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Abstract:

 Sjögren’s syndrome, an autoimmune disease characterized by exocrine gland dysfunction leading to dry mouth and dry eye diseases, is typified by lymphoplasmacytic infiltrations and a progressive destruction of the salivary and lacrimal glands. Despite an ever-increasing focus on identifying the underlying etiology of Sjögren’s syndrome, the factors that initiate this autoimmune disease and the mechanisms that cause the subsequent exocrine gland dysfunction remain a mystery. The original explanatory concept for the pathogenesis of Sjögren’s syndrome proposed a specific, self-perpetuating, immune-mediated loss of acinar and ductal cells as the principal cause of salivary gland dysfunction. We highlight the possible involvement of regenerating gene (Reg) in the regeneration and destruction of salivary gland acinar and ductal cells in Sjögren’s syndrome. The Reg gene was originally isolated as a gene specifically overexpressed in regenerating pancreatic islets and constitutes a growth factor family (Reg family). We describe how salivary gland dysfunction is initiated and maintained and how it can be regenerated or progressed, mediated by the Reg gene, Reg protein, and anti-REG autoantibodies in Sjögren’s syndrome.
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1. Introduction

Sjögren’s syndrome (SS) is a chronic inflammatory disease that affects the exocrine glands, particularly the salivary and lacrimal glands, leading to xerostomia and xerophthalmia and characterized by the presence of a variety of autoantibodies directed against organ- and non-organ-specific autoantigens. SS is a common systemic autoimmune disorder, affecting approximately 0.1%–0.4% of the general population, with a female to male ratio of 9:1, a prevalence comparable to that of rheumatoid arthritis [1,2,3,4,5,6]. It is known that the production of autoantibodies is an antigen-driven immune response as certain autoantibodies are disease-specific, contain multiple epitopes, and the autoimmune response is perpetuated and augmented via intra- and inter-molecular spreading against the same or other autoantigens. It is unknown whether any of the autoantibodies has a direct pathogenic potential or if they merely participate in a secondary response to salivary glands that are already damaged by another process. Although the pathogenetic mechanisms of this autoimmune exocrinopathy are not yet fully known, SS arises either as the primary disease or occurs secondary to other autoimmune rheumatic diseases as a result of infiltration of the functional glandular epithelium by autoreactive lymphocytes [7]. The original explanatory concept for the pathogenesis of SS proposed a specific, self-perpetuating, immune-mediated loss of acinar and ductal cells as the principal cause of salivary gland dysfunction. Accordingly, apoptosis, fibrosis, and atrophy of the salivary glands would represent consequences of salivary gland hypofunction.

The regenerating gene, Reg, was originally isolated from a rat regenerating islet cDNA library [8,9,10]. The Reg and Reg-related genes were isolated and revealed to constitute a multigene family, the Reg family, which consists of four subtypes (types I, II, III, and IV) based on the primary structures of the encoded proteins of the genes [9,10,11]. Reg family gene products act as growth factors and promote cell proliferation and regeneration, and therefore are considered to be important for various inflammatory diseases [9,10,11,12].

REG Iα mRNA as well as its product (REG Iα protein) were overexpressed in ductal epithelial cells in the minor salivary glands (MSG) of primary SS (pSS) patients [13]. Furthermore, autoantibodies against REG Iα were found in pSS patients, and the anti-REG Iα autoantibody-positive patients showed significantly lower saliva secretion than the autoantibody-negative patients [13]. The mRNA levels of IL-6 and IL-8 were significantly higher in pSS MSG than those in normal MSG [13], suggesting that these cytokines may be involved in the overexpression of REG Iα mRNA in pSS MSG. We aim to describe important pathogenetic mechanisms involved in the initiation and perpetuation of SS mediated by the regenerating gene, Reg, Reg protein, and autoantibodies against Reg protein.



