS compared to HC (2.5% vs 1.4% and 1.0% vs 0.4%, respectively) (13). The hazard ratio of pulmonary embolism (PE), deep vein thrombosis (DVT) and venous thromboembolism (VTE) was demonstrated to be 4.07, 2.80 and 2.92, respectively, compared to healthy subjects, especially in the first years after diagnosis (14). These data have not been confirmed in all studies published on the topic (15), which may be due to differences in terms of ethnicity and selection of study participants.

Nonetheless, a recent meta-analysis including 9 studies, confirmed a higher risk of CV (OR=1.30, 1.09 to 1.55) but not cerebrovascular events (OR=1.31, 0.96 to 1.79). Similarly, a more recent meta-analysis including 14 studies reproduced similar results and found a higher rate of coronary disease (RR 1.34, 1.06 to 1.38), cerebrovascular disease (RR 1.46, 1.43 to 1.49), heart failure (RR 2.54, 1.30 to 4.97) and thromboembolism (RR 1.78, 1.41 to 2.25) in pSS patients. However, the higher rate of CV events was not associated with a significant increased risk of mortality (16).

The most likely reason underlying the consistency but not universal agreement of the results regarding the higher frequency of major CV events in pSS is likely mostly attributable to their time-dependency. In fact, risk factors usually require a long exposure time before actually causing the outcome. As a consequence, a very long observation time is required to detect the impact of one single risk factor, as the disease itself, especially when multiple other and more frequent factors, as other CV risk factors, affect the outcome.

In order to analyse the effect of risk factors earlier enough, surrogate outcome measures are commonly employed. A surrogate outcome measure is a measurable variable that is more sensitive to change than major outcomes but also directly associated to them. When these conditions are satisfied, a surrogate marker can partially replace the measure of the main outcome.

In the field of CV research, multiple surrogate outcome measures have been validated and demonstrated to be associated to pSS. Similarly to RA, pSS patients show a higher carotid intima-media thickness (a surrogate marker of atherosclerosis) than HC, and having pSS is an independent risk factor for arterial wall thickening (17). Another surrogate of accelerated atherosclerosis is arterial stiffness, measured as pulse-wave velocity, which has been found to be higher in pSS compared to HC (18–21). Other studies also demonstrated a lower ankle-brachial index (ABI) in pSS patients (22) and a subclinical involvement of the heart. In fact, higher prevalence of valvular regurgitation, pericardial effusion, pulmonary hypertension, increased left ventricular mass, systolic dysfunction and lower coronary reserve were demonstrated in pSS patients (18, 23, 24). Some Authors suggest that the higher prevalence of heart failure may be a consequence of ventriculo-arterial coupling, i.e. the premature return of the pulse wave caused by reduced arterial elastance may contribute to left ventricular hypertrophy and, in turn, diastolic dysfunction (24).

Although there is no doubt that pSS patients are burdened by a higher CV risk, the causes and factors accounting for it are yet to be fully understood. The most supported theory is that CV risk is the consequence of a complex combination of multiple factors, including traditional risk factors and disease-related mechanisms. The full comprehension of the single determinants is mandatory in order to be able to properly assess and address them from a clinical point of view, thus offering the best care to patients.



Traditional Risk Factors

The first obvious consideration to make is whether pSS patients have a different prevalence of traditional CV risk factors compared to the general population, which may account for the excess CV morbidity. Indeed, multiple observational studies demonstrated a higher prevalence of hypertension in pSS (28-50% vs 11.3-25.6% in the general population) (13, 25, 26). However, other studies show opposite results (27), mostly due to differences in methodological approaches and definition of hypertension. Interestingly, one study found that hypertension tends to be under-treated in pSS patients compared to the general population (25).

Lipid metabolism seems also to be altered in pSS patients. Several studies found a higher prevalence of dyslipidaemia in pSS patients as compared to the general population (21-22.5% vs 4.2-9.5%) (13, 25, 26, 28, 29). However, findings are very heterogeneous when a more detailed analysis is carried out. In fact, some studies found higher levels of triglycerides, others lower high-density lipoprotein (HDL) cholesterol levels but not total cholesterol, others a higher rate of statin use as an indirect measure of dyslipidaemia. Additionally, a significant minority of reports showed apparently contrasting results (28). To further support the hypothesis of an altered lipid metabolism, higher levels of the adipokines – cytokines secreted by adipose tissue – resistin and adiponectin have been reported (26).

Data on metabolic syndrome, obesity and diabetes are even more conflicting and scarce. The prevalence of metabolic syndrome and diabetes seems to be higher in pSS (39.4% vs 16.9% and 27% vs 13%, respectively) (26, 27), which is in contrast with other studies reporting a lower prevalence of obesity (11% vs 21%) and diabetes mellitus (4% vs 7%) (13). As previously mentioned, these differences can globally be explained by different methodology in terms of patients enrolment and variable definitions. In contrast, it is now well established that smoking is significantly less common among pSS patients compared to the general population but also to patients with other autoimmune diseases, probably due to the worsening of sicca symptoms induced by cigarette smoke (30, 31). However, the paucity of data on this topic significantly hamper a full understanding of the picture.



Disease-Related Factors

Albeit SS patients seem to have an overall higher prevalence of traditional CV risk factors, this is not sufficient to account for the whole excess CV morbidity. Few studies investigated CV events in distinct subset of SS patients, thus data so far are limited and mostly derive from indirect evidence. However, some reports suggest that the role of anti-SSA/Ro and anti-SSB/La is significant to the point that the rate of cerebral infarction and VTE may be higher compared to the general population (HR = 1.7, 1.0 to 2.9 and 3.1, 1.9 to 4.8, respectively) only in the subgroup of seropositive subjects (32). Although these data need to be confirmed, there is little doubt that the presence of autoantibodies has an impact of CV morbidity. In fact, through a neural network analysis of a large cohort of SS patients, the presence of anti-SSA/Ro antibodies turned out to represent a hub, connecting the two main pillars of CV disease phenotypes in SS, i.e. ischemic (such as myocardial o cerebral infarction) and non-ischemic events (such as heart failure) (33, 34). To further support a close link between disease features and CV events, the same study showed that ischemic events were mostly associated to variables characterizing extra-glandular involvement (vasculitis, low complement, leukopenia, cryoglobulins) while non-ischemic events were mainly linked to the presence of sicca syndrome (34). Additionally, a higher prevalence of anti-phospholipid antibodies was found in SS patients, potentially contributing to CV disease (4).



The Network Model

In a complex disease such as SS, characterized by a wide spectrum of alterations of immunity and inflammatory processes, it is intuitive to think that a strict and compartmentalized model of CV risk into traditional and disease-related risk factors cannot reliably represent reality.

Consequently, it is important to investigate the complex relationships between disease-related features, endothelial dysfunction and traditional risk factor. In line with the findings described above, a reduction of ABI is associated to seropositivity for anti-Ro/SSA and anti-La/SSB (22) and a higher prevalence of CV events is associated to central nervous system (CNS) involvement and immunosuppressive treatment (a surrogate marker of severe disease) (13). As endothelial dysfunction is an early marker of atherosclerosis - an inflammatory process involving vessel walls - an association between metabolic syndrome, dyslipidaemia and serum concentration of interleukin (IL)-1β and IL-6 in SS patients is not surprising (26). Additionally, endothelial dysfunction seems more pronounced in patients with joint involvement, parotid enlargement (35) and, more generally, with active disease measured by European League Against Rheumatism (EULAR) Sjogren’s syndrome disease activity index (ESSDAI) (36, 37).

However, contrasting data have been published too, finding increased aortic stiffness in patients with no circulating anti-Ro/SSA antibodies (21) and an association between traditional risk factors and the presence of extra-glandular disease features (27). Other studies, instead, were not able to find any significant associations between endothelial dysfunction and disease features (38). Indeed, endothelial dysfunction is one of the earliest changes that characterize atherosclerosis. Its main features are reduced vasodilatory response, alterations in the expression of surface adhesion molecules and deficient repair mechanisms and endothelial cell turnover. All these features lead to accelerated atherosclerosis. Multiple studies have investigated endothelial changes in SS. In terms of functional assays, SS patients display a deficient flow-mediated dilation (FMD) (38, 39) and nitrate-mediated vasodilation (NMD) (35). These functional aspects are in agreement with higher levels of circulating asymmetric dimethylarginine (ADMA), responsible for reduced production of nitric oxide in SS compared to HC (18, 39).

As far as endothelial damage repair mechanisms are concerned, SS patients have an increased number of circulating endothelial microparticles (EMP), endothelial progenitor cells (EPC) (40) and angiostatin (39). Very interestingly, EPCs, involved in endothelial repair, seem to be higher in early disease, while EMPs, a marker of damage, in late disease, which leads to the hypothesis that repair mechanisms remain functional in early disease and wane at later stages, potentially contributing to accelerated atherosclerosis (40). Additionally, a recently described T cell population involved in the coordination of endothelium repair mechanisms, thus named angiogenic T cell (Tang), is expanded in peripheral blood and salivary glands of SS patients and may play a role in the induction or persistence of endothelial dysfunction (36).

It is therefore clear that to fully understand the determinants of CV risk in SS, we cannot disregard the intricate connections among the multiple players involved. Due to the unavoidable influence they exert on each other, dissecting the role of each factor independently is unreasonable. Thus, a multifaceted approach to the topic is the only realistic path to further extend our knowledge in this complex field, ultimately to improve patient care.



Mechanisms of Atherosclerosis

Atherosclerosis is a multifactorial disorder that tends to begin early in life, but with late-onset clinical manifestations. The isolation of immune cells including lymphocytes and macrophages from atherosclerotic lesions indicates an involvement of the immune system in the etiopathogenesis of this disorder (41, 42) (Figure 1). Inflammation may play a crucial role in the exacerbation of atherosclerosis. Systemic autoimmune rheumatic diseases (AIRDs) lead to an increased risk of morbidity and mortality due to cardiovascular events, especially following atherosclerotic events. This could be attributed to the traditional risk factors for atherosclerosis, and to the treatment with specific drugs such as corticosteroids (43, 44).




Figure 1 | The figure shows some of the main pathogenic mechanisms of subclinical atherosclerosis in Sjogren’s Syndrome.



The infiltration of atherosclerotic plaques by immune cells, as well as their activation, can occur as a result of numerous trigger factors, such as microbial infections (45). It is thought that these cells have a fundamental role in promoting the progression of atherosclerosis and this is based on several studies. For instance, in C57BL/6 mice the depletion of CD4 + and CD8 + T lymphocytes may lead to a net decrease in the formation of lipid striae. Furthermore, mice with SCID (severe combined immunodeficiency) and apolipoprotein E (ApoE) knockout mice, showed a reduction in aortic lipid striae in 73% of cases, compared to mice with a normal immune system. Finally, the transfer of CD4 + T lymphocytes to immunodeficient mice led to an increase in the dimensions of atherosclerotic lesions (46). Therefore, it is clear that atherosclerosis has an autoimmune setting, with immunity cells releasing numerous cytokines within the plaques [interleukin (IL), tumour necrosis factor (TNF)-alpha, and Platelet-Derived Growth Factor (PDGF)].

During the atherosclerotic process, immune cells may respond specifically to certain molecules, including oxidized low-density lipoproteins (OxLDLs), heat-shock proteins (HSP), and Beta2 glycoprotein-I (β2GPI) (41). This is shown by an increase of these molecules in the atherosclerotic plaques (47). On the other hand, some autoantibodies have been associated with a greater risk of atherosclerosis, as evidenced in some animal studies carried out with anti-cardiolipin antibodies (48). OxLDLs, once phagocytised by macrophages, cause the transformation of macrophages into foam cells, in turn promoting the progression of atherosclerosis. Anti-OxLDL antibodies are present in both healthy patients and patients with AIRDs (49), but in the latter, especially in patients with SLE, SSc and systemic vasculitis, these antibodies appear to be present at higher levels than controls (49–51). A correlation between anti-OxLDL antibody levels and total immunoglobulin levels was also observed in SLE patients (50).



