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Primary Sjogren Syndrome (pSS) is an autoimmune exocrinopathy, characterized by xerophthalmia end
xerostomia, and caused by a chronic inflammation of lacrimal and salivary glands. The interplay between innate
immune cells and the inflammation prone microenvironment in Primary Sjogren Syndrome (pSS). pSS is a
multifactorial rheumatic disease: environmental stimuli, in genetic susceptible subjects, may trigger Salivary gland
epithelial cells (SGECs) to express ligands, receptors and cytokines, such as IL-22, that act in a paracrine and
autocrine way when determining the activation of several innate immune cells like NKs, ILC3s, DCs and

macrophages.

Sjogren syndrome innate immunity

| 1. Dendritic Cells (DCs)

DCs are antigen presenting cells and represent immunological sentinels that operate to detect dangerous insults to
tissues rapidly. Their role in activating adaptive immunity leading to the production of antibodies is well known. This
process requires the activation of both follicular (FDCs) and plasmacytoid dendritic cells (pDCs), which were
actually found to be significantly increased in pSS salivary specimens W. As previously mentioned, pSS is an
autoimmune disease characterized by the presence of autoantibodies that are produced in inflamed salivary tissue

after the formation of ectopic germinal centers.

The precursor population of DCs in pSS displays an aberrant phenotype. In particular, their migration to salivary
gland tissue seems to be related to the upregulation of chemokine receptor CCR5 and with an increased level of
CCRS5 ligands (CCL3 and 4) on saliva of pSS patients 2,

In addition, DCs altered genotype in pSS can cause their premature apoptosis in peripheral blood of patients [,
These observations, taken together may explain DCs’ increased number in pSS salivary glands and their reduction

among circulating cells.

The activation of DCs in autoimmune epithelitis is related to exogenous triggers, such as viral infections accounting
for the viral hypothesis in pSS pathogenesis. DCs react to dangerous stimuli via TLR activation, finally leading to
secretion of type | IFN as well as other pro-inflammatory cytokines. Self-antigens, derived from epithelial cells
apoptosis in a dysreactive immunity background, activate pDCs endosomal TLR-7 and 9, inducing the pro-

inflammatory cascade 4131,

https://encyclopedia.pub/entry/16157 1/16



Innate Immune Cells in Primary Sjogren Syndrome | Encyclopedia.pub

In a minor way, other TLRs (2, 4 and 8) activated in inflammatory condition, were described on pDCs of pSS
patients (. The key effector cytokine of pDCs stimulation, type | IFN, determines in autocrine and paracrine ways
pDCs activation with a continuous reinforcing loop highlighting the importance of the IFN signature in pSS. Type |
IFN activates monocyte circulating cells, inducing them to produce BAFF (B cell activating factor) that contributes

to the production of pSS-autoantibodies, by linking pDC functions to autoimmunity outbreak (],

FDCs are specialized reticular fibroblasts originating from local fibroblasts or fibroblast precursors activated in
inflamed tissue. FDCs network plays a pivotal role in organizing the microarchitecture of ectopic GCs-like structure.
In this milieu, FDCs are able to present immune-complexes (ICs), formed by Ag-Ab and complement, to B cells
determining B cells activation and promoting B cell survival and proliferation. Differently from other APCs, FDCs
can retain ICs long-term on their surfaces, constituting a persistent stimulus for memory B cells re-stimulation.

Moreover, FDCs do not show phagocytic activity and lack lysosomes and lysozyme 2119,

To conclude, as previously stated, pSS has a higher prevalence in women and interestingly, pDCs expression of
TLR may depend on gender. TLR-7 coding gene (TIr7) is located on the terminal region of the X-chromosome. In
murine models of Systemic Lupus Erythematosus (SLE) the translocation of this region on the Y-chromosome
constitutes the Y-linked autoimmune accellerating region (Yaa), that has been associated with severe renal
manifestation of disease in male mice. In particular, the sole duplication of TIr7 is sufficient to accellerate
autoimmunity. This observation suggests the possible implication of TlIr7 and Yaa in autoimmune disease

pathogenesis and deserves to be further elucidated (111,

TLR-7 expression may depend even on sex hormones levels. Particularly, androgens, both in blood and tissues,
affect pDCs, causing a decrease in the expression of TLR-7 and -9. Androgens protect epithelial cells from
apoptosis, reducing autoantigens release and preventing the upregulation of TLR. In women, a low level of such
hormones, as seen during menopause or as a consequence of defective local production of androgens, determines
a constitutional higher expression of TLR in pDCs predisposing their hyperactivation and a possible consequent

loss of immunological tolerance 4!,

| 2. Macrophages

Macrophages are tissue resident innate cells involved in early defence against pathogens and in principal
mechanisms of tissue homeostasis. These cells are characterized by significant plasticity, as their polarization and
activation are determined by a combination of several environmental stimuli. At the beginning of the century, two
extreme functional phenotypes of macrophages were described: M1/M2. M1 CD68* promoted inflammatory
response that was secondary to microbe attack, while M2 CD163* contributed to the repairing of tissue damage, as
well as promoting angiogenesis and removing cell debris through phagocytosis 12 M1 CD68* are drivers of a
prevalent pro-inflammatory response, as they act as APC to T cells through the complex antigen-type Il Major
Histocompatibility Complex (MHC II) and directly produce inflammatory cytokines. On the other hand, the same

cells are able to prevent dysreactive immunity by means of phagocyting impaired T-cells.
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This dualistic function makes the understanding of the involvement of macrophages in inflammatory diseases such
as pSS more complicated. It could be hypothesized that they rely on their ability to sense the environment and
change consequently. As a matter of fact, these cells show a remarkable ability in shifting their functional
phenotype from pro-inflammatory to protective, in relation to the microenvironment they are acting in. In the
inflammatory setting, the expression of specific cytokines such as IFN, IL-12, IL-4 or IL-10 and the transcription
factor HIF-1a (hypoxia-inducible factor 1 alpha) determine the polarization from one phenotype to another 22, In
conclusion, the biology of macrophages appears complex and dynamic due to the fact that these cells evolve in a
heterogeneous continuum, resulting in high plasticity and reversibility so that any sort of strict categorization

appears to no longer be suitable.

In pSS, salivary gland tissue macrophages appearance is an early occurrence; their number reflects the

progression of the disease as it increases in later stages of this rheumatic condition 13,

Their function is related to the presence of IFNy and IL-17 secreted by Thl and Thl7, respectively. These
cytokines activate macrophages determining infiltration of salivary tissue, leading to exocrinopathy. Therefore,

macrophages contribute to initiating and perpetuating the inflammatory epithelial damage.

