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Sjögren’s syndrome (SS) is a systemic autoimmune disease characterized by periepithelial lymphocytic
infiltrates in affected tissues and the production of plethora of autoantibodies. Among them autoimmune
responses against Ro/SSA and La/SSB are of major importance since their detection is routinely used for
disease diagnosis and clinical characterization. Although the exact mechanisms underlying disease
pathogenesis are not fully understood, the important role of salivary gland epithelial cells (SGEC) in the
initiation and development of the local immune responses is well-established. SGECs are also capable to
mediate the exposure of the Ro/SSA and La/SSB autoantigens to the immune system by elevated
apoptosis and autoantigen release in apoptotic bodies and/or by the secretion of autoantigen-containing
exosomes. The expression of these autoantigens in epithelial cells appears to be tightly regulated. Up-to-
date, signaling of certain innate immunity receptors, such as TLR3, appear to be implicated in the
regulation of Ro/SSA and La/SSB expression by SGECs, whereas the deregulated expression of certain
miRNAs that are predicted to target them in SS patients suggests a regulatory feedback at the post-
transcriptional level. In the periphery, the humoral autoimmune responses are further regulated by
the development of an active network of idiotypiceantiidiotypic antibodies. The plethora of mechanisms
suggests that autoimmune humoral responses in SS are tightly regulated. In this review, the major hu-
moral autoimmune responses, recent advances on the role of epithelial cells in their development, as
well as possible regulatory mechanisms will be discussed.

� 2013 Elsevier Ltd. All rights reserved.
1. Introduction

Sjörgen’s syndrome (SS) is a chronic systemic autoimmune dis-
ease characterized by a diverse clinical spectrum ranging from local
exocrinopathy to extraglandular, systemicmanifestations that affect
several organs (eg. lungs, liver, kidneys, central nervous system). The
destruction of affected tissues (mainly salivary and lacrimal glands)
is associated with dense lymphocytic infiltrates. Another feature of
the disease is B cell hyperactivity, as attested by abundant produc-
tion of autoantibodies. The major autoantibodies in SS target the
intracellular antigens Ro52/TRIM21, Ro60/TROVE2 and La/SSB,
which are parts of ribonucleoproteins-RNA complexes [1].
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The detection of autoreactive antibodies against intracellular
autoantigens is essential for disease prognosis, diagnosis and
clinical classification of patients with autoimmune disorders. Over
the last fifteen years, emerging data led to the characterization of
autoantibody production as an antigen-driven procedure, since: a)
certain autoantibodies are disease specific, b) the majority of au-
toantibodies detected are of the IgG class, which is suggestive of
an antigen-dependent T-cell help [2], b) autoimmune responses
are mainly polyclonal, targeting multiple epitopes within the same
or interacting autoantigens [2], and d) immunization of experi-
mental animals with fragments of the autoantigens results in
intra- and inter-molecular spreading of the immune response,
similar to that observed after immunization with foreign antigens
[3,4]. Despite extensive studies, the mechanisms operating for the
exposure of certain intracellular autoantigens to the immune
system remain rather elusive. The unraveling of the pathogenic
mechanisms of SS revealed the crucial role of the epithelial
cells in the initiation and regulation of autoimmune responses.
The latter may also be implicated in the development of
autoimmune responses against Ro52/TRIM21, Ro60/TROVE2 and
La/SSB autoantigens.
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Table 1
Prevalence of autoantibodies in SS patients.

Autoantibodies against Prevalence (%)

Ro52/TRIM21 66.7
Ro60/TROVE2 52.1
La/SSB 49
U1RNP 2
Rheumatoid factor 36e74
Cryoglobulins 9e15
Centromere (ACA) 4e17
Mitochondria (AMA) 1.7e27
Smooth muscle 30
Cyclic citrullinated peptides (anti-CCP) 3e10
Calreticulin 20
Muscarinic 3 receptor 11
Carbonic anhydrases 12.5e20.8
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In this review, recent advances on the diagnostic significance of
autoantibodies in SS, the description of SS autoimmune lesions, the
role of epithelial cells in disease pathogenesis and the candidate
regulatory mechanisms for autoantibody production are discussed.