Role of Immunity

The immune system dysregulation plays an important role in the pathogenesis of early atherosclerosis in patients with pSS. The positivity of anti-SSA/Ro and -SSB/La antibodies, two well-known markers of the disease and generally associated with systemic manifestations (35, 52), may correlate with endothelial dysfunction and with an increase in the intima-media thickness. The latter, along with alteration in the NO-induced vasodilatation, may be associated with and predictive for leukopenia, marker of high disease activity and higher risk of CV events (13, 35, 52). The organic and functional damage of the smooth muscle cells in the vessel tunica media may be determined by cellular infiltration of the sub-endothelial space. This is demonstrated by the higher levels of ICAM-1 and VCAM-1 adhesion molecules found in patients with SS. These molecules may recruit leukocytes with consequent infiltration of the vascular wall and induction of atherosclerotic damage (35).



Role of Inflammation

The real contribution of inflammation in the pathogenesis of atherosclerotic damage in SS is not fully understood. Although two studies showed a correlation between C-reactive protein (CRP) levels and the risk of developing atherosclerosis and CV events (18, 25, 27), most studies found no differences in CRP levels in patients with SS compared to HC (17, 27, 35, 38, 53–55). An important role is played by calprotectin (53), a protein expressed in the cytoplasm of neutrophils and an excellent indicator of innate immune activity. This protein is highly expressed in patients with SS in both glandular sites, correlating with the Focus Score (FS) and the circulation, being associated with the increased production of cytokines such as IL-1β, IL-6, TNF-α, IFN-γ, IL-10 and IL-22. This molecule seems to represent an important prognostic factor for CV events, regardless of other risk factors (56). Another noteworthy mechanism is the Wingless-type (Wnt) signaling pathway, which plays a key role in the process of inflammation regulation (17). In fact, there is a correlation between the DKK-1 molecule (Dickkopf WNT signalling pathway inhibitor 1) and atherosclerosis. This molecule appears to be more expressed in endothelial cells and atherosclerotic plaques, where it promotes the interaction between platelets and the endothelium, in turn causing local inflammation and plaque destabilization (57). Recent studies on the (P2X7R)-NLRP3 complex involved in the pathogenesis of sialadenitis in SS showed a close correlation between inflammation and infiltration of the glands and those observed in the vessel wall in atherosclerosis (58).



Therapeutic Approaches in Atherosclerosis

Therapeutic strategies for atherosclerosis and for any other CV disease should be evaluated on the basis of the specific clinical manifestations (59). In patients at increased risk of thrombosis and vascular occlusion, such as in SLE and APS, antiaggregating therapy (aspirin) should be recommended (60). The key point of the treatment is prevention (61). The increased risk of developing atherosclerosis or other CV events in patients suffering from autoimmune diseases is caused not only by the autoimmune state itself, but also by the complications of these diseases and by the treatments carried out to treat them (for example corticosteroids) (62). Careful monitoring of blood pressure, periodic checks of laboratory parameters and lipids, regular exercise and the use of drugs, such as statins and folic acid, if necessary, are some of the main therapeutic strategies to prevent the formation or evolution of these pathological conditions (63). Further approaches are still under study, such as immunomodulation (immunosuppressive drugs, administration of IV immunoglobulins (IVIg), induction of tolerance with autoantigens) (64), use of inhibitory cytokines, gene therapy and bone marrow transplantation.


Traditional Cardiovascular Risk Factors and Therapy

Regarding the correlation between these CV risk factors and the clinical and laboratory manifestations of SS, it was found that these risk factors are more present in subjects suffering from more severe and widespread forms of the disease, including subjects with pulmonary or neurological manifestations (13). In fact, it seems that the risk factors themselves contribute to the progression of inflammation, resulting in greater involvement of the main internal organs. Furthermore, patients with more severe forms of the disease and in turn with an increased need of treatments with glucocorticoids (GCs) and immunosuppressive drugs, have a greater risk of developing CV risk factors. According to some studies, on the other hand, hydroxychloroquine (HCQ) appears to play a protective role on the development of risk factors for CV events in the aforementioned population (27).




Treatment of Sjögren’s Syndrome

The management of pSS has not undergone significant changes in the last few decades and continues to rely on the symptomatic treatment of sicca syndrome and on the use of a variety of immunosuppressive drugs to treat its systemic manifestations (65). Although the great amount of drugs used to treat the systemic manifestations of the disease, data on CV manifestations are scarce and extrapolated according to their mechanisms of action, as summarized in Table 1.


Table 1 | The table highlights the efficacy of the drugs most used in the treatment of SS, particularly on eye dryness, dry mouth, systemic manifestations (fatigue, arthralgia/arthritis, pain, and other organ manifestations) and on the main CV manifestations (atherosclerosis and other conditions).




Therapy for the Clinical Manifestations of Sicca Syndrome

Muscarinic receptor agonists (e.g., pilocarpine, cevimeline) have shown to improve xerostomia and xerophthalmia in several randomized clinical trials (RCTs) (66). Topical cyclosporine has been approved for the treatment of xerophthalmia when the use of artificial tears is insufficient (67, 68).



Topical Cyclosporine A

Xerophthalmia is one of the main manifestations of pSS. However, it can also occur in patients not affected by pSS (69). In the first case, the lymphocytic infiltrate of the lacrimal glands and conjunctiva can trigger an inflammatory process that causes the loss of muciparous goblet cells. This leads to the development of dry eye, which is responsible for ocular discomfort and visual disturbances (70). It can also severely limit daily activities, reduce quality of life and even lead to depression in cases of moderate/severe disease (69). Inflammation of the ocular surface plays a crucial role in the development and evolution of xerophthalmia. Numerous studies have shown how the levels of inflammatory cytokines (IL-17, TNF-α, IL-6, metalloproteinases and chemokines) are increased in both pSS and associated SS (71–79). Therefore, anti-inflammatory drugs are an important part of the treatment of the dry eye syndrome.

Ciclosporin A (CsA) is an immunomodulating and anti-inflammatory drug used topically with few side effects, which are instead frequently observed in patients treated with CCs. Its mechanism of action consists in the inhibition of T-cell proliferation and the downregulation of inflammatory cytokines in the lacrimal gland and conjunctiva (80, 81). Treatment with topical CsA (0.05%) showed a significant improvement in the Schirmer’s Test (ST) after about twelve months of therapy in patients with xerostomia secondary to SS, and after about 6 months in patients with xerostomia not associated with SS. An improvement was also observed in terms of tear breakup time (TBUT), but this was not statistically significant in SS patients. A significant decrease was observed in the OSDI (Ocular staining disease index) score for both groups of patients (affected and not affected by SS) (82). Topical CsA may lead to an improvement in ocular symptoms by reducing surface inflammation, in turn causing an increase in the density of conjunctival goblet cells and an improvement in lacrimation induced by sensory stimulation (83). In fact, sensory nerve fibers depart from the ocular surface and along their path connect with efferent fibers of the autonomic nervous system. Inflammation of the ocular surface, by reducing corneal sensitivity, causes a reduction in the response of the lacrimal glands to ocular damage (83). Finally, an improvement in the Corneal Staining Score (CSS) was also shown (82, 84–87). However, the results obtained showed a greater efficacy of topical treatment with CsA in subjects suffering from dry eye not related to SS, probably because in patients with SS there is also a systemic inflammatory process.




Systemic Therapy

Several studies focused on conventional systemic immunosuppressive therapy (prednisone, cyclosporin, azathioprine, methotrexate) and other drugs (dehydroepiandrosterone, nizatidine, rebamipide), have not demonstrated efficacy in the control of syndrome sicca, although mild benefits have been reported for some drugs (1, 66, 88–90). Furthermore, conventional and biological DMARDs, widely used in other rheumatological diseases, did not show significant clinical effects in pSS. Therefore, their use remains small and limited to some specific patient subsets (91).


Glucocorticoids

To date, the therapeutic landscape of SS is poor and based on the symptomatic treatment of glandular manifestations and on the use of immunosuppressive and/or anti-inflammatory drugs to treat systemic manifestations (92–97). Moreover, the use of corticosteroids in this disease has not been extensively studied yet, but it is based on the results obtained in other rheumatic diseases, such as SLE and RA (98, 99).

Glucocorticoids (GCs) are steroid hormones produced by the zona fasciculata of the adrenal cortex and their secretion is regulated by the hypothalamus-pituitary-adrenal axis, with circadian rhythms. GCs derive from a single precursor, cholesterol, due to the activation of various enzymes, similarly to aldosterone and dehydro-epi-androsterone (DHEA). GCs are involved in different physiological and metabolic processes, such as water and electrolyte balance, immunity, growth, cardio-vascular function, reproduction, and cognitive function (100).

CBG (corticosteroid-binding globulin) is the main serum protein with the function of transporting GCs. These drugs, once bonded to this protein, are kept in an inactive form. A small part of CBGs is instead free in the plasma (not bonded to proteins), and this represents its active form. Two different enzymes (11β-hydroxysteroid dehydrogenase type 1 and 2) help maintaining the balance between the active and inactive form of GCs, and they are controlled by various factors including cytokines and interleukins (TNF and IL-1β) (101). The active form is lipophilic, and it is therefore able to pass through the cell membrane and penetrate inside the cell, producing genomic (slow) and non-genomic (rapid) effects.

The receptors for GCs (GRs) are found inside the cell and regulate the expression of genes responsive to GCs positively (transactivation) or negatively (trans-repression) through different mechanisms (100). One of these is binding to the GREs (glucocorticoid response elements), which are palindromic nucleotide sequences of the promoter of the target gene. Alternatively, GRs can bind and activate additional proteins such as transcription factors (STAT3, STAT5 NF-kB), in order to enhance the activation or repression of some genes. Finally, they can act with a combined mechanism that involves binding to DNA and the activation of specific proteins (102, 103).

In clinical practice, synthetic GCs are used. They are structurally similar but not identical to endogenous cortisol. These show different characteristics (pharmacokinetics, bioavailability, cross-reactivity with mineralocorticoids) and have different specificity and potency. Their use, since the discovery of these drugs, has spread enormously in the field of inflammatory and autoimmune diseases such as RA, SLE, rheumatic polymyalgia, bronchial asthma, COPD, chronic inflammatory bowel diseases (IBD), immune-mediated glomerulonephritis, multiple sclerosis and numerous other conditions (104) including SS.

We do not have large-scale studies to evaluate the real benefits of GCs therapy in patients with SS. It has been observed that they reduce glandular swelling, but the results on the sicca syndrome are conflicting. In a small, randomized trial, neither treatment with prednisone (30 mg/die) nor with piroxicam (20 mg/die) compared with placebo, showed statistically significant results after 6 months on both lacrimal and salivary glands functionality and on salivary gland infiltration (105). GCs are sometimes used as drugs for systemic manifestations, as in many other rheumatic diseases, and this was demonstrated in an analysis involving 1120 Spanish patients with pSS, in whom low doses of GCs (the equivalent of prednisone 20 mg/die) were used in 19% of patients (106). Furthermore, in an Italian multicentric study, the use of GCs was reported in 45% of 1343 patients with pSS (13), while in the GEAS-SS cohort involving 1580 patients (107) it was reported in 85% of patients (excluding those with lymphoma who received corticosteroid therapy in combination with RTX). To date, the risk-benefit ratio of these drugs in pSS is not yet completely clear, and the idea still exists that these drugs should be prescribed at the lowest dosage and for the shortest possible time to control the disease and avoid the development of CV events, given their well-known adverse effects (108).




Conventional Immunosuppressive Drugs and Synthetic DMARDs


Hydroxychloroquine

Hydroxychloroquine (HCQ) is a drug approved several years ago by the Food and Drug Administration (FDA) for the prevention and treatment of malaria. HCQ has also shown to be very effective in reducing disease flares and in controlling signs and symptoms of SLE, dyslipidaemia, platelet aggregation, etc. (109). It is effective in subacute cutaneous lupus (annular erythema) (110), a skin manifestation also described in SS. Data on HCQ in SS is scarce. Some observational studies and some open-label trials have shown an improvement in arthralgia and myalgia in patients with increased indices of inflammation and hypergammaglobulinemia (111). By contrast, a randomized placebo-controlled trial showed no improvement in dryness, fatigue and pain after 6 months of therapy. The long-term efficacy that HCQ showed in SLE in both reducing the risk of systemic complications of lymphoma and determining an increase in survival (112), has yet to be demonstrated in pSS. Since this drug is generally manageable, well tolerated and quite safe, it is currently one of the first-choice drugs for the treatment of pSS and may likely play a role in the prevention of CV risk.