Beside salivary glands, the epithelitis process may affect other epithelial barriers, as documented in eyes and
kidneys. In particular, in ocular mucosa, immune cells infiltration occurs determining persistent inflammation.
Chronic inflammation of eye epithelium determines the development of squamous metaplasia characterized by the
keratinization of cornea surface, which represents the end stage of ocular involvement in pSS patients, who usually
suffer from severe xerophthalmia. IL-1 secreted by activated macrophages has been demonstrated to play a
crucial role in the development of squamous metaplasia. Experiments on eye tissue from murine models have
demonstrated, not only the increase in number of macrophage in cornea and limbus, but also the aberrant network
with 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 24131,

In kidney specimens of patients who suffer from tubule-interstitial nephritis macrophages have been observed.
Particularly, in a recent paper, the increase of HIF-1a as well as M2 CD163* and M1 CD68* was highlighted in
renal tissue of pSS patients presenting hypokalaemia. In normal conditions M2 CD163* cells and HIF-1a are not
expressed in the tubule-interstitial space. This evidence may suggest a possible role for M2 in acute tubular injury
and in the consequent restoration mechanism 8. More studies should be conducted in order to clarify the

protective action of these cells in renal damage during pSS and their possible use as therapeutic agents.

| 3. Mast Cells

Mast cells or mastocytes are cells rich in histamine and heparin granules that are usually found in the connective
tissue. Their role in allergy and anaphylaxis has been extensively investigated. However, further research has
underlined their possible involvement in tissue healing, angiogenesis and immune tolerance, as well as in defense

against microbial insults.
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In chronic inflammatory processes, mast cells contribute as key players and the first description of this subset in
pSS dates back to 1998 7. Mast cells were demonstrated to promote fibrosis and fatty infiltration of salivary
glands because of their interaction with fibroblasts and their contribution to collagen synthesis. Moreover, enzymes
produced by mast cells can cleave and consequently activate matrix metalloproteinases (MMPs), which are
considered as important mediators of tissue destruction and are produced by epithelial cells. Mast cells interact
directly with the epithelium by releasing their activating enzymes after an early damage of epithelial barrier, as in
the case of loss of basal lamina anchorage and the consequent altered cell adhesion. Therefore, the activity of
these enzymes does not dependent on the lymphocyte infiltration but it precedes this phenomenon. Specifically,
while analyzing salivary biopsies from pSS patients, increased levels of MMP-9 and -3 were detected; higher
enzyme levels correlated with more structurally and functionally impaired glands were found as well, thus

evidencing a more severe disease activity 18],

Recently, mast cells, identified using anti-tryptase antibodies, were observed in pSS salivary glands. However, a

direct correlation between their number, angiogenesis and fibrosis was not established 19,

| 4. Salivary Gland Epithelial Cells (SGECs)

Salivary gland epithelial cells (SGECs) compose the ductal excretory structure and were considered classical non-
immune cells in the past. Nowadays, thanks to several advances in understanding their functions, they are
regarded as both the principal target of autoimmune responses and important players in the initiation of
autoimmunity in pSS. In details, SGECs in pSS favor the inflammation process as a result of subverted cell
architecture, cytokines production and immune cell recruitment; they simultaneously boost adaptive response, as

they are the major source of pSS autoantigens, therefore acting as immunogenic elements 29,

In pSS, the onset of the inflammation process starts with the loss of polarity of SGECs [21l. Tight junction maintains
cell polarity and in pSS several studies evidenced a dysfunctional expression of this molecules in SGECs. In
particular, a decrease of occludin and Zo-1 and redistribution of claudin were described. This architectural
disorganization has been linked to IFN and TNF levels thus suggesting a causative role for these cytokines.
Clinically, the expression of the dysfunctional tight junctions could account for the reduced saliva production, one of
the main symptoms in this disease [22[23], At the beginning of the inflammatory process, they express and secrete
different chemiotactic factors for lymphocytes such as CXCL12, CXCL13, CCL19 and CCL2 as well as adhesion
molecules (ICAM-1), costimulatory molecules (CD80—-CD86) and MHC Il [24l25], This complex interplay determines
the recall, adhesion and activation of T and B cells at the inflammation site.

SGECs determine the maturation of naive CD4" T-cells in T-follicular helper cells and are essential in the
maintenance of germinal centers, as pre-clinical studies have demonstrated (28, Moreover, they directly secrete
cytokines (IFN, IL-1, IL-6, IL-7 and BAFF) involved in the constitution of a pro-inflammatory environment that finally
leads to epithelitis (27(28],

https://encyclopedia.pub/entry/16157 4/16



Innate Immune Cells in Primary Sjogren Syndrome | Encyclopedia.pub

Several hypotheses have been proposed to assess their role in pSS, but the most fascinating regards the
involvement of the endoplasmic reticulum stress model 22, |n fact, SGECs have extended ER in order to produce
fluids such as saliva and its proteins as typical secretory cells, found also in lachrymal glands, bronchioles, bile
ducts and renal tubules. However, when the request of protein production is huge, the ER system undergoes a
severe metabolic stress, evidenced by the dilatation of its lumen (39 At this point, different mechanisms such as
unfolded protein response (URP), autophagy and apoptosis emerge. In particular, the activation of URP, a process
that needs high energy levels, determines the subsequent arrangement of autophagy-genes. Doing so the cell can
obtain the metabolic support to maintain the URP process active [BH22 When the stress trigger continues, it
overcomes the possibility of the cells to survive causing apoptosis. Hence endoplasmic reticulum’s (ER) stress in
SGECs can trigger the immune cascade. In particular, several products of the ER stress can activate immune
response such as IL-6, produced during URP activation; MHC expressed during autophagy process; and nucleic

acid exposed on cell surfaces into apoptotic blebs 23,

In addition, clarification about the link between ER stress and the expression of pSS autoantibodies (anti-Ro and
anti-La) was provided 4. During ER stress, in the course of apoptosis, cytoplasmic antigens (Ro and La), move
into the cell membrane and in the final stage of this process are exposed outside the cell into apoptotic blebs.
Therefore, the interruption of autophagy and the consequent aberrant cell death represent the trigger for an

immune stimulation, finally determining the exposure of pSS self-antigens.