2. Pathogenesis of Sjögren’s Syndrome

The pathogenetic mechanisms responsible for SS are not yet fully elucidated, but in the presence of a susceptible genetic background, both environmental and hormonal factors are thought to be capable of triggering this autoimmune exocrinopathy. Salivary, lacrimal, and other exocrine glands become infiltrated with CD4+ T cells, but substantial numbers of B lymphocytes and plasma cells are also present in inflamed tissues. Moreover, glandular alteration in cell migration can also lead to the formation of germinal center-like structures that contain follicular dendritic cells and proliferating B lymphocytes [14,15]. Over the past 15 years, the importance of the epithelial cell in the pathogenesis and evolution of SS has been highlighted, prompting the use of the term “autoimmune epithelitis” as an alternative name for the disease [16].

Immunologically activated or apoptotic glandular epithelial cells that expose autoantigens in genetically predisposed individuals might drive autoimmune-mediated tissue injury. Critical to the initiation and perpetuation of SS pathogenesis are the upregulation of adhesion molecules and the production of chemokines and cytokines, which together promote the migration of lymphocytes and dendritic cells into the glands, maintaining their homing cycle. Extension of the pathological process that affects the exocrine glands into periepithelial and extraepithelial tissue can cause a considerable percentage of patients to exhibit systemic manifestations involving the lungs, liver, or kidneys. These manifestations develop as a result of lymphocytic infiltration or an immune-complex-mediated process, or both, and present as skin vasculitis coupled with peripheral neuropathy or glomerulonephritis.

A progressive loss of exocrine gland function due to glandular damage is induced by a lymphoid cell infiltration into these target organs. The autoimmune characteristics of the disease and diagnosis in patients with SS are made by focal lymphocytic sialoadenitis in MSGs with a focus score >1, defined as a number of lymphocytic foci (which are adjacent to normal-appearing mucous acini and contain more than 50 lymphocytes per 4 mm2 of glandular tissue) that test positive for SS autoantibodies (SS-A/Ro and SS-B/La) in the serum [17]. Histopathology usually exhibits lymphocytic infiltration, with the majority of CD4+ T lymphocytes in the minor salivary gland lip biopsy from SS patients in accompanying B lymphocytes [18,19,20]. Infiltrated lymphocytes are composed mainly of autoreactive CD4+ T cells [21], CD8+ T cells, and dendritic cells, and macrophages are also present. T cells preferentially express the T-cell receptor (TCR) Vβ6 and TCR Vβ8 in these tissues in an animal model [22]. In human lymphocytes consisting of T and B cells in the salivary gland, lesions have been reported [23,24]. Various studies indicate that human MSG biopsy tissue and salivary glands from mouse models exhibit helper T(Th)1-type cytokine profiles at the sites of target organs. An immunoregulatory role of Foxp3+ T-regulatory cells (Tregs) in the MSG is indicated as the occurrence of Tregs is positively correlated with inflammation grade [25].

An increase in several proinflammatory cytokines (and/or their mRNAs), including interleukin (IL)-1β, TNF-α, IL-6, IL-7, IL-10, IFN-γ, and inducible nitric oxide synthase (iNOS), was demonstrated in the submandibular glands of non-obese diabetic (NOD) mice, which were originally reported as a model for type 1 diabetes mellitus, a model for pSS with lymphocytic infiltrates [22]. Moreover, cytokine mRNA detected in lacrimal tissue was similar to that seen in the submandibular glands, but it appeared both earlier and more intensely [22]. Distinct subsets of CD4+ memory effector T cells, such as Th17 cells, may play an important role in various autoimmune diseases, including SS [26,27,28,29]. Moreover, the IL-23/Th17 pathway has been implicated in SS pathogenesis in Ro52-null mice, which develop systemic autoimmune disease resembling human lupus [27].

Autoantibodies may also play a role in pathogenesis. Serologically, the presence of rheumatoid factor, hypergammaglobulinemia, and antibodies to nuclear proteins, such as SS-A/Ro and SS-B/La [30], as well as antibodies against α-fodrin [31], carbonic anhydrase II [32], and acetylcholine muscarinic 3 receptor [33], have been observed in the sera of SS patients. The latter could play a pivotal role in the secretory function of pSS [34]. In addition, there is a possibility that cryptic antigens are recognized by T lymphocytes and antibodies in autoimmune pathogenesis, including SS [35].