2. The pathologic lesion

Xerostomia (mouth dryness) and xeropthalmia (dryness of the
eyes) owing to the dysfunction of the salivary and lacrimal glands,
respectively, are the most common clinical manifestations of SS [1].
The dysfunction of the exocrine glands is commonly associated
with the development of periepithelial lymphocytic infiltrates of
variable degree. Studies investigating the inflammatory lesion of SS
are mainly conducted in labial minor salivary glands (MSG). T and B
cells constitute the vast majority of infiltrating mononuclear cells at
the MSG inflammatory lesions of SS, with their prevalence varying
according to the severity of the infiltrates. Thus, in mild lesions T
cells predominate, whereas in severe B cells constitute the main
population [5,6]. The majority of infiltrating T cells bear the CD4
phenotype and appear to be activated [5,7,8]. The prevalence of
CD4þ-T cells decreases with lesion severity, whereas the prevalence
of CD8þ-T cells remains unchanged [5]. Likewise, the prevalence of
regulatory T cells associates with lesion severity, with the higher
values to be observed at intermediate lesions [7]. NK-cells and
professional antigen-presenting cells, such as macrophages and
dendritic cells, comprise a small, but considerable portion of the
infiltrating mononuclear cells, and their percentage correlates with
the grade of the lesions [5,9e11]. Furthermore, in the majority of SS
patients, the grade and the composition of the MSG inflammatory
lesions are fully developed at the time of diagnosis, remaining
largely unchanged thereafter. The only evolution observed involved
the development of MALT-lymphoma in certain SS patients
expressing adverse serological prognostic factors (i.e. C4 hypo-
complementemia and cryoglobulinemia) [6]. These findings sug-
gest that SS patients can be distinguished according to the
predominant infiltrating mononuclear cell population into T-cell or
B-cell driven autoimmune responses, which is of major importance
for the proper treatment selection.

The factors or the cells implicated in the recruitment and
accumulation of immune cells in the “inflamed” salivary glands
have not been fully elucidated. Data that emerged over the last two
decades, indicated that epithelial cells, the main target of local
autoimmune responses are not “passive bystander targets”, but key
regulators of local immune responses supporting that the disease is
in fact an “autoimmune epithelitis” [1,12,13]. The first evidence
about the epithelial role in SS pathogenesis was raised by clinical
and histopathological observations, which indicated that the in-
flammatory lesions at the affected organs are developed around
epithelia [13]. Immunohistochemical analyses of MSG tissues of SS
patients revealed that epithelial cells proximal or distal to inflam-
matory lesions express numerous immune-modulatory molecules,
such as cytokines or chemokines that mediate the recruitment,
homing and differentiation of immunocytes, including B and Tcells,
as well as germinal center formation, adhesion molecules, MHC
molecules, B7 and CD40 costimulatory molecules, molecules
implicated in death due to apoptosis, as well as autoantigens and
functional innate immunity receptors [1,14]. All the previous data
suggested the significant role of epithelial cells in the regulation of
immune responses that was further confirmed by subsequent
findings obtained by the study of long-term cultured, non-
neoplastic salivary gland epithelial cells (SGEC) established from
SS patients and sicca-complaining control individuals, devoid of the
inflammatory tissue microenvironment and the lymphocytic
crosstalk [15]. Thus, long-term cultured SGEC from SS patients were
shown to functionally express all the aforementioned molecules
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implicated in both innate and adaptive immunity, such as cytokines
and chemokines, adhesion and costimulatory molecules, death
receptors, as well as receptors involved in innate immunity,
including CD91 and various TLRs [1,12,16e18]. The constitutive
expression of these molecules in SGEC from SS patients was found
to remain stable even after prolonged cultivation and to be signif-
icantly higher than those obtained from non-SS sicca-complaining
controls, a fact suggesting an intrinsic activation of salivary
epithelia [reviewed in Ref. [12]]. Thus, SGEC seem to be equipped
with the full armamentarium of professional antigen presenting
cells, rendering them able to orchestrate the local autoimmune
responses. Furthermore, SGEC were found able to mediate the
exposure of intracellular autoantigens to the immune system by
two pathways. First, the elevated cell-death due apoptosis and the
subsequent release of autoantigen-containing apoptotic blebs
[12,19e21], and second, by the secretion of exosomes, fully loaded
with autoantigenic proteins, including Ro/SSA and La/SSB [22].
Taken together, these observations have led to the assumption that
salivary glands are sites of autoantibody production, a hypothesis
that will be extensively discussed later.
3. Serum autoantibodies and clinical phenotypes