However, it has been observed that at high doses in the treatment of some oral diseases, HCQ can lead to the onset of lethal arrhythmias related to a QT prolongation, such as the torsade de pointes arrhythmia (113–115). Therefore, it would be advisable to evaluate the association of hydroxychloroquine with other drugs responsible for QT prolongation.



Methotrexate

A one-year pilot study of methotrexate (MTX) (0.2 mg/kg per week) in patients with. pSS showed improvement in xerostomia and xerophthalmia, arthralgia/arthritis, frequency of parotid swelling and purpura (116). However, no improvement in salivary and lacrimal gland function indices was observed and no data is available on CV involvement (116).



Azathioprine

In a randomized study that included 25 patients with pSS, low-dose azathioprine (AZA) therapy (1 mg/kg/die) showed no effect on disease activity over a 6-month period (117). However, AZA is commonly used for the treatment of some extra-glandular manifestations, such as interstitial pneumonia, chronic autoimmune hepatitis and myelopathy (118).



Leflunomide

In an open-label pilot study, leflunomide (LEF) (20 mg/die) showed modest benefit in 15 patients with active pSS (119). However, in a study involving RA patients, LEF was associated with a worsening of xerostomia in a group of 45 patients with RA and associated SS, compared to a group of 30 patients with pSS (120).



Mycophenolate Mofetil

In an open-label pilot study in 11 patients with pSS, mycophenolate mofetil at doses up to 1440 mg/die for 6 months did not result in a statistically significant improvement in oral and ocular dryness. However, therapy was associated with a significant reduction in hypergammaglobulinemia and rheumatoid factor (RF) and an increase in complement levels and white blood cell counts (121).



Cyclosporin

In a randomized controlled trial, cyclosporine therapy (5 mg/kg/die) showed an improvement of xerostomia compared to placebo after 6 months of therapy, although it did not demonstrate any benefit on ocular symptoms and scores for assessment of eye and oral dryness. In another open-label phase II study, treatment with cyclosporine (2 mg/kg/die) showed efficacy in reducing joint swelling and stiffness and in improving DAS28 after 16 weeks of therapy (122, 123).




Biological Disease-Modifying Anti-Rheumatic Drugs (DMARDs)

Some clinical studies have been carried out using TNF-α (infliximab and etanercept) and interleukin 1 (IL-1) (anakinra) as targets, but with poor results (124–126). A recent study evaluated the efficacy of tocilizumab (anti-IL-6) in patients with SS, but it did not show an improvement neither in sicca symptoms nor in the systemic manifestations of the disease compared to placebo (127). Similarly, abatacept, a drug acting as inhibitor of CD80/CD86-CD28 co-stimulation, has not shown positive results, despite some previous studies reported an improvement in disease activity (assessed by ESSDAI) and a reduction in cytokine and autoantibody levels (128, 129).


Belimumab

Belimumab is a fully human IgG1 monoclonal antibody directed against the cytokine BAFF (B-cell activating factor), also known as BlyS (B lymphocyte stimulator). In consideration of the high affinity towards BAFF, belimumab can bind both its forms, the soluble and the cell membrane bound. In this way, it inhibits the binding of BAFF with its three receptors: BAFF-R (or TNFR-13C), BCMA (B-cell maturation antigen or TNFR-17), and TACI (transmembrane activator and CAML interactor or TNFR-13B) (130). BAFF-R can only bind the BAFF ligand, while the other two also act as a receptor for the “sister” cytokine APRIL (a proliferation-inducing ligand).

BAFF is synthesized by immune cells, including macrophages, neutrophils, dendritic cells, B lymphocytes, activated T lymphocytes, NK cells activated by IL-2, and stromal cells. BAFF is initially expressed as a cell membrane surface protein and can be processed into its soluble form by the furin protease. In order to bind and activate BAFF-R, BAFF needs to form homotrimers or heterotrimers composed of BAFF and APRIL. Once activated, BAFF-R is crucial for the survival and maturation of naïve and transitional B cells.

BCMA is responsible for the survival of plasma cells and TACI mediates the B-independent T-cellular response to certain antigens, the regulation of the B-cell compartment and the “immunoglobulin class switching”.

Therefore, the therapeutic use of belimumab interferes with the homeostasis of mature B lymphocytes, immature B lymphocytes and plasma cells, while it has no action on the progenitors of B lymphocytes and memory B lymphocytes. Given its mechanism of action, belimumab has been used to treat systemic autoimmune diseases, including ANCA-associated vasculitis, LES, RA, myasthenia gravis and SS (130, 131).

The efficacy of belimumab was evaluated in an open-label study (BELISS) conducted for 28 weeks, followed by an extension trial for a further 24 weeks. The primary endpoint (improvement of two of the five predefined items: dryness, fatigue, musculoskeletal pain, systemic disease activity, and biomarkers of B cell activity), was achieved in 18/31 patients during the first 28 weeks and maintained in 13/15 patients during the following 24 weeks. The improvement in dryness, fatigue and pain symptoms was visible as early as week 28. The systemic disease activity showed improvement starting from week 52, while salivary flow and the Schirmer’s test did not show any changes. The quality of life, set as a secondary endpoint and assessed by the Short Form 36 (SF-36), showed an improvement in the physical component starting from week 52, although it did not show statistically significant results in the first 28 weeks (132, 133). Further double-blind studies are needed to confirm these promising results.



Rituximab

Rituximab (RTX) is a chimeric recombinant monoclonal antibody directed against the CD-20 antigen. This antigen is an integral membrane protein expressed by most B cells (normal and malignant) and responsible for their activation, proliferation and differentiation (134). It is absent only in pro-B cells and plasma cells (135).

RTX consists of a murine antigen-binding domain connected with the constant region of human immunoglobulin G1 (IgG1). Once connected to CD-20, RTX causes a spatial reorganization of the CD-20 molecules within the phospholipid bilayer of the cell membrane, and in turn depletion of them through mechanisms of complement-dependent cytotoxicity (CDC), antibody-dependent cytotoxicity (ADCC) and phagocytosis by the activated reticuloendothelial system. These mechanisms ultimately lead to the apoptosis of B cells (136).

Since the discovery of the presence of autoantibodies, hypergammaglobulinemia and an increased risk of developing B-cell lymphoma, RTX has been one of the most studied drugs for the treatment of SS. However, studies carried out so far have not shown statistically significant clinical efficacy in the enrolled cohorts of patients.


Efficacy of RTX in Exocrine Gland Function and Sicca Syndrome

The functionality of the salivary glands is generally assessed through the following indices: unstimulated whole saliva (UWS) stimulated whole saliva (SWS) and VAS for xerostomia. Numerous studies have shown non-significant changes in salivary flow after RTX therapy (137–140), while a double-blind, randomized, placebo-controlled study showed a 24-week benefit of overall salivary flow and visual analogical score (VAS) pain (141). The TRACTISS study found that UWS values were maintained in subjects treated with RTX, while a worsening of this parameter was seen in patients treated with placebo.

A recent study evaluated histologic samples of salivary glands, highlighting a reduction in glandular inflammation and a decrease of lymphoepithelial duct damage. In another clinical trial, RTX was demonstrated to reduce the B cells infiltrate and promote the structural repair of the salivary glands (142, 143). The TRACTISS study reported a statistically significant improvement in salivary gland ultrasound score after RTX treatment in comparison to placebo-treated control group (144). Schirmer’s test results differ markedly across studies (137, 141). Other parameters, such as TBUT, Van Bijsterveld score and Rose Bengal test, showed significant changes in lacrimal gland function after RTX therapy. By contrast, in other studies, a modest, not statistically significant change in salivary gland function was reported (138–140).



Efficacy in Systemic Manifestations

The efficacy of RTX on systemic manifestations is not fully understood. Two RCTs demonstrated the ineffectiveness of RTX therapy in the treatment of pSS systemic manifestations evaluated by ESSDAI score (137, 145). By contrast, a prospective cohort study showed an improvement of ESSDAI score in 28 patients with pSS (146). An improvement was also observed in the SF-36 score (138).



Efficacy on Laboratory Parameters

Numerous studies have reported the efficacy of RTX in reducing the levels of FR and IgM (137, 138, 141, 147). B cell depletion has been reported in some trials (138). Conversely, the role of RTX in reducing anti-SSA/SSB antibody levels is questionable (138, 140).



Efficacy in the Treatment of Non-Hodgkin’s Lymphoma (NHL)

Despite the contribution of anti-CD20 monoclonal antibodies in increasing survival in different types of B-cell lymphoma, the eradication of the disease remains a challenge. In fact, in most cases, patients experience relapses (148).




Combination Therapies

One of the most important challenges in the treatment of pSS to date, is the lack of therapeutic strategies to prevent lymphoma in high-risk patients, and once arisen, of valid therapeutic alternatives to deal with it. The combination of RTX with belimumab has given encouraging results in the treatment of SS-related B-cell lymphoproliferative MALT disorders with BAFF over-expression in comparison to monotherapy without reporting major adverse events (149).




Other Therapies


Iguratimod

Iguratimod (IGU) is a small-molecule drug widely used in China and Japan for the treatment of various rheumatic diseases (150). This drug inhibits the function of B cells, reducing the production of immunoglobulins and various inflammatory cytokines, including IL-1, IL-6, IL-8 and TNF (151). Moreover, numerous studies have reported a therapeutic efficacy of IGU against pulmonary fibrosis and osteoporosis (152). A recent meta-analysis demonstrated that IGU therapy was associated with an improvement of lacrimal and salivary gland function when used in combination with HCQ and GCs (153). The superiority of the treatment with IGU may be determined by the regulation of some B-lymphocyte subpopulations, the reduction in the production of immunoglobulins and the inhibition of pro-inflammatory T cells proliferation. Furthermore, IGU may reduce BAFF levels and the proportion of plasma cells, thus leading to a decrease in the production of IgG and in turn to a reduction in antibody-mediated damage.

Moreover, IGU determined an improvement in inflammatory parameters, IgG and RF levels, platelet count and disease indices (ESSDAI and ESSPRI) when associated with HCQ and GCs, without an increased risk of developing adverse events (153). Hence, it may also have protective effects on CV involvement. However, further studies are needed to evaluate the actual efficacy and safety of this drug.



Future Perspectives: Selective Small Molecules


Type I Interferons

The role of interferon (IFN) in SS is well known. A study found that 2/3 of pSS patients had elevated IFN levels associated with hypergammaglobulinemia, antibody positivity (ANA and anti-SS-A/Ro antibodies) and high FS (154). Therefore, IFN may represent an important therapeutic target for the treatment of the disease.

A phase II study evaluated the efficacy of a monoclonal antibody (BIIB059) directed against the blood dendritic cell antigen 2 (BDCA2) on dendritic cells (the major producers of IFN) in patients with active cutaneous lupus erythematosus. Preliminary results have proved to be promising. Since IFN represents a common element in SLE and SS, it is believed that this drug can also be used in SS (155). In an ongoing RCT, the efficacy of tofacitinib, a Janus Kinase inhibitor, is being evaluated in patients with SS. This drug may be able to block the production of type I and II IFN (156). Ustekinumab, an anti-IL-12p40 antibody that blocks IL-12 and IL-23, thus inhibiting the IFN pathway, is being evaluated in an open-label phase I study (157). Fingolimod (158), a drug used in multiple sclerosis (MS) interfering with the sphingosine-1-phosphate (S1P) pathway, could also be used in SS, as well as its derivatives (e.g., ozanimod) (159), since the S1P receptor is also expressed in the salivary and lacrimal glands. Inhibitors of mTOR and AKT, drugs that interfere with the activation of T cells and with the regulation of the cell survival program, and other numerous molecules (BTK, Syk, Tyk) are being studied in order to evaluate their possible role in SS (160–165).





