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ABSTRACT

Primary Sjogren’s syndrome (pSS) is
a complex disabling systemic autoim-
mune disorder. The hallmark of pSS is
the T-cell-mediated hyperactivation of
B-cells, evolving from asymptomatic
conditions to systemic complications
and lymphoma development. On tissue
level, the typical feature is the lympho-
cytic infiltration of the salivary gland by
B-, T- and antigen presenting cells, as
mirrored by the diagnostic cornerstone
role of minor salivary gland (MSG)
biopsy. B-cells show multiple possible
roles in disease pathogenesis, from
autoantibody production, to antigen
presentation, and cytokine production.
B-cells hyperactivation is supported by
genetic risk factors, T-cell dependent
and independent mechanisms, and the
presence of different pathogenic B-cell
subsets must be reminded.

Many aspects have been investigated in
the last year regarding genetic and epi-
genetics, B- and T-cell role in pSS patho-
genesis, their interaction with salivary
gland epithelial cells (SGECs) and in
their direct or indirect use as biomark-
ers and predictors of disease develop-
ment, activity, and lymphomagenesis.

In this review, following the others of
this series, we will summarise the most
recent literature on pSS pathogenesis
and clinical features focusing in par-
ticular on new insights into pSS molec-
ular stratification and therapeutic ad-
vances in the era of precision medicine.

Introduction

Primary Sjogren’s syndrome (pSS) is
a complex and heterogeneous autoim-
mune disease a disease with multiple
clinical faces potentially evolving to-
ward non-Hodgkin’s lymphoma muco-
sa-associated lymphoid tissue (NHL-
MALT) with an unknown aetiology.

Even though many genetic, environ-
mental, and hormonal potential causes
have been investigated, no causal as-
sociation currently exists that might
explain the aberrant immune response
targeting multiple epithelial structures
that in turn give pSS its characteristic
presentation. In this review, following
others of this series, we will summarise
the most recent literature on pSS patho-
genesis and clinical features focusing
in particular on new insights into pSS
genetics and epigenetics, innate and
adaptive immune system abnormalities,
as well as disease-related glandular and
extra-glandular manifestations. In the
final session we will provide an update
on SS therapy in the era of precision
medicine. Hopefully, novel insights
into pSS pathogenesis will pave the
way to new therapeutic approaches to
the disease improving patients manage-
ment and prognosis.

Epigenetics in Sjogren’s syndrome

Epigenetic abnormalities, affecting im-
printed gene regulation, have been add-
ed in the last decade to the list of possi-
ble processes involved in pSS pathogen-
esis. The intricacies involved, however,
are just beginning to give in to scientific
investigation. In this part, we will focus
and expand on last year’s epigenetic-
oriented developments in pSS (Table I).

DNA methylation

DNA methylation is a ubiquitous epige-
netic mechanism that hampers the bind-
ing of transcription factors to the pro-
moter of a gene, resulting in its silenc-
ing. It refers to the addition of a methyl
group to the fifth carbon of a cytosine
residue located adjacent to a guanine
residue (CpG) in the DNA strand induc-
ing chromatin condensation (1). In pSS,
DNA methylation is the most widely
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Table I. Epigenetic modifications in pSS.

Epigenetic modifications Novel data

DNA Methylation (3-6)

Hypomethylation of INF-related genes

Hypomethylation of NOTCH signalling pathway-related genes

Histone modification (7)

Tri-methylation of histone 3 at the lysine residues (lymphoma)

miRNAs (9-12)

Downregulation of hsa-miR-145-5p (type I IFNs and MUC)

Increased of miR 155 5p (apoptosis, TCR signalling pathway)
Upregulation of miR-146a-5p (Th17 cell differentiation)

Non-coding RNAs (13-16)

GABPB1-AS1 and PASM3-AS (serum IgG)

CTA-250D10.23 IncRNA (CXCL13)

studied epigenetic mark and methyla-
tion imbalances either at specific CpG
sites of immune related genes or on an
epigenome-wide basis have been re-
peatedly demonstrated (2). Adding to
the already known hypomethylated sta-
tus of circulating B and T cells of pSS
patients, it was recently shown that pSS
monocytes follow a similar hypometh-
ylation predominant pattern, as well (3,
4). Using the Infinium HumanMeth-
ylation850 (HM850k) BeadChip array
on separated monocytes (CD14+) from
11 pSS patients and five sex- and age-
matched controls, it was shown that,
among many, the most differentially
hypomethylated genes were the IFN-
related genes and those involved in the
Notch signalling pathway (5). It is note-
worthy, that the overlap in the methyla-
tion profile between monocytes and sal-
ivary gland epithelial cells consists of
genes associated with the cell cycle, the
cell senescence, and the IL-17 signal-
ling pathway. Prompted by the strong
evidence attesting to a differentially
methylated genome between pSS pa-
tients and controls, Chi et al. attempted
to determine whether there is a genetic
master control of those methylation var-
iations. Making use of the methylation
and genotype profile of a large number
of minor salivary gland biopsy tissues
of pSS patients and controls, the au-
thors showed that differentially methyl-
ated regions were associated with short
ranged (+ 250 kb) SNPs at specific loci
known to affect the DNA methylation
patterns (meQTLs). Causal inference
testing showed that 19 of the 26 pairs
display a causal mediation relationship
while almost half of those reside in the
MHC region, implying that alterations
in the DNA methylation pattern could
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account for the increased genetic risk
conferred by the MHC. However, most
of the differentially methylated regions,
especially at non-MHC locations, were
not associated with a nearby SNP (6).

Histone modification

A vast array of post-translational
chemical modifications (acetylation,
methylation, ubiquitylation, and phos-
phorylation) on the histone N-terminal
tails at lysines, arginines, serines, and
threonines residues is another epige-
netic regulator of gene expression.
These types of modifications alter the
physical state of the chromatin from a
euchromatic (accessible to transcription
factors) to a heterochromatin (restricted
access to transcription factors) state
and vice versa. The different physi-
cal properties of the chromatin created
by the various chemical marks on the
protruding histone tails is the epige-
netic mechanism least investigated in
pSS. However, recently Ningning et
al. added to the field by exploring the
dynamic changes and interplays of the
tri-methylation of histone 3 at the lysine
residues 4,9, 27, 36 and 79 in two pSS
patients, before and after the diagnosis
of lymphoma. As observed in the study
by a chromatin immunoprecipitation
sequencing (ChIP-seq) in longitudinal
tissue biopsies, the trimethylation of ly-
sine of histone 3 showed no differences
in residues 36 and 79, a decrease in 9
and 28, and an increase in residue 4 that
seems to be the most vital, since it cor-
relates with all other histone modifica-
tions. Finally, those findings combined
with an RNA sequencing analysis re-
vealed a correlation between the gene
expression profile and the different his-
tone patterns (7).

Non-coding RNAs (ncRNA)
Non-protein coding RNAs are regu-
latory, functional untranslated tran-
scripts. Among all sub-categories of
ncRNAs, the long non-coding RNAs
(IncRNAs) (>200 nt) are the most
abundant and the microRNAs (<200
nt) are the most extensively studied.
During the last decade numerous stud-
ies have shown dysregulated miRNAs
and to a lesser extent IncRNAs in PB-
MCs, salivary gland tissue, tears and
saliva of SS patients (8). These studies
are limited by their small sample size
and lack of reproducibility on similar
study design strategy. Recent scientific
aspirations, however, vastly exceed the
differential expression of ncRNAs in
SS, instead attempting to untangle their
specific functional role.

Jara et al. showed recently that hsa-
miR-145-5p, an miRNA with anti-
inflammatory properties that is known
to be downregulated in SS, is the mo-
lecular bridge between type I IFNs
and glandular dysfunction/inflamma-
tion through the overexpression of
mucin 1(MUC1) and toll-like receptor
4 (TLR4). Overactivation of the type
I interferon pathway, known to play
an important pathogenetic role in SS,
may lead to the downregulation of hsa-
miR-145-5p, which in turn drives the
overexpression of MUC1 and TLR4
and is contributing to the perpetua-
tion of the aberrant immune response
(9). Similarly, Jingli et al. investigated
the role of miR-155-5p, a miRNA that
has been also found overexpressed in
SS patients. Stimulation of salivary
gland epithelial cells (SGECs) with
interferon-y, increased the levels of
miR-155-5p while also inducing apop-
tosis, effects that were reversed with the
miR-155-5p knockdown. This response
seems to be mediated by the overacti-
vation of the NF-xB pathway through
the elimination of one of its inhibitors,
Arrestin 2 (10). Another group con-
ducting an miRNome analysis of T cell
receptor (TCR)-activated CD4* T cells
from PBMCs of SS patients before and
after treatment with mesenchymal stem
cells (MSCs), also found the same miR-
NA (miR-155-5p) among others to be
differentially expressed (11). In particu-
lar, miRNA-155-5p upregulation was
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further enhanced after MSC treatment,
while gene ontology term enrichment
implicated it in the TCR signalling
pathway. On the other hand, upregula-
tion of miRNA-5096 and miRNA-7150
and downregulation of miRNA-22-3p
and miRNA-125b-5p in the pSS group
were reversed by the MSC co-culture
(11). Another functional pathway
modulated by an miRNA known to be
upregulated in PBMCs of SS patients
was investigated recently. MiR-146a-
5p was shown to promote T helper
17 (Th17) cell differentiation through
a disintegrin and metalloprotease 17
(ADAM17) dependent IL-23/IL-23 R
activation (12).