3. Regenerating Gene


3.1. General Aspects

The regenerating gene, Reg, was originally isolated as a growth factor from a cDNA library of rat regenerating pancreatic islets [8,9,10,36]. Reg gene expression has also been identified outside of the pancreas. Subsequently, many Reg-related proteins have been identified in humans and other animals. The Reg family genes constitute a multi-gene family, consisting of four subtypes [9,10]. In humans, five functional Reg genes, i.e., REG Iα [8,37], REG Iβ [38], REG III [39], HIP/PAP [40,41], and REG IV [42], have been isolated. Reg family proteins function as acute phase reactants, lectins, anti-apoptotic factors, and growth agents and include growth factors. These proteins are primarily involved in cell proliferation and differentiation, inflammation, diabetes, and carcinogenesis [9,10,11,12]. Type I (and type II) Reg proteins are expressed in regenerating islets [8,9,43,44]. Type III Reg proteins have been suggested to be involved in cellular proliferation in intestinal cells, hepatic cells, and neuronal cells. Importantly, mouse Reg III has been shown to be a Schwann cell mitogen that accompanies the regeneration of motor neurons [45], and Reg protein functions as a neurotrophic factor for motor neurons [46]. It has been reported that REG I protein is expressed in ductal epithelial cells in the MSG of patients with SS [47].

It has also been reported that REG family gene expression is regulated by several cytokines or chemokines, such as IL-6, IL-8, IL-11, IL-22, interferon (IFN)β, IFNγ, and cytokine-induced neutrophil chemoattractant (CINC)-2β [45,48,49,50,51,52,53]. IL-6, a pleiotropic proinflammatory cytokine, fulfills its functions through the activation of Janus kinase (JAK) and subsequent signal transducer and activator of transcription (STAT) [54,55]. STAT plays a key role in transmitting cytokine signals as a transcription factor, promoting cell proliferation and anti-apoptosis [56,57,58,59]. Involvement of STAT signaling in REG gene family expression in gastrointestinal epithelial cells and pancreatic β-cells has also been reported [51,52,60,61].

Autoantibodies against REG have been found in some diabetic patients [62,63]. However, the occurrence of autoantibodies against REG in SS patients was obscured. The presence of autoantibodies against REG might compromise the regeneration of damaged ductal epithelial cells. REG expression could be a key event in autoimmunity. This hypothesis is supported by the fact that the autoantibodies against REG have been shown to retard β-cell proliferation in vitro [62].



3.2. REG, Cytokine, and Chemokine in Salivary Glands of Primary Sjögren’s Syndrome

We analyzed the mRNA levels of all the REG family genes (REG Iα, REG Iβ, REG III, HIP/PAP, and REG IV) in the MSG of pSS patients using quantitative real-time reverse transcriptase-polymerase chain reaction (qRT-PCR) [13]. No REG Iβ mRNA was detected either in the controls or in pSS MSG. The mRNA levels of REG III, HIP/PAP, and REG IV did not differ between the control and pSS MSG. In contrast, the mRNA level of REG Iα in the MSG of pSS patients was significantly higher than that in the controls (P = 0.036).

We then analyzed REG Iα protein expression in the MSG of pSS patients via immunohistochemistry. REG Iα protein was stained strongly in the ductal epithelial cells in 28 of 53 samples (53%), whereas acinar cells were immunostained in only two samples for REG Iα [13]. In REG Iα-positive samples, the intensity of staining was not associated with the degree of inflammation, fibrosis, or acinar atrophy. These results support the idea that REG Iα mRNA overexpression is associated with inflammation triggered by autoimmune disorders such as pSS.

