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Sjogren’s syndrome (SS) is a chronic autoimmune disease characterized by the infiltration of exocrine glands including

salivary and lachrymal glands responsible for the classical dry eyes and mouth symptoms (sicca syndrome). The

spectrum of disease manifestations stretches beyond the classical sicca syndrome with systemic manifestations including

arthritis, interstitial lung involvement, and neurological involvement. The pathophysiology underlying SS is not well

deciphered, but several converging lines of evidence have supported the conjuncture of different factors interplaying

together to foster the initiation and perpetuation of the disease
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1. Sjögren’s Syndrome

Sjögren’s syndrome (SS) is one of the most common autoimmune rheumatic diseases. SS is characterized by the

immune-mediated destruction of exocrine glands, including lachrymal and salivary glands (SGs). Two types of SS have

been defined: Primary SS (pSS), which occurs in the absence of other autoimmune diseases, and secondary SS (sSS),

which is associated with other autoimmune disorders such as systemic lupus erythematosus (SLE), rheumatoid arthritis

(RA), and scleroderma . SS is characterized by a high sex preponderance with a ratio of nine female for one male.

This sexual imbalance suggests an involvement of estrogens and androgens in the development of the pathology   that

could account for an incidence increase of pSS during the post-menopausal stage, at the age of 40–60 years old . In

general, the diagnosis is based on the combination of several oral and ocular sicca symptoms, the presence of the

autoimmune manifestations such the production of autoantibodies anti-Ro/SSA, the labial biopsy showing a focal

lymphocytic infiltration (focus score ≥ 1 per 4 mm ) . The pathophysiology of SS is very complex, multifactorial, and

consecutive to several genetic, hormonal, environmental, and immunological risk factors. Due to its complexity, the clinical

course of the pathology can be divided in several phases: An initiation phase consecutive to endogenous and exogenous

factors, a dysregulation of salivary glands epithelial cells (SGECs), and an immune system activation and chronicity of

inflammation induced by B cells hyperactivity . The combination of all these events culminates in the destruction of the

salivary gland architecture, and development of keratoconjunctivitis sicca and xerostomia. Each phase plays a significant

role in the disease. The transition from the innate immune system to the adaptive system responses and the variety of cell

types involved could explain the difficulties in developing an efficient therapeutic strategy for pSS.

2. Innate Immune Cells Involved in Sjögren’s Syndrome

A growing body of evidence indicates that innate immunity plays a crucial role in the pathogenesis of pSS, especially in

the initiation and progression towards autoimmunity . We will discuss the role of each cell type implicated in this process

often called autoimmune epithelitis.

2.1. Dendritic Cells

Dendritic cells (DCs) are professional antigen presenting cells. They act as sentinels capturing and processing antigens,

migrating in T cell areas to initiate immunity and differentiating in response to a variety of stimuli such as Toll-like receptor

(TLR) ligands, cytokines, innate lymphocytes, and immune complexes . DCs play a key role in pSS as they display an

aberrant phenotype causing them to accumulate in SGs . Saliva from pSS patients is characterized by an

upregulation of C-C chemokine receptor type 5 (CCR5) and CCR5 ligands such as CC chemokine ligand type 3 (CCL3)

and type 4 (CCL4) that play an important role for the effective migration of DCs to inflamed tissues. In addition, lower

numbers of blood DCs in patients with pSS may be consecutive to the aberrant regulation of apoptosis .

Plasmacytoid DCs (pDCs) are a specific subset of DCs that can be activated by self-antigens through TLR-7 and TRL-

9   and to a lesser extent TLR-2, TRL-4, and TRL-9 , leading to the production of type I interferon (IFN). Type I IFN

acts through autocrine and paracrine circuits sustaining a continuous reinforcing inflammatory loop. It also induces the
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production of the B cell activating factor (BAFF) by monocyte circulating cells and DCs contributing to the activation and

differentiation of B cells into plasma cells secreting antibodies .