Unlike miRNAs, research regarding
the differential expression and puta-
tive functional role of IncRNAs has
not received extensive attention in SS.
Contributing to the field, Xiaochan et
al. revealed the differentially expressed
IncRNAs in 30 well characterised SS
patients and controls. A transcriptome
sequencing from more than 1000 up
or down-regulated IncRNAs, found
GABPB1-AS1 and PASM3-AS to be
the most important. The results were
validated by RT-qPCR, which also un-
covered a correlation of GABPB1-AS1
expression levels with the percentage of
circulating B cells and the serum IgG
levels of SS patients (13). Similarly, in
another study, a bioinformatics analysis
of the gene expression profile data of
minor salivary gland biopsies from SS
patients and sicca controls, identified
14 IncRNAs as the master regulators
of the invading, infiltrating SS-specific
immune cell subpopulations. Among
them, CTA-250D10.23 IncRNA was
identified as the most significant as-
sociated with infiltration events, and a
functional annotation analysis revealed
a relevance to chemokine signal-
ling pathways (14). Of added interest,
a strong correlation between CTA-
250D10.23 IncRNA and the serum
levels of chemokine CXCL13, which
serves as a histologic and clinical bio-
marker of the disease, was also shown
(15, 16).

From epigenetic abnormalities
to molecular stratification

Epigenetic abnormalities of whole
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blood samples from a European co-
hort of over 300 patients, and a simi-
lar number of age and gender-matched
healthy volunteers have been recently
analysed by Soret et al. (18) along with
transcriptomic, genomic, flow-cytome-
try data, cytokine expression and clini-
cal parameters to provide a molecular
classification scheme for SS patients
based on the multi-omic profiling that
may foster promising novel approach-
es to new treatment modalities. The
authors identified four groups of pa-
tients with distinct patterns of immune
dysregulation. Patients from Cluster 2
displayed a healthy-like profile with no
increase in the IFN modules and mini-
mal activity of inflammation-related
gene modules. The three other clusters
(C1, C3, C4) exhibited a prominent
IFN gene signature. Patients from C4
exhibited a more severe clinical phe-
notype compared to the others with an
inflammatory transcriptomic signature
particularly linked to cytokine signal-
ling from the acute phase response. C4
was also characterised by a massive
lymphopenia and high levels of neu-
trophils. Noteworthy, patients included
in the C4 cluster showed the most pre-
dominant hypomethylation. The hypo-
methylated genes were mostly associ-
ated with the neutrophil degranulation
pathway. Exclusively to this molecular
subgroup, hypermethylated CpGs were
detected corresponding to 25 genes
implicated in the immunological syn-
apse, platelet multimodal function, and
PD-1 signalling. The other 2 molecular
groups (i.e. C1 and C3), characterised
by a type I predominant interferon re-
sponse, revealed a much lower number
of differentially methylated regions,
but a more predominant gene-promoter
region localisation. Finally, a minimum
number of differentially methylated re-
gions were detected in the C2 group of
pSS patients (17).

Likewise, unsupervised integrative
analysis of whole blood transcriptome
and methylome data of more than 700
patients with various systemic auto-
immune diseases (including pSS), re-
vealed 3 common pathologic clusters
(inflammatory, lymphoid, interferon)
and one undefined/normal. The inflam-
matory cluster was defined by differ-

entially methylated modules driven by
monocytes and neutrophils, the lym-
phoid cluster was defined by T and
natural killer (NK) cell functions, and
the interferon cluster was defined by in-
terferon, viral, and dendritic cell func-
tions. Intriguingly, each patient’s clus-
ter assignment was stable over time,
unaltered after treatment or throughout
the course of the disease (18).

In conclusion, the implication of epi-
genetics on autoimmune diseases is be-
coming gradually apparent. The identi-
fication of novel pathogenetic mecha-
nisms and biomarkers for prognosis,
stratification, and response to treatment
as well as the discovery of new thera-
peutic targets might all become a real-
ity in the future, given that we grasp a
better understating of integrative gene
expression data. It is a high time for the
field of epigenetics to shift its research
orientation, focusing on previously un-
der or unexplored areas including a)
the effect of epigenetics on immune
subpopulations within the inflamma-
tory lesions of the salivary gland and/
or other affected tissues; b) epigenetic
alterations upon the immune regula-
tory component either at the tissue or
the blood level (e.g. T regs, B regs); c)
epi-trascriptomics sudies (RNA meth-
ylation); d) functional epigenetic stud-
ies on B cells from pre-lymphoma and
lymphoma pSS patients to record the
landscape of the B cell component, and
finally e) co-cultures of immune cells
with epithelial cells to study the net ef-
fect of drugs modifying the epigenome
on either cell type or by affecting their
interaction.

Take home messages

* pSS monocytes follow an hypo-
methylation predominant pattern
similar to that observed in circulat-
ing lymphocytes B and T with dif-
ferentially hypomethylated genes
including IFN-related genes and
those involved in the Notch signal-
ling pathway (3-5).

¢ Genetic control of differential meth-
ylation appeared as a risk factor for
SS, especially at the MHC (6).

¢ A tri-methylation of histone 3 at the
lysine residues has been associated
with the diagnosis of lymphoma (7).
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¢ Differentially expressed mi-RNAs
and IncRNAs have been associated
to glandular infiltrate severity, B-cell
hyperactivity and chemokine signal-
ling (9-16).
Epigenetics along with other multi-
omic data allowed to reclassify pSS
patient revealing the existence of three
pathologic  clusters (inflammatory,
lymphoid, interferon) and one unde-
fined/normal (17-18).

B- and T-cell role in pSS
pathogenesis, their interaction

with salivary gland epithelial cells

A complex interaction between in-
nate, adaptative immunity and salivary
gland epithelial cells (SGECs) is cru-
cial in pSS pathogenesis, with SGECs
playing both an active and passive
pathogenetic role in disease onset and
development (19).

Riviere et al. explored the role of the
IL7/TFNy axis in the interplay between
SGECs and T cells in pSS. In their study,
pSS patients showed higher levels of
serum IL7 and decreased IL7-R expres-
sion, potentially reflecting its internali-
sation after binding. IL7 serum levels
were associated with B-cell activation
biomarkers, IFN-induced chemokines
and disease activity markers (i.e. SSA/
SSB/RF positivity, low c4 levels, serum
CXCL13, lymphopenia, a past or cur-
rent history of lymphoma). A higher ex-
pression of IL7-RNA was found in pSS
SGECs. These cells, if stimulated with
type 1 and 2 interferons, would produce
IL7, whereas IL7 stimulation increased
activation of T-cells and IFNgamma se-
cretion. Moreover, results on PD1 and
ICOS expression on T-cells suggest a
role of IL7 in their differentiation into
T follicular cells (Tfh). Thereby, the
authors postulated an active role of an
IL7/IFNgamma loop axis involving T-
cells and SGECs in the pathogenesis
and organisation of ectopic lymphoid
structures in pSS (20).

Pringle et al. focused on the link be-
tween the degree of glandular lym-
phocytic infiltration and the levels of
salivary sodium, the last known to be
consistently increased in pSS, without
a yet defined biological reason. The
results highlight a correlation between
stimulated parotid gland salivary so-
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dium levels and the degree of CD20+
B-cell infiltrate. Moreover, epithelial
sodium channel (ENaC), responsible
for saliva transport, was localised on
the apical membrane of luminal stri-
ated duct cells in non-pSS controls or
FS- pSS specimens, whereas in FS+
pSS patients its expression was absent.
Since no difference was found between
LELs+ and LELs- tissue specimens,
a soluble factor secreted by B-cells,
rather than the actual physical tissutal
invasion or epithelial hyperplasia,
might cause ENac dysregulation. Ac-
cording to the authors, the measure-
ment of salivary sodium, in addition to
other clinical and laboratory features,
might support pSS differential diagno-
sis; moreover, they suggest that its cor-
relation with B cell infiltrate might be
further studied if feasible as surrogate
for salivary gland biopsy and correlat-
ing with lymphoma evolution risk (21).

Take home message

* The interplay between SGECs and T
and B infiltrating cells (i.e. IL7/IFNy
axis, sodium levels) is crucial in pSS
pathogenesis (19-21).

From pathogenesis to traditional
and novel biomarkers in pSS
Autoantibodies anti-Ro52/SSA  and
Ro60/SSA represent the most tradition-
al biomarkers for pSS and have been
correlated with patients’ younger age
at diagnosis, more severe lymphocytic
infiltration of the salivary glands and a
higher mean ESSDALI (22). Recently, a
particular interest has arisen in defining
the significance and role of single anti-
Ro/SSA specificities.

Robbins et al. (23) showed that
Ro052+R060+ patients had a higher
frequency of anti-SSB/La and hyper-
gammaglobulinaemia than those with
either isolated anti-Ro60 or isolated
anti-Ro52.

Zampeli et al. (24) found that dou-
ble positive patients presented more
frequently an enlargement of their
salivary glands leukopenia, hypergam-
maglobulinaemia, low C4 and RF and
lymphoma. They observed that patients
who were positive only for anti-Ro52
had a milder disease characterised by
sicca and arthritis.

