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ABSTRACT

Sjogren’s syndrome is a complex and
potentially disabling slow progressive,
systemic disorder. During the last twelve
months several original and important
contributions have been published on
the pathogenesis, diagnosis and therapy
of the disease. This review, following the
others of this series is aimed at summa-
rising some of the most significant stud-
ies that have been recently published.
Regarding the pathogenesis, we will
specifically focus on novel insights on
miRNA, gut microbiota, adaptive and in-
nate autoimmunity and animal models.
Concerning novelties in pSS diagnosis,
we will focus on salivary gland ultra-
sonography and histology. Finally, we
will conclude with an update of the clin-
ical manifestations of the disease and
with an overview of the future therapies.

Introduction

Sjogren’s syndrome (SS) is a complex
and heterogeneous disease potentially
leading to disability and quality of life
impairment. A number of important sci-
entific contributions were published in
2017 on SS pathogenesis, clinical pres-
entation and treatment. Following the
previously published annual reviews (1-
12), we will here provide an overview of
the recent literature on the pathogenesis,
clinical features and novel treatments of
SS. We performed a Medline search of
English language articles published in
the PubMed database from 1st January
2017 to 31st December 2017. The fol-
lowing key words: Sjogren’s syndrome,
pathogenesis, diagnosis, salivary gland
ultrasonography, biopsy, clinical mani-
festations, lymphoma, therapy formed
the data sources.

Novel insights into pathogenesis

The role of mRNAs

Primary Sjogren’s syndrome (pSS) is a
female dominated autoimmune disease

of unknown aaetiology characterised
by inflammation of salivary and lacri-
mal glands. Keratoconjunctivitis sicca
and xerostomia represent the clinical
hallmarks. Systemic manifestations
include extra-glandular organ involve-
ment, debilitating fatigue and a 15-
fold increased risk of lymphoma, most
commonly non-Hodgkin’s lymphomas
of the B cell type. DNA methylation,
histone modification and non-coding
RNAs are important contributing fac-
tors in the pathogenesis of pSS (13).
Aberrant expression of micro-RNAs
(miRNAS) has been linked to essential-
ly all complex autoimmune diseases,
including pSS.

miRNAs are small, non-coding, single-
stranded, =22-base nucleotide sequenc-
es, which bind approximately 60% of
all genes. The human genome may en-
code over 2500 miRNAs, which have
emerged as one of the key cytoplasmic
regulators of gene expression mainly at
the post-transcriptional level by target-
ing the 3'UTR region of target messen-
ger RNAs (mRNAs) for degradation or
translational repression. A single miR-
NA can have hundreds of target genes,
and multiple miRNAs can regulate the
same target (14). miRNAs play impor-
tant roles in immune tolerance and pre-
vention of autoimmunity. Differential
miRNA expression patterns have been
demonstrated in different autoimmune
diseases including pSS, analysing ei-
ther salivary glands or peripheral blood
mononuclear cells (PBMCs) (15-17).
miRNA-146a and miR-155 are the
most essential regulators in pSS. Stud-
ies demonstrate that mR-146a expres-
sion is increased in PBMCs of SS
patients compared to healthy controls
and this overexpression in SS is linked
with immune functions such as cellu-
lar migration, cytokine production and
phagocytosis (17).Validated targets of
miR-146a-5p include IRF5, STATI,
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IRAK1 and IRAK2 which have been
found associated with genetic varia-
tion or DNA methylation changes in
pSS, thus serving as a negative feed-
back for immune activation (18-21).
Another study described the deregula-
tion of miR-4524b-3p, miR4524b-5p,
miR5571-3p, miR5571-5p, miR5100
and miR-574-3p in patient samples de-
rived from pSS patients. The specific-
ity of miR-203, miR-768-3p and miR-
574-3p within the exosomes of parotid
saliva samples from patients with pSS
holds promise for future investigation
(14, 17). The role of miR-183, mR-
130a and miR-708 down-regulation
remains to be elucidated (17). Wang-
Renault er al. performed a large-scale
analysis of miRNAs in patients with
pSS in sorted blood-derived T and B
cells and demonstrated cell-type spe-
cific miRNA expression patterns, po-
tentially related to the pathophysiology
of the disease (18). In CD4 T lympho-
cytes, -let-7d-3p, -miR-155-5p, -miR-
22-3p, -miR-30c-5p, -miR-146a-5p,
-miR-378a-3p and-miR-28-5p were
significantly differentially expressed
in both the discovery and the replica-
tion cohort. In B lymphocytes, -miR-
378a-3p, -miR-222-3p, -mi-26a-5p,
-miR-30b-5p and-miR-19b-3p were
significantly expressed (18). Another
interesting finding of this study was the
increased expression of B-cell activat-
ing factor (BAFF) mRNA after inhib-
iting -miR-30b-5p. BAFF levels have
been found to be increased in the serum
and salivary gland B, T and epithelial
cells of pSS patients compared with
controls and correlate with autoan-
tibody production. Blocking BAFF
and C-X-C motif chemokine ligand
(CXCL13) improves salivary gland
function (18). Further studies are re-
quired in order to confirm the specific
binding sites of -miR-30b on the BAFF
mRNA as well as to determine its rel-
evant importance compared with other
miRNAs binding to BAFF. The miR-
17-92 cluster promotes the survival of
B lymphocytes, at least partly through
its ability to regulate PI3K signalling
and genes expressed downstream of
this pathway (18). In a cohort of 28
pSS patients, Wang et al. demonstrated
reduced expression levels of miR-181a
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and -16 in labial salivary gland tissues
of SS patients. Furthermore, these miR-
NAs were increased in patients with
SS who possessed high salivary gland
pathological focus scores (SGPF), thus
suggesting a potential role in the patho-
genesis of SS (22).

Despite limited data, it has been sug-
gested autophagy to have a role in the
pathogenesis of SS. Recent data dem-
onstrated that enhanced autophagy
and apoptosis are involved in Ro/SSA
and La/SSB redistribution in secre-
tory epithelial cells of salivary glands.
ATGS5 and the LC3B-II/I ratio are
used as typical markers of autophagy
(23). In a cross-sectional case-control
study, Byun et al. demonstrated that
autophagy markers in tears and the
conjunctival epithelium were upregu-
lated in SS patients with dry eyes (DE).
Moreover, ATGS expression correlated
positively with the corneal and con-
junctival staining scores in SS DE. Ad-
ditionally, anti-inflammatory therapy
with topical corticosteroids attenuated
these increases in autophagy markers,
which was accompanied by clinical
improvement in SS DE patients (23).
Using CPA and gene expression analy-
sis Shah et al. identified 22 DE genes in
salivary gland datasets in SS that have
not previously been clearly associated
with SS pathogenesis. Among these,
higher levels of checkpoint kinase 1
(CHEKI1), avian erythroblastosis Vvi-
rus E26 oncogene homolog 1 (ETS1),
and lymphoid enhancer binding factor
1 (LEF1) were significantly correlated
with higher matrix metalloproteinase 9
(MMP9) levels. Higher MMP9 levels
have been implicated in degradation of
salivary gland structural integrity, lead-
ing to hypo-salivation in patients with
SS. Salivary gland mRNA expression
of MMP9 and the expression of cy-
tokine CXCL10 were higher in patients
with SS. CXCL10 has been shown to
increase MMP9 expression, thereby
potentially impacting SS pathogenesis
(24). Other recent studies suggest that
enhanced expression of NLRP3 in-
flammasome-mediated inflammation in
peripheral mononuclear cells (25) and
the IL-12/IL-35 balance (26) may rep-
resent parts of the pathogenetic cascade
in SS. Serum IL-35 levels were also as-

sociated with low disease activity, in
contrast with serum IL-12p70 levels,
which were associated with more ac-
tive disease. In blood cellular subsets
both IL12p35 and EBV-induced gene
protein 3 (EBI3) mRNAs were detect-
ed only in B cells, with a trend toward
a lower level among patients with pSS
(26). Moreover, in attempting to iden-
tify molecular switches controlling B
cell responses in autoimmune diseases,
Levels et al. showed that B cell spe-
cific transcriptional coactivator Bobl
mRNA expression was significantly in-
creased in pSS patients compared with
controls with sicca syndrome without
pSS. Similar to observation in rheuma-
toid arthritis (RA) synovitis, Bobl ex-
pression was strongly correlated with
CD2I1L expression in parotid salivary
glands of pSS patients (27).

Innate and adaptive immunity

* [nnate immunity

Although the cause of pSS remains
poorly understood, it is characterised
by exaggerated innate and adaptive
immunity. Interaction between genetic
susceptibility and environmental trig-
gers is thought to active innate im-
mune system in the early stages of the
disease. Genetic studies over the past
years identified more than 15 loci for
SS and many of these are shared with
other autoimmune diseases, especially
SLE. SS patients display increased
expression of type I and type II IFN-
regulated genes in both salivary tissue
and peripheral blood. One of the most
definitive genome-wide association
studies in pSS patients identified sin-
gle nucleotide polymorphisms in many
IFN-inducible genes that are impli-
cated in innate immunity, specifically
HLA-alleles, STAT4, IRF5, IL-12A
and TNIP1 (27). It is important to point
out that assessment of gene expression
and activity carries clinical signifi-
cance. A study of monocytes from pSS
patients demonstrated that the presence
of a type I signature was associated
with higher disease activity and el-
evated autoantibody levels (7, 27, 28).
While underlying causes of IFN activa-
tion remain poorly understood, several
studies suggest that a viral trigger such
as cytomegalovirus, Epstein-Barr virus
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and C virus may contribute to disease
initiation and chronicity. Corroborating
work shows that some SS patients dis-
play an IFN gene signature (vide supra)
and IFNa is secreted by plasmacytoid
dendritic cells (pDCs) in response to
viral agonists in salivary tissues in SS
(27, 28). Recent findings indicate that
overexpression of the normally silent
endogenous virus-like genomic repeat
element LINE-1 (long interspersed nu-
clear element-1) in salivary gland tis-
sues from SS patients, which results
from defective methylation, might in-
duce activation of type I pathways thus
causing apoptosis of salivary epithelial
cells, exposure of endogenous autoan-
tigens to the immune system, upregu-
lation of BAFF expression, increased
B cell survival and differentiation and
ultimately autoantibody production
and immunecomplex formation (29).
Toll-like receptors (TLRs) are crucial
for innate immune activation in SS.
Emerging evidence suggests TLR2
and TLR4 signalling is dysregulated
locally and systematically in SS. Pe-
ripheral blood mononuclear cells from
SS patients stimulated with agonists
for TLR2 or TLR4 (peptidoglycan
(PGN) or lipopolysaccharide (LPS),
respectively) secrete higher levels of
IL-17 compared with controls (7, 29).
Moreover, both TLR2 and TLR4 tran-
scripts are elevated in salivary tissue
derived from SS mouse models and SS
patients as compared to controls and
stimulation of salivary gland epithelial
cells (SGECs) with LPS or PGN caus-
es upregulation of the co-stimulatory
markers ICAM-1 and MHC-1 (29).
In addition, several studies in mice
and humans suggest an important role
for endosomal TLRS (TLR3, TLR7,
TLRY9) in SS pathogenesis. Interest-
ingly, a recent study found that when
pSS patients were segregated on the
basis of type I IFN expression, pDCs
and monocytes from the IFN-express-
ing subset expressed elevated levels of
TLR7, whereas IFN negative patients
expressed normal levels of TLR7 (29).
Of significance to SS pathogenesis,
the NLRP3 inflammasome which is a
key component of the innate immune
systeme, is activated by concomitant
stimulation of TLRs and purinergic

S-16

P2X4/P2X7 receptors. Inflammasome-
related genes are elevated in human
SS salivary tissue, including P2X7,
NLRP3 and caspase-1 and this expres-
sion correlates with focal lymphocytic
sialadenitis and the presence of anti-Ro
autoantibodies (29). Inflammasome
hyperactivity is also indicated by the
upregulation of both IL-1 and IL-8 in
SS patients. Another cytokine of the
IL-1 family shown to be increased in
both serum and salivary gland biopsies
of SS patients is IL.-33, acting synergi-
cally with IL-12 and IL-23 for the in-
duction of IFNYy secretion by natural
killer (NK) and NKT cells (30). IL-6
levels were also found to be height-
ened in serum, saliva and tears of pSS
patients and SS-derived SGECs have
been shown to produce IL-6, through
which they can activate T-follicular
cells (30).