Hence, the apoptosis can no longer be considered as a “silent” process, since the discharge of self-antigens by

apoptotic cells activates pathological autoimmune responses (221,

IFN acts as a major player among the cytokines produced by SGECs, even if the exact mechanism of IFN
production is still unknown. The higher and dysfunctional expression in several autoimmune diseases, such as
pSS, of Viral-like Long Interspersed Nuclear Element-1 (LINE-1, L1) that are highly repetitive DNA sequences,
leading to the production of a huge amount of Type | IFN, has been suggested €. Human L1 contains two reading
frames encoding for L1 ORF1p and L1 ORF2p proteins. The latter, physiologically expressed in germinal and
somatic cells, has enzymatic activities that are essential for L1 functions BZ. The increased level of L1 ORF2p in

ductal salivary cells may account for L1 hyperactivity with a consequential intensified production of IFN 28],

Another important finding is the lack of L1 ORF2p in high lymphocytic focus score biopsies of pSS patients and the
increased expression of L1 ORF1p in high-grade B cell lymphomas, meaning that the reduction of ORF2p in pSS

could be considered an alert for lymphomas development 52,

Instead, in low grade focus score a positive correlation with L1 ORF2p level and negative correlation with
APOBECS3B, an inhibitory enzyme acting directly on L1, was found, suggesting a dysfunction in the inhibitory
mechanism B8], Conversely, SGECs apoptosis could expose L1 ORF1p and ORF2p to the immune system through

the creation of ICs that, as mentioned above, directly activate pDCs and determine the production of type | IFN 28],
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Taken together, these findings suggest a complicated mechanism beneath the immunogenic role of SGECs, which
needs to be further investigated. At present, we can assume that chronic inflammation in a specific genetic
background, could lead to an unbalanced antigens expression and cytokine profile in SGECs that may contribute to
pSS development as well as to proliferative disease occurrence. In fact, SGECs may exert a pro-oncogenic role
contributing to the development of lymphoepithelial sialadenitis (LESA), a pre-cancerous lesion associated with a
high risk of developing MALT lymphomas. LESA constitution is due to the aberrant cross-talk with localized
lymphocytic aggregates, but its exact mechanism is at the moment under investigation 4% The complete
knowledge of this process can lead to the development of new therapeutic intervention and may give physicians

tools to interfere in this pathological feed-back in pSS.

| 5. Endothelial Cells

Endothelial cells, expressing CD31, constitute blood and lymphatic vessels. High endothelial venules represent the
highways through which immune cells arrive at the inflammation sites, while the lymphatic vessels promote the
arrival of antigens and APCs by the drainage of interstitial fluid into the tertiary lymphoid sites (TLSs), typically
found in pSS salivary glands. These latter, differently from secondary lymphoid organs (SLOs) such as lymph

nodes, spleen, tonsils and Peyer’s patches, lack in T and B cells organization, capsulation and vascularization (411,

The activated endothelium expresses adhesion molecules such as ICAM-1, VCAM-1 and E- and P- selectins
necessary for the interaction with lymphocytes. In pSS patients the activation of endothelial cells is increased
allowing an important migration of immune cells in inflamed tissues 42431, Moreover, the expression of ICAM-1
positively correlates with focus score of salivary biopsy 4. Furthermore, in pSS, as well as in other chronic
inflammatory diseases, an increased neoangiogenesis is observed. The leading cause relies on the
overexpression of vascular endothelial growth factor (VEGF), that determines chaotic neoangiogenesis.
Dysfunctional vessels lead to persistent extravasation of immune cells 5], In addition, defective lymphatic vessels,
characterized by over expression of CCL21, together with a dysregulation in chemokine gradient, increase the

arrival and permanence of lymphatic cells into the TLSs [48],

| 6. Mucosa-Associated Invariant T (MAIT) Cells

Mucosa-associated invariant T (MAIT) cells are described as a specific subset of non-conventional/innate like T

cells and represent a bridge between innate and adaptive responses 471,

As conventional T cells, MAIT cells originate from thymus, but differ by expressing an arranged TCR composed of
Va7.2 and Ja33 segments. Furthermore, they share with NK cells the expression of CD161 marker
(CD161M9N/TCRVa7.2* MAIT cells).

Formerly, this subset of cells was considered as T-CD8*, able to recognize vitamin B related peptides, expressed
on pathogens through MHC class | molecules 48149, But subsequently the capacity of diversification in different T

cell subsets was evidenced; this was underlined by the ability of MAIT cells in expressing both CD4 or CD8 co-
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receptors in order to respond to different stimuli 2. In fact, the expression of CD8 enables MAIT cells to recognize

intracellular peptides, meanwhile the CD4 receptor orchestrates a fast response to extracellular attacks [21152],

Physiologically, MAIT cells are “natural memory” cells and promptly produce Thl, Th2 and Th17 cytokines under
microbial insults B2 Moreover, they represent potent regulatory cells able to maintain self-tolerance and
homeostasis. Among MAIT cells, a specific subpopulation named CD1619™/TCRVa7.2* T cells was initially
described. They resembled MAIT cells without the CD161 receptor and were characterized by a reduced ability in

cytokine production, compared to classical MAIT cells B4],

MAIT cells in pSS are involved in the dysregulation of the mucosal environment beneath the autoimmune epithelitis

development.

In the first study describing the pathogenetic role of MAIT cells and CD1619™TCRVa7.2* T cells in pSS, the
decreased number of both subpopulations in peripheral blood was evidenced, while their presence was observed
in salivary gland tissue, due to the homing process 3. Moreover, the altered function of remaining circulating
MAIT cells has been revealed. MAIT cells and CD1619™/TCRVa7.2* T cells detected in peripheral blood from pSS
patients were mainly CD4* and naive, in contrast with controls. This might justify their reduced anti-microbial
properties and their altered function determining the dysregulation of mucosal environment. In fact, both MAIT cells
and CD1619™/TCRVa7.2* T cells share a decrease in the expression of activation markers CD154 and CD69, as

well as a reduction in TNF and INFy production.

In conclusion, the functional role of CD1619™/TCRVa7.2* T cells needs to be further elucidated in order to clarify

their possible role in pSS aetiology, as they have been claimed to be an autonomous cell group independent from
MAIT cells B8IE7,

| 7. Natural Killer Cells (NKs) and Natural Killer T Cells (NKTSs)

Natural Killer cells (NKs) represent the link between innate and adaptive immune system through their crosstalk
with DCs and the interaction with epithelial cells. They are mainly involved in antiviral and anti-tumoral responses.
In particular, classical NKs express the NKp30 receptor recognized by DCs with consequent production of IFN and
IL-12. To date, contrasting evidence shows a possible pathogenetic role of these cellular groups in pSS. In mouse
models, their activation appears protective towards pSS development and even helps in mitigating sicca
symptoms. On the other hand, in pSS patients the presence of NK in salivary gland is correlated to local
inflammation. The reason for this difference seems to depend on an increased NKp30 receptor expression. In
support of this evidence, genetic mutation of the promoter of NKp30 gene, with a reduced transcription and

transduction of the relative protein, determines the amount of protection from pSS [58l,

The over-expression of NKp30 and its ligand (B7H6) on SGCE membranes at salivary level in pSS patients may
explain the hyperactivity of NKs in the early phases of the disease, causing their aberrant cross-talk with SGECs

and DCs 8. The hyper-expression of B7H6 may determine the homing of these cells in pSS target tissue and
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could justify the decreased number of these cells in a pSS patient’s circulation. The NKs isolated from pSS blood
patients, moreover, showed a dysfunctional phenotype with a lowered killing activity and a reduction in the
expression of activating receptors 2,

NK functions may possibly be related to the inflammatory milieu in which they act in, and even depend on the stage
of the disease.