New surrogated biomarkers of pSS
disease (e.g. cytokines or chemokines)
have been also proposed, with an in-
sight on their relationship with disease
activity and risk of lymphoma develop-
ment.

Chatzis et al. (15) demonstrated that
serum CXCLI13 and the number of
CXCL13 positive cells per tissue area
of MSG biopsies was higher in pSS
patients with severe MSG infiltrates,
expressed as high values of FS. Moreo-
ver, this chemokine serum levels were
found to be upregulated before the
clinical onset of lymphoma in pSS, and
therefore might be involved in earlier
stages of lymphomagenesis.

The same author defined salivary gland
FS value =4 as an independent lym-
phoma risk factor, connecting it to a
statistically shorter time interval from
pSS to lymphoma diagnosis and more
frequent B-cell originated manifesta-
tions (e.g. salivary gland enlargement,
monoclonal gammopathy, RF positiv-
ity) (25).

Bharaj et al. (26) stratified pSS patients
according to a three-stage inflamma-
tory severity index based on FS value
and GCs presence in MSG biopsy
(S1:FS<1; S2: FS=2; S3 FS=3 and
GCs), and described the connection be-
tween index, other histological features
(i.e. atrophy, adipose tissue presence),
the incidence and composition of the
main immune cell infiltrating popula-
tion (CD4*and CD8* T-cells, FoxP3* T
regulatory cells, CD74" class I MHC
expressing antigen presenting cells,
CD68* macrophages, CD20* B-cells,
and CDI138*plasma cells) and clini-
cal-serological characteristics (SSA/
SSB/RF positivity, salivary flow). The
evaluations proposed in this study give
further hints on pSS evolvement on
a histopathological level, supporting
the importance of tissue evaluation
for patient stratification, since distinct
inflammatory disease stages could be
driven by different cell populations and
benefit from different targeted thera-
peutic agents.

Pontarini et al. (27) extensively dis-
serted on the importance of recognis-
ing and enquiring the heterogeneity of
pSS disease when analyzing clinical,
laboratory, and histological markers of
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disease severity and risk of lymphoma
development. Focusing on the hetero-
geneity of salivary gland immunopa-
thology in pSS, the authors remarked
the role of FS and ectopic lymphoid
structures as more relevant histopatho-
logical stratifiers. The immunological
mechanisms underlying their forma-
tion was discussed, pointing at the use-
fulness of possible surrogated markers
(e.g. CXCL13) and a “liquid biopsy”
approach in pSS. Moreover, the com-
plex role of T follicular cells (Tth), T
peripheral helper cells (Tph) and T fol-
licular regulatory cells (Tfr) in ectopic
lymphoid structures was remarked,
completing a thorough evaluation on
prediction of disease severity, lympho-
ma development, clinical response and
proof of therapeutic efficacy.

Many authors concentrated their re-
searches on lymphocytic subpopula-
tion in pSS, their association with dis-
ease activity and autoimmune profile,
and on their usefulness in distinguish-
ing pSS from sicca syndrome.

Mielle et al. focused on the quantifi-
cation of regulatory IL-10 producing
B-cell subtype (B10* cells) and for the
first time on their function in patients
with pSS. They demonstrated the pres-
ervation of B10+ cell frequency in pSS
and of their ability to promote Treg dif-
ferentiation in similar level to healthy
subjects, supporting this cellular sub-
type as a useful mirror of B-cell regu-
latory function assessment (28).

Dupré et al. (29) further studied Tth and
Tph in pSS, confirming the expansion
of circulating Tth (CD4*CXCRS5*PD1%)
and of Tph cells (Tph, CD4*CXCRS5-
PD1hi) in pSS also in their activated
form (ICOS*). Moreover, a positive
moderate correlation between ESSDAI
score and both percentage and the ac-
tivation of Tth was found. A positive
moderate correlation was also defined
between percentage of plasmablast and
the percentage of Tth and Tph, as well
as between activated Tth and hyper-
gammaglobulinaemia. Higher median
percentages of activated Tph were
found in RF and anti-SSB positive pSS
patients. This study extends the knowl-
edge on Tfh and particularly on Tph
cells, highlighting their association
with B-cell biomarkers and disease
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activity, thereby supporting their role
as potential new therapeutic targets.
Loureiro-Amigo et al. used advanced
lymphocyte profiling confirming a pro-
found imbalance in the distribution of
circulating T- and B-cells, with a de-
crease in CD4* T-cells (mainly naive
and central memory CD4 subsets),
diminished CD4/8 ratio and memory
cells and an increase in activated T
cells and naive B-cells in pSS. More-
over, they showed a good accuracy of
the ratio between non-switched memo-
ry B-cells to activated CD4* T-cells in
discriminating between pSS and sicca
syndrome also in seronegative patients
(30).

The same group analysed and support-
ed the role of CXCL13, BAFF, IL21
and IL22 as biomarkers of pSS activity,
finding correlation with B cell activity
surrogate biomarkers and/or ESSDALI.
Moreover, they demonstrated that in-
creased IL21 levels related to abnor-
mal naive/memory B-cell ratio, while
IL22 levels related with increased cir-
culating activated CD4* T cells. The
measurement of serum PD-L2 levels in
combination with CXCL13 and BAFF
allowed discrimination between pSS
patients and sicca syndrome patients in
this study (31).

Barcelos et al. evaluated lymphocytes
subpopulations in SSA-positive and
SSA-negative pSS patients in com-
parison to sicca patients and healthy
controls, relating the results to ES-
SDAI. Anti-SSA positive patients
expressed increased levels of IL21
producing CD4* and CD8* T-cells,
CD24HiCD38Hi B-cells, naive B-
cells, and IgM+CD38* plasmablasts,
and lower levels of memory B-cells
(including CD24hiCD27*) compared
to sicca patients and healthy controls.
Compared to anti-SSA negative pSS
patients, only IL21 CD4* cells were
increased, while CXCR5*Tfh17 ab-
solute and percentage levels were de-
creased. Moreover, in this study popu-
lation there was a positive correlation
between anti-SSA positivity, disease
activity (e.g. SG swelling), ESSDAI
levels and IL21*CD4* and CD8* cells,
and CXCR5*Thl cells levels (32).
Similar results were reported by Sza-
bo et al. (33), who found an increased

frequency of activated circulating
Tth cells (CD4*CXCR5*PD1*ICOSY)
in anti-SSA positive pSS population
compared to healthy individuals. The
percentage of Tfr resulted similar to
healthy controls, while absolute cell
count of circulating Tfr was signifi-
cantly decreased, as found also by Bar-
celos et al. In both studies, when anti-
SSA positivity was considered, anti-
SSA positive patients showed higher
proportions and absolute cell numbers
of Tfr. (32, 33). Szabd et al. confirmed
an increase of transitional and naive B
cells in pSS, and a decrease of switched
and un-switched B memory cells, the
latter more pronounced in seropositive
patients. Moreover, they extendedly
evaluated the correlation between Tfh,
Tfr and B-cells in terms of quantity and
subsects. Finally, they tested in vitro
the combined neutralising action of
anti-human CD40/TNFRSF5 and anti-
human IL21 antibodies on Tfh/B cell
interactions and autoantibody produc-
tion, with encouraging results (33).
These studies further support the key
role of follicular T-cell/B-cell axis in
disease pathogenesis, development of
aberrant humoral immunity, disease
activity, and possible correlation with
prognosis and response to treatment.
Early biomarkers enabling an early
recognition of pSS have been recently
investigated also in tears and saliva
as well as in salivary gland tissue by
means of new OMICS techniques. Ur-
banski et al. (34) investigated the tears
metabolomic signature of patients with
newly-diagnosed pSS and of patients
with no-pSS dry eye syndrome. They
found that serine, aspartate and dopa-
mine concentrations were decreased in
pSS, while six phospholipids (LysoPC
C18:1, C18:2, Cl6:1, SM C16:0,
C22:3,and PCaa C42:4) were increased
in pSS, compared to the non-pSS Sicca
group. In saliva, Sembler-Mgller et al.
(35) showed that the combination of
upregulated salivary TRIM29 levels
and anti-SSA positivity allowed to dif-
ferentiate pSS patients from non-pSS
patients with a sensitivity around 99%.
Similarly, Garreto et al. (36) found that
the expression of the serine protease
dipeptidyl peptidase-4/CD26 (DPP4/
CD26) was increased in pSS saliva
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and might be involved in cytokines
and chemokines production. Moreover,
matrix metalloproteinase-9 (MMP9)
and some serine proteases such as neu-
trophil elastase (ELANE), cathepsin G
(CTSG), and myeloblastin (PRTN3)
were found to be increased in pSS sa-
liva too. Finally, Sandyia et al. (37) de-
scribed an over-expression of salivary
free light chains in pSS patients with
respect to controls.