* Adaptive immunity

The adaptive immune system is often
activated by signals generated by the
innate immune response. It consists of
B and T cells and has been studied ex-
tensively in SS. CD4+ T helper cells
play a crucial role in the pathogenesis
of SS. A large population of CD4+ T
cells and small numbers of B cells,
CD8+ T cells, macrophages and den-
dritic cells infiltrate the target organs,
such as salivary and lacrimal glands
during the early stages of the disease.
Thl derived responses mediate the
pathogenesis of SS. In C57BL/6.NOD-
AeclAec2 (B6.NOD-Aec) mouse
model, IL7 acting via upregulation of
Thl and IFNY/CXCR3 accelerated the
development of SS. This effect was
abrogated on blocking IL7Ra. IFNy
is mainly produced by Thl cells; IFNy
along with IL-12 causes differentiation
of CD4+ T cells into Th1 lymphocytes
(31). Th17 cells are also observed in
the autoimmune lesions of the sali-
vary gland tissues of SS patients. Be-
cause Thl17 cells can produce IFNY,
they seem to play a critical role in the
v-mediated pathogenesis of SS. Fur-
thermore, IL-18 and IL-23 produced
by SGECs also contribute to the dis-
ease. Davies et al. analysed MAPK/
ERK and JAK/STAT signalling net-
works in peripheral blood mononuclear

cells from pSS patients upon stimula-
tion with IFN-2ab by flow cytometry.
Type I IFN induced gene expression
was found to negatively correlate with
the IFN-20b induced phosphorylation
of STAT3 S727 in T cells and posi-
tively with pSTAT1 Y701 in B cells,
thus indicating involvement of these
pathways in SS pathogenesis (32). An-
other study which added insight to the
autoimmune process in SS was that
by Imegenberg-Kreuz et al. who ana-
lysed the transcriptome of CD+19 B
cells from pSS patients. Among the top
upregulated and validated genes were
CX3CRI1, encoding the fractalkine re-
ceptor involved in regulation of B cell
malignancies, CCL5/RANTES and
CCRI. Increased expression of sev-
eral members of the TNF superfamily
was also identified; TNFSF4/0x40L,
TNFSF10/TRAIL, TNFSF13B/BAFF,
TNFRSF17/BCMA as well as SI00A8
and —A9/cal-protectin, TLR7, STAT1
and STAT2. Among genes with down-
regulated expression in pSS B cells
were SOCS1 and SOCS3, CD70 and
TNFA/P3/A20 (33). This study con-
cluded that B cells from pSS patients
with anti-SSA antibody positivity
display immune activation with up-
regulated expression of chemokines,
chemokine receptors and a prominent
type I and type II I signature. B cell hy-
peractivity is a hallmark of pSS, which
is among others reflected by the elevat-
ed risk of developing non-Hodgkin’s
lymphoma, mostly mucosa-associated
lymphoid tissue (MALT) type prefer-
entially develops in the parotid gland.
It remains unclear why MALT lympho-
mas arise predominantly at this loca-
tion, since all minor and major salivary
glands are affected in pSS. For this
reason, Haacke et al. studied whether
FcRL4 expressing B cells are present
in salivary gland tissue (labial and pa-
rotid) of pSS patients and whether pa-
rotid gland MALT lymphomas in pSS
patients express this receptor. They
found that FcRL4+ B cells are present
in pSS salivary glands, predominantly
the parotid gland, in close associa-
tion with the ductal epithelium form-
ing lymphoepithelial lesions (LELs).
They are highly proliferative, genuine
PAX+B cells and were also present in
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pSS-related MALT lymphomas imply-
ing a plausible explanation why they
develop in parotid glands rather than
labial glands in pSS patients (34). In
a recent observational study by Barce-
los et al., it was demonstrated that in
pSS, the presence of lower memory B
cells counts was associated with longer
disease duration and a more active dis-
ease, which could represent a possible
role as prognostic marker (35). There-
fore, future studies with a large number
of patients are required to clearly prove
this hypothesis.

The role of gut microbiota

Previously, it was referred that pSS may
result in extra-glandular manifestations
(EGM). The gasrtrointestinal (GI) tract
may be involved with oesophageal dys-
motility, gastroparesis, atrophic gastri-
tis and pancreatic insufficiency being
the most commonly encountered in
pSS. Increased levels of fecal calpro-
tectin (F-calprotectin) a valid marker
for GI inflammation have been found in
a subgroup of pSS patients and were as-
sociated with concomitant GI disease.
To date, a major effort is being made
in deciphering the role of complex mi-
crobial communities, especially the oral
and gut microbiomes in the pathogen-
esis of multiple autoimmune diseases
including pSS (36, 37). In humans, the
adult intestinal microbiota ecosystem
consists of approximately 1000 spe-
cies of bacteria, 5 genera of archaea, 66
genera of fungi and an undefined num-
ber of viruses, mostly bacteriophages,
which play crucial role in the mainte-
nance and regulation of homeostasis in
intestinal microflora. Altered microbial
composition of the intestine is com-
monly referred as dysbiosis (37, 38).
Gut microbial exposure leads to a con-
tinuous diversification of B cell reper-
toire and the production of T-dependent
and -independent antibodies, especially
IgA. These combined effects provide
an elegant educational process to the
adaptive immune network. Reduction
of the inflammatory signalling cascade
by down regulating the NFk-f3 path-
way and decreased production of IL-8
as well as stimulation of regulatory T
cell subsets (Tregs) serve as potential
mechanisms through which gut micro-
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biota or infectious agents modulate the
immune response (39). Tissue transglu-
taminase (tTg) is a pleiotropic enzyme
expressed ubiquitously and abundantly.
Despite this coeliac disease tTg plays a
significant role in diseases of an inflam-
matory and autoimmune nature includ-
ing pSS and SLE. Similarly, microbial
transglutaminases (mTgs) may contrib-
ute to the induction, development and
perpetuation of the autoimmune pro-
cess (40). Literature data regarding the
role of gut microbiota in pSS are limit-
ed. In a cohort of 42 pSS patients it was
demonstared that severe intestinal dys-
biosis was a prevalent finding in pSS,
affecting 21% of the studied patients.
In this study severe intestinal dysbiosis
was associated with both clinical and
laboratory signs of systemic disease ac-
tivity as well as with laboratory signs
of GI tract involvement, as evaluated
by F-calprotectin (41). It has been re-
ported that SS patients have greater
abundances of Pseudobutyrivibrio, Es-
cherichia/Shigella, Blautia and Strep-
tococcus, while reduced abundance
of Bacteroides, Parabacteroides, Fae-
calibacterium and Prevotella compared
with healthy controls. Furthermore, the
severity of ocular and systemic mani-
festations was inversely proportional to
microbial diversity (38,42). These find-
ings suggest that dysbiotic intestinal mi-
crobiome driven by reduced abundance
of commensal bacteria and an increased
abundance of potentially pathogenetic
genera is a hallmark of SS.

Findings from animal models

Animal models that recapitulate hu-
man disease are crucial for the study
of SS. While several SS mouse mod-
els exist, only few pSS models mimic
systemic disease manifestations seen in
humans. Similar to pSS patients, NOD.
B10n-H2b/J (NOD.B10) mice develop
exocrine gland disease and anti-nuclear
autoantibodies. Kiripolsky et al. pro-
vided a comprehensive analysis of local
and systemic disease manifestations in
female NOD.B10 mice. Exocrine tis-
sue, lung and kidney were analysed.
NOD.B10 mice present with robust
lymphocytic infiltration of salivary and
lacrimal tissue. In addition, they ex-
hibit significant renal and pulmonary