B-cell hyperactivity is a major characteristic of SS and is pre-
dominantly manifested as severe hypergammaglobulinemia and
production of autoantibodies against various autoantigens that are
summarized at Table 1. Antinuclear antibodies (ANA) are present in
the sera of 59e85% of patients [23], whereas antibodies against Ro/
SSA and La/SSB autoantigens are the major autoantibodies in the
syndrome and represent a diagnostic tool for the disease, as defined
by the American-European classification criteria for SS [24].

Anti-Ro/SSA antibodies represent two distinct entities of auto-
antibodies that react with two non-homologous proteins, the Ro52/
TRIM21 and Ro60/TROVE2, respectively. Ro52/TRIM21 is a tripartite
motif containing protein that has been shown to act as an a)
intracellular Fc-Receptor and b) E3-ubiquitin-protein ligase that is
implicated in the regulation of cell proliferation and activation
induced cell death, as well as the regulation of TLR signaling and
subsequent IFN production by polyubiquitin-mediated degradation
of IRFs [25]. Ro60/TROVE2 protein is a ring-shaped RNA-binding
protein that participates in the quality control of nascent tran-
scripts, including the recognition and leading of misfolded defec-
tive RNAs to degradation [26]. Furthermore, Ro60/TROVE2 has been
shown to promote cell survival after ultraviolet (UV) irradiation,
possibly by assisting in the decay of the UV-induced damaged RNA
[26]. On the other hand, La/SSB appears to also be a RNA binding
protein, involved in diverse aspects of RNA metabolism. It chaper-
ones or binds to precursor RNA molecules, in order to protect them
e review of autoantibodies in primary Sjögren’s syndrome: Clinical
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from nuclease-mediated decay and to facilitate their correct pro-
cessing, folding and maturation by specific ribonucleases [27]. It is
also involved in the regulation of micro-RNAs (miRNAs) expression
by protecting and stabilizing of pre-miRNAs from nuclease activity
[28]. Other functions that have been attributed to the La/SS-B are a)
enhancement of cap-independent translation of viral or human
mRNAs that contain internal ribosome entry sites (IRES) or 50-ter-
minal oligopyrimidine motifs that encode ribosome subunits and
translation factors, potentially through RNA chaperone activity, b)
efficient RNAi, antiviral defense and transposon silencing by facil-
itating the release of cleaved mRNA from the RNA-induced
silencing complex (RISC) and thus promoting the multiple-
turnover of RISC catalysis, c) regulation of cell proliferation and
tumor progression by promoting the IRES-dependent translation of
the cyclin D1 (CCND1) protein [27e29].

Studies performed over two decades ago did not distinguish
between anti-Ro52/TRIM21 and anti-Ro60/TROVE2 antibodies and
although autoantibodies against both Ro52/TRIM21 and Ro60/
TROVE2 proteins co-exist in a significant proportion of patients,
distinct clinical features seem to be specifically associated with
each specificity [30,31]. Anti-Ro52/TRIM21 seems to be the most
common specificity in patients with SS (66.7%), whereas anti-Ro60/
TROVE2 and anti-La/SSB antibodies are found in 52.1% and 49% of SS
sera, respectively [25,32]. Detection of these autoantibodies in pa-
tients’ sera has been correlated with longer disease duration before
diagnosis, extensive lymphocytic infiltration of MSG, severe
exocrine gland hypofunction and recurrent parotid gland enlarge-
ment. Moreover, they are associated with a higher prevalence of
extraglandular features, the most noteworthy of which is vasculitis
[33e35]. In addition, these autoantibodies have been strongly
associated with the development of neonatal lupus syndrome,
where they are thought to have direct pathogenic role. In this
syndrome, maternal IgG autoantibodies pass through the placenta
to the fetal circulation causing injuries to the affected organs [36].