In the glands of pSS patients, Oyelakin
etal.(38) observed an increased expres-
sion of genes associated with immune
processes such as B cell proliferation,
regulatory T cell differentiation, regu-
lation of and chemokine-mediated sig-
nalling (CXCL9, CXCL10, CXCLII,
CXCL13). Intriguingly, an enrich-
ment of differentially expressed genes
(DEGs) commonly associated with
repression of the PD-1/PDL-1 path-
way was observed. This findings are in
line with recent reports of the develop-
ment of a Sjogren’s like syndrome in
cancer patients treated withPD-1/PD-
L1 checkpoint inhibitors. On the other
hand genes which were downregulated
in pSS were highly enriched in normal
salivary gland and they are involved in
processes necessary for proper salivary
gland function.

Verstappen et al. (39) analysed DEGs
in paired parotid (PSGs) and labial
salivary gland (LSGs) tissue and pe-
ripheral blood mononuclear cells from
biopsy-positive, biopsy-negative pSS
and non-pSS sicca patients. The top
20 up-regulated genes in biopsy-pos-
itive pSS patients were mostly B-cell
or T-cell related with a strong correla-
tion between PSGs and LSGs. Particu-
larly gene signatures observed in both
glands of biopsy-positive pSS patients
included IFN-a signalling, IL-12/IL-
18 signalling, CD3/CD28 T-cell ac-
tivation, CD40 signalling in B-cells,
double negative type-2 B-cells, and
FcRL4* B-cells. None of these signa-
tures were found to differ significantly
in biopsy-negative pSS compared with
non-SS sicca patients. They further
assessed gene signature in peripheral
blood mononuclear cells (PBMCs)
showing that IFN-oa signalling and
DN2 B-cell signatures were also en-
riched in pSS patients’ PBMCs.
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Take home messages

e Recently, a particular interest has
arisen in defining the significance
and role of single anti-Ro/SSA spe-
cificities (23, 24).

* New surrogated biomarkers have
been proposed for pSS disease ac-
tivity and lymphoma risk (CXCL13,
FS>3, ectopic lymphoid structures
(15,25-27).

* Many authors concentrated their re-
searches on lymphocytic subpopula-
tion and cytokines in pSS and their
usefulness in distinguishing pSS
from sicca syndrome (i.e. regula-
tory IL-10 producing B-cell subtype,
expanded Tth (CD4*CXCR5*PD1%)
and of Tph cells (Tph, CD4*CXCRS5-
PD1hi, serum PD-L2 levels in com-
bination with CXCL13 and BAFF,
IL21 producing CD4* and CD8" T-
cells) (28-33).

* New OMICS salivary and tears bio-
markers are apparently able to distin-
guish pSS from sicca, thus enabling
pSS early recognition (i.e. tears as-
partate and dopamine concentrations,
salivary TRIM29 levels; salivary ser-
ine protease dipeptidyl peptidase-4/
CD26 (DPP4/ CD26), salivary ma-
trix metalloproteinase-9 (MMP9)
and neutrophil elastase (ELANE),
cathepsin G (CTSG), myeloblastin
and free light chains (34-38).

* Finally, IFN-a signalling and DN2
B-cell signatures are enriched in
pSS patients’ PBMC and glandular
tissues (39).

Glandular involvement

Dryness symptoms represent the most
typical manifestations of the disease
and characterise almost all pSS patients
regardless of age and disease stage (40).
Recently, attention focused on different
symptoms related to systemic mucosal
involvement which greatly impair pa-
tient quality of life. Genital symptoms,
including vulvar and vaginal dryness,
dyspareunia, itching, genital pain and
increased susceptibility to infection,
are frequently reported by pSS women.
In particular, vaginal and cervical at-
rophy are frequent in pSS with sexual
dysfunction and strictly correlate to
depression and mood changes (41).
However, the aetiology of vaginal dry-

ness remains unclear. To overcome this
issue, a recent cross-sectional study
including about 200 pSS women dem-
onstrated that patient-reported vaginal
dryness was significantly associated
with older age, postmenopausal status,
peripheral neuropathy, oral and ocular
dryness, EULAR Sjogren’s Syndrome
Patient-Reported Index (ESSPRI) score
and SF-36 mental and general health.
In particular, the evidence of independ-
ent association of vaginal dryness with
oral and ocular dryness and neuropathic
abnormalities might suggest a common
etiopathogenic pathway of these symp-
toms (42). This suggests that sexual
dysfunction should always be evaluated
in pSS women and specific treatment
addressing vaginal dryness, dyspareu-
nia and depression should be consid-
ered, if necessary. Interestingly, recent
evidences suggest that autoimmune
diseases, as systemic lupus erythemato-
sus, predispose to an absence of smell
function and diminished smell sensitiv-
ity. In pSS, progressive exocrine gland
damage with loss of secretions may be
associated to reduced sense of smell. In
this setting, olfactory function includ-
ing smell threshold, identification and
memory were investigated in a cohort
of Chinese pSS patients with a mean
disease duration of 4.5 years (43). In-
terestingly, a significant decrease in ol-
factory function, both as identification
and memory functions, was observed in
pSS patients compared to healthy con-
trols. Moreover, hyposmia was more
prevalent and anosmia was present ex-
clusively in pSS patients. Disease activ-
ity and dryness had negative impact on
olfactory function and impaired smell
function was associated with organ in-
volvement and autoantibody positivity
(43).

Nevertheless, xerostomia and xeroph-
thalmia are the predominant symptoms
of pSS and represent the principal
features leading to its suspicion, with
reported positive and negative predic-
tive values of 54-77% and 94-98%, re-
spectively (44). Moreover, these symp-
toms are associated with significant
impaired daily function, physical and
emotional distress, decreased quality
of life and long term adverse outcomes.
Primary SS patients with dry eye, be-
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sides olfactory dysfunction, may pre-
sent ocular surface epithelial damage,
assessed by ocular staining score,
which is significantly associated with
younger age, longer duration of dis-
ease, unstable tear film and meibomian
gland function (45). Moreover, patients
may complaint voice and swallowing
dysfunctions secondary to oral dryness
with a consequent impairment of qual-
ity of life, as demonstrated by Graf et
al. (46).

A recent retrospective study assessed
the long-term treatment outcomes of
dry eye in patients with and without
underlying pSS (47). At baseline, pSS
dry eye patients had worse ocular pa-
rameters (including lower Schirmer’s
results, higher ocular surface staining
and higher tear osmolarity) compared
with the non-SS dry eye cohort. Inter-
estingly, with proper escalation of dry
eye treatment, both SS and non-SS
dry eye patients achieved significant
improvement of objective dry eye pa-
rameters. Nearly half of patients had
resolved conjunctival staining, a third
resolved corneal staining and a quarter
had no ocular surface staining by their
final visit. During follow-up, 10% of
patients experienced vision-threaten-
ing corneal complications (epithelial
defects/ulceration and corneal melt/
perforation) and eleven patients lost vi-
sion due to corneal haze/scarring with
no difference between the two cohorts.
Of consequence, assessment of glan-
dular function represents an undoubted
cornerstone for the diagnosis and as-
sessment of the disease. In this set-
ting, salivary gland ultrasonography
(SGUS) emerged as an important toll
in the evaluation of salivary gland in-
volvement in pSS patients being less
invasive, cheaper and with far fewer
risks than salivary gland biopsy (SGB).
Recently, sonoelastography (SE), a de-
veloping technique which assesses the
tissue elasticity or stiffness property
of parenchymal elasticity by colour
scale coding the different degrees of
mechanical-elastic deformation, has
been evaluated in a cohort of 79 pSS
patients with median symptom dura-
tion of 6 years (48). The elasticity
scores in the pSS group were signifi-
cantly higher than those in the disease
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controls with significant difference
between parotid and submandibular
scores. Interestingly, correlation analy-
sis depicted higher elasticity scores of
parotid glands in patients with disease
duration >10 years in comparison to
patients with disease duration <5 years
and 5-10 years respectively. Moreover,
total score of parotid and submandibu-
lar glands correlated with rheumatoid
factor level but not with anti-SSA/SSB
antibodies. Although larger prospec-
tive studies are needed to better define
the usefulness of SE in pSS patients,
this novel technique performed simul-
taneously with B-mode ultrasound may
represent a feasible adjunct tool in the
diagnosis of pSS.

Extra-glandular involvement

Beyond exocrine glandular involve-
ment, pSS patients may develop many
extra-glandular manifestations, which
may represent the first presentation
of the disease and appear before the
onset of the characteristic features of
dryness. Moreover, extra-glandular in-
volvement influences the prognosis of
the disease, so several studies focused
on different systemic domains, among
which lung involvement represents one
of the most important. Interestingly,
the high prevalence of pulmonary ab-
normalities in pSS patients encouraged
to investigate the percentage of unre-
vealed pSS in a prospective population
with interstitial lung disease (ILD) and
one or more interstitial with autoim-
mune features (IPAF) classification
criteria or xerophtalmia. Shirmer’s
test, ocular Staining Score (OSS) and
minor SGB were performed in a blind-
ed manner by experienced specialists
(49). Among 334 patients with ILD,
67 had at least one IPAF criteria and
a significantly higher proportion of pa-
tients with positive SGB, pathologic
Schirmer’s test (both 53.7%) and OSS
(43.3%) met pSS criteria (40%), sug-
gesting that occult pSS must be evalu-
ated in this group of patients (49).
However, in the last year, the major-
ity of studies mainly focused on the
identification of prognostic factors as-
sociated with increased risk and worse
outcome of lung involvement in pSS
patients. Older age, male sex, smoking

and extent of pulmonary involvement
were confirmed factors associated with
poorer prognosis or lower survival (50-
52). Nevertheless, several drawbacks
should be considered in the interpreta-
tion of such results. Among these, the
retrospective design of all studies, the
different settings of cohort enrolment,
including outpatients (50, 51) or more
severe hospitalised patients (52), the
non-homogenous instrumental meth-
ods to detect pulmonary involvement
or to define the clinical and respiratory
function variables and the low number
of patients included in some studies
(51), surely do not allow to drawn defi-
nite conclusions.