It has been reported that Reg gene expression is regulated by several factors, such as nicotinamide [48,64], glucocorticoids [48,65], nutrient factors [66], IL-6 [44,48,61], IL-8 [50], IL-11 [51], IL-22 [52], IFN-γ [53], IFN-β [44], and CINC-2β [49]. Among the major inflammatory mediators involved in the induction of inflammation of the salivary glands with pSS, IL-6 is an important proinflammatory cytokine in relation to lymphocyte infiltration [13,67]. In addition, the presence of IL-8 has been reported in salivary glands in pSS [68,69]. Additionally, IL-6 and IL-8 are reported to induce REG Iα mRNA in vitro [48,50,61,66,70]. IL-11 [51], IL-22 [52], IFN-γ [53], IFN-β [44], and CINC-2β [49] are also reported to induce REG Iα mRNA. IL-6 receptor (IL-6R) and gp130 are known as signal transducers of IL-6. We measured IL-6, IL-8 IL-11, IL-22, IL-22R, IFN-γ, IFN-β, CXCL1 (human homologue of CINC-2β), IL-6R, and gp130 mRNAs in the MSG via qRT-PCR [13]. The IL-6 mRNA level in the SS MSG was significantly higher than that in normal MSG. The IL-8 mRNA level in pSS MSG was also higher than that in normal MSG. The mRNA levels of IL-11, IL-22, IL-22R, IFN-γ, CXCL1, IL-6R, and gp130 in MSG were not significantly different between pSS patients and normal controls. The mRNA of IFN-β was not detected in pSS MSG. We performed correlation analyses of the expression of cytokine mRNAs and REG Iα mRNA and found that IL-6 mRNA expression was correlated significantly with REG Iα mRNA expression (P = 0.0018). These results suggest that the upregulation of cytokines, especially IL-6 and IL-8, induces overexpression of the REG Iα gene in pSS MSG. We also examined the mRNA levels of IL-6R and gp130 in pSS and normal MSG. The mRNA levels of IL-6R and gp130 were not significantly different between the two groups, suggesting that the increase of IL-6 in the salivary glands of pSS patients can function as a switch for the IL-6/gp130 signaling system to induce REG Iα gene expression.




4. Anti-REG Iα Autoantibodies


4.1. Detection of Anti-REG Iα Autoantibodies in Primary Sjögren’s Syndrome Patient Sera

Autoantibodies against REG Iα protein (Anti-REG Iα autoantibodies) have been detected by Western blot as described [13,62,71,72]. Briefly, recombinant human REG Iα protein (20 µg) [62] was electrophoresed on a 12.5% sodium dodecyl sulfate-polyacrylamide gel (9 × 7 × 0.1 cm) with a constant current at 20 mA/gel for 100 min and electrotransferred onto a polyvinylidene difluoride membrane using a semidry electroblotter [62,71,73]. After blocking with 5% non-fat dry milk, the membrane was incubated with patient or control serum, which had been diluted 1024-fold with 5% non-fat dry milk, using a screener blotter [61,71,73]. The membrane was then rinsed with phosphate-buffered saline containing 0.1% Tween 20 and incubated with goat anti-human IgG labeled with horseradish peroxidase at 1/1600 dilution. The signals were visualized using an enhanced chemiluminescent detection system, as described previously [62,71,73]. The band intensities from positive blots were analyzed, and the density was standardized using the value of an internal control sample as a relative value [62,71,73].

The sera from 117 patients with pSS and 271 controls were screened for anti-REG Iα antibody [13]. The relative anti-REG Iα antibody values for all controls, with the exception of six individuals, were within the mean ± 3 SD value. Henceforth, we treated this mean ± 3 SD value of the controls as the cut-off value for all related data analyses. Eleven percent (13 of 117) of patients with pSS tested positive for anti-REG Iα antibody, whereas only 2.2% (six out of 271) were positive in the controls.