Conclusions

In conclusion, surely pSS patients should receive a complete diagnosis, aimed at determining the extent and severity of the disease, the subset of the disease and the impact of the fatigue. The therapeutic approach is substantially similar in case of pSS or associated SS. Recent published recommendations include non-pharmacological and preventive interventions above all, such as hygiene measures, abstention from cigarette smoking, and counseling on a correct diet and appropriate use of drugs, etc. In addition, artificial tears and artificial saliva can be used, and if symptoms do not resolve, some patients may benefit from secretagogue drugs (pilocarpine and cimeveline) (166). In patients with moderate/severe involvement, a number of immunosuppressive drugs (synthetic and biological DMARDs) can be used. RTX should be used in case of severe organ manifestations not responsive to other treatments, such as cryoglobulinemic vasculitis. Treatment of fatigue primarily involves a low-impact aerobic exercise program. In patients with depression, anxiety or attention deficit, tests must be carried out in order to identify those who will need specific therapies. The treatment of the main cardiopulmonary manifestations (interstitial pneumonia, pulmonary hypertension and myocarditis) is based on the use of high-dose GCs often in combination with MMF or cyclophosphamide (CYC), or even RTX can be considered. Finally, the treatment of lymphoma in patients with SS should be carried out following the same protocols used for patients without SS. However, although most of the drugs used in the treatment of Sjogren’s syndrome have shown positive effects on different outcomes of the disease, to the best of our knowledge, we have poor data about the role of these drugs on CV events and surely further studies are needed to investigate the effect of these therapies on CV outcome in pSS patients.



Author Contributions

FA, FG, GC, EB, and CP designed and performed the literature search. FA and EB drafted the narrative review and edited the manuscript. All authors read the manuscript, revised it for intellectual content, approved the final version, and agree to be accountable for all aspects of the work.



References

1. Mariette, X, and Criswell, LA. Primary Sjögren’s Syndrome. N Engl J Med (2018) 379(10):931–39. doi: 10.1056/NEJMcp1702514

2. Mavragani, CP, Fragoulis, GE, Rontogianni, D, Kanariou, M, and Moutsopoulos, HM. Elevated IgG4 Serum Levels Among Primary Sjögren’s Syndrome Patients: Do They Unmask Underlying IgG4-Related Disease? Arthritis Care Res (Hoboken) (2014) 66(15):773–7. doi: 10.1503/cmaj.12203710.1002/acr.22216

3. Seror, R, Ravaud, P, Mariette, X, Bootsma, H, Theander, E, Hansen, A, et al. EULAR Sjogren’s Syndrome Patient Reported Index (ESSPRI): Development of a Consensus Patient Index for Primary Sjögren’s Syndrome. Ann Rheumatol Dis (2011) 70(6):968–72. doi: 10.1136/ard.2010.143743

4. Seror, R, Ravaud, P, Bowman, SJ, Baron, G, Tzioufas, A, Theander, E, et al. EULAR Sjogren’s Syndrome Disease Activity Index: Development of a Consensus Systemic Disease Activity Index for Primary Sjogren’s Syndrome. Ann Rheumatol Dis (2010) 69(6):1103–9. doi: 10.1136/ard.2009.110619

5. Gyöngyösi, M, Pokorny, G, Jambrik, Z, Kovàcs, A, Makula, E, and Csanàdy, M. Cardiac Manifestations in Primary Sjögren’s Syndrome. Ann Rheum Dis (1996) 55:450–4. doi: 10.1136/ard.55.7.450

6. Sung, MJ, Park, SH, Kim, SK, Lee, YS, Park, CY, and Choe, JY. Complete Atrioventricular Block in Adult Sjögren’s Syndrome With Anti-Ro Autoantibody. Korean J Intern Med (2011) 26:213–5. doi: 10.3904/kjim.2011.26.2.213

7. Hingorani, AD, Cross, J, Kharbanda, RK, Mullen, MJ, Bhagat, K, Taylor, M, et al. Acute Systemic Inflammation Impairs Endothelium-Dependent Dilatation in HuMans. Circulation (2000) 102:994–9. doi: 10.1161/01.cir.102.9.994

8. Klocke, R, Cockcroft, JR, Taylor, GJ, Hall, IR, and Blake, DR. Arterial Stiffness and Central Blood Pressure, as Determined by Pulse Wave Analysis, in Rheumatoid Arthritis. Ann Rheum Dis (2003) 62:414–8. doi: 10.1136/ard.62.5.414

9. Ramagopalan, SV, Pakpoor, J, Seminog, O, Goldacre, R, Graham, L, and Goldacre, MJ. Risk of Subarachnoid Haemorrhage in People Admitted to Hospital With Selected Immune-Mediated Diseases: Record-Linkage Studies. BMC Neurol (2013) 13:176. doi: 10.1186/1471-2377-13-176

10. Zöller, B, Li, X, Sundquist, J, and Sundquist, K. Risk of Subsequent Ischemic and Hemorrhagic Stroke in Patients Hospitalized for Immune-Mediated Diseases: A Nationwide Follow-Up Study From Sweden. BMC Neurol (2012) 12:41. doi: 10.1186/1471-2377-12-41

11. Yong, WC, Sanguankeo, A, and Upala, S. Association Between Primary Sjögren Syndrome, Cardiovascular and Cerebrovascular Disease: A Systematic Review and Meta-Analysis. Clin Exp Rheumatol (2018) 36 Suppl 112(3):190–7.

12. Cai, X, Luo, J, Wei, T, Qin, W, Wang, X, and Li, X. Risk of Cardiovascular Involvement in Patients With Primary Sjögren’s Syndrome: A Large-Scale Cross-Sectional Cohort Study. Acta Reumatol Port (2019) 44:71–7.

13. Bartoloni, E, Baldini, C, Schillaci, G, Quartuccio, L, Priori, R, Carubbi, F, et al. Cardiovascular Disease Risk Burden in Primary Sjögren’s Syndrome: Results of a Population-Based Multicentre Cohort Study. J Intern Med (2015) 278(2):185–92. doi: 10.1111/joim.12346

14. Avina-Zubieta, JA, Jansz, M, Sayre, EC, and Choi, HC. The Risk of Deep Venous Thrombosis and Pulmonary Embolism in Primary Sjögren Syndrome: A General Population-Based Study. J Rheumatol (2017) 44:1184–9. doi: 10.3899/jrheum.160185

15. Chiang, CH, Liu, CJ, Chen, PJ, Huang, CC, Hsu, CY, Chan, WL, et al. Primary Sjögren’s Syndrome and Risk of Ischemic Stroke: A Nationwide Study. Clin Rheumatol (2014) 33:931–7. doi: 10.1007/s10067-014-2573-7

16. Beltai, A, Barnetche, T, Daien, C, Lukas, C, Gaujoux-Viala, C, Combe, B, et al. Cardiovascular Morbidity and Mortality in Primary Sjögren’s Syndrome: A Systematic Review and Meta-Analysis. Arthritis Care Res (Hoboken) (2020) 72:131–9. doi: 10.1002/acr.23821

17. Gravani, F, Papadaki, I, Antypa, E, Nezos, A, Masselou, K, Ioakeimidis, D, et al. Subclinical Atherosclerosis and Impaired Bone Health in Patients With Primary Sjogren’s Syndrome: Prevalence, Clinical and Laboratory Associations. Arthritis Res Ther (2015) 17:99. doi: 10.1186/s13075-015-0613-6

18. Atzeni, F, Sarzi-Puttini, P, Signorello, MC, Gianturco, L, Stella, D, Boccassini, L, et al. New Parameters for Identifying Subclinical Atherosclerosis in Patients With Primary Sjögren’s Syndrome: A Pilot Study. Clin Exp Rheumatol (2014) 32:361–8.

19. Ozisler, C, and Kaplanoglu, H. Evaluation of Subclinical Atherosclerosis by Ultrasound Radiofrequency Data Technology in Patients With Primary Sjögren’s Syndrome. Clin Rheumatol (2019) 38:709–17. doi: 10.1007/s10067-018-4330-9

20. Demirci, MS, Karabulut, G, Gungor, O, Celtik, A, OK, E, and Kabasakal, Y. Is There an Increased Arterial Stiffness in Patients With Primary Sjögren’s Syndrome? Intern Med (2016) 55:455–9. doi: 10.2169/internalmedicine.55.3472

21. Sabio, JM, Sánchez-Berná, I, Martinez-Bordonado, J, Vargas-Hitos, JA, Navarrete-Navarrete, N, Ruíz, ME, et al. Prevalence of and Factors Associated With Increased Arterial Stiffness in Patients With Primary Sjögren’s Syndrome. Arthritis Care Res (Hoboken) (2015) 67:554–62. doi: 10.1002/acr.22493

22. Garcia, ABA, Dardin, LP, Minali, PA, Czapkowsky, A, Ajzen, SA, and Trevisani, VFM. Asymptomatic Atherosclerosis in Primary Sjögren Syndrome: Correlation Between Low Ankle Brachial Index and Autoantibodies Positivity. J Clin Rheumatol (2016) 22:295–8. doi: 10.1097/RHU.0000000000000413

23. Vassiliou, VA, Moyssakis, I, Boki, KA, and Moutsopoulos, HM. Is the Heart Affected in Primary Sjögren’s Syndrome? An Echocardiographic Study. Clin Exp Rheumatol (2008) 26:109–12.

24. Ciçek, OF, Bayram, NA, Ayhan, H, Erten, S, Aslan, AN, Sari, C, et al. Assessment of the Relationship Between Aortic Stiffness and Left Ventricular Functions With Echocardiography in Patients With Sjögren’s Syndrome. Int J Rheum Dis (2014) 17:658–63. doi: 10.1111/1756-185X.12258

25. Juarez, M, Toms, TE, De Pablo, P, Mitchell, S, Bowman, S, Nightingale, P, et al. Cardiovascular Risk Factors in Women With Primary Sjögren’s Syndrome: United Kingdom Primary Sjögren’s Syndrome Registry Results. Arthritis Care Res (Hoboken) (2014) 66:757–64. doi: 10.1002/acr.22227

26. Augusto, KL, Bonfa, E, Rodrigues Pereira, RM, Bueno, C, Piren Leon, E, Santos Trindade Viana, V, et al. Metabolic Syndrome in Sjögren’s Syndrome Patients: A Relevant Concern for Clinical Monitoring. Clin Rheumatol (2016) 35:639–47. doi: 10.1007/s10067-015-3072-1

27. Pérez-De-Lis, M, Akasbi, M, Sisó, A, Diez-Cascon, P, Brito-Zerón, P, and Diaz-Lagares, C. Cardiovascular Risk Factors in Primary Sjögren’s Syndrome: A Case-Control Study in 624 Patients. Lupus (2010) 19:941–8. doi: 10.1177/0961203310367504

28. Lodde, BM, Sankar, V, Kok, MR, Leakan, RA, Tak, PP, and Pillemer, SR. Serum Lipid Levels in Sjögren’s Syndrome. Rheumatology (Oxford) (2006) 45:481–4. doi: 10.1093/rheumatology/kei190

29. Gerli, R, Bartoloni Bocci, E, Vaudo, G, Marchesi, S, Vitali, C, and Shoenfeld, Y. Traditional Cardiovascular Risk Factors in Primary Sjögren’s Syndrome - Role of Dyslipidaemia. Rheumatology (Oxford) (2006) 45:1580–1581; author reply 1581-1582. doi: 10.1093/rheumatology/kel349

30. Rúa-Figueroa, I, Fernández Castro, M, Andreu, JL, Sanchez-Piedra, C, Martínez-Taboada, V, Olivé, A, et al. Comorbidities in Patients With Primary Sjögren’s Syndrome and Systemic Lupus Erythematosus: A Comparative Registries-Based Study. Arthritis Care Res (Hoboken) (2017) 69:38–45. doi: 10.1002/acr.23015

31. Cafaro, G, Perricone, C, Riccucci, I, Bursi, R, Calvacchi, S, Alunno, A, et al. Traditional and Disease-Related Non-Computed Variables Affect Algorithms for Cardiovascular Risk Estimation in Sjögren’s Syndrome and Rheumatoid Arthritis. Clin Exp Rheumatol (2021) 39(Suppl 133):107–13. doi: 10.55563/clinexprheumatol/xef8uz

32. Mofors, J, Holmqvist, M, Westermark, L, Björk, A, Kvarnström, M, Forsblad-d’Elia, H, et al. Concomitant Ro/SSA and La/SSB Antibodies are Biomarkers for the Risk of Venous Thromboembolism and Cerebral Infarction in Primary Sjögren’s Syndrome. J Intern Med (2019) 286:458–68. doi: 10.1111/joim.12941

33. Bartoloni, E, Baldini, C, De Vita, S, Priori, R, Giacomelli, R, Bini, V, et al. Interplay of Anti-SSA/SSB Status and Hypertension in Determining Cardiovascular Risk in Primary Sjögren’s Syndrome. J Intern Med (2020) 287:214–5. doi: 10.1111/joim.12988

34. Bartoloni, E, Baldini, C, Ferro, F, Alunno, A, Carubbi, F, Cafaro, G, et al. Application of Artificial Neural Network Analysis in the Evaluation of Cardiovascular Risk in Primary Sjögren’s Syndrome: A Novel Pathogenetic Scenario? Clin Exp Rheumatol (2019) 37(Suppl 118):133–9.