Although carried out on a very low
number of patients, a study by Dong et
al. may deserve attention as focused on
the analysis of 15 female pSS patients
with lymphocytic interstitial pneumo-
nia (LIP), a typical, rare, ILD pattern in
pSS which main pathological features
include extensive and polyclonal infil-
tration of interstitial lymphocytes with
widened interlobular/alveolar space
(53). In comparison to a previous co-
hort of 206 pSS-ILD patients, pSS-LIP
patients were characterised by higher
prevalence of hypergammaglobulinae-
mia and antibody positivity, including
anti-Ro52, anti-Ro60 and anti-La. Pul-
monary function tests demonstrated a
more favourable respiratory function
in pSS-LIP with higher total lung ca-
pacity and diffusion capacity of carbon
monoxide. HRTC patterns helped to
distinguish between acute phase (char-
acterised by ground-glass opacity) and
later stages (presence of cysts), allow-
ing the adequate treatment.

Among systemic manifestations asso-
ciated with adverse prognosis in pSS,
neurological involvement gained con-
siderable attention. A study involving
205 consecutive Chinese pSS patients
depicted neurological involvement,
both central and peripheral, in 19% of
patients and patients with neurologi-
cal involvement were characterised by
significant higher prevalence of anti-
SSA antibodies. However, methodo-
logical approach to detect neurologi-
cal involvement, including suggestive
symptoms and/or variable diagnostic
tests, and the heterogeneous definition
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of clinical neurological phenotypes
hamper the results of this study (54).
Thus, in order to overcome these limi-
tations which hamper to define the true
prevalence of neurological involve-
ment in pSS, a recent multi-centre Ital-
ian study applied a standardised proto-
col to evaluate prevalence and features
of peripheral neurological involvement
in a large cohort of 1695 pSS patients
(55). Prevalence of peripheral nervous
system was rare (3.7%) and the main
manifestations were pure sensory neu-
ropathies or axonal sensorimotor poly-
neuropathies. This subset of patients
exhibited a more active disease profile
and were more frequently treated with
immunosuppressant therapies. Intrigu-
ingly, clinical and serological negative
prognostic factors, including purpura,
extra-glandular manifestations, leuko-
penia, low complement and cryoglo-
bulinaemia, principally characterised
patients with sensorimotor polyneu-
ropathy, while subjects with pure sen-
sory neuropathy displayed a milder
phenotype, thus suggesting that differ-
ent pathogenic pathways may underlie
peripheral nervous system involve-
ment in pSS (55). On the other hand,
central nervous system involvement is
very rare in pSS and difficult to detect
due to non-uniform definition and vari-
able imaging features. In this setting,
abnormalities of brainstem auditory
evoked potentials, a test employed to
detect central nervous system involve-
ment, were recorded in about 16% of
pSS patients (56). However, the very
low number of patients included highly
hamper the relevance of the results and
further studies are needed to define this
important issue in pSS.

Moreover, during the last 12 months,
literature focused on characterisation
of common extra-glandular manifes-
tations, including cutaneous, gener-
ally poorly characterised due to the low
number of patients included in most
cohorts and the variability of cutaneous
manifestation definition, and articular.
A recent epidemiological French study
on a population of 685 pSS included in
two French cohorts (the ASSESS and
diapSS) and the cohort enrolled in the
TEARS randomised trial, depicted a
prevalence of cutaneous signs defined
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according to ESSDAI domain of 4.1%,
5.3% and 6.4%, respectively (57). In
the ASSESS cohort, patients with ac-
tive cutaneous involvement in the ES-
SDAI domain had higher prevalence
of peripheral neuropathy and muscular
involvement compared to the control
group. As widely known, articular in-
volvement has been reported as pre-
senting manifestations in 40% of pSS
patients and is mainly characterised
by a symmetrical arthritis or arthralgia
generally involving small joints. How-
ever, in a recent retrospective analysis
of a cohort of 148 pSS patients, Jarrot
et al. identified a subset of 29 (20%)
female patients presenting with axial
articular manifestations, of which 23
(79%) fulfilled psoriatic arthritis and
ankylosing spondylitis classification
criteria (58). This subset of patients
was characterised by younger age and
higher frequency of peripheral articu-
lar manifestations in comparison to
patients without axial involvement.
Prevalence of extra-glandular mani-
festations, ESSDAI scores and anti-
body status were similar between the
two groups. Interestingly, radiographic
sacroiliitis was reported in 65% of pa-
tients, among which 47% had bilateral
involvement associated with anterior
syndesmophytes (26%) and presence
of HLA-B27 (13%). A common ge-
netic background and the involvement
of interleukin-17 axis, implicated in the
pathogenesis of both ankylosing spon-
dylitis and pSS, may explain this asso-
ciation, thus suggesting to consider in-
flammatory axial involvement in young
pSS with suggestive symptoms (58).

Although poorly characterised, mus-
cular inflammatory involvement rep-
resents an important systemic mani-
festation in pSS being associated with
the highest grade in ESSDAI score. To
better characterise and define preva-
lence, features and response to treat-
ment of myositis, a population of 395
pSS patients with at least 60 months
of follow-up from the multicentre pro-
spective ASSESS cohort was selected.
Myositis was confirmed only in 4 pSS
(1%) (59). Disease duration in patients
with confirmed myositis was 3-fold
longer than patients without and pa-
tients with suspected myositis were

characterised by more frequent articu-
lar and peripheral nervous involvement
than other groups. Interestingly, two
of the four myositis patients fulfilled
criteria for sporadic inclusion body
myositis which may be considered as
a late complication of the disease (59).
Finally, cardiovascular (CV) involve-
ment was confirmed as an important
co-morbidity in pSS patients. Increased
prevalence of accelerated subclinical
atherosclerosis, namely endothelial
dysfunction, characterised a small co-
hort of pSS patients in comparison to
healthy controls without CV risk fac-
tors and, of note, correlated with dis-
ease activity, anti-Ro positivity and
inversely with ADMA levels, further
supporting the strict relationship be-
tween systemic inflammation and ath-
erosclerosis in these patients (60). On
the other hand, estimation of long-term
CV risk in pSS represents an unmet
need and the performance of tradi-
tional CV algorithms in the disease has
never been investigated. A recent study
evaluated the performance of two risk
algorithms, including the “Progetto
Cuore” and the Reynolds Risk Score
(RRS), and factors contributing to CV
risk score in an Italian cohort of 68
pSS patients free from CV events (61).
The mean 10-year estimated risk of CV
events was 4.3 (4.9 SD) % and 4.1 (4.8
SD) % according to RSS and “Progetto
Cuore”, respectively. Interestingly,
both inflammatory parameters, as C
reactive protein and ESSDAI, and tra-
ditional CV risk factors, namely hyper-
tension and dyslipidaemia, were identi-
fied as significant predictors of 10-year
CV risk score (61).

Toward a disease phenotype

The identification of pSS subgroups
characterised by common peculiar ge-
netic, serologic and/or clinical features
may allow a better characterisation
of the disease and may drive targeted
therapies toward the application of pre-
cision medicine in pSS. In this setting,
the possibility to phenotype disease
clusters represents a future open chal-
lenge and, recently, increasing research
aimed to investigate and characterise
patient subgroups according to specific
disease-related features.
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Higher frequency of anti-RNP and an-
ti-centromere antibodies (ACA) iden-
tify a subset of younger pSS patients
characterised by a more severe pheno-
type with higher frequency of extra-
glandular manifestations, in particular
lung involvement, in comparison to
anti-RNP and ACA negative patients in
a retrospective cohort of 333 new-onset
pSS patients (62). These results were
partially confirmed in a recent analysis
of a cohort of Korean pSS patients with
both anti-Ro52 and ACA positivity
which were characterised by higher fre-
quency of xerostomia, Raynaud’s phe-
nomenon, liver involvement and lower
frequency of leukopenia, hypergamma-
globulinaemia, RF and anti-Ro/SSA in
comparison to ACA-negative patients
(63). Hypergammaglobulinaemia rep-
resents a distinct serologic feature of
the disease characterising about one
half of pSS patients. A recent analysis
of the Korean Initiative pSS (KISS) co-
hort confirmed that 47% of pSS patients
display hypergammaglobulinaemia at
baseline (64). Immunoglobulin levels
changed following treatment with hy-
droxychloroquine and glucocorticoids
and, after adjusting for age and drug
use, persistent hypergammaglobulinae-
mia was associated with salivary flow
impairment and solid organ damage af-
ter 3-year follow-up (64).