Follicular DCs (fDCs) originate from fibroblast precursor cells and play an essential part in the structure of ectopic

germinal centers. FDCs promote B cells survival and proliferation in the long run by retaining on their surface immune-

complexes (IC), formed by antigen-antibody-complement. Contrary to other DCs, fDCs do not display phagocytic activity

and lack lysosomes and lysozyme .

2.2. Macrophages

Macrophages are the main tissue resident leucocytes and are characterized by pleomorphic phenotypes. According to

their microenvironment, they can display pro-inflammatory or anti-inflammatory activities, immunogenic or tolerogenic

activities, and tissue destructive or tissue regenerative activities .

In SGs specimens from patients with pSS, macrophages tend to appear early and their number is positively correlated

with the biopsy focus score . Macrophages are activated by interferon gamma (IFN-γ) and interleukin (IL)-17 secreted

by type 1 T helper cells (Th1) and type 17 T helper cells (Th17), respectively . Activated macrophages produce

inflammatory cytokines such as IL-1, tumor necrosis factor alpha (TNFα), IL-18, and metalloproteases (MMPs) leading to

epithelial cell damage . Activated macrophages can also act as antigenic peptide presenting cells through their

major histocompatibility complex class II (MHC-II) and interact with antigen-specific CD4+ T cells . The latter, once

activated, evolves in autoreactive clones that may perpetuate the activation of macrophages, themselves sustaining a pro-

inflammatory auto-maintained loop .

Manoussakis et al., studied MSG biopsies from pSS patients and demonstrated increased infiltration by macrophages

together with a marked expression of IL-18 by infiltrating macrophages. Moreover, IL-18 levels correlated with lymphoma

risk factors such as persistent C4 hypocomplementemia and SG enlargement .

Beside SGs, this process may affect other epithelia such as the eye epithelium leading to the development of squamous

metaplasia which represents the end stage of ocular involvement in pSS patients .

2.3. Mast Cells

Mast cells are immune cells mainly found in connective tissues. Their role in allergy and anaphylaxis is well established.

However, a great deal of evidence underlines their possible involvement in tissue healing, angiogenesis, and autoimmune

exacerbation .

In pSS patients, Leehan et al., confirmed that fibrosis of minor salivary glands (MSG) is a pathological feature of pSS that

positively correlates witha focus score and is not age-related . Another study identified that mast cells are strongly

associated with the fibrosis and fatty infiltration of SGs. It is hypothesized that they promote fibrosis through interaction

with local fibroblasts and through the production of enzymes cleaving and activating MMPs, which are essential mediators

of tissue injury .

Mast cells express TLR-2 and TLR-4, as well as receptors for IL-1 including interleukin-1 receptor type 1 (IL1R1) and

suppressor of tumorigenicity 2 (ST2). Mast cells activation through TLR-2 and TLR4 lead to the production of IL-1, TNF-α,

IL-33, and chemokines such as C-X-C motif chemokine ligand 1 (CXCL1) and C-X-C motif chemokine ligand 2 (CXCL2),

which recruit neutrophilic granulocytes and DCs. The activation of mast cells through IL1R1 and ST2 allows them to

interact with T and B cells, interfering with antibody production . The activation of ST2 on mast cells through IL-33 leads

to the production of pro-inflammatory cytokines such as IL-1, IL-6, IL-13 , and induces a TH2 polarization of CD4+ T

cells.

2.4. Salivary Gland Epithelial Cells (SGECs)

Salivary gland epithelial cells (SGECs) form the acinar secretory structure and the ductal excretory structures in SGs .

SGECs constitute the main target of auto-immunity in pSS, described as an autoimmune epithelitis . Over recent years,

it has become clear that SGECs also fulfill an important role in the initiation of autoimmunity.

In pSS patients, the loss of polarity of SGECs plays a crucial part in the onset of the local inflammatory process. Indeed, a

decrease in occludin and zonula occludens 1 (ZO-1) expression and a redistribution of claudin to the basolateral plasma

membrane have been observed in SGs from pSS patients. Furthermore, the exposure of isolated SGs cells from healthy
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controls to pro-inflammatory cytokines such as TNF-α and IFN-γ reproduced the alterations observed in pSS patients 

. By altering the tight junction integrity of SGECs, the local cytokine production may therefore account for the secretory

gland dysfunction observed in pSS patients, and subsequent decrease in saliva quality and quantity .