An interesting review of our group described the pathogenetic role in pSS of a specific subset of NK cells named
Natural Killer T cells (NKTs), focusing in particular on invariant NKT (iNKTs). iINKTs have been described as
potential therapeutic agents or possible predictors to response to treatment in pSS. An attempt to use INKTs as
cellular therapy has already been reported in Systemic Sclerosis, and this evidence should encourage researchers
to investigate iNKTs functions in pSS (69,

In conclusion, a former subset of NKs named NK22, characterized by the production of high amount of IL 22, has
been recently recognized as a completely different cell group belonging to Innate Lymphoid Cells (ILCs), which are
described in another section of this article 6. The pathogenetic role of IL-22 in pSS patients has clearly emerged
in the last few years; the overexpression of genes implicated in the production of this cytokine and its receptor (IL-
22R) expressed on SGECs has been demonstrated and a positive correlation between salivary inflammation and
level of IL-22 has been described 62,

| 8. Innate Lymphoid Cells (ILCs)

Innate lymphoid cells (ILCs) belong to a relatively new subsets of cells that seem to play a crucial role in the
pathogenesis of several chronic inflammatory diseases 631641 Three different subsets of ILCs have been described
so far. Each group is characterized by the expression of specific surface markers, cytokine production and depends
on different transcription factors to develop and acquire functions. Specifically, T-bet, Gata3 and RoRyt are the
master regulators of ILC1, ILC2 and ILC3, respectively 63l Effector cytokines produced from each subset are IFNy
for ILC1; IL-4, IL-5, IL-9, IL-13 and GMCSF for ILC2; IL-17A/F, IL-22, IFNy and GMCSF for ILC3 [661(67] |t shows
clearly that ILCs share common feature, especially considering cytokine production, with their adaptive counterpart
belonging to the T helper family, namely Th1, Th2, Th17 (68169

ILC cells can switch their transcriptional program on specific environmental stimuli gaining effector functions of a
different ILC group. This phenomenon described as ILC plasticity deserves a deeper investigation to better
understand ILC activity [OZL],

These cells are involved in protective processes against pathogens as viruses, bacteria and parasites as well as in
granting tissue homeostasis 2. However, their unbalanced activation in a pro-inflammatory milieu strongly
participates in the dysreactive process beneath autoimmune diseases. In particular, there have been different

reports accounting for a possible role of ILCs in inflammatory bowel diseases, rheumatic diseases, asthma and
allergy (731741,
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In rheumatology, the analysis of synovial fluid from rheumatoid arthritis and psoriatic arthritis patients has revealed
an increase in ILC1 and ILC3. ILC3 in particular are a major source of IL-17 and IL-22 [Z2: these cytokines drive
inflammation in spondyloarthritis and an increase of ILC3 was documented in psoriatic arthritis, as well as in

ankylosing spondylitis (8],

ILCs are scarcely detected in blood, they can be depicted as “tissue resident cells”, mainly localized at epithelial
barriers. Most of the evidence on their activity derives from studies conducted at the gut level that have extensively

explored ILCs interaction with other immune cells and their response to microbiota stimulation 78],

In pSS, a marked disequilibrium between IL-22 and IL-22BP was demonstrated. Moreover, an aberrant expression
of IL-22R1 on hematopoietic cells was described in both peripheral blood and salivary gland tissue. In addition, the
IL-22 axis, the aberrant and hyperexpression of IL-22R1 were shown to be related to the presence of high amount
of IL-18, a cytokine produced via inflammasome activation. Taken together, these observations point out that, at a
salivary gland epithelial site, in a pro-inflammatory milieu as in pSS, IL-22 producing cells may play a pivotal role in
amplifying a dysreactive immune response that causes final tissue damage 2. The IL-22 network induces STAT3,
AKT and MAPK pathways activation; these mechanisms will be overviewed in detail in a special section in this

review.

However, the production of IL-22 from ILC3 does not justify their implication in the formation of GCs-like structure.
ILC3 appear as a powerful link between adaptive and innate immunity. A more extensive analysis on their
chemokine production has revealed that ILC3 secrete CCL20. This molecule displays a strong chemotactic activity
on immune cells, particularly lymphocytes and DCs, giving rise to the formation of mucosal lymphoid tissue in the
area surrounding the epithelial barrier where inflammation occurs in earlier stages of the disease. Furthermore,
ILC3 produce a B-cell-activating factor (BAFF) that stimulates B-cells to proliferate, survive and organize in GCs-

like structures where in situ antibodies production takes place [EA81],

The role of ILC3 in determining this inflammatory-prone microenvironment appears of paramount importance, but

further studies are required in order to clearly outline their activity 2],

Aspects that deserve to be clarified are mainly related to the migration of ILC3 in salivary gland tissues, their role in
forming TLS and their interaction with epithelial cells B2l Specifically, ILCs express the NKp30 receptor on their
surface, the same receptor can be found on NK cells. In pSS an increased expression of NKp30 has been
evidenced. It recognizes the B7H6 ligand expressed on epithelial cells; this underlines how complex the interaction

at epithelial barrier sites could be (38!,

Defining the exact aetiology of pSS remains a great challenge. Innate immunity, with a particular focus on ILC3, IL-
22 production and the consequent activated pathways should be regarded with special attention in order to better

clarify disease pathogenesis.

References

https://encyclopedia.pub/entry/16157 9/16



Innate Immune Cells in Primary Sjogren Syndrome | Encyclopedia.pub

10.

11.

12.

. Bombardieri, M.; Pitzalis, C. Ectopic lymphoid neogenesis and lymphoid chemokines in Sjogren’s

syndrome: At the interplay between chronic inflammation, autoimmunity and lymphomagenesis.
Curr. Pharm. Biotechnol. 2012, 13, 1989-1996.