Another set of autoantibodies with high prevalence in SS pa-
tients are rheumatoid factor and cryoglobulins with the former
being present in 36e74% and the latter in 9e15% of SS sera,
respectively [37e39]. Both types of autoantibodies are associated
with extraglandular manifestations and younger age at diagnosis.
The detection of cryoglobulins outlines a high risk for poor disease
outcome and lymphomagenesis [40,41].

The anti-centromere antibodies (ACA), which have high value in
the diagnosis of the limited form of systemic sclerosis, are also
found in 4e17% of SS patients. ACA-positive SS patients seem to
comprise a distinct clinical subgroup, characterized by overlapping
clinical manifestations with systemic sclerosis and milder disease
compared to both ACA-negative SS patients or patients with sys-
temic sclerosis [42e45].

An additional specificity that requires attention is the autoan-
tibodies against cyclic citrullinated peptides (anti-CCP). Although
they are considered as specific markers for the diagnosis and
prognosis of rheumatoid arthritis, their prevalence in SS patients
has been estimated to range between 3 and 10% [46e49]. Anti-CCP
reactivity is correlated with non-erosive arthritis in SS patients,
whereas there is a controversy about its association with joint sy-
novitis [47e50].

Anti-mitochondrial antibodies (AMA), which serve as a diag-
nostic serological marker of primary biliary cirrhosis (PBC), target
the components of the ketoacid dehydrogenase complex and pre-
dominantly (in 95% of North American and European PBC sera) the
pyruvate dehydrogenase subunit [51]. AMA are reportedly present
in 1.7e13% of SS patients, with the rate rising to 3e27% depending
on the diagnostic method applied [52]. AMA positivity in SS pa-
tients has been associated with liver involvement [52]. The histo-
pathologic profile of liver and salivary gland lesions are
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comparable. In both disorders, the tissue lesion is characterized by
periductal lymphocytic infiltrates, which primarily consist of CD4þ

T-cells. Moreover, in both entities, the histopathologic lesions
present slow or no progression during disease course [53], whereas
epithelial cells aberrantly express immunomodulatory molecules,
suggesting that both manifest as “autoimmune epithelitis”.

Antibodies to muscarinic receptors, detected by functional
methods or the use of synthetic peptides, have been described in SS
patients. Muscarinic receptors (MRs or mAChRs) are acetylcholine
receptors that form G protein-receptor complexes in the plasma
membranes of certain neurons or other cells. Their functions are
numerous, the most noteworthy being their function as the main
receptors stimulated by acetylcholine released from postganglionic
fibers in the parasympathetic nervous system [54,55]. Muscarinic
receptors received their name from theirhigher affinity tomuscarine
than nicotine and have been further categorized in five subgroups
(M1R-M5R) depending on their reactions with several selective ag-
onists and antagonists. Two decades ago, it was demonstrated that
agonist-mediated stimulation of M3R in rat salivary glands led to
saliva production [56] and subsequent studies revealed that M3R,
rather than M1R, was fundamental for the parasympathetic regula-
tion of saliva secretion [57]. Further studies attempting to associate
the role of anti-M3R autoantibodies in SS sera with defective saliva
productionwere based on functional rather than solid phase assays.
It was shown that anti-M3R antibodies in SS sera functionally
regulate theM3Rmediated saliva production [58]. Further functional
studies led to the assumption that anti-M3R antibodies contribute to
sicca manifestations, potentially via direct blockade of neurotrans-
mission [59]. Subsequent functional analyses utilizing SS sera [60],
the employment of bioinformatics and chemically synthesized
peptides led to the identificationof possible antigenic targets onM3R
molecule; thus, characterizing the second extracellular loop of M3R
as the most prominent target of anti-M3R autoimmune responses
[28,61]. Nevertheless, discrepancies in solid-based assays (ie. ELISA)
[62] and the difficulties observed in detecting anti-M3R antibodies
by conventional immunologic techniques [63] failed to provide a
consensus for the association of anti-M3R occurrence with clinical
manifestations.