In genetically susceptible subjects, environmental stimuli such as viruses may trigger salivary gland epithelial cells

(SGECs) through TLR activation . More precisely, the activation of TLR-2 and TLR-4 expressed on the surface of

SGECs results in the expression of mediators of immune activation (such as the intercellular adhesion molecule 1 (ICAM-

1)), CD40, and major histocompatibility complex 1 (MHC-1) , as well as in IL-15 secretion inducing the proliferation of

activated B and T cells and the generation and maintenance of natural killer (NK) cells. Beside leading to the expression

of ICAM-1, CD40, and MHC-1, the activation of endosomal TLR3 leads to the secretion of BAFF that promotes the

activation and maturation of B cells. TLR3 activation also contributes to SGEC anoikis, a form of apoptosis that is

triggered by a loss of cell attachment to the extracellular matrix (ECM), thereby releasing exosomes and apoptotic blebs

containing autoantigens such as Ro/SSA and La/SSB that drive autoimmunity in pSS by attracting both classical DC and

pDC within SGs .

Activated SGECs produce chemokines that attract immune cells and contribute to the formation of germinal centers,

including C-X-C motif chemokine ligand 9 (CXCL-9), C-X-C motif chemokine ligand 10 (CXCL-10), C-X-C motif

chemokine ligand 12 (CXCL12), C-X-C motif chemokine ligand 13 (CXCL13) and C-C chemokine ligand 19 (CCL19), and

C-C chemokine ligand 21 (CCL21) . An increased epithelial production of cytokines such as IL-1, IL-6, and TNFα

may also contribute to create a pro-inflammatory environment .

Activated SGECs develop the ability to act as non-professional antigen-presenting cells   by expressing co-stimulation

molecules (CD80 and CD86)   and MHC-I (HLA-ABC) and MHC-II (HLA-DR), adhesion molecules such as ICAM1,

vascular cell adhesion molecule 1 (VCAM-1) . Thus, SGECs appear suitably equipped for the presentation of

antigenic peptides and the transmission of activation signals to T cells .

2.5. Endothelial Cells

Endothelial cells, expressing CD31, form a one-cell thick walled layer called endothelium that upholster blood and

lymphatic vessels. Beside bringing immunes cells to inflammation sites, endothelial cells take an active and regulatory

role in inflammatory processes . In response to IL-1 and TNFα, activated endothelium express adhesion molecules

such as ICAM-1, VCAM-1, and E- and P-selectins that allow the interaction and migration of blood immune cells to

inflamed tissues .

In pSS patients, the expression of ICAM-1 positively correlates with a focus score of salivary biopsies . Both strong

vascular endothelial growth factor C (VEGF-C) and vascular endothelial growth factor receptor 3 (VEGFR-3) expression

were reported in MSGs from pSS patients . As a result, increased and anatomically aberrant lymphatic

neovascularization leads to a persistent extravasation of immune cells. In another study, defective lymphatic vessels were

also characterized by the overproduction of CCL-21 that increased the infiltration of immune cells into inflamed tissues

.

2.6. Mucosal-Associated Invariant T (MAIT) Cells

Mucosal-associated invariant T (MAIT) cells are innate-like T cells and can therefore be considered a bridge between

innate and adaptive responses . MAIT cells express an invariant T cell receptor (TCR) α-chain (Vα7.2–Jα33 in humans)

and CD161 which is typically expressed by NK cells. They recognize vitamin B-related peptides through the evolutionary

conserved non-polymorphic MHC-I-related molecule (MR1) . In response to different stimuli, MAIT cells also have the

capacity to express both CD4 and/or CD8 co-receptors. MAIT cells are characterized by a natural memory function and by

their capacity to rapidly produce Th1, type 2 helper cells (Th2), and Th17 cytokines .