. Hillen, M.R.; Pandit, A.; Blokland, S.L.M.; Hartgring, S.A.Y.; Bekker, C.P.J.; van der Heijden,

E.H.M.; Servaas, N.H.; Rossato, M.; Kruize, A.A.; van Roon, J.A.G.; et al. Plasmacytoid DCs
From Patients With Sjogren’s Syndrome Are Transcriptionally Primed for Enhanced Pro-
inflammatory Cytokine Production. Front. Immunol. 2019, 10, 2096.

. Ozaki, Y.; Ito, T.; Son, Y.; Amuro, H.; Shimamoto, K.; Sugimoto, H.; Katashiba, Y.; Ogata, M.;

Miyamoto, R.; Murakami, N.; et al. Decrease of blood dendritic cells and increase of tissue-
infiltrating dendritic cells are involved in the induction of Sjogren’s syndrome but not in the
maintenance. Clin. Exp. Immunol. 2010, 159, 315-326.

. Ainola, M.; Porola, P.; Takakubo, Y.; Przybyla, B.; Kouri, V.P.; Tolvanen, T.A.; Hanninen, A.;

Nordstrom, D.C. Activation of plasmacytoid dendritic cells by apoptotic particles—Mechanism for
the loss of immunological tolerance in Sjogren’s syndrome. Clin. Exp. Immunol. 2018, 191, 301
310.

. Swiecki, M.; Colonna, M. Unraveling the functions of plasmacytoid dendritic cells during viral

infections, autoimmunity, and tolerance. Immunol. Rev. 2010, 234, 142-162.

. Swiecki, M.; Colonna, M. The multifaceted biology of plasmacytoid dendritic cells. Nat. Rev.

Immunol. 2015, 15, 471-485.

. Bave, U.; Nordmark, G.; Lovgren, T.; Ronnelid, J.; Cajander, S.; Eloranta, M.L.; Alm, G.V,;

Ronnblom, L. Activation of the type | interferon system in primary Sjogren’s syndrome: A possible
etiopathogenic mechanism. Arthritis Rheum. 2005, 52, 1185-1195.

. Vakaloglou, K.M.; Mavragani, C.P. Activation of the type | interferon pathway in primary Sjogren’s

syndrome: An update. Curr. Opin. Rheumatol. 2011, 23, 459-464.

. El Shikh, M.E.; Pitzalis, C. Follicular dendritic cells in health and disease. Front. Immunol. 2012,

3, 292.

Aloisi, F.; Pujol-Borrell, R. Lymphoid neogenesis in chronic inflammatory diseases. Nat. Rev.
Immunol. 2006, 6, 205-217.

Lambert, N.C. Nonendocrine mechanisms of sex bias in rheumatic diseases. Nat. Rev.
Rheumatol. 2019, 15, 673—686.

Stout, R.D.; Jiang, C.; Matta, B.; Tietzel, I.; Watkins, S.K.; Suttles, J. Macrophages sequentially
change their functional phenotype in response to changes in microenvironmental influences. J.
Immunol. 2005, 175, 342-349.

https://encyclopedia.pub/entry/16157

10/16



Innate Immune Cells in Primary Sjogren Syndrome | Encyclopedia.pub

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

Christodoulou, M.l.; Kapsogeorgou, E.K.; Moutsopoulos, H.M. Characteristics of the minor
salivary gland infiltrates in Sjogren’s syndrome. J. Autoimmun. 2010, 34, 400-407.

Kinoshita, S.; Nakamura, T.; Nishida, K. Pathological keratinization of ocular surface epithelium.
Adv. Exp. Med. Biol. 2002, 506, 641-646.

McNamara, N.A. Molecular mechanisms of keratinizing ocular surface disease. Optom. Vis. Sci.
2010, 87, 233-238.

Li, J.; Yu, Y.F,; Liu, C.H.; Wang, C.M. Significance of M2 macrophage in tubulointerstitial disease
secondary to primary Sjogren’s disease. Ren. Fail. 2018, 40, 634-639.

Skopouli, EN.; Li, L.; Boumba, D.; Stefanaki, S.; Hanel, K.; Moutsopoulos, H.M.; Krilis, S.A.
Association of mast cells with fibrosis and fatty infiltration in the minor salivary glands of patients
with Sjogren’s syndrome. Clin. Exp. Rheumatol. 1998, 16, 63—65.

Perez, P.; Goicovich, E.; Alliende, C.; Aguilera, S.; Leyton, C.; Molina, C.; Pinto, R.; Romo, R.;
Martinez, B.; Gonzalez, M.J. Differential expression of matrix metalloproteinases in labial salivary
glands of patients with primary Sjogren’s syndrome. Arthritis Rheum. 2000, 43, 2807-2817.

Dinescu, S.C.; ForTofoiu, M.C.; Bumbea, A.M.; Ciurea, P.L.; Busuioc, C.J.; Musetescu, A.E.
Histopathological and immunohistochemical profile in primary Sjogren’s syndrome. Rom. J.
Morphol. Embryol. 2017, 58, 409-417.

Barrera, M.J.; Bahamondes, V.; Sepulveda, D.; Quest, A.F.; Castro, I.; Cortes, J.; Aguilera, S.;
Urzua, U.; Molina, C.; Perez, P.; et al. Sjogren’s syndrome and the epithelial target: A
comprehensive review. J. Autoimmun. 2013, 42, 7-18.

Van ltallie, C.M.; Anderson, J.M. Architecture of tight junctions and principles of molecular
composition. Semin. Cell Dev. Biol. 2014, 36, 157-165.

Baker, O.J.; Camden, J.M.; Redman, R.S.; Jones, J.E.; Seye, C.1.; Erb, L.; Weisman, G.A.
Proinflammatory cytokines tumor necrosis factor-alpha and interferon-gamma alter tight junction
structure and function in the rat parotid gland Par-C10 cell line. Am. J. Physiol. Cell Physiol. 2008,
295, C1191-C1201.

Ewert, P.; Aguilera, S.; Alliende, C.; Kwon, Y.J.; Albornoz, A.; Molina, C.; Urzua, U.; Quest, A.F;
Olea, N.; Perez, P.; et al. Disruption of tight junction structure in salivary glands from Sjogren’s
syndrome patients is linked to proinflammatory cytokine exposure. Arthritis Rheum. 2010, 62,
1280-1289.

Fox, R.l. The salivary gland epithelial cell in Sjogren’s Syndrome: What are the steps involved in
wounding or killing their secretory function? J. Rheumatol. 2012, 39, 1117-1119.