4.2. The Role of Anti-REG Iα Autoantibodies in Hyposalivation of Primary Sjögren’s Syndrome

We evaluated the correlation between anti-REG Iα antibody and the clinicopathological factors of pSS patients [13]. The anti-REG Iα antibody-positive group showed significantly lower saliva secretion than the negative group using the unstimulated Saxon test. The Saxon test for xerostomia involves chewing on a folded sterile sponge for 2 min, and saliva production is quantified by weighing the sponge before and after chewing [74]. The ratio of a destructive stage (stage 4, based on Rubin and Holt’s criteria) in sialography in the anti-REG Iα antibody-positive group was significantly higher than that in the anti-REG Iα antibody-negative group. In the patients with pSS, no correlation was found in age, sex ratio, serum levels of SS-A/SS-B autoantibody, anti-nuclear antibody titer, rheumatoid factor, amylase, IgG, and HbA1c between the anti-REG Iα antibody-positive group and the anti-REG Iα antibody-negative group. There was no significant difference between the two groups in the occurrence of kerato-conjunctivitis sicca, as determined by Schirmer’s test. In terms of the histological features of the labial salivary gland biopsy according to Greenspan’s grade, there was no significant difference in the anti-REG Iα antibody-positive and the anti-REG Iα antibody-negative groups. We also examined extraglandular disease, systemic or severe (skin rash, Raynaud’s phenomenon, arthralgia, thyroid gland disease, interstitial pneumonia, primary biliary cirrhosis, renal tubular acidosis, peripheral neuropathy, and lymphoma), finding no significant difference between the two groups.

The anti-REG Iα antibody-positive group showed significantly lower salivary secretion and a higher ratio of the destructive stage in sialography. REG Iα protein was expressed in MSG ductal epithelial cells in nearly half of the pSS patients, and in MSG acinar cells in some. Interestingly, all the patients in the anti-REG Iα antibody-positive group showed REG Iα expression in MSG ductal cells, whereas only 40% in the anti-REG Iα antibody-negative group showed REG Iα expression in MSG. These results suggest that autoimmunity to REG is associated with the regeneration of the ductal epithelial cells of MSG in pSS patients.

When salivary glands are damaged by inflammation, the REG Iα protein may be induced in progenitor cells for MSG ductal/acinar cells, such as ductal cells, to recover damaged cell mass by regeneration. Accumulating evidence concerning the development of the salivary gland suggests that the stem cell population of salivary glands is present in the intercalated duct [75,76]. Recently, it was reported that salivary gland homeostasis is maintained through acinar cell self-duplication, and acinar cells surviving injury are involved in the generation of salivary glands [77]. Additionally, the proliferation of pancreatic β cells has been reported to be attenuated by the diabetic patient sera containing anti-REG Iα antibody in vitro [62]. It is quite possible that the anti-REG Iα antibody attenuates not only the growth-promoting effects of REG to fully differentiated acinar/ductal cells but also the regeneration of the stem cell population of salivary glands. As a result, salivary functions including saliva secretion could become worse in pSS patients with anti-REG Iα antibody (Figure 1) [78].

Figure 1. Possible role of anti-REG Iα auto-antibody in MSG destruction in SS (adopted from [78]). The expression of REG Iα in MSG of SS was significantly higher than that of the control, and the saliva secretion was significantly low in SS patients with anti-REG Iα auto-antibody [13]. These results strongly suggest that autoimmunity to REG Iα is associated with the tissue injury of salivary glands in at least some SS patients. When salivary glands are damaged by inflammation, REG Iα protein is induced in acinar progenitor cells, such as ductal cells, to recover damaged cell mass by regeneration. In the presence of anti-REG Iα auto-antibodies, ductal epithelial cell regeneration by REG Iα protein is attenuated, and REG Iα-producing ductal epithelial cell are destructed by the antibodies. As a result, salivary function goes worse in SS patients with anti-REG Iα auto-antibodies.
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Hyposalivation is an important clinical concern in oral health and is known to induce various problems including dental caries, periodontitis, denture problems, mastication and swallowing problems, burning sensations, and dysgeusia [79]. Muscarinic agonist medications such as pilocarpine and cevimeline induced salivary secretion from the residual functional tissue [80]. However, these medications provided temporary relief of symptoms and have a limited effect on the recovery of damaged tissues. Accordingly, the development of a novel treatment to restore or regenerate damaged salivary gland tissues is eagerly awaited. It is unclear whether a specific signal is required for the regeneration of salivary glands. REG Iα may be a candidate growth factor for the regeneration of the salivary gland cells as hepatocyte growth factor is a well-known protein that promotes the regeneration of liver tissue and even protects tissue from damages [81,82,83]. Therefore, it is expected that the regenerative growth of ductal epithelial cells will provide a practical therapeutic approach for SS.