35. Gerli, R, Vaudo, G, Bartoloni Bocci, E, Schillaci, G, Alunno, A, Luccioli, F, et al. Functional Impairment of the Arterial Wall in Primary Sjögren’s Syndrome: Combined Action of Immunologic and Inflammatory Factors. Arthritis Care Res (Hoboken) (2010) 62:712–8. doi: 10.1002/acr.20117

36. Alunno, A, Ibba-Manneschi, L, Bistoni, O, Cipriani, S, Topini, F, Gerli, R, et al. Angiogenic T Cells in Primary Sjögren’s Syndrome: A Double-Edged Sword? Clin Exp Rheumatol (2019) 37(Suppl 118):36–41.

37. Pasoto, SG, Chakkour, HP, Natalino, RR, Viana, VST, Bueno, C, Lianza, AC, et al. Lupus Anticoagulant: A Marker for Stroke and Venous Thrombosis in Primary Sjögren’s Syndrome. Clin Rheumatol (2012) 31:1331–8. doi: 10.1007/s10067-012-2019-z

38. Pirildar, T, Tikiz, C, Ozkaya, S, Tarhan, S, Utük, O, Tikiz, H, et al. Endothelial Dysfunction in Patients With Primary Sjögren’s Syndrome. Rheumatol Int (2005) 25:536–9. doi: 10.1007/s00296-005-0599-5

39. Łuczak, A, Malecki, R, Kulus, M, Madej, M, Szahidewicz-Krupska, E, and Doroszko, A. Cardiovascular Risk and Endothelial Dysfunction in Primary Sjogren Syndrome Is Related to the Disease Activity. Nutrients (2021) 13:2072. doi: 10.3390/nu13062072

40. Bartoloni, E, Alunno, A, Bistoni, O, Caterbi, S, Luccioli, F, Santoboni, G, et al. Characterization of Circulating Endothelial Microparticles and Endothelial Progenitor Cells in Primary Sjögren’s Syndrome: New Markers of Chronic Endothelial Damage? Rheumatology (Oxford) (2015) 54:536–44. doi: 10.1093/rheumatology/keu320

41. Shoenfeld, Y, Sherer, Y, and Harats, D. Atherosclerosis as an Infectious, Inflammatory and Autoimmune Disease. Trends Immunol (2001) 22(6):293–5. doi: 10.1016/S1471-4906(01)01922-6

42. Ross, R. Atherosclerosis - an Inflammatory Disease. N Engl J Med (1999) 340(2):115–26. doi: 10.1056/NEJM199901143400207

43. Hahn, BH, Grossman, J, Chen, W, and McMahon, M. The Pathogenesis of Atherosclerosis in Autoimmune Rheu- Matic Diseases: Roles of Inflammation and Dyslipidemia. J Autoimmun (2007) 28(2):69–75. doi: 10.1016/j.jaut.2007.02.004

44. Bacon, P, Stevens, RJ, Carruthers, DM, Young, SP, and Kitas, GD. Accelerated Atherogenesis in Autoimmune Rheu- Matic Diseases. Autoimmun Rev (2002) 1(6):338–47. doi: 10.1016/s1568-9972(02)00100-3

45. Prasad, A, Zhu, J, Halcox, JPJ, Waclawiw, MA, Epstein, SE, and Quyyumi, AA. Predisposition to Atherosclerosis by Infections: Role of Endothelial Dysfunction. Circulation (2002) 106(2):184–90. doi: 10.1161/01.cir.0000021125.83697.21

46. Zhou, X, Nicoletti, A, Elhage, R, and Hansson, GK. Transfer of CD4 + T Cells Aggravates Atherosclerosis in Immun- Odeficient Apolipoprotein E Knockout Mice. Circulation (2000) 102(24):2919–22. doi: 10.1161/01.CIR.102.24.2919

47. George, J, Harats, D, Gilburd, B, Afek, A, Levy, Y, Schneiderman, J, et al. Immunolocalization of B 2-Glycoprotein I (Apolipoprotein H) to Human Atherosclerotic Plaques. Circulation (1999) 99(17):2227–30. doi: 10.1161/01.cir.99.17.2227

48. George, J, Afek, A, Gilburd, B, Levy, Y, Blank, M, Kopolovic, J, et al. Atherosclerosis in LDL-Receptor Knockout Mice is Accelerated by Immunization With Anticardiolipin Antibodies. Lupus (1997) 6(9):717–29. doi: 10.1177/096120339700600908

49. Wu, R, and Lefvert, A. Autoantibodies Against Oxidized Low Density Lipoproteins (oxLDL): Characterization of Antibody Isotype, Subclass, Affinity and Effect on the Macrophage Uptake of oxLDL. Clin Exp Immunol (1995) 102(1):174–80. doi: 10.1111/j.1365-2249.1995.tb06652.x

50. Wu, R, Svenungsson, E, Gunnarsson, I, Andersson, B, Lundberg, I, Schäfer Elinder, L, et al. Antibodies Against Lysophosphatidylcholine and Oxidized LDL in Patients With SLE. Lupus (1999) 8(2):142–50. doi: 10.1191/096120399678847434

51. Bergmark, C, Wu, R, de Faire, U, Lefvert, AK, and Swedenborg, J. Patients With Early-Onset Peripheral Vascular Disease Have Increased Levels of Autoantibodies Against Oxidized LDL. Arterioscler Thromb Vasc Biol (1995) 15(4):441–5. doi: 10.1161/01.atv.15.4.441

52. Vaudo, G, Bartoloni Bocci, E, Shoenfeld, Y, Schillaci, G, Wu, R, Del Papa, N, et al. Precocious Intima-Media Thickening in Patients With Primary Sjögren’s Syndrome. Arthritis Rheumatol (2015) 52:3890–7. doi: 10.1002/art.21475

53. Balarini, GM, Zandonade, E, Tanure, L, Ferreira, GA, Sardenberg, WM, Serrano, EV, et al. Serum Calprotectin is a Biomarker of Carotid Atherosclerosis in Patients With Primary Sjögren’s Syndrome. Clin Exp Rheumatol (2016) 34:1006–12.

54. Rachapalli, SM, Kiely, PD, and Bourke, BE. Prevalence of Abnormal Ankle Brachial Index in Patients With Primary Sjögren’s Syndrome. Clin Rheumatol (2009) 28:587–90. doi: 10.1007/s10067-009-1099-x

55. Demici, M, Karabulut, G, Gungor, O, Celtik, A, Ok, E, and Kabasakal, Y. Is There an Increased Arterial Stiffness in Patients With Primary Sjögren’s Syndrome? Intern Med (2016) 55:455–9. doi: 10.2169/internalmedicine.55.3472

56. Nicaise, C, Weichselbaum, L, Schandene, L, Gangji, V, Dehavay, F, Bouchat, J, et al. Phagocyte-Specific S100A8/A9 is Upregulated in Primary Sjögren’s Syndrome and Triggers the Secretion of Pro-Inflammatory Cytokines In Vitro. Clin Exp Rheumatol (2017) 35:129–36.

57. Ueland, T, Otterdal, K, Lekva, T, Halvorsen, B, Gabrielsen, A, Sandberg, WJ, et al. Dickkopf-1 Enhances Inflammatory Interaction Between Platelets and Endothelial Cells and Shows Increased Expression in Atherosclerosis. Arterioscler Thromb Vasc Biol (2009) 29:1228–34. doi: 10.1161/ATVBAHA.109.189761

58. Baldini, C, Rossi, C, Ferro, F, Santini, E, Seccia, V, Donati, V, et al. The P2X7 Receptor-Inflammasome Complex has a Role in Modulating the Inflammatory Response in Primary Sjögren’s Syndrome. J Intern Med (2013) 274:480–9. doi: 10.1111/joim.12115

59. Abraham, MK, Peter, K, Michel, T, Wendel, HP, Krajewski, S, and Wang, X. Nanoliposomes for Safe and Efficient Therapeutic mRNA Delivery: A Step Toward Nanotheranostics in Inflammatory and Cardiovascular Diseases as Well as Cancer. Nanotheranostics (2017) 1(2):154–65. doi: 10.7150/ntno.19449

60. Arnaud, L, Mathian, A, Ruffatti, A, Erkan, D, Tektonidou, M, Cervera, R, et al. Efficacy of Aspirin for the Primary Prevention of Thrombosis in Patients With Antiphospholipid Antibodies: An International and Collaborative Meta-Analysis. Autoimmun Rev (2014) 13(3):281–91. doi: 10.1016/j.autrev.2013.10.014

61. García-Gonzalez, V, Delgado-Coello, B, Pérez-Torres, A, and Mas-Oliva, J. Reality of a Vaccine in the Prevention and Treatment of Atherosclerosis. Arch Med Res (2015) 46(5):427–37. doi: 10.1016/j.arcmed.2015.06.004

62. Ketelhuth, DF, and Hansson, GK. Modulation of Autoimmunity and Atherosclerosis – Common Targets and Promising Translational Approaches Against Disease. Circ J (2015) 79(5):924–33. doi: 10.1253/circj.CJ-15-0167

63. Otani, H. Site-Specific Antioxidative Therapy for Prevention of Atherosclerosis and Cardiovascular Disease. Oxid Med Cell Longev (2013) 2013:796891. doi: 10.1155/2013/796891

64. Back, M, and Hansson, GK. Anti-Inflammatory Therapies for Atherosclerosis. Nat Rev Cardiol (2015) 12(4):199–211. doi: 10.1038/nrcardio.2015.5

65. Ramos-Casals, M, Brito-Zerón, P, Sisó-Almirall, A, Bosch, X, and Tzioufas, AG. Topical and Systemic Medications for the Treatment of Primary Sjögren’s Syndrome. Nat Rev Rheumatol (2012) 8:399–411. doi: 10.1038/nrrheum.2012.53

66. Brito-Zerón, P, Retamozo, S, Kostov, B, Baldini, C, Bootsma, H, De Vita, S, et al. Efficacy and Safety of Topical and Systemic Medications: A Systematic Literature Review Informing the EULAR Recommendations for the Management of Sjögren’s Syndrome. RMD Open (2019) 5:e001064. doi: 10.1136/rmdopen-2019-001064

67. Deveci, H, and Kobak, S. The Efficacy of Topical 0.05% Cyclosporine A in Patients With Dry Eye Disease Associated With Sjögren’s Syndrome. Int Ophthalmol (2014) 34:1043–8. doi: 10.1007/s10792-014-9901-4

68. Tauber, J, Tauber, J, Karpecki, P, Latkany, R, Luchs, J, Martel, J, Sall, K, et al. Lifitegrast Ophthalmic Solution 5.0% Versus Placebo for Treatment of Dry Eye Disease: Results of the Randomized Phase III OPUS-2 Study. Ophthalmology (2015) 122:2423–31. doi: 10.1016/j.ophtha.2015.08.001