infiltration. The investigators identified
numerous autoantibodies, including
those directed against salivary proteins
and concluded that this model is an
excellent tool for clinical translational
studies, particularly those designed to
evaluate EGM in pSS (43). Kim et al.
used ten week-old NOD.B10-H2b mice
in order to investigate the effect of sub-
conjunctival administration of anti-high
mobility group box1 (anti-HMGB1) on
dry eye. They focused on extracellular
HMGBI1 because they believed that the
chronic epithelial cell damage to the
corneal or lacrimal glands may trigger
the cycle of inflammation by secret-
ing danger signals, such as HMGBI.
It is plausible to assume that extracel-
Iular HMGBI1 acts as an inflammatory
cytokine through TLRO signalling on
B cells in this mouse model of SS. It
was proposed that anti-HMGBI treat-
ment would reduce the effector func-
tion of B cells in these mice. However,
B cell proliferation and the proportion
of plasma cells as well as SSA levels
were not changed in the draining lymph
nodes (44). Lysophosphatidic acid
(LPA), a bioactive lysophospholipid, is
involved in the pathogenesis of chronic
inflammatory autoimmune disease in-
cluding SS. It was found that autotaxin,
an LPA producing enzyme and LPAR1,
LPAR3 mRNA and IL-17 mRNA were
highly expressed in the exocrine glands
of 20-week-old non-obese diabetic
(NOD) mice, which show SS symp-
toms at this age, as compared with non-
symptomatic 8-week-old NOD mice. In
an adaptive transfer model using NOD
lymphocytes, treatment with Kil6425,
an LPARI1/3 antagonist restored tear
and saliva secretion and decreased
symptoms of SS compared with the
vehicle-treated group (45). Xu et al.
showed that the expression of leptin
and its receptor OB-R in mouse models
of SS are elevated both locally and sys-
tematically during SS progression. Re-
combinant serotype 2 adeno-associated
viral (Raav2) vectors expressing either
OB-R shRNA or none were injected
into 4- or 6-week-old BALB/c NOD/Ltj
(NOD) mice and resulted in a modest
reduction in glandular inflammation in
the SS model, thus Leptin/OB-R signal-
ling may be pathogenetically involved
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in SS and may serve as a new marker
and a potential therapeutic target (46).
NOD mice have also been used in order
to explore the pathogenetic role of en-
dogenous TNF-a in the development of
SS. It was demonstrated that neutralisa-
tion of TNF-a during the stage prior to
disease onset impedes the development
and onset SS-like salivary gland inflam-
mation and secretory dysfunction in
NOD mice, indicating a critical patho-
genic of TNF-a in the development and
onset of SS (47). Khalafalla et al. dem-
onstrated for the first time in salivary
gland epithelial cells that P2X7R activa-
tion promotes NLRP3 inflammasome, a
mechanism involving transmembrane
Na+ and K+ flux, ROS production and
HSP90 protein function. Moreover, in
vivo results show that administration of
the P2X7R antagonist, A438079, in the
CD28-/-, IFN-y-/-, NOD.H-2h4 mouse
model of autoimmune exocrinopathy
reduced salivary gland lymphocytic in-
filtrates and enhanced saliva secretion,
suggesting antagonism of P2X7R as a
promising approach to prevent salivary
gland inflammation and associated hy-
posalivation in SS (48). A useful tool
for understanding the pathogenesis of
SS appears to be the SATB1cKO mice,
anovel SS model in which the progres-
sion and of the disease resemble those
of human SS. These mice, in which
the SATB1 gene is specifically deleted
from haematopoietic cells develop SS
by 4 weeks of age, soon after wean-
ing. Female mice presented an earlier
onset of the disease than males, sug-
gesting that female SATB1cKO mice
are more susceptible to SS (49). An-
other study tested the hypothesis that
Myd88-mediated signalling is required
for local and systemic SS manifesta-
tions. To this end, Kiripolsky et al. gen-
erated NOD.B10Sn-H2b/J (NOD.B10)
mice that are deficient in Myd88 (NOD.
B10Myd88-/-). These animals showed
reduced exocrine and extra-grandular
inflammation. Moreover, they had re-
duced levels of IgM, IgG and anti-nu-
clear autoantibodies, thus confirming
the initial hypothesis (50). To gain a
better understanding of neuronal regu-
lation in the immunopathogenesis of
autoimmune exocrinapathy, Chen et al.
profiled a mouse model of spontaneous,
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autoimmune exocrinopathy, the auto-
immune regulator-deficient (Aire-/-)
mouse model. Aire is a putative tran-
scription factor that regulates self-anti-
gen expression in the thymus and there-
by prevents autoimmunity by mediating
the deletion of potentially self-reactive
thymocytes. The investigators conclud-
ed that Aire-/- mice provide an exciting
model that faithfully mimics key clini-
cal features of SS-mediated periph-
eral neuropathy and immunopathology
(51). It has been recently shown that
M3 muscarinic acetylocholine recep-
tor (M3R)-reactive CD3+T cells play
a pathogenetic role in the development
of murine autoimmune sialadenitis
(MIS), which mimics SS. Tahara et al.,
using splenocytes from M3R knockout
(M3R-/-) mice which were immunised
with murine M3R peptide mixture and
inoculated into recombination activat-
ing genel knockout (Rag-1-/-) mice
(M3R-/- Rag-1-/-) with MIS, showed
that RORyt antagonism might be a po-
tentially suitable treatment strategy for
SS-like sialadenitis through suppres-
sion of IL-17 and INF-y production by
M3R-specific T cells (52). Nowadays,
experimental data on the implication of
autophagy in animal models of autoim-
munity remain limited. Murphy Roths
Large (MRL)/lymphoproliferation (Ipr)
lupus prone mice is used as a mouse
model for lupus and secondary SS in
order to analyse different autophagic
pathways in different lymphoid organs
and tissues (53).

Novel insights into diagnosis

In 2016 the novel EULAR/ACR classi-
fication criteria for pSS were published
(54). Although these criteria have im-
proved the classification of pSS patients,
still they do not represent diagnostic
criteria for the disease and may fail in
the recognition of the disease especially
in its atypical presentation (55). On the
other hand, there is a compelling need
in the scientific community for an early
diagnosis of pSS and a better stratifica-
tion of different disease subsets. Not
surprisingly, therefore, in the last twelve
months an increasing number of papers
have been published aimed at providing
novel insights into pSS diagnostic as-
sessment. Great attention has been paid

to the role of the biopsy of the minor
and major salivary glands for the diag-
nosis of the disease (56) and, more spe-
cifically, to the prognostic significance
of the presence of germinal-centre like
(GCs) structures in the glandular tissues
(57-59). The presence of GCs in the
salivary glands of pSS patients has been
generally associated with a more severe
clinical disease as reflected by a higher
focus score (FS), and increased posi-
tivity for anti-SSA/Ro and anti-SSB/
La autoantibodies (60). Moreover, GCs
have also been proposed as a risk fac-
tor for the development of lymphopro-
liferative complications (NHLs) (61).
This year, Haacke er al. (57) explored
the predictive role of GCs for parotid
gland MALT lymphomas in 11 labial
gland biopsies from patients with pSS
and NHL. The authors observed GCs in
2/11 (18%) H&E stained sections from
diagnostic labial gland. Staining for
Bcl6 revealed an extra (small) GC in a
biopsy of one additional patient. Thus,
in patients with pSS who developed
parotid MALT lymphoma, GCs were
present in 3/11 (27%) prelymphoma la-
bial gland biopsies. In the patients with
pSS that did not develop parotid MALT
lymphomas, GCs were detected in 4/22
(18%) diagnostic labial gland biopsies
with no significant statistical difference.
Similarly, the authors did not find any
statistically significant difference in
MHLs development comparing patients
with a FS =3 with those with a FS <3.
Indeed, as the authors concluded, to
better elucidate the prognostic role of
GCs for SS-related lymphoma develop-
ment, uniform histopathological criteria
for the assessment of GCs are eagerly
awaited. This could be particularly im-
portant since novel drugs may be able
to decrease GCs, as observed by the
same authors with abatacept treatment
(62). The prognostic role of the histol-
ogy for NHL in pSS can be however
enriched by further exploratory param-
eters; among them specific attention has
been paid to the characterisation of the
NLRP3 inflammasome axis that seems
to identify patients with a more severe
disease at a greater risk for lymphomas
(63,64).

In addition to salivary gland histology,
a number of papers have supported the
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use of salivary gland ultrasonography
(US-SG) for the diagnosis of SS. A piv-
otal contribution has been the definition
of the US-SG core items definition and
their reliability in a multicentre Europe-
an study coordinated by Jousse-Joulin
et al. (65). This work identified echo-
genicity and homogeneity as the most
reliable US-SG items for SS diagnosis.
In a prospective cohort of 290 patients,
Le Goff et al. observed that adding
US-SG to the ACR/EULAR criteria
might further improve their sensitivity
(66). From this perspective, Mossel et
al. showed that the agreement between
US-SG and parotid as well as labial
gland biopsies was good but was slight-
ly higher for the former (59, 67). The
same group suggested that examination
of parotid and submandibular glands on
one side was sufficient to predict clas-
sification of pSS patients according to
the ACR-EULAR criteria. To further
increase feasibility of US-SG in out-
patient clinics worldwide, the authors
concluded that only hypoechogenic ar-
eas could be scored (68).

US-SG has been also proposed not
only for the diagnosis but also for the
follow-up of pSS-patients. However,
it has to be elucidated whether US-SG
abnormalities may change over time.
In a cohort of 49 subjects with sus-
pected SS, Gazeau et al. (69) found that
none of the US-SG abnormalities as-
sessed using a semi-quantitative score
changed significantly during a follow-
up of nearly 2 years after an initial eval-
uation for suspected pSS. By contrast,
Fisher et al. (70) in the TRACTISS
phase III trial with rituximab in pSS,
actually demonstrated minimal but sta-
tistically significant improvement in
US-SG after rituximab compared with
placebo. In this multicentre, multiob-
server substudy, the authors enrolled
52 patients (n=26 rituximab and n=26
placebo) from nine centres. All the
subjects were scanned at baseline and
at weeks 16 and 48. Glandular defini-
tion (i.e. gland margin) was the only
domain to show statistically significant
improvement. No difference between
rituximab and placebo was observed in
any of the additional exploratory ultra-
sound parameters collected. Moreover,
the authors did not find any correlation
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between US-SG changes and patient-
reported outcomes or salivary flow. If
the sensitivity to change of US-SG is
still questioned, another point of de-
bate is the possibility of using US-SG
to monitor damage accrual over time.
Interestingly, Martini et al. (71) found a
significant correlation between US-SG
abnormalities in submandibular glands
and unstimulated salivary flow. The
authors also found a good inverse cor-
relation between salivary cystatin S and
glandular dysfunction, thus reinforcing
the complementarity of conventional
and novel proteomic tools in the detec-
tion of SS diagnostic biomarkers. From
this perspective, considering the long-
lasting need for non-invasive, more ac-
curate diagnostic tools when evaluating
pSS patients, an interesting paper has
been published by Aqrawi et al. (72)
that analysed tears and stimulated sa-
liva of pSS patients by liquid chroma-
tography-mass spectrometry, also eval-
uating extracellular vesicles from both
fluids. The authors found an increased
expression of proteins involved in in-
nate immunity (LCN2), cell signalling
(CALM) and wound repair (GRN and
CALMLS) in pSS saliva. Saliva EVs
also displayed biomarkers critical for
activation of the innate immune system
(SIRPA and LSP1) and adipocyte dif-
ferentiation (APMAP). Tear analysis
indicated over-expression of proteins
involved in TNF-a signalling (CPNE1)
and B cell survival (PRDX3). Although
encouraging, the possibility of translate
proteomic findings in clinical practice
is still in its infancy and additional stud-
ies are required to move from the bench
to the bedside (73).

Novel insights into clinical
manifestations and prognosis
Sjogren’s syndrome in men and
women: is it the same disease?

It has been widely established that
women are more prone to develop au-
toimmune diseases. pSS represents the
autoimmune disease with the highest
female bias, ranging from a ratio of 10-
20:1 (74) even though there is no clear
consensus on whether male sex is as-
sociated with a more severe disease.
Ramirez et al. investigated the clini-
cal presentation of pSS in women and

men at diagnosis through the analysis
of two independent cohorts (Swedish
and Italian). They identified earlier age
at diagnosis, more frequent extraglan-
dular manifestations (higher frequency
of pulmonary complications, cutaneous
vasculitis and lymphadenopathy), more
concomitant extraglandular manifes-
tations and higher anti-Ro52 levels to
be more frequent in male patients (75).
Interestingly, in the same cohort, about
half of the male patients were charac-
terised by more than one extra-glandu-
lar manifestation at diagnosis, further
supporting that the disease is more se-
vere in male patients. The same group,
in a large Scandinavian cohort followed
for a mean of 9 years, demonstrated that
male patients were characterised by sig-
nificantly higher frequency of serology
positivity for antinuclear antibodies,
La/SSB, and Ro/SSA + La/SSB. More-
over, interstitial lung disease, lymphad-
enopathy and lymphoma were more
frequently detected in male patients
suggesting major immune system acti-
vation in male in comparison to female
pSS patients (76). All these observa-
tions may hint at divergent pathophysi-
ological mechanisms between women
and men with pSS and support the hy-
pothesis that pSS in men represents a
more severe form of disease, regardless
of the lower risk for men to develop
the disease. In a recent study, pSS and
systemic lupus erythematosus women
were examined for rare X chromosome
aneuploidies (77). Very rare X chromo-
some abnormalities were detected in
the two groups of patients, suggesting
the location of a gene(s) that mediate
an X dose effect as well as critical cell
types in which such effect is operative
and might explain marked sex bias be-
tween 46, XX women and 46,XY men.