In the aspects of SS diagnosis, the detection of anti-REG Iα antibody is not so powerful. However, considering the correlation between the salivary functions and the existence of serum anti-REG Iα antibody, detection of the anti-REG Iα could be a useful diagnostic marker for the prognosis of salivary functions such as saliva secretion. In addition, very small volumes of serum (less than 1 µL) are required to detect the anti-REG Iα antibody [13,62].




5. Gene Expression of REG Iα as an Auto-Antigen

As mentioned, the mRNA levels of IL-6 and IL-8 in the MSG of pSS patients are significantly increased compared to those in normal MSG [13], suggesting that these cytokines may be involved in the overexpression of REG Iα mRNA in the pSS MSG. To investigate whether IL-6 or IL-8 upregulate REG Iα, we analyzed the REG Iα mRNA expression in human NS-SV-DC salivary ductal cells [84] via qRT-PCR. Treatment with IL-6 but not IL-8 or dexamethasone (Dx) induced the expression of REG Iα mRNA [85]. The combination of IL-6+Dx or IL-6+IL-8 showed no additional effect compared to IL-6 alone. These results indicate that salivary ductal cells express REG Iα mRNA in response to the stimulation of IL-6.

To determine whether the increase of REG Iα mRNA was caused by the activation of transcription, a 1216-bp fragment containing 1190-bp of the promoter region of the human REG Iα gene was fused to the luciferase gene and transfected into human NS-SV-DC and rat A5 [86,87] salivary ductal cells. We found that IL-6 stimulation significantly enhanced the REG Iα promoter activity not only in NS-SV-DC cells but also in A5 cells. Treatment with IL-8 did not change the transcriptional activity of REG Iα [85]. These results revealed that REG Iα mRNA was induced by IL-6 in salivary ductal cells at the transcriptional level.

In order to identify the region essential for the transcription of the REG Iα mRNA by IL-6, progressive deletion of the REG Iα promoter was performed. The deletion down to position -141 did not attenuate IL-6-induced REG Iα promoter activity; however, an additional deletion to -117 caused a remarkable decrease in the IL-6-induced promoter activity of REG Iα [85]. These results indicated that the promoter region of -141 to -117 of the REG Iα gene was responsible for the REG Iα promoter activation in salivary ductal cells by IL-6.

A computer-aided search for sequences similar to known cis-acting elements revealed that the region of -141 to -117 of the REG Iα gene contains consensus-binding sequences for STAT. In order to verify the role of STAT3 in IL-6-induced REG Iα induction, small interfering RNA (siRNA) for human STAT3 mRNA was introduced into NS-SV-DC cells, and IL-6-induced REG Iα mRNA expression was analyzed by qRT-PCR. The introduction of siRNA for human STAT3 abolished not only IL-6-induced STAT3 upregulation but also IL-6-induced REG Iα upregulation [85].