Carbonic anhydrases comprise a family of enzymes that catalyze
the conversion of carbon dioxide and water to bicarbonate and
protons and vice versa. They are classified as metalloproteases,
since their active site contains a zinc ion and they are mainly
involved in the regulation of acid base balance in blood and other
tissues, and in aiding carbon dioxide transport out of tissues. Au-
toantibodies targeting carbonic anhydrase II (anti-CAII) are present
in 12.5e20.8% of SS patients [64,65]. Furthermore, experimental
immunization of PL/J mice with human carbonic anhydrase II
evoked experimental autoimmune sialadenitis in mice, suggesting
that anti-CAII antibodies could have a role in SS pathogenesis [66].
The occurrence of anti-CAII antibodies has been associated with
distal renal tubular acidosis [67].

Finally, another set of autoantibodies that can be found in SS
patients are the anti-smooth muscle antibodies (ASMA). Their
prevalence in SS is around 30% [68]. In general, ASMA along with
ANA positivity are indicative of type-1 autoimmune hepatitis [69],
however, their clinical value in SS is not clear. It has been reported
that ASMA positivity in SS patients correlates with autoimmune
hepatitis [70e72], but this was not corroborated [23]. The afore-
mentioned autoantibodies and their associations with the expres-
sion of SS are summarized at Table 2.

4. Regulation of the autoimmune response

Similarly to immune reactions against foreign antigens, auto-
immune responses are tightly regulated. The aforementioned data,
e review of autoantibodies in primary Sjögren’s syndrome: Clinical
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Table 2
Association of autoantibodies with clinical features of SS patients.

Autoantibodies against Clinical associations

Ro52/TRIM21 �Younger age at diagnosis and
longer disease duration
� Exocrine gland hypofunction

as attested by functional tests
Ro60/TROVE2 �Severe infiltration of salivary glands

� Salivary gland enlargement
� Extraglandular manifestations

La/SSB � Hypergammaglobulinemia,
Cryoglobulinemia

� Neonatal lupus-congenital
heart block

U1RNP Overlapping syndrome with MCTD
Rheumatoid factor � Younger age at diagnosis

� Extraglandular manifestations
Cryoglobulins � Younger age at diagnosis

� Salivary gland enlargement
� Extraglandular manifestations
� MALT lymphoma
� Hypocomplementemia
� Hypergammaglobulinemia

Centromere (ACA) � Overlap with systemic sclerosis
� Milder disease
� Negative correlation with

anti-Ro/SSA, anti-La/SSB antibodies
Mitochondria (AMA) Primary biliary cirrhosis
Smooth muscle Autoimmune hepatitis
Cyclic citrullinated

peptides (CCP)
Articular manifestations

Muscarinic 3 receptor Sicca symptoms
Carbonic anhydrases Renal tubular acidosis
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as well as pathways that will be discussed in this section, provide
evidence for the operation of several potential regulatory mecha-
nisms in the development of autoimmune responses. These include
either mechanisms mediated exclusively by components of the
immune system, such as the formation of idiotypiceantiidiotypic
network or elements of innate immunity, namely TLR expression by
inflamed epithelia, or wide cellular mechanisms that regulate
molecule expression, in this case the expression of autoantigens,
such as miRNAs.
4.1. Salivary glands are sites of autoantigen presentation and
initiation of the immune response