Manoussakis, M.N.; Kapsogeorgou, E.K. The role of epithelial cells in the pathogenesis of
Sjogren’s syndrome. Clin. Rev. Allergy Immunol. 2007, 32, 225-230.

https://encyclopedia.pub/entry/16157 11/16



Innate Immune Cells in Primary Sjogren Syndrome | Encyclopedia.pub

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Gong, Y.Z.; Nititham, J.; Taylor, K.; Miceli-Richard, C.; Sordet, C.; Wachsmann, D.; Bahram, S.;
Georgel, P.; Criswell, L.A.; Sibilia, J.; et al. Differentiation of follicular helper T cells by salivary
gland epithelial cells in primary Sjogren’s syndrome. J. Autoimmun. 2014, 51, 57—66.

Manoussakis, M.N.; Kapsogeorgou, E.K. The role of intrinsic epithelial activation in the
pathogenesis of Sjogren’s syndrome. J. Autoimmun. 2010, 35, 219-224.

Mitsias, D.l.; Kapsogeorgou, E.K.; Moutsopoulos, H.M. The role of epithelial cells in the initiation
and perpetuation of autoimmune lesions: Lessons from Sjogren’s syndrome (autoimmune
epithelitis). Lupus 2006, 15, 255-261.

Katsiougiannis, S.; Tenta, R.; Skopouli, F.N. Autoimmune epithelitis (Sjogren’s syndrome); the
impact of metabolic status of glandular epithelial cells on auto-immunogenicity. J. Autoimmun.
2019, 104, 102335.

Moustaka, K.; Katsiougiannis, S.; Tenta, R.; Havaki, S.; Koutsoudaki, P.; Moutsopoulos, H.M.;
Skopouli, F. THU0223 Chronic adrenergic stimulation of minor salivary glands of patientswith
primary sjogren’s drives er stress and activation of the unfolded protein response. Ann. Rheum.
Dis. 2019, 78, 389.

B’Chir, W.; Maurin, A.C.; Carraro, V.; Averous, J.; Jousse, C.; Muranishi, Y.; Parry, L.; Stepien, G.;
Fafournoux, P.; Bruhat, A. The elF2alpha/ATF4 pathway is essential for stress-induced autophagy
gene expression. Nucleic Acids Res. 2013, 41, 7683—-7699.

Deegan, S.; Saveljeva, S.; Gorman, A.M.; Samali, A. Stress-induced self-cannibalism: On the
regulation of autophagy by endoplasmic reticulum stress. Cell. Mol. Life Sci. CMLS 2013, 70,
2425-2441.

Senft, D.; Ronai, Z.A. UPR, autophagy, and mitochondria crosstalk underlies the ER stress
response. Trends Biochem. Sci. 2015, 40, 141-148.

Katsiougiannis, S.; Tenta, R.; Skopouli, F.N. Endoplasmic reticulum stress causes autophagy and
apoptosis leading to cellular redistribution of the autoantigens Ro/Sjogren’s syndrome-related
antigen A (SSA) and La/SSB in salivary gland epithelial cells. Clin. Exp. Immunol. 2015, 181,
244-252.

Obeid, M.; Tesniere, A.; Ghiringhelli, F.; Fimia, G.M.; Apetoh, L.; Perfettini, J.L.; Castedo, M.;
Mignot, G.; Panaretakis, T.; Casares, N.; et al. Calreticulin exposure dictates the immunogenicity
of cancer cell death. Nat. Med. 2007, 13, 54-61.

Mavragani, C.P.; Crow, M.K. Activation of the type | interferon pathway in primary Sjogren’s
syndrome. J. Autoimmun. 2010, 35, 225-231.

Crow, M.K. Long interspersed nuclear elements (LINE-1): Potential triggers of systemic
autoimmune disease. Autoimmunity 2010, 43, 7-16.

https://encyclopedia.pub/entry/16157 12/16



Innate Immune Cells in Primary Sjogren Syndrome | Encyclopedia.pub

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

Kalogirou, E.-M.; Piperi, E.P.; Tosios, K.I.; Tsiambas, E.; Fanourakis, G.; Sklavounou, A. Ductal
cells of minor salivary glands in Sjogren’s syndrome express LINE-1 ORF2p and APOBEC3B. J.
Oral. Pathol. Med. 2018, 47, 179-185.

Rodic, N.; Sharma, R.; Sharma, R.; Zampella, J.; Dai, L.; Taylor, M.S.; Hruban, R.H.; lacobuzio-
Donahue, C.A.; Maitra, A.; Torbenson, M.S.; et al. Long interspersed element-1 protein
expression is a hallmark of many human cancers. Am. J. Pathol. 2014, 184, 1280-1286.

Carbone, A.; Gloghini, A.; Ferlito, A. Pathological features of lymphoid proliferations of the salivary
glands: Lymphoepithelial sialadenitis versus low-grade B-cell lymphoma of the malt type. Ann.
Otol. Rhinol. Laryngol. 2000, 109, 1170-1175.

Rischmueller, M.; Tieu, J.; Lester, S. Primary Sjogren’s syndrome. Best Pract. Res. Clin.
Rheumatol. 2016, 30, 189-220.

Bartoloni, E.; Alunno, A.; Bistoni, O.; Caterbi, S.; Luccioli, F.; Santoboni, G.; Mirabelli, G.;
Cannarile, F.; Gerli, R. Characterization of circulating endothelial microparticles and endothelial
progenitor cells in primary Sjogren’s syndrome: New markers of chronic endothelial damage?
Rheumatology 2015, 54, 536-544.

Mikulowska-Mennis, A.; Xu, B.; Berberian, J.M.; Michie, S.A. Lymphocyte migration to inflamed
lacrimal glands is mediated by vascular cell adhesion molecule-1/alpha(4)beta(1) integrin,
peripheral node addressin/I-selectin, and lymphocyte function-associated antigen-1 adhesion
pathways. Am. J. Pathol. 2001, 159, 671-681.

Turkcapar, N.; Sak, S.D.; Saatci, M.; Duman, M.; Olmez, U. Vasculitis and expression of vascular
cell adhesion molecule-1, intercellular adhesion molecule-1, and E-selectin in salivary glands of
patients with Sjogren’s syndrome. J. Rheumatol. 2005, 32, 1063-1070.

Nagy, J.A.; Benjamin, L.; Zeng, H.; Dvorak, A.M.; Dvorak, H.F. Vascular permeability, vascular
hyperpermeability and angiogenesis. Angiogenesis 2008, 11, 109-119.