Taken together, our findings demonstrate that REG Iα overexpression in salivary ductal cells is induced by IL-6 but not by IL-8 at the transcriptional level, and this IL-6 stimulation enhanced REG Iα gene expression through STAT3 activation. IL-6, a potent proinflammatory cytokine, is involved in acute phase response, B cell proliferation and plasma cell formation, and T cell stimulation and recruitment [54]. The serum concentrations of IL-6 were found to be high in pSS patients as well as in NOD mice [44] and rat autoimmune myocarditis models [88], and the levels of IL-6 concentration correlated with the degree of infiltration of lymphocytes in the salivary gland [89,90,91]. Furthermore, autoimmunity against Reg has been reported in NOD mice [92] and human diabetic patients [62]. Binding of IL-6 to the receptor leads to homodimerization of an IL-6 receptor component, gp130, which results in the activation of JAK and subsequent phosphorylation of STAT3 [54].

STAT3 plays a central role in transmitting cytokine signals to the nucleus and promotes cell proliferation and anti-apoptosis [56,57,58,59]. Furthermore, accumulating evidence indicates that the JAK/STAT pathway may be involved in multiple immune functions: STAT1 and STAT4 mainly induce IFNγ expression in Th1 cells, STAT6 induces IL-4 expression in Th2 cells, and STAT3 induces IL-17 expression in Th17 cells [93]. For example, an orally available JAK inhibitor, tofacitinib, has demonstrated efficacy and safety in rheumatoid arthritis, which is a representative autoimmune disease characterized by systemic inflammatory synovitis [94,95].

REG Iα transcription in salivary ductal cells was stimulated by IL-6. STAT3 bound the consensus sequence in the REG Iα promoter and regulated transcription in ductal epithelial cells in response to IL-6 stimulation. This IL-6/STAT pathway and IL-6/STAT-dependent REG Iα induction in salivary ductal cells may play a role in the pathogenesis of pSS (Figure 2) [85].

Figure 2. Possible mechanism of the IL-6-induced REG Iα expression in salivary ductal cells (adopted from [85]). REG Iα was overexpressed in salivary ductal cells of patients with Sjögren’s syndrome [13]. IL-6 stimulation enhanced the REG Iα gene transcription in salivary ductal cells via STAT3 activation.
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6. Conclusions

The pathogenesis of SS remains elusive. Environmental, genetic, and hormonal factors may be involved (especially as the role of trigger), and in the past researchers have focused on the immune responses, especially T cell-mediated and humoral immunities in the histopathological lesion during the inflammatory phase of SS [96]. This review contributes by revealing new aspects of the mechanisms mediated by a novel autoantigen relating to the dysfunction of salivary glands.

It has been suggested that a genetic defect in the production of neurotransmitters may underlie the pathogenesis of saliva insufficiency [97]. In addition, exogenous environmental factors (viruses and bacteria) may activate innate immunity, resulting in the productions of type I IFN and complements. Circulating proinflammatory cytokines may induce not only dysfunction but also morphological changes at the ultrastructural level of salivary glands. The cumulative effects of each factor/change may induce the decreased function of salivary glands without inflammation.

We stressed the possible involvement of the Reg gene and its product as an autoantigen in the regeneration and destruction of salivary gland cells in pSS. We focused on how the salivary gland dysfunction is initiated and maintained and how mediation by Reg gene and Reg protein contributes to its regeneration or progression. We have shown that REG Iα mRNA is overexpressed in the pSS patient salivary glands and that REG Iα protein is expressed in the ductal epithelial cells of MSGs in patients with pSS. Furthermore, we have demonstrated that REG Iα transcription in salivary ductal cells is stimulated by IL-6, and that STAT3 binds the consensus sequence of REG Iα promoter and regulated transcription in response to IL-6 stimulation.

Importantly, salivary secretion was reduced in pSS patients with anti-REG Iα antibody. There was also a correlation between the presence of anti-REG Iα antibody and REG Iα protein expression in the ductal cells of MSG. Autoimmunity to REG Iα could play an important role in the regeneration of MSG ductal epithelial cells in pSS. The IL-6/STAT-dependent REG Iα induction in ductal cells may act in concert with the pathogenesis of pSS. The causes of hypofunction in salivary glands are complex. The future challenge is to distinguish nonimmunologic mechanisms from immunologic mechanisms in target organs in this unique disease.
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