69. Bron, AJ, de Paiva, CS, Chauhan, SK, Bonini, S, Gabison, EE, Jain, S, et al. TFOS DEWS II Pathophysiology Report. Ocul Surf (2017) 15(3):438–510. doi: 10.1016/j.jtos.2017.05.011

70.The Definition and Classification of Dry Eye Disease: Report of the Definition and Classification Subcommittee of the International Dry Eye WorkShop. Ocul Surf (2007) 5(2):75–92. doi: 10.1016/s1542-0124(12)70081-2

71. Hikichi, T, Yoshida, A, and Tsubota, K. Lymphocytic Infiltration of the Conjunctiva and the Salivary Gland in Sjogren’s Syndrome. Arch Ophthalmol (1993) 111(1):21–2. doi: 10.1001/archopht.1993.01090010023009

72. Lee, SY, Han, SJ, Nam, SM, Yoon, SC, Ahn, JM, Kim, TI, et al. Analysis of Tear Cytokines and Clinical Correlations in Sjogren Syndrome Dry Eye Patients and Non-Sjogren Syndrome Dry Eye Patients. Am J Ophthalmol (2013) 156(2):247–53. doi: 10.1016/j.ajo.2013.04.003

73. Liu, R, Gao, C, Chen, H, Li, Y, Jin, Y, and Qi, H. Analysis of Th17-Associated Cytokines and Clinical Correlations in Patients With Dry Eye Disease. PloS One (2017) 12(4):e0173301. doi: 10.1371/journal.pone.0173301

74. Pflugfelder, SC, Huang, AJ, Feuer, W, Chochovski, PT, Pereira, IC, and Tseng, SC. Conjunctival Cytologic Features of Primary Sjogren’s Syndrome. Ophthalmology (1990) 97(8):985–91. doi: 10.1016/s0161-6420(90)32478-8

75. Pflugfelder, SC, Jones, D, Ji, Z, Afonso, A, and Monroy, D. Altered Cytokine Balance in the Tear Fluid and Conjunctiva of Patients With Sjogren’s Syndrome Keratoconjunctivitis Sicca. Curr Eye Res (1999) 19(3):201–11. doi: 10.1076/ceyr.19.3.201.5309

76. Raphael, M, Bellefqih, S, Piette, JC, Le Hoang, P, Debre, P, and Chomette, G. Conjunctival Biopsy in Sjogren’s Syndrome: Correlations Between Histological and Immunohistochemical Features. Histopathology (1988) 13(2):191–202. doi: 10.1111/j.1365-2559.1988.tb02024.x

77. Solomon, A, Dursun, D, Liu, Z, Xie, Y, Macri, A, and Pflugfelder, SC. Pro- and Anti-Inflammatory Forms of Interleukin- 1 in the Tear Fluid and Conjunctiva of Patients With Dry-Eye Disease. Invest Ophthalmol Vis Sci (2001) 42(10):2283–92.

78. Yoon, KC, Jeong, IY, Park, YG, and Yang, SY. Interleukin- 6 and Tumor Necrosis Factor-Alpha Levels in Tears of Patients With Dry Eye Syndrome. Cornea (2007) 26(4):431–7. doi: 10.1097/ICO.0b013e31803dcda2

79. Aragona, P, Aguennouz, M, Rania, L, Postorino, E, Sommario, MS, Roszkowska, AM, et al. Matrix Metalloproteinase 9 and Transglutaminase 2 Expression at the Ocular Surface in Patients With Different Forms of Dry Eye Disease. Ophthalmology (2015) 122(1):62–71. doi: 10.1016/j.ophtha.2014.07.048

80. Stern, ME, Beuerman, RW, Fox, RI, Gao, J, Mircheff, AK, and Pflugfelder, SC. A Unified Theory of the Role of the Ocular Surface in Dry Eye. Adv Exp Med Biol (1998) 438:643–51. doi: 10.1007/978-1-4615-5359-5_91

81. Pflugfelder, SC, Wilhelmus, KR, Osato, MS, Matoba, AY, and Font, RL. The Autoimmune Nature of Aqueous Tear Deficiency. Ophthalmology (1986) 93(12):1513–7. doi: 10.1016/s0161-6420(86)33528-0

82. Cubuk, MO, Ucgul, AY, Ozgur, A, Ozulken, K, and Yuksel, E. Topical Cyclosporine a (0,05%) Treatment in Dry Eye Patients: A Comparison Study of Sjögren’s Syndrome Versu Non Sjögren’s Syndrome. Int Optalmol (2021) 41:1479–85. doi: 10.1007/s10792-021-01708-1

83. Wan, KH, Chen, LJ, and Young, AL. Efficacy and Safety of Topical 0.05% Cyclosporine Eye Drops in the Treatment of Dry Eye Syndrome: A Systematic Review and Meta-Analysis. Ocul Surf (2015) 13(3):213–25. doi: 10.1016/j.jtos.2014.12.006

84. Kang, MJ, Kim, YH, Chou, M, Hwang, J, Cheon, EJ, Lee, HJ, et al. Evaluation of the Efficacy and Safety of a Novel 0.05% Cyclosporin a Topical Nanoemulsion in Primary Sjögren’s Syndrome Dry Eye. Ocul Immunol Inflamm (2020) 28(3):370–8. doi: 10.1080/09273948.2019.1587470

85. Katsifis, GE, Rekka, S, Moutsopoulos, NM, Pillemer, S, and Wahl, SM. Systemic and Local Interleukin-17 and Linked Cytokines Associated With Sjogren’s Syndrome Immunopathogenesis. Am J Pathol (2009) 175(3):1167–77. doi: 10.2353/ajpath.2009.090319

86. Sakai, A, Sugawara, Y, Kuroishi, T, Sasano, T, and Sugawara, S. Identification of IL-18 and Th17 Cells in Salivary Glands of Patients With Sjogren’s Syndrome, and Amplifi- Cation of IL-17-Mediated Secretion of Inflammatory Cytokines From Salivary Gland Cells by IL-18. J Immunol (2008) 181(4):2898–906. doi: 10.4049/jimmunol.181.4.2898

87. Nguyen, CQ, Hu, MH, Stewart, C, and Peck, AB. Salivary Gland Tissue Expression of Interleukin-23 and Interleukin-17 in Sjogren’s Syndrome: Findings in Humans and Mice. Arthritis Rheumatol (2008) 58(3):734–43. doi: 10.1002/art.23214

88. Ramos-Casals, M, Tzioufas, AG, Stone, JH, Sisó, A, and Bosch, X. Treatment of Primary Sjögren Syndrome: A Systematic Review. JAMA (2010) 304:452–60. doi: 10.1001/jama.2010.1014

89. Nakayamada, S, Saito, K, Umehara, H, Ogawa, N, Sumida, T, Ito, S, et al. Efficacy and Safety of Mizoribine for the Treatment of Sjögren’s Syndrome: A Multicenter Open-Label Clinical Trial. Mod Rheumatol (2007) 17:464–9. doi: 10.3109/s10165-007-0627-2

90. Sugai, S, Takahashi, H, Ohta, S, Nishinarita, M, Takei, M, Sawada, S, et al. Efficacy and Safety of Rebamipide for the Treatment of Dry Mouth Symptoms in Patients With Sjögren’s Syndrome: A Double-Blind Placebo-Controlled Multicenter Trial. Mod Rheumatol (2009) 19:114–24. doi: 10.3109/s10165-008-0141-1

91. Shao, Q. Biologic Therapy in Sjögren’s Syndrome. Clin Rheumatol (2020) 40:2143–54. doi: 10.1007/s10067-020-05429-1

92. Liu, Z, Dong, Z, Liang, X, Liu, J, Xuan, L, Wang, J, et al. Health-Related Quality of Life and Psychological Status of Women With Primary Sjögren’s Syndrome: A Cross-Sectional Study of 304 Chinese Patients. Medicine (2017) 96:e9208. doi: 10.1097/MD.0000000000009208

93. Meijer, JM, Meiners, PM, Huddleston Slater, JR, Spijkervet, FKL, Kallenberg, CGM, Vissink, A, et al. Health-Related Quality of Life, Employment and Disability in Patients With Sjögren’s Syndrome. Rheumatology (2009) 48:1077–82. doi: 10.1093/rheumatology/kep141

94. Strömbeck, B, Ekdahl, C, Manthorpe, R, Wikström, I, and Jacobsson, L. Health-Related Quality of Life in Primary Sjögren’s Syn- Drome, Rheumatoid Arthritis and Fibromyalgia Compared to Normal Population Data Using SF-36. Scand J Rheumatol (2000) 29:20–8. doi: 10.1080/030097400750001761

95. Inal, V, Kitapcioglu, G, Karabulut, G, Keser, G, and Kabasakal, Y. Evaluation of Quality of Life in Relation to Anxiety and Depression in Primary Sjögren’s Syndrome. Mod Rheumatol (2010) 20:588–97. doi: 10.1007/s10165-010-0329-z

96. Priori, R, Minniti, A, Antonazzo, B, Fusconi, M, Valesini, G, and Curcio, G. Sleep Quality in Patients With Primary Sjögren’s Syndrome. Clin Exp Rheumatol (2016) 34:373–9.

97. Priori, R, Iannuccelli, C, Alessandri, C, Modesti, M, Antonazzo, B, Di Lollo, AC, et al. Fatigue in Sjögren’s Syndrome: Relationship With Fibromyalgia, Clinical and Biologic Features. Clin Exp Rheumatol (2010) 28(Suppl. 63):S82–6.

98. Duru, N, van der Goes, MC, Jacobs, JWG, Andrews, T, Boers, M, Buttgereit, F, et al. EULAR Evidence-Based and Consensus-Based Recommendations on the Management of Medium to High-Dose Glucocorticoid Therapy in Rheumatic Diseases. Ann Rheum Dis (2013) 72:1905–13. doi: 10.1136/annrheumdis-2013-203249

99. Strehl, C, van der Goes, MC, Bijlsma, JW, Jacobs, JWG, and Buttgereit, F. Glucocorticoid-Targeted Therapies for the Treatment of Rheumatoid Arthritis. Expert Opin Investig Drugs (2017) 26:187–95. doi: 10.1080/13543784.2017.1276562

100. Timmermans, S, Souffriau, J, and Libert, C. A General Introduction to Glucocorticoid Biology. Front Immunol (2919) 10:1545. doi: 10.3389/fimmu.2019.01545

101. Stewart, PM, and Krozowky, ZS. 11 Beta-Hydroxysteroid Dehydrogenase. Vitam Horm (1999) 57:249–324. doi: 10.1016/S0083-6729(08)60646-9

102. Stahn, C, and Buttgereit, F. Genomic and Non-Genomic Effects of Glucocorticoids. Nat Rev Rheumatol (2008) 4:525–33. doi: 10.1038/ncprheum0898

103. Cain, DW, and Cidlowski, JA. Immune Regulation by Glucocorticoids. Nat Rev Immunol (2017) 17:233–47. doi: 10.1038/nri.2017.1

104. Fardet, L, Petersen, I, and Nazareth, I. Prevalence of Long-Term Oral Glucocorticoid Prescriptions in the UK Over the Past 20 Years. Rheumatology (2011) 50:1982–90. doi: 10.1093/rheumatology/ker017

105. Fox, PC, Datiles, M, Atkinson, JC, Macynski, AA, Scott, J, Fletcher, D, et al. Prednisone and Piroxicam for Treatment of Primary Sjögren’s Syndrome. Clin Exp Rheumatol (1993) 11:149–56.

106. Gheitasi, H, Kostov, B, Solans, R, Fraile, G, Suárez-Cuervo, C, Casanovas, A, et al. How are We Treating Our Systemic Patients With Primary Sjögren Syndrome? Analysis of 1120 Patients. Int Immunopharmacol (2015) 27:194–9. doi: 10.1016/j.intimp.2015.03.027

107. Flores-Chàvez, A, Kostov, B, Solans, R, Fraile, G, Maure, B, Feijoo-Massó, C, et al. Severe, Life-Threatening Phenotype of Primary Sjögren’s Syndrome: Clinical Charac- Terisation and Outcomes in 1580 Patients (the GEAS-SS Registry). Clin Exp Rheumatol (2018) 36(Suppl. 112):S121–9.