The relationship between serologic
status and specific disease phenotypes
needs further analysis. In a Turkey co-
hort of 375 patients, seronegative pa-
tients for ANA, RF, anti-Ro and anti-
La were not statistically different from
seropositive in terms of patient age,
age at diagnosis, sex distribution, clini-
cal features and laboratory parameters
except for higher prevalence of hyper-
gammaglobulinaemia in seropositive
ones (65). On the contrary, an analy-
sis of a wide cohort of 1569 patients
demonstrated that triple seronegative
(anti-Ro/SSA, anti-La/SSB, RF but
ANA positivity) patients had lower
prevalence of peripheral nervous sys-
tem involvement in comparison to se-
ropositive (66). Moreover, quadruple
seronegative (anti-Ro/SSA, anti-La/
SSB, RF, ANA) patients presented less
frequently with lymphadenopathy and
lymphoma, displaying a milder clinical
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picture mainly characterised by glan-
dular and peri-epithelial manifestations
(66). However, the different cutoff of
antibody concentration in the two stud-
ies hamper data comparison.
Interferon (IFN)-y signature may iden-
tify a distinct disease phenotype. A re-
cent analysis of a small pSS cohort de-
picted that patients with elevated IFN-y
levels are younger, with shorter time
to disease diagnosis and characterised
by more active disease in comparison
to patients with normal IFN-y levels
(67). Similarly, age at disease onset
may identify specific clinical pheno-
types. Interestingly, in the huge cohort
of 12,753 pSS patients included in the
Big Data Consortium (68), for each
1-year increase in the age at diagnosis,
the frequency of positive antibodies de-
creased as well as glandular and lymph
node involvement while pulmonary and
peripheral system involvement signifi-
cantly increased, thus suggesting that
age at diagnosis may be considered an
important parameter to identify specific
disease cluster and to guide targeted
follow-up and treatment.

Mossel et al. attempted to distinguish
clinical phenotypes based on SGUS
score (69). Patients with a total SGUS
score =15 had a longer disease duration,
higher ESSDAI, disease damage and
frequency of glandular and serological
dysfunction but, interestingly, reported
lower ESSPRI fatigue and pain com-
pared to SGUS negative patients.
Finally, latent class analysis and latent
transition analysis may represent novel
tools for classification of pSS patients
according to symptom clusters. Latent
class analysis applied in a prospective
Korean pSS cohort using patient re-
ported outcome identified three distinct
subsets of disease presentation with
different laboratory and clinical fea-
tures, including high symptoms bur-
den, dryness dominant and low symp-
tom burden (70). At the 5-year follow-
up, class membership was character-
ised by temporal stability and baseline
class predicted salivary gland function
and disease damage (70). Similar anal-
ysis was performed by Gairy et al. in
a cross-sectional survey of real-world
quantitative data. Latent class analysis
identified five different clinical clusters

including high burden (multiple organ
involvement and highest frequency of
pain and fatigue), low burden and three
subsets defined by higher articular in-
volvement and different extent of other
organ system involvement (71).

In conclusion, pSS represents a sys-
temic disease, with different clini-
cal and serologic features which may
identify specific clusters with different
expression and prognosis. Moreover,
the disease may significantly impair
patient quality of life. The ESSPRI,
a validated tool for estimate oral and
ocular dryness, pain and fatigue, could
be influenced by different factors.
Sandoval-Flores et al. demonstrated
an association between ESSPRI score
>5 and higher prevalence of depres-
sion and lower non-stimulated whole
salivary flow (72). The impact of pSS
diagnosis on daily life is not entirely
negligible, as shown by Bejerano et
al. (73). In a cohort of252 patients,
an impairment of allwork productiv-
ity and activity impairment domains
was detected, including time lost due
to health, decrease in work productiv-
ity and activity of daily living (ADL).
Moreover, xerostomia, arthritis, and
depression were significantly and in-
dependently associated with ADL im-
pairment, mainly in patients treated in
public centers, maybe as reflection of
socioeconomic condition (73). Oral
dysfunctions related to the disease, in-
cluding mouth ulcers, trouble speaking
and dysphagia, rather than systemic
involvement seem to significantly im-
pair quality of life (74, 75). In this set-
ting, resilience, the process of adapting
positively to stressful life events, has
gained relevance in the last years. An
Italian study analysed for the first time
resilience in a cohort of 74 pSS patients
by the Resilience Scale (RS-14) (76).
SS patients displayed a moderate re-
silience with no significant difference
compared to controls. An inverse rela-
tionship was found between resilience
and mood disorders, as anxiety and
depression. Greater resilience was as-
sociated with a better perception of the
quality of life and general health, less
fatigue and a more physically active
lifestyle. Resilience was not correlated
with socio-demographic and disease
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features nor with disease activity, dam-
age and ESSPRI (76).

Primary Sjogren’s syndrome

and SARS-CoV-2 infection

Data addressing specifically the im-
pact of COVID-19 infection in pSS
remain scarce as the majority of stud-
ies refer to patients with different sys-
temic autoimmune diseases. However,
a recent interesting review specifically
focused on the effect of COVID-19 on
the disease and of immunosuppressive
therapies on disease outcome and on
the emerging evidence of long-term
xerostomia after SARS-CoV-2 infec-
tion (77). Data analysis of Big Data
Consortium patients followed after
SARS-CoV-2 infection demonstrated
that 52% of patients remained symp-
tomatic for post-COVID-19 symptoms
for more than 4 weeks and 29% were
symptomatic for more than 12 weeks,
thus fulfilling the definition of post-
COVID-19 syndrome (78). Moreover,
more than 40% of pSS patients re-
ported the persistence of several aymp-
toms, including anxiety/depression
(59%), arthralgias (56%), sleep dis-
order (44%), fatigue (40%), anosmia
(34%) and myalgias (32%). Age-sex
adjusted multivariate analysis identi-
fied elevated C-reactive protein levels,
use of hydroxychloroquine and antivi-
ral agents, hospitalisation, mean length
of hospitalisation and requirement of
supplemental oxygen as factors associ-
ated with a higher risk of developing
post-COVID-19 syndrome (78).

Take home messages

e Sicca symptoms, including geni-
tal symptoms related to vulvar and
vaginal dryness, significantly impair
quality of life of pSS patients and are
strictly correlated to depression and
mood changes (41).

e Salivary gland sonoelastography,
if performed simultaneously with
B-mode ultrasound, may represent
a novel feasible adjunct tool in the
diagnosis of pSS (48).

* Older age, male sex, smoking and
extent of pulmonary involvement
represent main factors associated
with poorer outcome in pSS (50-52).

e In pSS with peripheral nervous sys-

2220

tem involvement, sensorimotor pol-
yneuropathy is associated with high-
er frequency of clinical and sero-
logical negative prognostic factors,
including purpura, extra-glandular
manifestations, leukopenia, low
complement and cryoglobulinaemia,
in comparison to pure sensory neu-
ropathy, thus suggesting a different
pathogenic pathway (55).

* Primary SS patients with active cu-
taneous involvement in the ESSDAI
domain have higher prevalence of
peripheral neuropathy and muscular
involvement (57).

* Primary SS patients with muscular
involvement have longer disease
duration and increased frequency of
articular and peripheral nervous in-
volvement (59).

e Traditional cardiovascular risk fac-
tors and inflammation significantly
contribute to 10-year risk of cardio-
vascular events in pSS (61).

e Specific demographic, serologic
and clinical parameters may allow
the identification of peculiar disease
subsets (62-66).

e Latent class analysis and latent tran-
sition analysis recently gained atten-
tion as novel tools for classification
of pSS patients according to symp-
tom clusters (70, 71).

* About one-third of pSS patients with
precedent SARS-CoV2 fulfill classi-
fication criteria for post-COVID 19
syndrome (78).

Novel insights in pSS treatment

Most of the recent publications in-
vestigating novel potential treatments
for SS report data from in vitro and
animal models of the disease. The im-
munomodulating effects of mesenchy-
mal stem cells (MSC) remain one of
the most intensively explored areas of
the latest years. The injection of hu-
man MSC isolated from healthy la-
bial glands or umbilical cord into non
obese-diabetic (NOD) mice, seem to
improve salivary secretion, the differ-
entiation of T regulatory (Treg) cells
and the production of IL-10 by T cells,
while reducing inflammatory infiltrate
in salivary glands, the differentiation
of T helper 17 (Th17) cells and also
the amount of circulating anti-SSA/

Ro and anti-a-fodrin autoantibod-
ies (79, 80). Ecto-mesenchymal cells
from wild-type mice can enhance the
differentiation and expansion of mye-
loid-derived suppressor cells (MDSC)
which, in turn, are capable of suppress-
ing CD4* T cell proliferation. There is
evidence that MDSCs are deficient in
experimental models of SS and the res-
toration of their suppressing abilities
by MSCs, likely through a complex
mechanism involving toll-like receptor
(TLR) signalling, alarmin A100A4 and
autocrine activity of IL-6, may repre-
sent a potential target for cell treatment
in autoimmune diseases (81).