Nayar, S.; Campos, J.; Chung, M.M.; Navarro-Nunez, L.; Chachlani, M.; Steinthal, N.; Gardner,
D.H.; Rankin, P.; Cloake, T.; Caamano, J.H.; et al. Bimodal Expansion of the Lymphatic Vessels Is
Regulated by the Sequential Expression of IL-7 and Lymphotoxin alphalbeta2 in Newly Formed
Tertiary Lymphoid Structures. J. Immunol. 2016, 197, 1957-1967.

Margulies, D.H. The in-betweeners: MAIT cells join the innate-like lymphocytes gang. J. Exp.
Med. 2014, 211, 1501-1502.

Huang, S.; Gilfillan, S.; Kim, S.; Thompson, B.; Wang, X.; Sant, A.J.; Fremont, D.H.; Lantz, O.;
Hansen, T.H. MR1 uses an endocytic pathway to activate mucosal-associated invariant T cells. J.
Exp. Med. 2008, 205, 1201-1211.

Huang, S.; Martin, E.; Kim, S.; Yu, L.; Soudais, C.; Fremont, D.H.; Lantz, O.; Hansen, T.H. MR1
antigen presentation to mucosal-associated invariant T cells was highly conserved in evolution.

https://encyclopedia.pub/entry/16157 13/16



Innate Immune Cells in Primary Sjogren Syndrome | Encyclopedia.pub

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Proc. Natl. Acad. Sci. USA 2009, 106, 8290—-8295.

Matsui, Y.; Shapiro, H.M.; Sheehy, M.J.; Christenson, L.; Staunton, D.E.; Eynon, E.E.; Yunis, E.J.
Differential expression of T cell differentiation antigens and major histocompatibility antigens on
activated T cells during the cell cycle. Eur. J. Immunol. 1986, 16, 248-251.

Miles, J.J.; McCluskey, J.; Rossjohn, J.; Gras, S. Understanding the complexity and malleability of
T-cell recognition. Immunol. Cell Biol. 2015, 93, 433—-441.

Rossjohn, J.; Gras, S.; Miles, J.J.; Turner, S.J.; Godfrey, D.l.; McCluskey, J. T cell antigen
receptor recognition of antigen-presenting molecules. Annu. Rev. Immunol. 2015, 33, 169-200.

Grimaldi, D.; Le Bourhis, L.; Sauneuf, B.; Dechartres, A.; Rousseau, C.; Ouaaz, F.; Milder, M.;
Louis, D.; Chiche, J.D.; Mira, J.P.; et al. Specific MAIT cell behaviour among innate-like T
lymphocytes in critically ill patients with severe infections. Intensive Care Med. 2014, 40, 192—
201.

Ussher, J.E.; Bilton, M.; Attwod, E.; Shadwell, J.; Richardson, R.; de Lara, C.; Mettke, E.; Kurioka,
A.; Hansen, T.H.; Klenerman, P.; et al. CD161++ CD8+ T cells, including the MAIT cell subset, are
specifically activated by IL-12+IL-18 in a TCR-independent manner. Eur. J. Immunol. 2014, 44,
195-203.

Wang, J.; Macardle, C.; Weedon, H.; Beroukas, D.; Banovic, T. Mucosal-associated invariant T
cells are reduced and functionally immature in the peripheral blood of primary Sjogren’s syndrome
patients. Eur. J. Immunol. 2016, 46, 2444-2453.

Fernandez, C.S.; Amarasena, T.; Kelleher, A.D.; Rossjohn, J.; McCluskey, J.; Godfrey, D.I.; Kent,
S.J. MAIT cells are depleted early but retain functional cytokine expression in HIV infection.
Immunol. Cell Biol. 2015, 93, 177-188.

Reantragoon, R.; Corbett, A.J.; Sakala, I.G.; Gherardin, N.A.; Furness, J.B.; Chen, Z.; Eckle, S.B.;
Uldrich, A.P.; Birkinshaw, R.W.; Patel, O.; et al. Antigen-loaded MR1 tetramers define T cell
receptor heterogeneity in mucosal-associated invariant T cells. J. Exp. Med. 2013, 210, 2305—
2320.

Rusakiewicz, S.; Nocturne, G.; Lazure, T.; Semeraro, M.; Flament, C.; Caillat-Zucman, S.; Sene,
D.; Delahaye, N.; Vivier, E.; Chaba, K.; et al. NCR3/NKp30 contributes to pathogenesis in primary
Sjogren’s syndrome. Sci. Transl. Med. 2013, 5, 195ral196.

lzumi, Y.; Ida, H.; Huang, M.; lwanaga, N.; Tanaka, F.; Aratake, K.; Arima, K.; Tamai, M.; Kamachi,
M.; Nakamura, H.; et al. Characterization of peripheral natural killer cells in primary Sjogren’s
syndrome: Impaired NK cell activity and low NK cell number. J. Lab. Clin. Med. 2006, 147, 242—
249.

Rizzo, C.; La Barbera, L.; Lo Pizzo, M.; Ciccia, F.; Sireci, G.; Guggino, G. Invariant NKT Cells and
Rheumatic Disease: Focus on Primary Sjogren Syndrome. Int. J. Mol. Sci. 2019, 20, 5435.

https://encyclopedia.pub/entry/16157 14/16



Innate Immune Cells in Primary Sjogren Syndrome | Encyclopedia.pub

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

Ahn, Y.O.; Blazar, B.R.; Miller, J.S.; Verneris, M.R. Lineage relationships of human interleukin-22-
producing CD56+ RORgammat+ innate lymphoid cells and conventional natural killer cells. Blood
2013, 121, 2234-2243.

Ciccia, F.; Guggino, G.; Rizzo, A.; Ferrante, A.; Raimondo, S.; Giardina, A.; Dieli, F.; Campisi, G.;
Alessandro, R.; Triolo, G. Potential involvement of IL-22 and IL-22-producing cells in the inflamed
salivary glands of patients with Sjogren’s syndrome. Ann. Rheum. Dis. 2012, 71, 295-301.

Mjosberg, J.; Eidsmo, L. Update on innate lymphoid cells in atopic and non-atopic inflammation in
the airways and skin. Clin. Exp. Allergy J. Br. Soc. Allergy Clin. Immunol. 2014, 44, 1033-1043.

Shikhagaie, M.M.; Germar, K.; Bal, S.M.; Ros, X.R.; Spits, H. Innate lymphoid cells in
autoimmunity: Emerging regulators in rheumatic diseases. Nat. Rev. Rheumatol. 2017, 13, 164—
173.

Zook, E.C.; Kee, B.L. Development of innate lymphoid cells. Nat. Immunol. 2016, 17, 775-782.