Very little is known about the contribution of MAIT cells in the pathogenesis of pSS. Wang et al. found that MAIT cells are

decreased in peripheral blood circulation but are increased in SGs from pSS patients compared to healthy controls. From

a functional point of view, MAIT cells from pSS patients were mainly CD4+ and naïve, in contrast with MAIT cells from

controls that were almost exclusively CD8+. In addition, MAIT cells of pSS patients displayed lower levels of activation

with a reduced expression of CD69 and CD154, and lower levels of TNFα and IFN-γ. The aberrant phenotype of MAIT

cells in pSS patients may lead to the dysregulation of the local immune responses, which would trigger local damage in

SGs and auto-immunity .
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2.7. Natural Killer (NK) Cells

Natural Killer (NK) cells are a cytolytic component of the innate immune system. They have the ability to sense the

pathological changes of self-cells and therefore take an important part in the immune surveillance of tumor cells and virus-

infected cells . NK cells express the NKp30 receptor that is recognized by DCs and lead to the production of Th1

cytokines such as IFN-γ and IL-12 .

NK cells are enriched in MSGs from pSS patients and their presence correlate with the focus score . In addition, NK

cells overexpress the NKp30 receptor and SGECs express B7-H6, the ligand for NKp30. Taken together, this may explain

the hyperactivity of NK cells and the interrelation with SGECs and DCs that lead to a subsequent activation of innate and

adaptive immunity. The expression of B7-H6 by SGECs may also be involved in the homing of NK cells in SGs .

Another study identified a subset of NK cells that expresses NKp44 and produces IL-22 in SGs from pSS patients. This

subgroup has however been reclassified and is now part of Innate Lymphoid Cells (ILCs) .

2.8. Natural Killer T (NKT) Cells

NK T (NKT) cells are immune components that share features of both T cells and NK cells. They discriminate self from

non-self-antigens and produce prompt immune responses against Gram-negative bacteria . They are a major source of

IL-4 and to a lesser extent of IFN . Invariant NKT (iNKT) cells are a special subset of NKT cells that seems to play a

pivotal role in the regulation of immunity. They express CD161 (typical of NK cells) and a semi-invariant T cell receptor

(TCR). By linking CD1d in B cells with their invariant TCR, iNKT cells are able to suppress B cell auto-reactivity. In

addition, under certain circumstances, they can express both CD8+ and CD4+, which leads to the production of Th1 and

Th2 cytokines .

A decreased number of NKT cells was observed in the peripheral blood of pSS patients, which could be explained by

apoptosis or homing in SGs . Another study reported an increased number of iNKT in peripheral blood but a complete

absence of iNKT cells together with an increased number of auto-reactive B cells in SGs from pSS patients . These

data were corroborated by showing that the lack of CD1d following B-cells hyperactivation lead to a greater release of

autoantibodies . In spite of the studies supporting the candidacy of NK cells in the SG of pSS patients, there is actually

no sufficient proof bolstering their role as participating actively in the pathology of SS.

2.9. Innate Lymphoid Cells (ILCs)

Innate lymphoid cells (ILCs) are the innate counterparts of T helper lymphocytes . They are mostly concentrated at

epithelial barriers and rapidly release cytokines in response to environmental triggers. They can be classified into three

subsets according to the expression of specific transcription factors and the production of cytokines that mirror the

subsets of helper T. ILC1 express the T-Box Transcription Factor 21 (TBX21, also named T-bet), produce IFN-γ, and

respond to intracellular pathogens such as viruses. ILC2 express the transcription factor GATA Binding Protein 3 (GATA-

3), produce IL-4, IL-5 and IL-13, and respond to extracellular parasites and allergens. ILC3 express the transcription factor

Retinoic acid-related orphan receptor gamma t (RORγt), produce IL-17A and IL-22, and react to extracellular pathogens

such as bacteria and fungi .

ILCs have been identified in the SGs from pSS patients   and may contribute to the formation of germinal center-like

structures . Blokland et al. showed that the presence of ILC1 was associated with a higher disease activity score

(ESSDAI). ILC1 could contribute to the pathogenesis of pSS through the massive production of IFN-γ, but the underlying

mechanisms remain largely elusive . In addition, an increased IFN signature and reduced frequencies of ILC2 and ILC3

was associated with a high expression of Fas cell surface death receptor (Fas also named CD95) by ILC2 and ILC3. It

was hypothesized that the increased Fas expression on ILC2 and ILC3 may induce an apoptosis of these cells. These

observations corroborate previous studies in mice that reported a link between type I IFN, pDC activation, and apoptosis

of circulating ILC2 and ILC3 .