Glandular and extra-glandular
manifestations

The peculiar clinical picture of pSS is
dominated by signs and symptoms of
mucosal dryness resulting from chronic
focal lymphocytic inflammation of the
exocrine glands and progressive loss
of them secretory function. However,
many other organs and systems may be
affected during the course of the disease
in at least one third of patients, causing
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a plethora of systemic clinical manifes-
tations, serological abnormalities and
complications. Nevertheless extrag-
landular organ involvements (EGM)
were not taken into account by Euro-
pean, American-European Consensus
Group (AECG) and American College
of Rheumatology (ACR) Sjogren’s cri-
teria and among them there was low
agreement degrees resulting in possible
undiagnosis or misclassification (78).
On the other hand, the new 2016 ACR/
European League Against Rheumatism
classification criteria for pSS recog-
nise the systemic nature of the disease
and patients without salivary or ocular
glandular symptoms but with EGM and
B cell activation markers were also in-
cluded in the pSS classification (79).
Interestingly, a recent multicentre ret-
rospective study including pSS with at
least 1 year of follow-up demonstrated
a lower incidence of EGM in patients
on continuous hydroxychloroquine
therapy for at least three months, sup-
porting drug efficacy in pSS (80). In
particular, arthritis, fatigue, purpura,
Raynaud’s phenomenon and hypergam-
maglobulinaemia were more frequent
in the non-treated group. Analysing
the recent literature contributions on
EGM, pericardial effusion has been de-
tected in a small proportion of patients
with pSS. In association with systemic
lupus erythematosus and undifferenti-
ated connective tissue disease, pSS for
75% of systemic inflammatory diseases
causing pericarditis with pericardial ef-
fusion at presentation (81). Interesting-
ly, after exclusion of tuberculosis and
neoplasm, age, female sex and extra-
cardiac symptoms (arthralgia, myalgia,
Raynaud’s phenomenon and skin rash)
were identified as underlying clinical
indicators in the search for a systemic
inflammatory disease as the cause of
pericarditis.

Regarding pulmonary involvement, in-
terstitial lung disease (ILD) is the most
common form of lung involvement in
pSS. However, ILD may be hard to di-
agnose because symptoms are not spe-
cific and chest radiography has a very
low sensitivity in the detection of ILD.
In this setting, the differential diagnosis
of ILD with xerotrachea or pulmonary
vascular disease is a true challenge. A
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recent study evaluated the accuracy of
lung ultrasound in patients who had no
alterations in pulmonary function tests
or respiratory symptoms demonstrating
high sensitivity, specificity and a very
good correlation with high resolution
chest tomography (82).

Among other disease-specific systemic
manifestations, attention has recently
been focused on mucocutaneous le-
sions. Indeed, mucocutaneous lesions
may have a prognostic importance in
these patients as certain mucocutane-
ous findings have been demonstrated to
confer an increased risk for the devel-
opment of life-threatening conditions
such as B-cell lymphoma (83). A recent
large study evaluated the profile and
clinical significance of mucocutane-
ous lesions in a cohort of Chinese pSS
patients (84). The most frequently de-
tected lesions were purpuric eruptions,
urticaria, Raynaud’s phenomenon and
angular stomatitis. The presence of
these lesions in pSS patients may sug-
gest a higher activity of the primary
disease as some features, including
pulmonary interstitial fibrosis, pulmo-
nary bullae, leukopenia and anaemia,
were more frequent in patients with
mucocutaneous lesions in comparison
to patients without. Moreover, patients
with mucocutaneous involvement were
characterised by a higher level of IgG,
lower level of serum C4 and presented
new complications compared to pSS
patients without skin involvement after
a one-year follow-up.

Finally, a retrospective observational
study examined the cumulative inci-
dence of a new EGM or associated
autoimmune disease from 1 year after
establishing pSS diagnosis (85). After
10 years of follow-up, the cumulative
incidence of a new EGM or associ-
ated AID was 31%. The most frequent
events were polyneuropathy, interstitial
lung disease, (poly)arthritis, discoid
lupus erythematosus/subacute cutane-
ous LE and Hashimoto’s disease. Non-
Hodgkin’s lymphoma (NHL) was not
diagnosed during the follow-up (out of
three cases, 1 was diagnosed prior and 2
during the diagnosis). Interestingly, pa-
tients with cryoglobulins were charac-
terised by a three-fold higher risk of de-
veloping these events. On the contrary,

age at diagnosis, gender, the presence
of ANA, anti-Ro/SSA, anti-La/SSB,
IgM-REF, decreased levels of C3 or C4
or hypergammaglobulinaemia did not
show any statistically significant differ-
ences.

Lymphoma

Haematologic malignancies, namely
B-cell lymphomas, are one of the most
frequent causes of death in pSS with an
eight-fold risk of mortality when com-
pared to the general population. NHL
occur in approximately 2.7%-9.8% of
pSS patients and recent data reported
that NHL risk increases 2.2% per year
of age with 4.3-fold increased risk in
PSS compared to the general popula-
tion. With regard to the histotypes, dif-
fuse large B-cell lymphoma, mucosa-
associated lymphoid tissue lymphoma
(MALT) and nodal marginal zone lym-
phoma are the most prevalent subtypes.
Predictable biomarkers of developing
lymphoma in patients with pSS have
been widely analysed in the last years.
A nationwide population-based cohort
study involving Spanish pSS patients
demonstrated a 11-fold higher risk of
developing haematological cancers
and the most frequent type was B-cell
lymphoma with MALT lymphomas ac-
counting for 60% of cases. Baseline
disease activity in the constitutional,
lymphadenopathy, glandular and bio-
logical domains was associated with a
higher risk of haematological cancer.
Interestingly, the authors demonstrated
that the prognostic factors for increased
risk of lymphoproliferative disease dif-
fered according to the subtype of B-
cell lymphoma. In particular, the main
prognostic factors included activity in
the lymphadenopathy domain at pSS
diagnosis for all subtypes of haemato-
logical neoplasia, cytopenias for non-
MALT B-cell and non-B-cell cancer,
low C3 levels for MALT lymphomas
and monoclonal gammopathy and low
C4 levels for non-MALT lymphomas.
On the other hand, activity in the con-
stitutional, pulmonary and haemato-
logical domains were associated with
higher risk of non-B-cell cancers (86).
Moreover, a recent study from the Ital-
ian Study Group of SS confirmed the
relevance of cryoglobulins as prognos-
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tic factors for lymphoproliferation. In
particular, pSS cryoglobulin positive
patients displayed higher systemic dis-
ease activity by applying both ESSDAI
and ClinESSDALI scores in comparison
to negative patients. Interestingly, the
ESSDAI domains significantly linked
to cryoglobulinaemia were not only the
constitutional, cutaneous and periph-
eral nervous system, notably related to
the clinical appearance of cryoglobuli-
naemic vasculitis, but also the glandu-
lar domain, thus suggesting a strict re-
lationship between cryoglobulinaemia
and risk of MALT lymphoproliferation
(87).

Recent studies explored the poten-
tial role of genetic and epigenetic
mechanisms in the pathogenesis of
lymphoproliferation in pSS. Indeed,
chromosomal and genetic abnormali-
ties are considered major underlying
pathogenic mechanisms for NHL lym-
phomagenesis and epigenetic mecha-
nisms, involving mainly methylation
pathways, have been recently proposed
as major contributors for both autoim-
mune disorders and NHL, in particu-
lar non-MALT lymphomas (88). A
possible role of polymorphisms of the
methylene-tetrahydrofolate  reductase
(MTHFR) gene in contributing to pSS
lymphomagenesis has been recently in-
vestigated in a Caucasian cohort of 356
pSS patients, of whom 75 had MALT
and 19 non-MALT NHL. Increased
frequency of c. 677C>T TT genotype
and T allele and reduced prevalence of
the c. 1298 A>C C allele were observed
in the non-MALT group compared to
healthy controls and patients without
NHL, suggesting that MTHFR vari-
ants may be involved in SS non-MALT
NHL development, through contribu-
tion to defective DNA methylation and
genomic instability (89). Moreover, the
expression of Fc receptor-like protein
(4FcRL4) associated with the ductal
epithelium forming lymphoepithe-
lial lesions, particularly in the parotid
gland, may have an important role in
the pathogenesis of pSS and lympho-
magenesis of MALT lymphomas (34).
Other potential biomarkers for MALT-
NHL were identified in a prospective
single-centre Italian study. In more than
one hundred pSS women prospectively
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followed for a mean of 52 months, the
authors demonstrated that gene expres-
sion of the axis P2X7R-inflammasome
in minor salivary glands biopsies was
higher in patients autoantibody-positive
and in those developing a MALT-NHL
over the follow-up, thus suggesting an
explorative role of P2X7R-inflammas-
ome axis as potential pathway involved
in SS lymphomagenesis (63). Further-
more, a number of significantly over-
expressed proteins were identified in
the salivary gland tissues of patients
with pSS or pSS/MALT lymphoma,
including cofilin-1, alpha-enolase and
Rho GDP-dissociation inhibitor 2 (90).
A severe clinical picture characterised
by extraglandular manifestations as
well as NHL has been associated with
the severity of the inflammatory in-
filtrate, as defined by the focus score
(FS) and/or by the presence of ectopic
lymphoid structures (ELS) (60, 61, 91,
92). However, Haacke et al. recently
ruled out an association between ELS
and lymphoma evaluating the pres-
ence of germinal centres (GCs) in la-
bial gland biopsies through a staining
combination of haematoxylin and eosin
(H&E) and Bcl-6 (58), although pre-
vious studies have demonstrated such
association (61, 92, 93). Although the
calculation of FS is rather intuitive and
reproducible (94), discrepancies arise
with regard to the assessment of ELS
as recently highlighted by Alunno et al.
These studies, indeed, suggest the need
for a harmonisation of ELS assessment
and for the development of univocal
recommendations to be used in clinical
practice (95). Finally, although there
are still no approved therapeutic in-
terventions for pSS, promising results
derive from studies evaluating the ef-
ficacy of biological disease-modifying
anti-rtheumatic drugs. In 15 pSS pa-
tients included in the open-label Active
Sjogren Abatacept Pilot (ASAP study),
Haacke et al. depicted a reduction of
GCs in parotid gland tissue at 24 weeks
of follow-up after 8 infusione of abata-
cept, probably due to inhibition of local
T-cell dependent B-cell activation (62).
Another study demonstrated the selec-
tive reduction of percentage and num-
ber of circulating follicular helper T
cells and Treg-cells, with a concomitant

decrease in RF, anti-SSA and CXCL13
serum levels, following treatment with
abatacept (96). Interesting and innova-
tive results derived from a recent piloy
study aimed to evaluate the effect of
belimumab, a BAFF-inhibitor, on IFN-
induced peripheral blood gene expres-
sion in a small cohort of pSS female
patients all positive for RF and anti-
SSA/SSB (97). Following belimumab
administration, baseline type I IFN
significantly correlated with the overall
decrease of RF from baseline to week
52 and patients with higher IFN score at
baseline showed grater changes at same
follow-up of immunoglobulin levels
and RF while no significant changes
with type II IFN were observed. These
preliminary data suggest that type I [FN
signature may affect the magnitude of
biological effect of belimumab on im-
munoglobulin production, including
RF and that SS patients showing higher
IFN signature may be the best target for
belimumab.