Voulgarelis, M.; Tzioufas, A.G. Pathogenetic mechanisms in the initiation and perpetuation of
Sjogren’s syndrome. Nat. Rev. Rheumatol. 2010, 6, 529-537.

Kiripolsky, J.; McCabe, L.G.; Kramer, J.M. Innate immunity in Sjogren’s syndrome. Clin. Immunol.
2017, 182, 4-13.

Drake, L.Y.; lijima, K.; Kita, H. Group 2 innate lymphoid cells and CD4+ T cells cooperate to
mediate type 2 immune response in mice. Allergy 2014, 69, 1300-1307.

Ebbo, M.; Crinier, A.; Vely, F.; Vivier, E. Innate lymphoid cells: Major players in inflammatory
diseases. Nat. Rev. Immunol. 2017, 17, 665-678.

Bernink, J.H.; Krabbendam, L.; Germar, K.; de Jong, E.; Gronke, K.; Kofoed-Nielsen, M.;
Munneke, J.M.; Hazenberg, M.D.; Villaudy, J.; Buskens, C.J.; et al. Interleukin-12 and -23 Control
Plasticity of CD127(+) Group 1 and Group 3 Innate Lymphoid Cells in the Intestinal Lamina
Propria. Immunity 2015, 43, 146-160.

Ohne, Y.; Silver, J.S.; Thompson-Snipes, L.; Collet, M.A.; Blanck, J.P.; Cantarel, B.L.;
Copenhaver, A.M.; Humbles, A.A.; Liu, Y.J. IL-1 is a critical regulator of group 2 innate lymphoid
cell function and plasticity. Nat. Immunol. 2016, 17, 646—655.

Klose, C.S.; Artis, D. Innate lymphoid cells as regulators of immunity, inflammation and tissue
homeostasis. Nat. Immunol. 2016, 17, 765-774.

Qiu, J.; Guo, X.; Chen, Z.M.; He, L.; Sonnenberg, G.F.; Artis, D.; Fu, Y.X.; Zhou, L. Group 3 innate
lymphoid cells inhibit T-cell-mediated intestinal inflammation through aryl hydrocarbon receptor
signaling and regulation of microflora. Immunity 2013, 39, 386—399.

Bal, S.M.; Bernink, J.H.; Nagasawa, M.; Groot, J.; Shikhagaie, M.M.; Golebski, K.; van Drunen,
C.M.; Lutter, R.; Jonkers, R.E.; Hombrink, P.; et al. IL-1beta, IL-4 and IL-12 control the fate of

https://encyclopedia.pub/entry/16157 15/16



Innate Immune Cells in Primary Sjogren Syndrome | Encyclopedia.pub

75.

76.

77.

78.

79.

80.

81.

82.

83.

group 2 innate lymphoid cells in human airway inflammation in the lungs. Nat. Immunol. 2016, 17,
636—645.

Rodriguez-Carrio, J.; Hahnlein, J.S.; Ramwadhdoebe, T.H.; Semmelink, J.F.; Choi, I.Y.; van
Lienden, K.P.; Maas, M.; Gerlag, D.M.; Tak, P.P.; Geijtenbeek, T.B.; et al. Brief Report: Altered
Innate Lymphoid Cell Subsets in Human Lymph Node Biopsy Specimens Obtained During the At-
Risk and Earliest Phases of Rheumatoid Arthritis. Arthritis Rheumatol. 2017, 69, 70-76.

Leijten, E.F.; van Kempen, T.S.; Boes, M.; Michels-van Amelsfort, J.M.; Hijnen, D.; Hartgring, S.A.;
van Roon, J.A.; Wenink, M.H.; Radstake, T.R. Brief report: Enrichment of activated group 3 innate
lymphoid cells in psoriatic arthritis synovial fluid. Arthritis Rheumatol. 2015, 67, 2673—-2678.

Ciccia, F.; Accardo-Palumbo, A.; Alessandro, R.; Rizzo, A.; Principe, S.; Peralta, S.; Raiata, F.;
Giardina, A.; De Leo, G.; Triolo, G. Interleukin-22 and interleukin-22-producing NKp44+ natural
killer cells in subclinical gut inflammation in ankylosing spondylitis. Arthritis Rheumatol. 2012, 64,
1869-1878.

Ciccia, F.; Guggino, G.; Rizzo, A.; Saieva, L.; Peralta, S.; Giardina, A.; Cannizzaro, A.; Sireci, G.;
De Leo, G.; Alessandro, R.; et al. Type 3 innate lymphoid cells producing IL-17 and IL-22 are
expanded in the gut, in the peripheral blood, synovial fluid and bone marrow of patients with
ankylosing spondylitis. Ann. Rheumatol. Dis. 2015, 74, 1739-1747.

Ciccia, F.; Guggino, G.; Rizzo, A.; Bombardieri, M.; Raimondo, S.; Carubbi, F.; Cannizzaro, A.;
Sireci, G.; Dieli, F.; Campisi, G.; et al. Interleukin (IL)-22 receptor 1 is over-expressed in primary
Sjogren’s syndrome and Sjogren-associated non-Hodgkin lymphomas and is regulated by IL-18.
Clin. Exp. Immunol. 2015, 181, 219-229.

Cella, M.; Miller, H.; Song, C. Beyond NK cells: The expanding universe of innate lymphoid cells.
Front. Immunol. 2014, 5, 282.

Groom, J.; Kalled, S.L.; Cutler, A.H.; Olson, C.; Woodcock, S.A.; Schneider, P.; Tschopp, J.;
Cachero, T.G.; Batten, M.; Wheway, J.; et al. Association of BAFF/BLyS overexpression and
altered B cell differentiation with Sjogren’s syndrome. J. Clin. Investig. 2002, 109, 59-68.

Bar-Ephraim, Y.E.; Cornelissen, F.; Papazian, N.; Konijn, T.; Hoogenboezem, R.M.; Sanders,
M.A.; Westerman, B.A.; Gonultas, M.; Kwekkeboom, J.; Den Haan, J.M.M.; et al. Cross-Tissue
Transcriptomic Analysis of Human Secondary Lymphoid Organ-Residing ILC3s Reveals a
Quiescent State in the Absence of Inflammation. Cell Rep. 2017, 21, 823-833.

Wenink, M.H.; Leijten, E.F.A.; Cupedo, T.; Radstake, T. Review: Innate Lymphoid Cells: Sparking
Inflammatory Rheumatic Disease? Arthritis Rheumatol. 2017, 69, 885-897.

Retrieved from https://encyclopedia.pub/entry/history/show/38383

https://encyclopedia.pub/entry/16157 16/16