A subset of ILC3 that was originally classified as NK cells because of its expression of NKp44 was identified in SGs from

pSS patients. It was found to be a major source of IL-22 together with Th17 cells. The frequency of ILC3 was positively

correlated to the focus score . Additional studies are needed to further evaluate the ILC3 function in SGs from pSS

patients. Currently, their role in the pathogenesis of SS remains to be determined and detailed. There is not enough data

purporting their role as being active players in SS pathology.

Figure 1 summarizes the action of the different players of innate immunity in the pathogenesis of pSS.
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Figure 1. Innate immunity in Sjögren’s syndrome. SGECs constitute the main target of auto-immunity in pSS, described

as an autoimmune epithelitis. SGECs exhibit a subverted architecture mainly characterized by altered tight junctions. In

genetic susceptible subjects, environmental stimuli such as viruses may trigger salivary gland epithelial cells (SGECs)

through TLR activation. Activated SGECs secrete the BAFF that promotes activation and maturation of B cells. SGECs

also produce chemokines such as CXCR9, 10, 11, and 12 that attract immune cells and contribute to the formation of

germinal centers. Activated SGECs have the ability to act as non-professional antigen-presenting cells by expressing

MHC-I, (HLA-ABC) and MHC-II (HLA-DR), adhesion molecules such as ICAM1 allowing them to activate T cells. TLR

activation also contributes to SGEC apoptosis, releasing autoantigens that drive autoimmunity in pSS. Activated

macrophages produce inflammatory cytokines such as IL-1, TNFα, and MMPs leading to epithelial cell damage. They can

also act as antigenic peptide presenting cells through their MHC-II and interact with antigen-specific CD4+ T cells. pDCs

lead to the production of type I IFN that acts through autocrine and paracrine circuits feeding a continuous reinforcing

inflammatory loop. It also induces the production of BAFF, production contributing to the activation of B cells into plasma

cells. fDCs play an essential part in the structure of ectopic germinal centers and retain on their surface immune-

complexes, formed by antigen-antibody-complement. Mast cells contribute to the fibrosis and fatty infiltration of salivary

glands (SGs). The aberrant phenotype of MAIT cells in pSS patients may lead to the dysregulation of the local immune

responses, which would trigger local damage in SGs and auto-immunity. NK cells express the NKp30 receptor that is

recognized by DCs and lead to the production of Th1 cytokines such as IFN-γ and IL-12. SGECs express B7-H6, the

ligand for NKp30. Taken together, this may explain the hyperactivity of NK cells and the cross-talk with SGECs and DCs

that lead to a subsequent activation of innate and adaptive immunity. A subset of ILC3 was found to be a major source of

IL-22 in SGECs. Abbreviations: APC: Antigen presenting cells; BAFF: B-cell activating factor; CXCL9: C-X-C motif

chemokine type 9; CXCL10: C-X-C motif chemokine type 10; CXCL12: C-X-C motif chemokine type 12; CXCL13: C-X-C

motif chemokine type 13; DCs: dendritic cells; fDCs: follicular dendritic cells; ICAM-1: intercellular adhesion molecule 1;

IFN-γ: interferon gamma; IL-: interleukin; ILC3: innate Lymphoid Cells type 3 MAIT: Mucosal-associated invariant T cells;

MHC-I: major histocompatibility complex class I; MHC-II: major histocompatibility complex class II; MMPs:

metalloproteases; NK: natural killer cells; NKp44L: NKp44 ligand; pDCs: plasmacytoid dendritic cells; SGECs: salivary

glands epithelial cells; TCR: T cell receptor; TLR: Toll like receptor; TNFα: tumor necrosis factor alpha; VEGF-C: vascular

endothelial growth factor C.
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