108. Fardet, L, Flahault, A, Kettaneh, A, Tiev, KP, Généreau, T, Tolédano, C, et al. Corticosteroid-Induced Clinical Adverse Events: Frequency, Risk Factors and Patient’s Opinion. Br J Dermatol (2007) 157:142–8. doi: 10.1111/j.1365-2133.2007.07950.x

109. Canadian Hydroxychloroquine Study Group. A Randomized Study of the Effect of Withdrawing Hydroxychloroquine Sulfate in Systemic Lupus Erythematosus. N Engl J Med (1991) 324:150–4. doi: 10.1056/NEJM199101173240303

110. Brito-Zerón, P, Sisó-Almirall, A, Kostov, B, Bosch, X, Tzioufas, AG, and Ramos-Casals, M. B-Cell Targeted Therapies in Primary Sjögren Syndrome. In: Drugs Targeting B-Cells in Autoimmune Diseases. Heidelberg: Springer (2014). p. 111–38.

111. Gottenberg, JE, Ravaud, P, Puéchal, X, Le Guern, V, Sibilia, J, Goeb, V, et al. Effects of Hydroxychloroquine on Symptomatic Improvement in Pri- Mary Sjögren Syndrome: The JOQUER Randomized Clinical Trial. JAMA (2014) 312:249–58. doi: 10.1001/jama.2014.7682

112. Hsu, CY, Lin, YS, Cheng, TT, Syu, YJ, Lin, MS, Lin, HF, et al. Adherence to Hydroxychloroquine Improves Long-Term Suvival of Patients With Systemic Lupus Erythematosus. Rheumatology (2018) 57:1743–51. doi: 10.1093/rheumatology/key167

113. Kim, AHJ. FDA Approves Hydroxychloroquine New Drug Application to Adress COVID-19 Related Shortage . FDA News. Available at: https://www.healio.com/news/rheumatology/20200408/fda-approves-hydroxychloroquine-new-drug-application-to-address-covid19-related-shortage (Accessed April 13, 2020).

114. Mehra, MR, Desai, SS, Ruschitzka, F, and Patel, AN. Hydroxychloroquine or Chloroquine With or Without a Marolide for Treatment of COVID-19: A Multinational Registry Analysis. Lancet (2020) S0140-6736(20)31180-6. doi: 10.1016/S0140-6736(20)31180-6

115. Chen, CY, Wang, FL, and Lin, CC. Chronic Hydroxychloroquine Use Associated With QT Prolongation and Refractory Ventricular Arrhythmia. Clin Toxicol (Phila) (2006) 44:173–5. doi: 10.1080/15563650500514558

116. Skopouli, FN, Jagiello, P, Tsifetaki, N, and Moutsopoulos, HM. Methotrexate in Primary Sjögren’s Syndrome. Clin Exp Rheumatol (1996) 14:555–8.

117. Price, E, Rigby, SP, Clancy, U, and Venables, PJ. A Double Blind Placebo Controlled Trial of Azathioprine in the Treatment of Primary Sjögren’s Syndrome. J Rheumatol (1998) 25:896–9.

118. Brito-Zeròn, P, Sisó-Almirall, A, Bové, A, Kostov, BA, and Ramos-Casals, M. Primary Sjögren Syndrome: An Update on Current Pharmacotherapy Options and Future Directions. Exp Opin Pharmacother (2013) 14:279–89. doi: 10.1517/14656566.2013.767333

119. Van Woerkom, JM, Kruize, AA, Geenen, R, van Roon, EN, Goldschmeding, R, Verstappen, SMM, et al. Safety and Efficacy of Leflunomide in Primary Sjögren’s Syndrome: A Phase II Pilot Study. Ann Rheum Dis (2007) 66:1026–32. doi: 10.1136/ard.2006.060905

120. Thanou-Stavraki, A, and James, JA. Primary Sjögren’s Syndrome: Current and Prospective Therapies. Semin Arthritis Rheumatol (2008) 37:273–92. doi: 10.1016/j.semarthrit.2007.06.002

121. Willeke, P, Schlüter, B, Becker, H, Schotte, H, Domschke, W, and Gaubitz, M. Mycophenolate Sodium Treatment in Patients With Primary Sjögren Syn- Drome: A Pilot Trial. Arthritis Res Ther (2007) 9:R115. doi: 10.1186/ar2322

122. Drosos, A, Skopouli, FN, Galanopoulou, VK, Kitridou, RC, and Moutsopoulos, HM. Cyclosporin A Therapy in Patients With Primary Sjögren’s Syndrome: Results at One Year. Scand J Rheumatol (1986) Suppl. 61:246–9.

123. Kedor, C, Zernicke, J, Hagemann, A, Martinez Gamboa, L, Callhoff, J, Burmester, GR, et al. A Phase II Investigator-Initiated Pilot Study With Low-Dose Cyclosporine A for the Treatment of Articular Involvement in Primary Sjögren’s Syndrome. Clin Rheumatol (2016) 35:2203–10. doi: 10.1007/s10067-016-3360-4

124. Sankar, V, Brennan, MT, Kok, MR, Leakan, RA, Smith, JA, Manny, J, et al. Etanercept in Sjögren’s Syndrome: A Twelve-Week Randomized, Double-Blind, Placebo-Controlled Pilot Clinical Trial. Arthritis Rheumatol (2004) 50:2240–5. doi: 10.1002/art.20299

125. Mariette, X, Ravaud, P, Steinfeld, S, Baron, G, Goetz, J, Hachulla, E, et al. Inefficacy of Infliximab in Primary Sjögren’s Syndrome: Results of the Randomized, Controlled Trial of Remicade in Primary Sjögren’s Syndrome (TRIPSS). Arthritis Rheumatol (2004) 50:1270–6. doi: 10.1002/art.20146

126. Norheim, KB. Interleukin-1 Inhibition and Fatigue in Primary Sjögren’s Syndrome - a Double Blind, Randomised Clinical Trial. PloS One (2012) 7:e30123. doi: 10.1371/journal.pone.0030123

127. Felten, R, Devauchelle-Pensec, V, Seror, R, Duffau, P, Saadoun, D, Hachulla, E, et al. Interleukin 6 Receptor Inhibition in Primary Sjögren Syndrome: A Multicenter Double-Blind Randomised Placebo-Controlled Trial. Ann Rheum Dis (2020) annrheumdis-2020-218467. doi: 10.1136/annrheumdis-2021-219882

128. Esensten, JH, Helou, YA, Chopra, G, Weiss, A, and Bluestone, JA. CD28 Costimulation: From Mechanism to Therapy. Immunity (2016) 44:973–88. doi: 10.1016/j.immuni.2016.04.020

129. Baer, AN, Gottenberg, JE, St Clair, EW, Sumida, T, Takeuchi, T, Seror, R, et al. Efficacy and Safety of Abatacept in Active Primary Sjögren’s Syndrome: Results of a Phase III, Randomised, Placebo-Controlled Trial. Ann Rheum Dis (2020) 80:3. doi: 10.1136/annrheumdis-2019-eular.2090

130. Vincent, FB, Morand, EF, Schneider, P, and Mackay, F. The BAFF/APRIL System in SLE Pathogenesis. Nat Rev Rheumatol (2014) 10(6):365–73. doi: 10.1038/nrrheum.2014.33

131. Kowalczyk-Quintas, C, Chevalley, D, Willen, L, Jandus, C, Vigolo, M, and Schneider, P. Inhibition of Membrane-Bound BAFF by the Anti BAFF Antibody Belimumab. Front Immunol (2018) 9:2698. doi: 10.3389/fimmu.2018.02698

132. Mariette, X, Seror, R, Quartuccio, L, Baron, G, Salvin, S, Fabris, M, et al. Efficacy and Safety of Belimumab in Primary Sjogren’s Syndrome: Results of the BELISS Open-Label Phase II Study. Ann Rheum Dis (2015) 74(3):526–31. doi: 10.1136/annrheumdis-2013-203991

133. De Vita, S, Quartuccio, L, Seror, R, Salvin, S, Ravaud, P, Fabris, M, et al. Efficacy and Safety of Belimumab Given for 12 Months in Primary Sjogren’s Syndrome: The BELISS Open-Label Phase II Study. Rheumatology (2015) 54(12):2249–56. doi: 10.1093/rheumatology/kev257

134. Beers, SA, Chan, CHT, French, RR, Cragg, MS, and Glennie, MJ. CD20 as a Target for Therapeutic Type I and II Monoclonal Antibodies. Semin Hematol (2010) 47(2):107–14. doi: 10.1053/j.seminhematol.2010.01.001

135. Pérez-Callejo, D, González-Rincón, J, Sánchez, A, Provencio, M, and Sánchez-Beato, M. Action and Resistance of Monoclonal CD20 Antibodies Therapy in B-Cell Non-Hodgkin Lymphomas. Cancer Treat Rev (2015) 41(8):680–9. doi: 10.1016/j.ctrv.2015.05.007

136. Maloney, DG, Smith, B, and Rose, A. Rituximab: Mechanism of Action and Resistance. Semin Oncol (2002) 29(1s2):2–9. doi: 10.1053/sonc.2002.30156

137. Devauchelle-Pensec, V, Mariette, X, Jousse-Joulin, S, Berthelot, JM, Perdriger, A, Puéchal, X, et al. Treatment of Primary Sjögren Syndrome With Rituximab: A Randomized Trial. Ann Intern Med (2014) 160(4):233–42. doi: 10.7326/m13-1085

138. Devauchelle-Pensec, V, Pennec, Y, Morvan, J, Pers, JO, Daridon, C, and Jousse-Joulin, S. Improvement of Sjögren’s Syndrome After Two Infusions of Rituximab (Anti-Cd20). Arthritis Rheumatol (2007) 57(2):310–7. doi: 10.1002/art.22536

139. Dass, S, Bowman, SJ, Vital, EM, Ikeda, K, Pease, CT, Hamburger, J, et al. Reduction of Fatigue in Sjögren Syndrome With Rituximab: Results of a Randomised, Double-Blind, Placebo-Controlled Pilot Study. Ann Rheumatol Dis (2008) 67(11):1541–4. doi: 10.1136/ard.2007.083865

140. St Clair, EW, Levesque, MC, Luning Prak, ET, Vivino, FB, Alappatt, CJ, Spychala, ME, et al. Rituximab Therapy for Primary Sjögren’s Syndrome: An Open-Label Clinical Trial and Mechanistic Analysis. Arthritis Rheumatol (2013) 65(4):1097–106. doi: 10.1002/art.37850

141. Meijer, JM, Meiners, PM, Vissink, A, Spijkervet, FKL, Abdulahad, W, Kamminga, N, et al. Effectiveness of Rituximab Treatment in Primary Sjögren’s Syndrome: A Randomized, Double-Blind, Placebo- Controlled Trial. Arthritis Rheumatol (2010) 62(4):960–8. doi: 10.1002/art.27314

142. Pijpe, J, Meijer, JM, Bootsma, H, van der Wal, JE, Spijkervet, FKL, Kallenberg, CGM, et al. Clinical and Histologic Evidence of Salivary Gland Restoration Supports the Efficacy of Rituximab Treatment in Sjögren’s Syndrome. Arthritis Rheumatol (2009) 60(11):3251–6. doi: 10.1002/art.24903

143. Delli, K, Haacke, EA, Kroese, FGM, Pollard, RP, Ihrler, S, van der Vergt, B, et al. Towards Personalised Treatment in Primary Sjögren’s Syndrome: Baseline Parotid Histopathology Predicts Responsiveness to Rituximab Treatment. Ann Rheumatol Dis (2016) 75(11):1933–8. doi: 10.1136/annrheumdis-2015-208304

144. Fisher, BA, Everett, CC, Rout, J, O’Dwyer, J, Emery, P, Pitzalis, C, et al. Effect of Rituximab on a Salivary Gland Ultrasound Score in Primary Sjögren’s Syndrome: Results of the TRACTISS Randomised Double-Blind Multicentre Substudy. Ann Rheumatol Dis (2018) 77(3):412–6. doi: 10.1136/annrheumdis-2017-212268