Despite intensive studies, the mechanisms involved in the
generation, as well as the sites of autoantibody production are not
defined. The affected exocrine glands appear to serve as amajor site
of autoantibody formation. This is supported by the following
findings: a) lymphocytic infiltrates in approximately 20% of SS pa-
tients form germinal center-like aggregates in the salivary glands
[73,74] and contain autoreactive B cells, b) the saliva of SS patients
contains high levels of IgG, as well as anti-Ro/SSA and anti-La/SSB
autoantibodies, and c) many of the infiltrating plasma cells
contain intracytoplasmic immunoglobulins with anti-Ro/SSA ac-
tivity [75]. Finally, it has been reported that nuclear autoantigens
translocate to the cytoplasm and the cellular membrane during
ductal cell apoptosis [20]. In line with the local autoantibody pro-
duction in the salivary glands, is the elevated epithelial expression
of BAFF and various chemokines that regulate B cell survival and
differentiation by SGEC. As mentioned earlier, SGEC demonstrate
properties of antigen-presenting cells, thus being able to coordi-
nate local immune responses. An additional important role that has
been attributed to SGEC is the exposure of intracellular antigens
and their presentation to the immune system. It appears that this is
achieved by two processes, the apoptotic cell death and the release
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of exosomes. Apoptotic cell death has been shown to result in the
exposure of Ro52/TRIM21, Ro60/TROVE2 and La/SSB autoantigens
through the release of autoantigen-loaded apoptotic blebs [12,20].
Although cultured SGEC have been found resistant to Fas-mediated
apoptosis, they were rendered sensitive by a second signal, such as
CD40 signaling [19,76], whereas they have been shown to undergo
detachment-induced apoptosis (termed as anoikis) in response to
TLR3 stimulation [14]. The in-vitro data supporting that epithelial
cells die through apoptosis are further supported by noumerous
studies showing elevated apoptosis of the salivary gland epithelia
in SS patients [reviewed in Ref. [1]]. Exosomes are small membrane
vesicles of endocytic origin with a diameter between 30 and
100 nm that are secreted by almost every cell type. They are
involved in diverse physiological processes, including the exchange
and discharge of intracellular material. They have been proven to
play a key regulatory role in immune responses by mediating T-cell
activation and the transport of antigens to antigen-presenting.
Cultured SGEC release exosomes that contain the major auto-
antigens Ro/SSA, La/SSB and Sm and express on the surface MHC
molecules, indicating that they are capable to activate the immune
system [22].

The pivotal role of epithelia in autoantibody production has
been recently shown in an experimental mouse model lacking the
transcriptional regulator IkB-z [77]. More particularly, IkB-z defi-
cient mice, which are prompted to epithelial apoptosis, were found
to spontaneously develop an SS-like inflammation, manifested as
dacryoadenitis associated with the development of lymphocytic
infiltrates in the affected tissue and production of high titers of the
SS-associated autoantibodies Ro/SSA and La/SSB. This phenotype
was found to specifically correlate with increased apoptosis of
epithelial, but not the immune, cells. Furthermore, it was signifi-
cantly reversed by treatment with caspase inhibitors, a finding that
strengthens the role of epithelial apoptosis in autoimmune re-
sponses and provides amechanistic insight on how the apoptosis of
epithelial cells can initiate local inflammation, lymphocytic
recruitment and autoantibody production, characteristic of SS.

4.2. Antiidiotypic antibodies targeting autoantibodies: possible
suppressors of autoimmunity

One of the major immunologic breakthroughs proposed by
Nobel laureate N.K. Jerne four decades ago was the idiotypice
antiidiotypic network theory [78]. Jerne suggested that the anti-
bodies recognizing a specific epitope on an antigen are also capable
to induce an immune response against them, which in turn leads to
the production of antiidiotypic antibodies that neutralize the
former antibodies. According to this theory, the proportion of id-
iotypic and antiidiotypic antibodies in the circulation is balanced,
forming a network of idiotypiceantiidiotypic antibodies and
resulting in the neutralization of idiotypic antibodies by the anti-
idiotypes, leading eventually to downregulation of the humoral
responses.

This property of the immune system is obviously very important
in autoimmune diseases, since it provides a regulatory mechanism
to neutralize the harmful effects of autoantibodies. However, the
study of the idiotypiceantiidiotypic network has some inherent
difficulties arising from the following reasons: 1) the autoimmune
response is heterogeneous, directed against multiple epitopes
within various autoantigens, 2) the antiidiotypic antibodies are
blocked and neutralized by autoantibodies, 3) the purification
methodologies for antiidiotypic antibodies cannot, so far, disclose a
homogeneous antiidiotypic antibody population to be used for
further studies.