Multiple potential therapeutic targets to
address sicca syndrome in SS patients
have been identified in animal models.
Jasmer et al. (82) were in fact able to
improve salivary flow and reduce lym-
phocyte infiltration by intraperitoneally
injecting NOD mice with a selective
inhibitor of P2Y, nucleotide receptor,
which is known to be involved in im-
mune cell homing. Similarly, the in-
hibitor of lymphocyte extravasation
cenerimod, which acts by modulating
sphingosine-1-phosphate receptor 1
(S1P,), was able to reduce the inflam-
matory infiltrate of salivary glands by T
cell and plasma cells in a murine model
of SS (83). B-cells also seem to be the
target of artesunate, an orally-adminis-
tered artemisisin derivative that seems
to suppress B-cell activating factor
(BAFF)-induced activation of NFkB,
thus improving salivary flow (84) and
of paeniflorin-6’-O-benzene sulfonate
(CP25), likely inhibiting CXCL13 sig-
nalling via JAK-STAT1/2 (85). More-
over, butyrate can increase salivary flow
and reduce glandular infiltrate in mu-
rine model of SS, perhaps by increasing
the number of IL-10-producing-B cells
(B10) and reducing IL-17-producing B
cells, both in vitro and ex vivo (86).
Circulating anti-Ro60 autoantibodies
represent one of the key features of
SS, from the diagnostic point of view
but also in terms of association with
clinical features of the disease. Ro60
autoantigens, however, seem to have a
pathogenic role as well. In fact, there is
evidence that the blockade of the inter-
action between Ro60 and major histo-
compatibility complex (MHC) class II
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I-A¢7 improves glandular function and
reduces inflammatory infiltrate in NOD
mice (87). Another promising strategy
to modulate the immune response in SS
emerges from a recent paper by Killian
et al., who demonstrated that by admin-
istering an interferon (IFN) vaccination
strategy to a MRL/Ipr mouse model, a
significant production of anti-IFNa
antibodies, along with amelioration of
glandular inflammation and disease ac-
tivity, in the absence of significant ad-
verse effects can be achieved (88).
Few new studies have been carried out
on the local treatment for dry eyes.
Briefly, a prospective study compar-
ing 0.03% tacrolimus and 0.05% cy-
closporine did not find any significant
difference between arms (89), while a
partial improvement was demonstrated
after switching from cyclosporine A
0.05% anionic emulsion to 0.1% cati-
onic emulsion, though with no control
group (90). Interestingly, however,
a trial suggested that the irrigation of
salivary glands by sialendoscopy can
significantly improve salivary flow,
xerostomy and ESSPRI, likely through
a mechanical action that opens ducts,
removes debris, microliths and mucus
91).

In terms of systemic treatments, a retro-
spective study on hydroxychloroquine,
commonly employed to treat milder
forms of the disease, confirmed its ef-
ficacy on cutaneous manifestations
and as a steroid-sparing agent (92). A
phase IIb randomised controlled trial
investigating the effect of ianalumab
(BAFF receptor inhibitor) in SS found
a significant dose-dependent improve-
ment of ESSDAI, with no significant
adverse events compared to placebo
(93). Unfortunately, a phase II trial of
seletalisib (inhibitor of phosphatidylin-
ositol 3-kinase delta) failed to reach
its endopoints due to little enrolment.
However, a trend towards an improve-
ment in ESSDAI and ESSPRI was ob-
served (94). A prospective, open-label
study assessed efficacy and safety of
oral 24 week administration of igura-
timod, which inhibits the activity of
NF-kB, downregulates the production
of inflammatory cytokines, including
TNF-a, IL-1f, IL-6, IL-8, and IL-17
and the production of immunoglobu-
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lin by B cells, in a small cohort of pSS
patients with disease duration <5 years
(95). Significant reduction of disease
activity, in particular in the articular,
biological and haematological ESSDAI
domains, was observed after 24 weeks
of treatment in comparison to baseline.
Moreover, IgG and rheumatoid factor
levels significantly decreased. On the
other hand, no significant effect was
observed on ESSPRI, quality of life,
unstimulated salivary flow and lacrimal
gland function (95). Conversely, a ran-
domised, placebo-controlled trial dem-
onstrated a significant improvement of
ESSPRI but not ESSDAI scores fol-
lowing 24 weeks of iguratimod therapy
in a cohort of 66 pSS with longer dis-
ease duration (96). Finally, a very inter-
esting trial was carried out by Posada et
al. (97). The authors administered a fu-
sion protein between a human IgG1 Fc
domain and a fully functional RNase
enzyme to pSS patients. The rationale
of such treatment strategy lies on the
hypothesis that such protein may digest
circulating RNA autoantigens, thus
preventing their presentation to im-
mune cells. Despite a down-regulation
of IFN-inducible genes was expected,
an up-regulation was instead observed.
However, although an up-regulation of
IFN-inducible genes is expected to as-
sociate with disease worsening, from
a clinical perspective, treated patients
showed an improvement of ESSPRI
and fatigue scores (97). These results
confirm that the mechanisms linking
IFN signature and pSS pathogenesis
are complex and intertwining.

The main limit of current research on
effective therapies is the low recruit-
ment of patients in clinical trials due
to low disease activity in the majority
of pSS cohorts. Thus, research is cur-
rently focusing on validation of differ-
ent disease-specific responder indexes
to be employed in clinical trials to ex-
tent patient recruitment. These novel
proposed scores include different do-
mains that encompass some major
disease features, including systemic
activity, saliva and tear function, pa-
tient-reported outcomes and biological
features. The Composite of Relevant
Endpoints for Sjogren’s Syndrome
(CRESS) and the Sjogren’s Syndrome

Tool for Assessing Response to Treat-
ments (STAR) will be future tools to
be employed in new prospective trials
involving both patients with systemic
activity and with disabling symptoms
but without disease activity. These
tools, as the STAR, will be validated
in prospective trial conducted by the
NECESSITY Consortium (98).

Take home messages

* Mesenchymal stem cells have im-
munomodulating effects improving
salivary flow and reducing glandu-
lar inflammation in mice models of
SS (79-81).

¢ Experimental, orally-administered,
drugs and administration of an in-
terferon vaccination strategy seem
to improve salivary flow and disease
activity and reduce glandular infil-
trate in mice models of SS (88).

¢ Hydroxychloroquine confirmed its
efficacy on cutaneous manifestations
and as a steroid-sparing agent (92).

¢ Janalumab, a BAFF receptor inhibi-
tor, and iguratimod, an inhibitor of
NF-kB activity, seem to improve
disease activity in recent phase IIb
trials (93, 95).

* New composite indexes need to be
validated in prospective trials to im-
prove recruitment of patients in clin-
ical trials and the management of the
disease (98).

References

1. ROBERTSON KD: DNA methylation and hu-
man disease. Nat Rev Genet 2005; 6(8): 597-
610. https://doi.org/10.1038/nrg1655

2. IMGENBERG-KREUZ J, RASMUSSEN A, SIV-
ILS K, NORDMARK G: Genetics and epige-
netics in primary Sjogren’s syndrome. Rheu-
matology (Oxford) 2021; 60(5): 2085-98.
https://doi.org/10.1093/rheumatology/key330

3. ALTOROK N, COIT P, HUGHES T et al.: Ge-
nome-wide DNA methylation patterns in na-
ive CD4* T cells from patients with primary
Sjogren’s syndrome. Arthritis Rheumatol
2014; 66(3): 731-9.
https://doi.org/10.1002/art.38264

4. IMGENBERG-KREUZ J, SANDLING JK,
ALMLOF JC er al.. Genome-wide DNA
methylation analysis in multiple tissues in
primary Sjogren’s syndrome reveals regula-
tory effects at interferon-induced genes. Ann
Rheum Dis 2016; 75(11): 2029-36. https:/
doi.org/10.1136/annrheumdis-2015-208659

5.LUO X, PENG Y, CHEN YY et al.: Genome-
wide DNA methylation patterns in mono-
cytes derived from patients with primary
Sjogren syndrome. Chin Med J (Engl) 2021;

2221



Sjogren’s syndrome: one year in review 2022 / V. Manfre et al.

11.

12.

13.

14.

15.

134(11): 1310-6. https://
doi.org/10.1097/cm9.0000000000001451

. CHI C, TAYLOR KE, QUACH H, QUACH D,

CRISWELL LA, BARCELLOS LF: Hypometh-
ylation mediates genetic association with the
major histocompatibility complex genes in
Sjogren’s syndrome. PloS One 2021; 16(4):
€0248429.

https://doi.org/10.1371/journal.pone.0248429

. CAO N, SHI H, CHEN C et al.: Characteriza-

tion of comprehensive dynamic epigenetic
changes during human primary Sjogren’s
syndrome progression. Ann Transl Med
2021; 9(13): 1044.
https://doi.org/10.21037/atm-21-1754

. DE BENEDITTIS G, CICCACCI C, LATINI

A, NOVELLI L, NOVELLI G, BORGIANI P:
Emerging role of microRNAs and long non-
coding RNAs in Sjogren’s syndrome. Genes
2021; 12(6): 903.
https://doi.org/10.3390/genes 12060903

. JARA D, CARVAJAL P, CASTRO I et al.: Type I

interferon dependent hsa-miR-145-5p down-
regulation modulates MUCI1 and TLR4 over-
expression in salivary glands From Sjogren’s
syndrome patients. Front Immunol 2021; 12:
685837.
https://doi.org/10.3389/fimmu.2021.685837