145. Bowman, SJ, Everett, CC, O’Dwyer, JL, Emery, P, Pitzalis, C, Ng, WF, et al. Randomized Controlled Trial of Rituximab and Cost-Effectiveness Analysis in Treating Fatigue and Oral Dryness in Primary Sjögren’s Syndrome. Arthritis Rheumatol (2017) 69(7):1440–50. doi: 10.1002/art.40093

146. Meiners, PM, Arends, S, Brouwer, E, Spijkervet, FKL, Vissink, A, and Bootsma, H. Responsiveness of Disease Activity Indices ESSPRI and ESSDAI in Patients With Primary Sjögren’s Syndrome Treated With Rituximab. Ann Rheumatol Dis (2012) 71(8):1297–302. doi: 10.1136/annrheumdis-2011-200460

147. Pijpe, J, van Imhoff, GW, Spijkervet, FKL, Roodenburg, JLN, Wolbink, GJ, Mansour, K, et al. Rituximab Treatment in Patients With Primary Sjögren’s Syndrome: An Open-Label Phase II Study. Arthritis Rheumatol (2005) 52(9):2740–50. doi: 10.1002/art.21260

148. Yonezawa, A, Otani, Y, Kitano, T, Mori, M, Masui, S, Isomoto, Y, et al. Concentration and Glycoform of Rituximab in Plasma of Patients With B Cell Non-Hodgkin’s Lymphoma. Pharm Res (2019) 36(6):82. doi: 10.1007/s11095-019-2624-5

149. De Vita, S, Quartuccio, L, Salvin, S, Picco, L, Scott, CA, Rupolo, M, et al. Sequential Therapy With Belimumab Followed by Rituximab in Sjögren’s Syndrome Associated With B-Cell Lymphoproliferation and Overexpression of BAFF: Evidence for Long-Term Efficacy. Clin Exp Rheumatol (2014) 32(4):490–4.

150. Jiang, H, Gao, H, Wang, Q, Wang, M, and Wu, B. Molecular Mechanisms and Clinical Application of Iguratimod: A Review. Biomed Pharmacother (2020) 122:109704. doi: 10.1016/j.biopha.2019.109704

151. Xu, Y, Zhu, Q, Song, J, Liu, H, Miao, Y, Yang, F, et al. Regulatory Effect of Iguratimod on the Balance of Th Subsets and Inhibition of Inflammatory Cytokines in Patients With Rheumatoid Arthritis. Mediators Inflamm (2015) 2015:356040. doi: 10.1155/2015/356040

152. Wu, YX, Sun, Y, Ye, YP, Zhang, P, Guo, JC, Huang, JM, et al. Iguratimod Prevents Ovariectomy-Induced Bone Loss and Suppresses Osteoclastogenesis via Inhibition of Peroxisome Proliferator-Activated Receptor-γ. Mol Med Rep (2017) 16(6):8200–8. doi: 10.3892/mmr.2017.7648

153. Pu, J, Wang, X, Riaz, F, Zhang, T, Gao, R, Pan, S, et al. Effectiveness and Safety of Iguratimod in Treating Primary Sjögren’s Syndrome: A Systematic Review and Meta-Analysis. Front Pharmacol (2021) 2021. doi: 10.3389/fphar.2021.621208

154. Hall, JC, Baer, AN, Shah, AA, Criswell, LA, Shiboski, CH, Rosen, A, et al. Molecular Subsetting of Interferon Pathways in Sjögren’s Syndrome. Arthritis Rheumatol (2015) 67:2437–46. doi: 10.1002/art.39204

155. Werth, V, Furie, R, Romero-Diaz, J, Navarra, S, Kalunian, K, Van Vollenhoven, R, et al. BIIB059, a Humanized Monoclonal Antibody Targeting BDCA2 on Plasmacytoid Dendritic Cells (pDC), Shows Dose-Related Efficacy in the Phase 2 LILAC Study in Patients (Pts) With Active Cutaneous Lupus Erythematosus (CLE) [Abstract Op0193]. Ann Rheumatol Dis (2020) 79(Suppl. 1):120–1. doi: 10.1136/annrheumdis-2020-eular.5743

156. US National Library of Medicine. ClinicalTrials.gov. Available at: https://clinicaltrials.gov/ct2/show/NCT04496960.

157. US National Library of Medicine. (2021). ClinicalTrials.gov. Available at: https://clinicaltrials.gov/ct2/show/NCT04093531.

158. Brinkmann, V, Billich, A, Baumruker, T, Heining, P, Schmouder, R, Francis, G, et al. Fingolimod (FTY720): Discovery and Development of an Oral Drug to Treat Multiple Sclerosis. Nat Rev Drug Discov (2010) 9:883. doi: 10.1038/nrd3248

159. Cohen, JA, Arnold, DL, Comi, G, Bar-Or, A, Gujrathi, S, Hartung, JP, et al. Safety and Efficacy of the Selective Sphingosine 1-Phosphate Receptor Modula- Tor Ozanimod in Relapsing Multiple Sclerosis (RADIANCE): A Randomised, Placebo-Controlled, Phase 2 Trial. Lancet Neurol (2016) 15:373–81. doi: 10.1016/S1474-4422(16)00018-1

160. Wu, P, Nielsen, TE, and Clausen, MH. Small-Molecule Kinase Inhibitors: An Analysis of FDA-Approved Drugs. Drug Discov Today (2016) 21:5–10. doi: 10.1016/j.drudis.2015.07.008

161. Hao, Z, Miao, M, Guo, Y, Zhang, X, Li, X, Gao, C, et al. AB0536 Rapamycin Attenuates Symptom and Restores the Balance of Th17/Treg in Refractory Primary Sjögren’s Syndrome. Ann Rheum Dis (2018) 77:1425. doi: 10.1136/annrheumdis-2018-eular.4373

162. Gumus, ZZ, Cakalagaoglu, F, Soypacaci, Z, Ozmen, M, Solmaz, D, Gucenmez, S, et al. THU0245 Mammalian Target of Rapamycin Pathway Might Contribute the Minor Salivary Gland Changes in Both Sjögren’s Syn- Drome and Systemic Sclerosis Patients. Ann Rheum Dis (2017) 76:296–7. doi: 10.1136/annrheumdis-2017-eular.5191

163. Shah, M, Edman, MC, Janga, SR, Yarber, F, Meng, Z, Klinngam, W, et al. Rapamycin Eye Drops Suppress Lacrimal Gland Inflammation in a Murine Model of Sjögren’s Syndrome. Invest Ophthalmol Vis Sci (2017) 58:372–85. doi: 10.1167/iovs.16-19159

164. Unal, B, Yazisiz, V, Elpek, GÖ, Göcer, M, and Terzioglu, ME. THU0243 Can the Increase of Lobules/Foci Ratio be Histopathological Evidence of Primary Sjögren’s Syndrome. Ann Rheum Dis (2017) 76:296. doi: 10.1136/annrheumdis-2017-eular.4014

165. Qin, X, Liu, JY, Abdelsayed, R, Shi, X, Yu, JC, Mozaffari, MS, et al. The Status of Glucocorticoid-Induced Leucine Zipper Protein in the Salivary Glands in Sjögrens Syndrome: Predictive and Prognostic Potentials. EPMA J (2016) 7:3. doi: 10.1186/s13167-016-0052-8

166. Fox, RI, Fox, CM, Gottenberg, JE, and Dörner, T. Treatment of Sjögren’s Syndrome: Current Therapy and Future Directions. Rheumatology (2021) 60:2066–74. doi: 10.1093/rheumatology/kez142




Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.


Publisher’s Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Atzeni, Gozza, Cafaro, Perricone and Bartoloni. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fimmu.2022.879516_cover.jpg
’ frontiers l Frontiers in Immunology

Cardiovascular Involvement
in Sjégren’s Syndrome





OEBPS/Images/logo.jpg
, frontiers | Frontiers in Immunology





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Cardiovascular Involvement in Sjögren’s Syndrome

      

        		

          Introduction

        



        		

          Cardiovascular Events in pSS: What Is the Evidence?

        



        		

          Traditional Risk Factors

        



        		

          Disease-Related Factors

        



        		

          The Network Model

        



        		

          Mechanisms of Atherosclerosis

        



        		

          Role of Immunity

        



        		

          Role of Inflammation

        



        		

          Therapeutic Approaches in Atherosclerosis

        

          		

            Traditional Cardiovascular Risk Factors and Therapy

          



        



        



        		

          Treatment of Sjögren’s Syndrome

        

          		

            Therapy for the Clinical Manifestations of Sicca Syndrome

          



          		

            Topical Cyclosporine A

          



        



        



        		

          Systemic Therapy

        

          		

            Glucocorticoids

          



        



        



        		

          Conventional Immunosuppressive Drugs and Synthetic DMARDs

        

          		

            Hydroxychloroquine

          



          		

            Methotrexate

          



          		

            Azathioprine

          



          		

            Leflunomide

          



          		

            Mycophenolate Mofetil

          



          		

            Cyclosporin

          



        



        



        		

          Biological Disease-Modifying Anti-Rheumatic Drugs (DMARDs)

        

          		

            Belimumab

          



          		

            Rituximab

          

            		

              Efficacy of RTX in Exocrine Gland Function and Sicca Syndrome

            



            		

              Efficacy in Systemic Manifestations

            



            		

              Efficacy on Laboratory Parameters

            



            		

              Efficacy in the Treatment of Non-Hodgkin’s Lymphoma (NHL)

            



          



          



          		

            Combination Therapies

          



        



        



        		

          Other Therapies

        

          		

            Iguratimod

          



          		

            Future Perspectives: Selective Small Molecules

          

            		

              Type I Interferons

            



          



          



        



        



        		

          Conclusions

        



        		

          Author Contributions

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table1.jpg
Drugs Mechanism of action Effects  Effects on Effects on Effects on CV

oneye xerophthalmia systemic manifestations
dryness manifestations
Topical Drugs
Ciclosporin  Inhibition of T lymphocytes proliferation and down-regulation of proinflammatory -
A cytokines
Systemic Drugs
Pilocarpine, Parasympathomimetic drugs - -
Cevimeline (
GC Anti-inflammatory and immunosuppressive drugs. Upregulation of anti-inflammatory ° ° - *
genes and suppression of the production of proinflammatory transcription factors. Th1
response Inhibition and production of numerous cytokines.
HCQ Antimalarial drug with immunomodulatory activity. ¢ 2 — =
MTX Immunosuppressive drug, folic acid antagonist. - - -
CSA Inhibition of T lymphocytes proliferation and down-regulation of proinflammatory i1 -
cytokines.
MMF ° ° -
Belimumab  Monoclonal antibody anti-BAFF. - - -
RTX Anti-CD20 chimeric recombinant monoclonal antibody. ° °
IGU(+ HCQ  Small molecules inhibiting B lymphocytes function - - -
e GC)
Key

- Prevalence of beneficial effects
° Conflicting results on the effects of the drug
E Prevalence of negative effects

CsA, ciclosporin A; RTX, rituximab; HCQ, Hydroxychloroquine; GCs, glucocorticoids; MMF, mycophenolate mofetil: MTX, methotrexate; IGU, iguratimod.





OEBPS/Images/fimmu-13-879516-g001.jpg
SSA/SSB > endothelial damage and increased intima-
media thickness

ACell adhesion molecules (ICAM-1 ¢ VCAM-1) >  recall
response of leukocytes, vessel wall infiltration and
atherosclerotic damage

4 Calprotectin in glandular sites and
systemically: correlated to an increased production
of inflammatory cytokines = increased risk of
atherosclerosis and other CV events

DKK-1 (Dickkopt WNT signaling pathway inhibitor
1) = promotes interaction between platelets and
endothelium, thus causing local inflammation and
plaque destabilisation

(P2X7-R)-NLRP3 > promotes cellular
infiltration of vessel walls and of salivary glands
during sialadenitis

Pathogenesis of subclinical atherosclerosis in SS