In our laboratory we used complementary peptides to major
epitopes of La/SSB, spanning amino acids (aa) 349e364 of the
e review of autoantibodies in primary Sjögren’s syndrome: Clinical
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protein. The complementary peptides can bind the antiidiotypic
antibodies of anti-La/SSB (349e364aa) autoantibodies and, there-
fore, are useful tools to evaluate the idiotypiceantiidiotypic
network. Experiments on this subject revealed the following
[reviewed in Ref. [79]]:

1. Sera of patients with SS contain an active idiotypiceanti-
idiotypic network of the autoantigen La/SSB.

2. Immunization of animals with either epitopes or their com-
plementary peptides results in the production of both idiotypic
and antiidiotypic antibodies.

3. A substantial population of anti-La/SSB (349e364aa) is blocked
and hidden in the conventional immunoassays, by the anti-
idiotypic antibodies.

The latter observation prompted us to study mothers who gave
birth to children with neonatal lupus syndrome (NLS). In studies
performed blindly in sera of anti-La positive mothers, it was shown
that mothers who gave birth to a healthy child had higher titers of
antiidiotypic antibodies, compared with mothers who gave birth to
a child with NLS, leading to the assumption that antiidiotypic an-
tibodies are protective, most probably by binding to pathogenic
anti-La/SSB antibodies, thereby blocking their entrance in the fetal
circulation [80].

4.3. TLRs as regulators of the local autoimmune responses

TLRs are a family of highly conserved membrane receptors that
are considered as major innate immunity sensors and list 10
members in humans and 12 in mice [81]. They recognize certain
pathogen-associated molecular patterns (PAMPs), which are small
molecular motifs conserved within a class of pathogens and
mediate the production of several proinflammatory and immuno-
modulatory cytokines that are required for effective acquired re-
sponses. Of particular note is TLR3 that recognizes double-stranded
RNA, which can be delivered locally from viruses or damaged cells,
and upon ligation promotes the production of type-I interferons
[82]. TLR3 appears to play a significant role in SS pathogenesis,
since its signaling has been shown to reduce salivary gland function
in several mouse strains and to significantly accelerate sialoadenitis
in the NZB/NZW mouse model of SS [83e85]. Moreover, its
constitutive expression on SGEC is high and localized on the cell-
surface, which is indicative of a remarkable activation status,
whereas TLR3 signaling on SGEC by polyI:C treatment has been
shown to induce the expression of immunomodulatory molecules,
interferons, as well as the apoptotic cell death via anoikis
[14,86,87]. On the other hand, autoantigenic proteins have been
shown capable of activating TLRs through the RNA molecules
involved in the formation of their RNA-ribonucleoprotein com-
plexes [88]. Furthermore, Ro52/TRIM21 autoantigen, with its E3
ubiquitin-protein ligase function has been implicated in the regu-
lation of TLR3, TLR7 and TL9 mediated inflammation [25]. Under
this perspective, we recently sought to investigate whether TLR3
signaling could participate in the regulation of Ro52/TRIM21, as
well as Ro60/TROVE2 and La/SSB, expression [89]. We found that
indeed, TLR3, but not TLR4, signaling significantly upregulates the
expression of Ro52/TRIM21 mRNA expression in SGECs, and that
this increment is achieved in two steps, one early evident from 6-
hrs and one late at 24e48-h. The late increase of Ro52/TRIM21
mRNA expression that was induced by TLR3 signaling in SGECs was
accompanied by protein redistribution in the nucleus, from
nucleolar-like to several dots spanning throughout nucleus. The
TLR3-induced late Ro52/TRIM21 mRNA increase and protein
redistribution were found to be largely mediated by IFNb produc-
tion. Furthermore, TLR3 signaling in SGECs was found to slightly,
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but significantly induce the expression of Ro60/TROVE2 and La/SSB
mRNAs [89]. These findings suggest that TLRs might be implicated
in the regulation of the expression of autoantigens by non-immune
tissues, by creating large quantities of autoantigens within
epithelial cells, which under sustained ligation are led to apoptosis
and autoantigen exposure to the immune system.