Health-related quality of life and
measures of disability in SS patients
Several factors may contribute to the
impairment of health-related quality
of life (HRQoL) in pSS and the impor-
tance of patient perspective is on the
increase, so much so that HRQoL has
been included as patient-reported out-
come (PRO) measures in several clini-
cal studies. Indeed, it is well known
that pSS patients suffer from pain and
fatigue mainly related to muscular and
articular chronic pain and to a second-
ary depressive syndrome. Interestingly,
among 120 pSS patients participating in
a large therapeutic trial (Tolerance and
Efficacy of Rituximab in pSS, TEARS)
who completed the Short Form 36
health survey (SF-36), cardinal symp-
toms of pSS (dryness, pain, and fatigue)
were the most strongly associated with
HRQoL impairment, best assessed us-
ing the ESSPRI. In particular, pain and
fatigue were the primary contributors to
decline in quality of life (98). Similarly,
in 257 Korean patients, younger age,
xerostomia, and pain assessed by Euro-
QoL-5 (EQ-5D) were found to be the
major determinants of fatigue (fatigue
domain of the ESSPRI) (99). These data
were strengthened in a large cross-sec-
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tional study aimed at assessing HRQoL
by SF-36 and phsycological status by
the Hospital Anxiety Depression Scale
(HADS) in 304 Chinese women with
pSS. In this study, significantly lower
SF-36 scores were detected in patients
in comparison to general population in
all domains outlined in the score, sug-
gesting a reduced QoL in these patients.
Moreover, anxiety and depression
scores of pSS patients were signifi-
cantly higher in comparison to patients
treated in the Internal Medicine De-
partments. Younger patient displayed
greater anxiety level. Pain and fatigue
levels were related to anxiety, whereas
pain, fatigue and xeroderma were asso-
ciated with depression, suggesting that
pain and fatigue are the main contribut-
ing factors to lower QoL and increase
anxiety and depression in these patients
(100). Multiple still unexplored factors
may contribute to the increased level
of anxiety and depression characteris-
ing pSS patients in comparison to a
matched control population. First of all,
emotional status in pSS patients may be
partly related to probable central nerv-
ous involvement and immune system
activation and chronic inflammatory
state may alter the neuroendocrine and
central nervous system, inducing or
worsening anxiety and depression sta-
tus. Moreover, chronic joint and muscle
pain, fatigue and xerosis are important
contributing factors to anxiety and de-
pression and the menopausal status in
pSS women may contribute to enhance
this phenomenon inducing a chronic
depressive syndrome.

Dryness may affect smell, taste and
sexual function in pSS patients, further
contributing to QoL impairment. A re-
cent review of five studies involving
more than 300 pSS patients demonstrat-
ed that smell and taste are significantly
impaired in pSS patients in comparison
to age- and gender-matched controls. In
particular, 50% of subjects complained
of hyposmia and 70% suffered from
hypogeusia. Moreover, sexual func-
tion was significantly affected in pSS
women and vaginal dryness has been
demonstrated to significantly affect
sexual function in these patients. Of
consequence, impairment of taste and
smell and of sexual function represent
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adjunctive factors contributing to im-
paired QoL in pSS patients (101).

In a recent paper, Lackner et al. devel-
oped a questionnaire for the specific as-
sessment of HRQoL pSS (pSS-QoL).
Construct validity of the questionnaire
was assessed by correlating the score
with the EULAR Sjogren’s Syndrome
Patient Reported Index (ESSPRI),
EULAR Sjogren’s Syndrome Disease
Activity Index (ESSDAI) and EQ-5D
and consisted of 25 questions divided
in two main categories: physical (dis-
comfort and dryness) and psychoso-
cial. Strong and moderate correlations
were found between the PSS-QoL and
ESSPRI and EQ-5D suggesting the po-
tential value of this questionnaire as a
novel PRO measure in clinical studies
(102). To better characterise the needs
and perspectives of patients and their
preferences and difficulties in daily
life, the same group performed a study
aimed at evaluating perspectives and
needs which may influence HRQoL
in pSS patients. A small cohort of pSS
patients was enrolled and three main
domains were identified, including
physical dimension, psychological and
emotional challenges, social life and
daily living. The study confirmed that
complaints secondary to pain, dryness
and fatigue are important to patients
with pSS and significantly affect physi-
cal, psychological and social life com-
ponents of HRQoL (103).

Finally, research attention focused on
the evaluation of physical tiredness
and activity in pSS. Physical tiredness,
mental fatigue and ocular fatigue were
assessed in a semi-structured qualitative
interview in the Division of Psychology
at Nottingham Trent University. Partici-
pants (n=20) linked their experience of
fatigue to feelings of depression, frus-
tration, irritation and anxiety. They also
described an exacerbation of other ocu-
lar symptoms including pain, dryness
and itching, which were compounded
by fatigue (104).

Moreover, physical inactivity with con-
sequent reduced aerobic exercise and
muscle strength represent major deter-
minants of impaired QoL in these pa-
tients. A recent study evaluated habitual
physical activity (i.e. sedentary time and
light and moderate-to-vigorous physi-

cal activity) in a small cohort of pSS
patients with mild disease activity and
the association between habitual physi-
cal activity level with physical capacity
and function, fatigue, HRQoL and de-
pression. In particular, 29 women with
pSS were assessed for habitual physi-
cal activity levels and compared with
20 healthy women matched for physi-
cal activity level, body mass index and
body fat percentage. In comparison to
the healthy control group, pSS patients
were characterised by reduced physical
capacity and function, increased fatigue
and pain, and reduced HRQoL.. Interest-
ingly, these differences were sustained
when only more physically active par-
ticipants were compared, indicating
that minimum recommended levels of
physical activity for the general popula-
tion may not be sufficient to counteract
PSS comorbidities (105).

Similar results were detected in a cross-
sectional study aimed at investigating
self-reported levels of physical activity
measured by the International Physi-
cal Activity Questionnaire-short form
(IPAQ-SF) in 273 pSS patients in com-
parison to healthy controls matched for
age, sex and body mass index. Inter-
estingly, patients with pSS displayed
significantly reduced levels of physical
activity but similar levels of sedentary
activity compared to healthy individu-
als. Moreover, a significant association
between physical activity and fatigue,
orthostatic ~ intolerance, depressive
symptoms and QoL was also found
while sedentary activity did not corre-
late with fatigue. Symptoms of depres-
sion and daytime sleepiness were inde-
pendent predictors of levels of physical
activity (106).

Novel insights into treatment

Despite increasing knowledge on the
pathophysiological events that lead to
pSS, treatment of the disease has not
greatly improved if compared to other
autoimmune diseases and is mostly
based on personal experience and ex-
pert opinion, rather than on strong sci-
entific evidence. For these reasons and
in consideration of the limited effec-
tiveness of current treatments, consid-
erable efforts are currently being made
to identify novel drugs and to test ef-
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fectiveness of medications which have
proven useful in other autoimmune dis-
eases.

It is now well established that both T
and B cells are involved in the patho-
genesis of pSS, which are able to induce
the formation of GC-like structures
in salivary glands. This observation,
along with other supportive data, such
as the detection of specific auto-anti-
bodies, the frequent development of
hypergammaglobulinaemia and the in-
creased incidence of B-cell lymphoma
in pSS patients, lead to a strong interest
in the potential usefulness of targeting
B and plasma cells with rituximab, a
monoclonal anti-CD20 antibody. Ver-
stappen et al. (107) made a very in-
teresting observation on pSS patients
treated with rituximab, showing that
anti-CD20 therapy not only predict-
ably reduces the number of circulat-
ing B-cells, but also affects levels of
some subtypes of T cells, namely cir-
culating T follicular helper (Tth) cells,
IL-21 and IL-17-producing CD4+ T
cells. Although not surprising, the ex-
act mechanism of such effect needs to
be elucidated. Nonetheless, this study
adds further suspicion that rituximab
may be an effective treatment for glan-
dular and systemic manifestations of
pSS. The results of published human
trials are contrasting, with some stud-
ies showing mild effectiveness and
others failing to confirm this observa-
tion (TEARS study). In a recently pub-
lished randomised controlled trial, the
authors evaluated the efficacy of rituxi-
mab on fatigue and oral dryness after
two courses of therapy, i.e. 12 months.
Rituximab was not superior to placebo
on fatigue and xerostomia improve-
ment; likewise, no substantial benefits
were achieved on secondary endpoints
such as ESSDAI, ESSPRI, salivary and
lacrimal flows and quality of life (108).
Levels of circulating Tth cells are also
reduced after administration of the fu-
sion protein abatacept which blocks
co-stimulatory signals, thus inhibiting
T cell activation by antigen presenting
cells. Because Tth cells are essential
to orchestrate the formation of ectopic
GCs in exocrine glands, this observa-
tion may explain the findings of the
study by Haacke et al. who demon-
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strated a reduction of the presence of
GCs in the parotid glands of pSS pa-
tients following treatment with abata-
cept (62, 109).

One of the most widely prescribed
first-line medications for pSS is hy-
droxycloroquine (HCQ), especially
to treat symptoms such as fatigue and
arthralgia. This approach derives from
the well-recognised effect on skin and
articular manifestations in systemic lu-
pus erythematosus. Studies performed
on pSS show conflicting data. Results
of a metanalysis of four studies includ-
ing a total of 215 SS patients suggests
no effect of HCQ on fatigue, xeroph-
talmia, xerostomia and tear and saliva
production (110). HCQ is also almost
routinely prescribed in pSS female
patients during pregnancy, owing to
the absence of foetal toxicity. On the
contrary, strong evidence in favour of
potential beneficial effects is lacking,
even though some studies suggest that
HCQ is effective in reducing the inci-
dence of congenital heart block (CHB),
one of the most detrimental — albeit
rare — obstetrical complications of anti-
SSA/Ro+ patients. A recent case-con-
trol study on 54 pregnancies showed
a positive effect of HCQ on pre-term
delivery rate, although no conclusions
can be drawn considering the low num-
ber of patients enrolled (111).

Such a paucity of evidence on the ef-
fectiveness of commonly prescribed
medications — not limited to HCQ
— underpins the importance of pro-
moting further investigation on “old”
molecules which may still serve as a
valuable tool, even in the era of targeted
agents and biologics.

Xerostomia and xerophtalmia are un-
questionably the most common mani-
festation of pSS. Although not particu-
larly organ-threatening, they represent
the main cause of distress for patients.
Current treatments for dry eye and
mouth consist of topical lubricants,
topical immunosuppressants such as
cyclosporine eye drops and systemic
secretagogues like pilocarpine. These
treatments provide only limited amelio-
ration of discomfort and some are bur-
dened by adverse effects which limit
their use. Furthermore, establishing
the actual effectiveness of these treat-

ments is challenging as it is now well
known that subjective and objective
measures of oral and ocular dryness
do not always well correlate with each
other due to variability of pain sensitiv-
ity among individuals, presence of co-
morbidities such as fibromyalgia and of
frequent confounding ocular sensations
like burning pain and tired eye which
may be referred erroneously. To try and
overcome this limitation, especially in
an experimental setting, a new method
has been proposed, which aims to ac-
count for discrepancies between sub-
jective symptoms and objective meas-
ures of dryness by means of a score
ranging from -5 (asymptomatic with se-
vere dryness) to +5 (severe symptoms
despite normal tear and saliva produc-
tion) (112).

Numerous studies performed on mu-
rine models and evaluating potential
new topical treatments for ocular dry-
ness have been recently published.
Non-obese diabetic (NOD) mice,
which spontaneously develop autoim-
mune dacryoadenitis and sialoadenitis,
responded very well to a topical nano-
incapsulated formulation of sirolimus,
which helps to overcome limitations
due to systemic toxicity and very low
solubility. The treated mice showed a
reduction of both histological lacrimal
gland inflammation and corneal fluo-
rescein staining score (113). Blockage
of high mobility group box (HMGB)1
— a pleotropic alarmin contributing to
inflammation initiation — by subconjuc-
tival injection of a specific antibody in
NOD mice also appeared to be superior
to placebo in terms of tear production
and corneal staining score. Treated
mice also showed increased amounts
of IL-22-producing innate lymphoid
cells (ILC)3 in draining lymph nodes,
indeed a very interesting observation
worth further investigation (44). An-
other murine model that spontaneously
develops ocular inflammation resem-
bling pSS is thrombospondin-1 (TSP-
1) deficient mouse. Contreras-Ruiz et
al. demonstrated that TSP-peptide can
induce T regulatory cells (Treg) binding
to CD47; topical administration of this
peptide in TSP-1 deficient mice reduced
corneal fluorescein staining score, pre-
served tear quality and increased ex-
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pression of FoxP3 mRNA in draining
lymph nodes, compared to mice treated
with a control peptide (114). Another
interesting area of research is repre-
sented by the potentials of autologous
products used to promote tissue regen-
eration. Mesenchymal stem cells are
providing good results in in vitro and in
vivo studies but have strong limitations
(115), while other technologies may
provide new therapeutic options in the
near future. Plasma rich in growth fac-
tors (PRGF) eye drops can be produced
from autologous plasma and have al-
ready shown to be effective for various
ocular surface diseases. A restrospec-
tive analysis performed on primary and
secondary SS patients demonstrated a
significant improvement of symptoms
related to xerophtalmia, even in those
who had previously failed to respond to
topical cyclosporine (116).

References

1.

oo

ELEFANTE E, TRIPOLI A, FERRO F, BALDINI
C: One year in review: systemic vasculitis.
Clin Exp Rheumatol 2016; 34 (Suppl. 97):
S1-6.

.ELEFANTE E, MONTI S, BOND M ef al.: One

year in review 2017: systemic vasculitis.
Clin Exp Rheumatol 2017; 35 (Suppl. 103):
S5-26.

.ANGELOTTI F, PARMA A, CAFARO G,

CAPECCHI R, ALUNNO A, PUXEDDU I: One
year in review 2017: pathogenesis of rheu-
matoid arthritis. Clin Exp Rheumatol 2017;
35:368-78.

.BARSOTTI S,BRUNI C,COMETIL et al.: One

year in review 2017: idiopathic inflamma-
tory myopathies. Clin Exp Rheumatol 2017;
35: 875-84.

.BARSOTTI S, BRUNI C, ORLANDI M et al.:

One year in review 2017: systemic sclero-
sis. Clin Exp Rheumatol 2017; 35 (Suppl.
106): S3-20.

.FERRO F, ELEFANTE E, LUCIANO N, TALAR-

ICO R, TODOERTI M: One year in review
2017: novelties in the treatment of rheuma-
toid arthritis. Clin Exp Rheumatol 2017; 35:
721-34.

.FERRO F, MARCUCCI E, ORLANDI M, BAL-

DINI C, BARTOLONI-BOCCI E: One year in
review 2017: primary Sjogren’s syndrome.
Clin Exp Rheumatol 2017; 35: 179-91.

.HATEMI G, SEYAHI E, FRESKO I, TALARICO

R, HAMURYUDAN V: One year in review
2017: Behcet’s syndrome. Clin Exp Rheu-
matol 2017; 35 (Suppl. 108): S3-15.

. LA PAGLIA GMC, LEONE MC, LEPRI G et al.:

One year in review 2017: systemic lupus
erythematosus. Clin Exp Rheumatol 2017;
35:551-61.

.PARMA A, COMETI L, LEONE MC, LEPRI

G, TALARICO R, GUIDUCCI S: One year in
review 2016: spondyloarthritis. Clin Exp
Rheumatol 2017, 35: 3-17.

S-24

11.

12.

13.

14

16.

18.

20.

2

—_

22.

23.

24

25.

26.

217.

TALOTTA R, BAZZICHI L, DI FRANCO M et
al.: One year in review 2017: fibromyalgia.
Clin Exp Rheumatol 2017; 35 (Suppl. 105):
S6-12.

FERRO F, VAGELLI R, BRUNI C ef al.: One
year in review 2016: Sjogren’s syndrome.
Clin Exp Rheumatol 2016; 34: 161-71.
IMGENBERG-KREUZ J, SANDLING JK, NOR-
DMARK G: Epigenetic alterations in primary
Sjogren’s syndrome - an overview. Clin Im-
munol 2018.

.KULKARNI V, UTTAMANI JR, NAQVI AR,

NARES S: microRNAs: Emerging players
in oral cancers and inflammatory disorders.
Tumour Biol 2017; 39: 1010428317698379.

. GARO LP, MURUGAIYAN G: Contribution of

MicroRNAs to autoimmune diseases. Cell
Mol Life Sci 2016; 73: 2041-51.

CHEN JQ, PAPP G, SZODORAY P, ZEHER M:
The role of microRNAs in the pathogenesis
of autoimmune diseases. Autoimmun Rev
2016; 15: 1171-80.

.ESMAILZADEH S, MANSOORI B, MOHAM-

MADI A, BARADARAN B: Regulatory roles
of micro-RNAs in T cell autoimmunity. /m-
munol Invest 2017, 46: 864-79.
WANG-RENAULT SF, BOUDAOUD S, NOC-
TURNE G et al.: Deregulation of microRNA
expression in purified T and B lymphocytes
from patients with primary Sjogren’s syn-
drome. Ann Rheum Dis 2018; 77: 133-40.

.CHEN JQ, PAPP G, POLISKA S et al.: Micro-

RNA expression profiles identify disease-
specific alterations in systemic lupus erythe-
matosus and primary Sjogren’s syndrome.
PL0oS One 2017; 12: e0174585.

SUN HY, LV AK, YAO H: Relationship of
miRNA-146a to primary Sjogren’s syn-
drome and to systemic lupus erythemato-
sus: a meta-analysis. Rheumatol Int 2017;
37:1311-6.

.TORRI A, CARPI D, BULGHERONI E et al.:

Extracellular MicroRNA Signature of Hu-
man Helper T Cell Subsets in Health and
Autoimmunity. J Biol Chem 2017; 292:
2903-15.

WANG Y, ZHANG G, ZHANG L, ZHAO M,
HUANG H: Decreased microRNA-181a and
-16 expression levels in the labial salivary
glands of Sjogren syndrome patients. Exp
Ther Med 2018; 15: 426-32.

BYUN YS, LEE HJ, SHIN S, CHUNG SH:
Elevation of autophagy markers in Sjogren
syndrome dry eye. Sci Rep 2017; 7: 17280.

.SHAH NR, NOLL BD, STEVENS CB, BREN-

NAN MT, MOUGEOT FB, MOUGEOT JC:
Biosemantics guided gene expression pro-
filing of Sjogren’s syndrome: a comparative
analysis with systemic lupus erythematosus
and rheumatoid arthritis. Arthritis Res Ther
2017; 19: 192.

KIM SK, CHOE JY, LEE GH: Enhanced ex-
pression of NLRP3 inflammasome-related
inflammation in peripheral blood mono-
nuclear cells in Sjogren’s syndrome. Clin
Chim Acta 2017; 474: 147-54.

FOGEL O, RIVIERE E, SEROR R et al.: Role
of the IL-12/IL-35 balance in patients with
Sjogren syndrome. J Allergy Clin Immunol
2018; 142: 258-68.

LEVELS MJ, VAN TOK MN, CANTAERT T et
al.: The Transcriptional Coactivator Bobl

28.

29.

30.

3

—_

32.

33.

34.

3s.

36.

37.

38.

39.

40

4

—_

42.

43.

Is Associated With Pathologic B Cell Re-
sponses in Autoimmune Tissue Inflamma-
tion. Arthritis Rheumatol 2017; 69: 750-62.
KIRIPOLSKY J, MCCABE LG, KRAMER JM:
Innate immunity in Sjogren’s syndrome.
Clin Immunol 2017; 182: 4-13.
MAVRAGANI CP: Mechanisms and New
Strategies for Primary Sjogren’s Syndrome.
Annu Rev Med 2017; 68: 331-43.
SANDHYA P, KURIEN BT, DANDA D, SCO-
FIELD RH: Update on Pathogenesis of
Sjogren’s Syndrome. Curr Rheumatol Rev
2017; 13: 5-22.

.SAITO M, OTSUKAK, USHIO A et al.: Unique

phenotypes and functions of follicular help-
er T cell and regulatory T cell in Sjogren’s
syndrome. Curr Rheumatol Rev 2017.
DAVIES R, HAMMENFORS D, BERGUM B et
al.: Aberrant cell signalling in PBMCs upon
IFN-alpha stimulation in primary Sjogren’s
syndrome patients associates with type I in-
terferon signature. Eur J Immunol 2018; 48:
1217-27.

IMGENBERG-KREUZ J, SANDLING JK,
BIORK A et al.: Transcription profiling of
peripheral B cells in antibody-positive pri-
mary Sjogren’s syndrome reveals upregu-
lated expression of CX3CR1 and a type I
and type II interferon signature. Scand J Im-
munol 2018; 87: €12662.