4.4. MicroRNAs targeting autoantigens

MicroRNAs (miRNAs) are small non-coding single-stranded RNA
molecules (approximately 22 nucleotides long) which function as
post-transcriptional regulators of gene expression in plants and
animals [90]. Recent data from in vitro and in vivo experiments
implicate miRNAs in aberrant immune responses and consequently
autoimmune manifestations [91]. Despite rising interest in miRNA
implication in autoimmunity, only a few studies have investigated
their participation in SS etiopathogenesis. Alevizos et al. explored
miRNA signatures in salivary glands from SS patients [92] and has
reported 94 miRNAs that are differentially expressed between
salivary glands obtained from SS patients and non-SS controls.
Furthermore, the expression profile of these miRNAs can discrim-
inate different SS patients regarding to salivary hypofunction and
lymphocytic infiltration severity.

A recent study from our lab revealed a different aspect in the
pathophysiologic role of miRNAs in SS. In an attempt to identify
possible regulators of Ro52/TRIM21, Ro60/TROVE2 and La/SSB
expression, we selected by a computational approach a panel of
eleven miRNAs that are predicted to target Ro52/TRIM21, Ro60/
TROVE2 and/or La/SSB mRNAs and analyzed their expression in
salivary glands (SG) tissues, peripheral blood mononuclear cells
(PBMC) and SGEC of SS patients and non-SS controls [93]. Seven
miRNAs, including let-7b, miR-16, miR-181a, miR-200b, miR-200b*,
miR-223 and miR-483-5p were found to be expressed in SGs,
PBMCs and SGECs. Among these, miR-181a, miR-200b andmiR-223
were found to be significantly upregulated in SGs, SGECs PBMCs,
respectively, from SS patients compared to non-SS controls. It is
noteworthy that miR-181a andmiR-16 overexpression in SG tissues
of SS patients has been previously correlated with decreased sali-
vary function [92]. Lastly, let-7b miRNA expression was down-
regulated in SGECs established from SS patients that were anti-Ro/
SSA positive and/or anti-La/SSB positive, as compared to anti-Ro/
SSA and anti-La/SSB negative SS patients. The rest of miRNAs
investigated were not found to be differentially expressed in the
aforementioned two SS subgroups [93]. However, it should be
noted that the multiplicity of miRNA targets and the complexity of
their regulation render extremely difficult the interpretation of
data concerning their role in autoimmune responses.

In summary, the autoimmune responses in SS appear to be
extremely regulated. This is indicated by a) the complex pathways
involved in the expression of intracellular autoantigens by non-
immune tissues, such as glandular epithelia, that include the cross-
talk of innate immunity signals and post-transcriptional regulation
and b) the mechanisms involved in the exposure of these auto-
antigens in the immune systemand the development of autoimmune
reactions, with special attention to the apoptotic cell death and the
release of autoantigen-loaded exosomes by SGECs (Fig. 1). Further
studies are needed to elucidate the regulation of autoantigen
expression, aswell as the autoantibody production andpathogenicity
in SS, and to enable the development of therapeutic interventions.

The above-mentioned data were presented at the 12th Inter-
national Symposium on Sjörgen’s Syndrome that was held at Kyoto,
Japan on October 9e12, 2013. Along with the other studies pre-
sented in this special issue of the Journal of Autoimmunity, sheds a
light on the novel clinical, pathogenic and therapeutic aspects of
the disease.
e review of autoantibodies in primary Sjögren’s syndrome: Clinical
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Fig. 1. Schematic representation of the development and regulation of humoral autoimmune responses in SS. At inflamed salivary tissues, exposure to danger or apoptosis-inducing
signals leads glandular epithelial cells (SGECs) expressing the intracellular autoantigenic proteins to discharge them to the microenvironment through exosomes or apoptotic
bodies. These autoantigen-loaded vesicles are processed by antigen-presenting cells (APCs) and result to the activation of B cells and the generation of autoantibody-producing B
cells. The detection and pathogenicity of the produced autoantibodies depends on the balance of idiotypic/antiidiotypic antibodies and the development of an idiotypiceanti-
idiotypic network, which neutralizes the pathogenic autoantibodies.
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