HAACKE EA, BOOTSMA H, SPIJKERVET
FKL et al.: FcRL4(+) B-cells in salivary
glands of primary Sjogren’s syndrome pa-
tients. J Autoimmun 2017; 81: 90-8.
BARCELOS F, MARTINS C, PAPOILA A et
al.: Association between memory B-cells
and clinical and immunological features of
primary Sjogren’s syndrome and Sicca pa-
tients. Rheumatol Int 2018; 38: 1063-73.
NIKITAKIS NG, PAPAIOANNOU W, SAKKAS
LI, KOUSVELARI E: The autoimmunity-oral
microbiome connection. Oral Dis 2017; 23:
828-39.

BOGDANOS DP, SAKKAS LI: From micro-
biome to infectome in autoimmunity. Curr
Opin Rheumatol 2017; 29: 369-73.

ZHONG D, WU C, ZENG X, WANG Q: The
role of gut microbiota in the pathogenesis of
rheumatic diseases. Clin Rheumatol 2018;
37:25-34.

ZHAO Q, ELSON CO: Adaptive immune edu-
cation by gut microbiota antigens. Immunol-
ogy 2018; 154: 28-37.

.LERNER A, AMINOV R, MATTHIAS T: Trans-

glutaminases in Dysbiosis As Potential
Environmental Drivers of Autoimmunity.
Front Microbiol 2017; 8: 66.

.MANDL T, MARSAL J, OLSSON P, OHLS-

SON B, ANDREASSON K: Severe intestinal
dysbiosis is prevalent in primary Sjogren’s
syndrome and is associated with systemic
disease activity. Arthritis Res Ther 2017;
19: 237.

DE PAIVA CS, JONES DB, STERN ME et al.:
Altered Mucosal Microbiome Diversity and
Disease Severity in Sjogren Syndrome. Sci
Rep 2016; 6: 23561.

KIRIPOLSKY J, SHEN L, LIANG Y et al.: Sys-
temic manifestations of primary Sjogren’s
syndrome in the NOD.B10Sn-H2(b)/J
mouse model. Clin Immunol 2017; 183:
225-32.

Clinical and Experimental Rheumatology 2018



44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

KIM KH, KIM DH, JEONG HJ et al.: Effects
of subconjunctival administration of anti-
high mobility group box 1 on dry eye in a
mouse model of Sjgren’s syndrome. PLoS
One 2017; 12: e0183678.

PARK E, KIM D, LEE SM, JUN HS: Inhibition
of lysophosphatidic acid receptor amelio-
rates Sjogren’s syndrome in NOD mice.
Oncotarget 2017; 8: 27240-51.
XUT,XIEW,MAY et al.: Leptin/OB-R sign-
aling is elevated in mice with Sjogren’s syn-
drome and is implicated in disease patho-
genesis. Biochem Biophys Res Commun
2017; 482: 835-42.

ZHOU J, KAWAI T, YU Q: Pathogenic role of
endogenous TNF-alpha in the development
of Sjogren’s-like sialadenitis and secretory
dysfunction in non-obese diabetic mice. Lab
Invest 2017; 97: 458-67.

KHALAFALLA MG, WOODS LT, CAMDEN JM
et al.: P2X7 receptor antagonism prevents
IL-1beta release from salivary epithelial
cells and reduces inflammation in a mouse
model of autoimmune exocrinopathy. J Biol
Chem 2017; 292: 16626-37.

TANAKA Y, SOTOME T, INOUE A et al.:
SATB1 Conditional Knockout Results in
Sjogren’s Syndrome in Mice. J Immunol
2017; 199: 4016-22.

KIRIPOLSKY J, MCCABE LG, GAILE DP,
KRAMER JM: Myd88 is required for disease
development in a primary Sjogren’s syn-
drome mouse model. J Leukoc Biol 2017,
102: 1411-20.

CHEN FY, LEE A, GE S, NATHAN S, KNOX
SM, MCNAMARA NA: Aire-deficient mice
provide a model of corneal and lacrimal
gland neuropathy in Sjogren’s syndrome.
PL0oS One 2017; 12: e0184916.

TAHARA M, TSUBOI H, SEGAWA S et al.:
RORgammat antagonist suppresses M3
muscarinic acetylcholine receptor-induced
Sjogren’s syndrome-like sialadenitis. Clin
Exp Immunol 2017; 187: 213-24.

WANG F, LI B, SCHALL N, WILHELM M,
MULLER S: Assessing Autophagy in Mouse
Models and Patients with Systemic Autoim-
mune Diseases. Cells 2017; 6(3).

SHIBOSKI CH, SHIBOSKI SC, SEROR R et al.:
2016 American College of Rheumatology/
European League Against Rheumatism clas-
sification criteria for primary Sjogren’s syn-
drome A consensus and data-driven method-
ology involving three international patient
cohorts. Ann Rheum Dis 2017; 76: 9-16.
BALDINI C, FERRO F, BOMBARDIERI S:
Classification criteria in Sjogren’s syn-
drome. Ann Transl Med 2017, 5: 313.
SPIJKERVET FK, HAACKE E, KROESE FG,
BOOTSMA H, VISSINK A: Parotid Gland
Biopsy, the Alternative Way to Diagnose
Sjogren Syndrome. Rheum Dis Clin North
Am 2016; 42: 485-99.

HAACKE EA, VAN DER VEGT B, VISSINK
A, SPUKERVET FKL, BOOTSMA H, KROESE
FGM: Germinal centres in diagnostic la-
bial gland biopsies of patients with primary
Sjogren’s syndrome are not predictive for
parotid MALT lymphoma development.
Ann Rheum Dis 2017; 76: 1781-4.

HAACKE EA, VAN DER VEGT B, VISSINK
A, SPUKERVET FKL, BOOTSMA H, KRO-

Clinical and Experimental Rheumatology 2018

59.

60.

6

—

62

63.

64.

65.

66.

67.

68.

69.

70.

One year in review: Sjogren’s syndrome / O.D. Argyropoulou et al.

ESE FGM: Standardisation of the detection
of germinal centres in salivary gland bi-
opsies of patients with primary Sjogren’s
syndrome is needed to assess their clinical
relevance. Ann Rheum Dis 2018; 77: €32.
MOSSEL E, DELLI K, VAN NIMWEGEN JF
et al.: The parotid gland connection: ultra-
sound and biopsies in primary Sjogren’s
syndrome. Ann Rheum Dis 2018; 77: e38.
RISSELADA AP, KRUIZE AA, GOLD-
SCHMEDING R, LAFEBER FP, BIILSMA JW,
VAN ROON JA: The prognostic value of rou-
tinely performed minor salivary gland as-
sessments in primary Sjogren’s syndrome.
Ann Rheum Dis 2014; 73: 1537-40.

. THEANDER E, VASAITIS L, BAECKLUND E

et al.: Lymphoid organisation in labial sali-
vary gland biopsies is a possible predictor
for the development of malignant lymphoma
in primary Sjogren’s syndrome. Ann Rheum
Dis 2011; 70: 1363-8.

.HAACKE EA, VAN DER VEGT B, MEINERS

PM et al.: Abatacept treatment of patients
with primary Sjogren’s syndrome results in
a decrease of germinal centres in salivary
gland tissue. Clin Exp Rheumatol 2017; 35:
317-20.

BALDINI C, SANTINI E, ROSSI C, DONATI
V, SOLINI A: The P2X7 receptor-NLRP3
inflammasome complex predicts the de-
velopment of non-Hodgkin’s lymphoma in
Sjogren’s syndrome: a prospective, obser-
vational, single-centre study. J Intern Med
2017; 282: 175-86.

VAKRAKOU AG, BOIU S, ZIAKAS PD, XINGI
E, BOLETI H, MANOUSSAKIS MN: Systemic
activation of NLRP3 inflammasome in pa-
tients with severe primary Sjogren’s syn-
drome fueled by inflammagenic DNA ac-
cumulations. J Autoimmun 2018; 91: 23-33.
JOUSSE-JOULIN S, NOWAK E, CORNEC D et
al.: Salivary gland ultrasound abnormalities
in primary Sjogren’s syndrome: consensual
US-SG core items definition and reliability.
RMD Open 2017; 3: e000364.

LE GOFF M, CORNEC D, JOUSSE-JOULIN S
et al.: Comparison of 2002 AECG and 2016
ACR/EULAR classification criteria and add-
ed value of salivary gland ultrasonography
in a patient cohort with suspected primary
Sjogren’s syndrome. Arthritis Res Ther
2017; 19: 269.

MOSSEL E, DELLI K, VAN NIMWEGEN JF
et al.: Ultrasonography of major salivary
glands compared with parotid and labial
gland biopsy and classification criteria in
patients with clinically suspected primary
Sjogren’s syndrome. Ann Rheum Dis 2017;
76: 1883-9.

MOSSEL E, ARENDS S, VAN NIMWEGEN JF
et al.: Scoring hypoechogenic areas in one
parotid and one submandibular gland in-
creases feasibility of ultrasound in primary
Sjogren’s syndrome. Ann Rheum Dis 2018;
77: 556-62.

GAZEAU P, CORNEC D, JOUSSE-JOULIN S,
GUELLEC D, SARAUX A, DEVAUCHELLE-
PENSEC V: Time-course of ultrasound
abnormalities of major salivary glands in
suspected Sjogren’s syndrome. Joint Bone
Spine 2018; 85: 227-32.

FISHER BA, EVERETT CC, ROUT J et al.:

7

—_

72.

73.

74.

75.

76

71.

78.

79.

80.

8

—_

82.

83.

Effect of rituximab on a salivary gland ultra-
sound score in primary Sjogren’s syndrome:
results of the TRACTISS randomised dou-
ble-blind multicentre substudy. Ann Rheum
Dis 2018; 77: 412-6.

.MARTINI D, GALLO A, VELLAS et al.: Cys-

tatin S-a candidate biomarker for sever-
ity of submandibular gland involvement in
Sjogren’s syndrome. Rheumatology (Ox-
ford) 2017; 56: 1031-8.

AQRAWI LA, GALTUNG HK, VESTAD B et
al.: Identification of potential saliva and tear
biomarkers in primary Sjogren’s syndrome,
utilising the extraction of extracellular vesi-
cles and proteomics analysis. Arthritis Res
Ther 2017; 19: 14.

BALDINI C, CECCHETTINI A, GALLO A,
BOMBARDIERI S: Updates on Sjogren’s syn-
drome: from proteomics to protein biomark-
ers. Expert Rev Proteomics 2017; 14: 491-8.
GARCIA-CARRASCO M, MENDOZA-PINTO
C, JIMENEZ-HERNANDEZ C, JIMENEZ-HER-
NANDEZ M, NAVA-ZAVALA A, RIEBELING
C: Serologic features of primary Sjogren’s
syndrome: clinical and prognostic correla-
tion. Int J Clin Rheumatol 2012; 7: 651-9.
RAMIREZ SEPULVEDA JI, KVARNSTROM M,
BRAUNER S, BALDINI C, WAHREN-HERLE-
NIUS M: Difference in clinical presentation
between women and men in incident pri-
mary Sjogren’s syndrome. Biol Sex Differ
2017; 8: 16.

.RAMIREZ SEPULVEDA JI, KVARNSTROM

M, ERIKSSON P et al.: Long-term follow-
up in primary Sjogren’s syndrome reveals
differences in clinical presentation between
female and male patients. Biol Sex Differ
2017; 8: 25.

SHARMA R, HARRIS VM, CAVETT J et al.:
Rare X Chromosome Abnormalities in Sys-
temic Lupus Erythematosus and Sjogren’s
Syndrome. Arthritis Rheumatol 2017; 69:
2187-92.

KABASAKAL Y, KITAPCIOGLU G, KARAB-
ULUT G et al.: Criteria sets for primary
Sjogren’s syndrome are not adequate for
those presenting with extraglandular organ
involvements as their dominant clinical fea-
tures. Rheumatol Int 2017; 37: 675-84.
FRANCESCHINI F, CAVAZZANA 1, ANDREO-
LI L, TINCANI A: The 2016 classification
criteria for primary Sjogren’s syndrome:
what’s new? BMC Med 2017; 15: 69.
DEMARCHI J, PAPASIDERO S, MEDINA MA
et al.: Primary Sjogren’s syndrome: extrag-
landular manifestations and hydroxychlo-
roquine therapy. Clin Rheumatol 2017; 36:
2455-60.

. ASSAYAG M, ABBAS R, CHANSON N et al.:

Diagnosis of systemic inflammatory dis-
eases among patients admitted for acute
pericarditis with pericardial effusion. J Car-
diovasc Med 2017; 18: 875-80.

VASCO PG, DE LUNA CARDENAL G, GAR-
RIDO IM et al.: Assessment of interstitial
lung disease in Sjogren’s syndrome by lung
ultrasound: a pilot study of correlation with
high-resolution chest tomography. Intern
Emerg Med 2017; 12: 327-31.

QIN B, WANG J, YANG Z et al.: Epidemi-
ology of primary Sjogren’s syndrome: a
systematic review and meta-analysis. Ann

S-25



One year in review: Sjogren’s syndrome / O.D. Argyropoulou et al.

84.

85.

86.

87.

88.

89.

90.

9

—_

92.

93.

94.

Rheum Dis 2015; 74: 1983-9.

XUAN L, ZHANG YD, LI L et al.: Clinical
Profile and Significance of Mucocutaneous
Lesions of Primary Sjogren’s Syndrome: A
Large Cross-sectional Study with 874 Pa-
tients. Chin Med J (Engl) 2017; 130: 2423-8.
TER BORG EJ, KELDER JC: Development of
new extra-glandular manifestations or asso-
ciated auto-immune diseases after establish-
ing the diagnosis of primary Sjogren’s syn-
drome: A long-term study of the Antonius
Nieuwegein Sjogren (ANS) cohort. Rheu-
matol Int 2017; 37: 1153-8.

BRITO-ZERON P, KOSTOV B, FRAILE G ef
al.: Characterization and risk estimate of
cancer in patients with primary Sjogren syn-
drome. J Hematol Oncol 2017; 10: 90.
QUARTUCCIO L, BALDINI C, PRIORIR et al.:
Cryoglobulinemia in Sjogren syndrome: a
disease subset that links higher systemic dis-
ease activity, autoimmunity, and local B cell
proliferation in mucosa-associated lymphoid
tissue. J Rheumatol 2017; 44: 1179-83.
BALLESTAR E, LI T: New insights into the
epigenetics of inflammatory rheumatic dis-
eases. Nat Rev Rheumatol 2017; 13: 593-
605.

FRAGKIOUDAKI S, NEZOS A, SOULIOTIS
VL et al.. MTHFR gene variants and non-
MALT lymphoma development in primary
Sjogren’s syndrome. Sci Rep 2017; 7: 7354.
CUI L, ELZAKRA N, XU S, XIAO GG, YANG
Y, HU S: Investigation of three potential
autoantibodies in Sjogren’s syndrome and
associated MALT lymphoma. Oncotarget
2017; 8: 30039-49.

.CARUBBI F, ALUNNO A, CIPRIANI P et al.:

A retrospective, multicenter study evaluat-
ing the prognostic value of minor salivary
gland histology in a large cohort of patients
with primary Sjogren’s syndrome. Lupus
2015; 24: 315-20.

CARUBBI F, ALUNNO A, CIPRIANI P et al.:
Is minor salivary gland biopsy more than
a diagnostic tool in primary Sjogrens syn-
drome? Association between clinical, his-
topathological, and molecular features: a
retrospective study. Semin Arthritis Rheum
2014; 44: 314-24.

BOMBARDIERI M, BARONE F, HUMBY F
et al.: Activation-induced cytidine deami-
nase expression in follicular dendritic cell
networks and interfollicular large B cells
supports functionality of ectopic lymphoid
neogenesis in autoimmune sialoadenitis and
MALT lymphoma in Sjogren’s syndrome.
J Immunol 2007; 179: 4929-38.

TAVONI AG, BALDINI C, BENCIVELLI W
et al.: Minor salivary gland biopsy and
Sjogren’s syndrome: comparative analysis
of biopsies among different Italian rheuma-

S-26

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

tologic centers. Clin Exp Rheumatol 2012;
30: 929-33.

ALUNNO A, CARUBBI F, GIACOMELLI R,
GERLI R: The challenge to interpret con-
flicting results and the need of a univocal
definition for germinal centres in primary
Sjogren’s syndrome. Ann Rheum Dis 2018;
77:e31.

VERSTAPPEN GM, MEINERS PM, CORNETH
OBJ et al.: Attenuation of follicular helper
T cell-dependent B cell hyperactivity by
Abatacept treatment in primary Sjogren’s
syndrome. Arthritis Rheumatol 2017; 69:
1850-61.

QUARTUCCIO L, MAVRAGANI CP, NEZOS
A, GANDOLFO S, TZIOUFAS AG, DE VITA S:
Type I interferon signature may influence
the effect of belimumab on immunoglobu-
lin levels, including rheumatoid factor in
Sjogren’s syndrome. Clin Exp Rheumatol
2017; 35: 719-20.

CORNEC D, DEVAUCHELLE-PENSEC 'V,
MARIETTE X et al.: Severe health-related
quality of life impairment in active primary
Sjogren’s syndrome and patient-reported
outcomes: data from a large therapeutic trial.
Arthritis Care Res (Hoboken) 2017; 69: 528-
35.

KOH JH, KWOK SK, LEE J et al.: Pain, xe-
rostomia, and younger age are major deter-
minants of fatigue in Korean patients with
primary Sjogren’s syndrome: a cohort study.
Scand J Rheumatol 2017, 46: 49-55.

LIU Z, DONG Z, LIANG X et al.: Health-re-
lated quality of life and psychological status
of women with primary Sjogren’s syndrome:
A cross-sectional study of 304 Chinese pa-
tients. Medicine (Baltimore) 2017; 96:
€9208.

AL-EZZIMY,PATHAK N, TAPPUNI AR, KHAN
KS: Primary Sjogren’s syndrome impact on
smell, taste, sexuality and quality of life in
female patients: A systematic review and
meta-analysis. Mod Rheumatol 2017; 27:
623-9.

LACKNER A, STRADNER MH, HERMANN J
et al.: Assessing health-related quality of life
in primary Sjogren’s syndrome-The PSS-
QoL. Semin Arthritis Rheum 2017.
LACKNER A, FICJAN A, STRADNER MH et
al.: It’s more than dryness and fatigue: the
patient perspective on health-related qual-
ity of life in primary Sjogren’s syndrome
- a qualitative study. PLoS One 2017; 12:
€0172056.

STACK RJ, SOUTHWORTH S, FISHER BA et
al.: A qualitative exploration of physical,
mental and ocular fatigue in patients with
primary Sjogren’s syndrome. PLoS One
2017; 12: e0187272.

DASSOUKI T, BENATTI FB, PINTO AJ et al.:

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

Objectively measured physical activity
and its influence on physical capacity and
clinical parameters in patients with primary
Sjogren’s syndrome. Lupus 2017; 26: 690-7.
NG WF, BOWMAN SJ, GRIFFITHS B, UKPSSR
STUDY GROUP: United Kingdom Primary
Sjogren’s Syndrome Registry--a united ef-
fort to tackle an orphan rheumatic disease.
Rheumatology (Oxford) 2011; 50: 32-9.
VERSTAPPEN GM, KROESE FG, MEINERS
PM et al.: B cell depletion therapy normaliz-
es circulating follicular Th cells in primary
Sjogren syndrome. J Rheumatol 2017; 44:
49-58.

BOWMAN SJ, EVERETT CC, O’DWYER
JL et al.: Randomized controlled trial of
rituximab and cost-effectiveness analysis in
treating fatigue and oral dryness in primary
Sjogren’s syndrome. Arthritis Rheumatol
2017; 69: 1440-50.

HAACKE EA, VAN DER VEGT B, MEINERS
PM et al.: Abatacept treatment of patients
with primary Sjogren’s syndrome results in
a decrease of germinal centres in salivary
gland tissue. Clin Exp Rheumatol 2017, 35:
317-20.

WANG SQ, ZHANG LW, WEI P, HUA H: Is
hydroxychloroquine effective in treating
primary Sjogren’s syndrome: a systematic
review and meta-analysis. BMC Musculo-
skelet Disord 2017; 18: 186.

BALLESTER C, GROBOST V, ROBLOT P et
al.: Pregnancy and primary Sjogren’s syn-
drome: management and outcomes in a mul-
ticentre retrospective study of 54 pregnan-
cies. Scand J Rheumatol 2017; 46: 56-63.
BEZZINA OM, GALLAGHER P, MITCHELL S
et al.: Subjective and Objective Measures
of Dryness Symptoms in Primary Sjogren’s
Syndrome: Capturing the Discrepancy. Ar-
thritis Care Res 2017; 69: 1714-23.

SHAH M, EDMAN MC, REDDY JANGA S et
al.: Rapamycin eye drops suppress lacrimal
gland inflammation in a murine model of
Sjogren’s syndrome. Invest Ophthalmol Vis
Sci 2017; 58: 372-85.

CONTRERAS RUIZ L, MIR FA, TURPIE B,
MASLI S: Thrombospondin-derived peptide
attenuates Sjogren’s syndrome-associated
ocular surface inflammation in mice. Clin
Exp Immunol 2017; 188: 86-95.

LU X, WANG X, NIAN H, YANG D, WEI R:
Mesenchymal stem cells for treating auto-
immune dacryoadenitis. Stem Cell Res Ther
2017; 8: 126.

SANCHEZ-AVILA RM, MERAYO-LLOVES 1J,
RIESTRA AC et al.: The effect of immuno-
logically safe plasma rich in growth factor
eye drops in patients with Sjogren’s syn-
drome. J Ocul Pharmacol Ther 2017; 33:
391-9.

Clinical and Experimental Rheumatology 2018