. ZHANG J, ZHU L, SHI H, ZHENG H: Protec-

tive effects of miR-155-5p silencing on IFN-
v-induced apoptosis and inflammation in
salivary gland epithelial cells. Exp Ther Med
2021; 22(2): 882.
https://doi.org/10.3892/etm.2021.10314
GONG B,ZHENG L, LU Z et al.: Mesenchymal
stem cells negatively regulate CD4* T cell
activation in patients with primary Sjogren
syndrome through the miRNA-125b and
miRNA-155 TCR pathway. Mol Med Rep
2021;23(1): 43.
https://doi.org/10.3892/mmr.2020.11681
WANG X, XIN S, WANG Y et al.: MicroR-
NA-146a-5p enhances T helper 17 cell dif-
ferentiation via decreasing a disintegrin and
metalloprotease 17 level in primary Sjogren’s
syndrome. Bioengineered 2021; 12(1): 310-
24. https:/
doi.org/10.1080/21655979.2020.1870321
CHEN X, CHENG Q, DU Y, LIU L, WU H:
Differential long non-coding RNA expres-
sion profile and function analysis in primary
Sjogren’s syndrome. BMC Immunol 2021;
22(1): 47.
https://doi.org/10.1186/s12865-021-00439-3
CHENG C, ZHOU J, CHEN R et al.: Predicted
disease-specific immune infiltration patterns
decode the potential mechanisms of long
non-coding RNAs in primary Sjogren’s syn-
drome. Front Immunol 2021; 12: 624614.
https://doi.org/10.3389/fimmu.2021.624614
CHATZIS L, GOULES AV, STERGIOU IE,
VOULGARELIS M, TZIOUFAS AG, KAP-
SOGEORGOU EK: Serum, but not saliva,
CXCL13 levels associate with infiltrating
CXCL13+ cells in the minor salivary gland
lesions and other histologic parameters in
patients with Sjogren’s syndrome. Front Im-
munol 2021; 12: 705079.
https://doi.org/10.3389/fimmu.2021.705079

. COLAFRANCESCO S, PRIORI R, SMITH CG et

al.: CXCL13 as biomarker for histological in-
volvement in Sjogren’s syndrome. Rheuma-

2222

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

tology (Oxford) 2020; 59(1): 165-70. https://
doi.org/10.1093/rheumatology/kez255

. SORET P, LE DANTEC C, DESVAUX E et al.:

A new molecular classification to drive
precision treatment strategies in primary
Sjogren’s syndrome. Nat Commun 2021;
12(1): 3523.
https://doi.org/10.1038/s41467-021-23472-7
BARTUREN G, BABAEI S, CATALA-MOLL F
et al.: Integrative analysis reveals a molecu-
lar stratification of systemic autoimmune
diseases. Arthritis Rheumatol 2021; 73(6):
1073-85. https://doi.org/10.1002/art.41610
VERSTAPPEN GM, PRINGLE S, BOOTSMA
H, KROESE FGM: Epithelial-immune cell
interplay in primary Sjogren syndrome sali-
vary gland pathogenesis. Nat Rev Rheumatol
2021; 17(6): 333-48.
https://doi.org/10.1038/s41584-021-00605-2
RIVIERE E, PASCAUD J, VIRONE A et al.:
Interleukin-7/interferon axis drives T cell
and salivary gland epithelial cell interactions
in Sjogren’s syndrome. Arthritis Rheumatol
2021; 73(4): 631-40.
https://doi.org/10.1002/art. 41558

PRINGLE SA, BERKHOF B, VAN GINKEL
M et al.: Parotid salivary sodium levels of
Sjogren’s syndrome patients suggest B-cell
mediated epithelial sodium channel disrup-
tion. Clin Exp Rheumatol 2021; 39 (Suppl.
133): S30-8. https://
doi.org/10.55563/clinexprheumatol/h9hivf
BRITO-ZERON P, ACAR-DENIZLI N, NG WF et
al.: How immunological profile drives clini-
cal phenotype of primary Sjogren’s syndrome
at diagnosis: analysis of 10,500 patients
(Sjogren Big Data Project). Clin Exp Rheu-
matol 2018; 36 (Suppl. 112): S102-12.
ROBBINS A, HENTZIEN M, TOQUET S et al.:
Diagnostic utility of separate anti-Ro60 and
Anti-Ro52/TRIM21 antibody detection in
autoimmune diseases. Front Immunol 2019;
10: 444.
https://doi.org/10.3389/fimmu.2019.00444
ZAMPELI E, MAVROMMATI M, MOUTSO-
POULOS HM, SKOPOULI FN: Anti-Ro52 and/
or anti-Ro60 immune reactivity: autoan-
tibody and disease associations. Clin Exp
Rheumatol 2020; 38 (Suppl. 126): S134-41.
CHATZIS L, GOULES AV, PEZOULAS V et al.:
A biomarker for lymphoma development in
Sjogren’s syndrome: salivary gland focus
score. J Autoimmun 2021; 121: 102648.
https://doi.org/10.1016/j.jaut.2021.102648
BHARAJ TK, AQRAWI LA, FROMREIDE S et
al.: Inflammatory stratification in primary
Sjogren’s syndrome reveals novel immune
cell alterations in patients’ minor salivary
glands. Front Immunol 2021; 12: 701581.
https://doi.org/10.3389/fimmu.2021.701581
PONTARINI E, COLEBY R, BOMBARDIERI M:
Cellular and molecular diversity in Sjogren’s
syndrome salivary glands: Towards a better
definition of disease subsets. Semin Immunol
2021: 101547.
https://doi.org/10.1016/j.smim.2021.101547
MIELLE J, NUTZ A, GUILLPAIN P et al.:
IL-10-producing regulatory B cells are pre-
sent and functional in primary Sjogren pa-
tients. Immunol Res 2021; 69(1): 107-13.
https://doi.org/10.1007/s12026-021-09171-x
DUPRE A, PASCAUD J, RIVIERE E er al.:

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Association between T follicular helper cells
and T peripheral helper cells with B-cell
biomarkers and disease activity in primary
Sjogren syndrome. RMD Open 2021; 7(1):
e001442.
https://doi.org/10.1136/rmdopen-2020-001442
LOUREIRO-AMIGO J, PALACIO-GARCIA C,
MARTINEZ-GALLO M, MARTINEZ-VALLE F,
RAMENTOL-SINTAS M, SOLANS-LAQUE R:
Utility of lymphocyte phenotype profile to
differentiate primary Sjogren syndrome from
Sicca syndrome. Rheumatology (Oxford)
2021; 60(12): 5647-58.
https://doi.org/10.1093/rheumatology/keab170
LOUREIRO-AMIGO J, FRANCO-JARAVA C,
PERURENA-PRIETO J, PALACIO C, MAR-
TINEZ-VALLE F, SOLANS-LAQUE R: Serum
CXCL13, BAFF, IL-21 and IL-22 levels are
related to disease activity and lymphocyte pro-
file in primary Sjogren’s syndrome. Clin Exp
Rheumatol 2021; 39 (Suppl. 133): S131-9.
https://doi.org/10.55563/clinexprheumatol/
fp741f

BARCELOS F, MARTINS C, MADEIRA N et
al.: Lymphocyte subpopulations in Sjogren’s
syndrome are distinct in anti-SSA-positive
patients and related to disease activity. Clin
Rheumatol 2021; 40(7): 2791-804.
https://doi.org/10.1007/s10067-020-05537-y
SZABO K, JAMBOR I, SZANTO A et al.
The imbalance of circulating follicular T
helper cell subsets in primary Sjogren’s syn-
drome associates with serological alterations
and abnormal B-cell distribution. Front Im-
munol 2021; 12: 639975.
https://doi.org/10.3389/fimmu.2021.639975
URBANSKI G, ASSAD S, CHABRUN F et al.:
Tear metabolomics highlights new poten-
tial biomarkers for differentiating between
Sjogren’s syndrome and other causes of dry
eye. Ocul Surf2021; 22: 110-6.
https://doi.org/10.1016/j.jtos.2021.07.006
SEMBLER-M@LLER ML, BELSTROM D,
LOCHT H, PEDERSEN AML: Combined se-
rum anti-SSA/Ro and salivary TRIM29 re-
veals promising high diagnostic accuracy in
patients with primary Sjogren’s syndrome.
PLoS One 2021; 16(10): e0258428.
https://doi.org/10.1371/journal .pone.0258428
GARRETO L, CHARNEAU S, MANDACARU
SC et al.: Mapping salivary proteases in
Sjogren’s syndrome patients reveals over-
expression of dipeptidyl peptidase-4/CD26.
Front Immunol 2021; 12: 686480.
https://doi.org/10.3389/fimmu.2021.686480
SANDHYA P, KABEERDOSS J, CHRISTUDOSS
P et al.: Salivary free light chains and salivary
immunoglobulins as potential non-invasive
biomarkers in primary Sjogren’s syndrome.
Int J Rheum Dis 2022; 25(1): 61-9.
https://doi.org/10.1111/1756-185x.14242
OYELAKIN A, HORETH E, SONG EC et al.:
Transcriptomic and network analysis of mi-
nor salivary glands of patients with primary
Sjogren’s syndrome. Front Immunol 2020;
11: 606268.
https://doi.org/10.3389/fimmu.2020.606268
VERSTAPPEN GM, GAO L, PRINGLE S et al.:
The transcriptome of paired major and minor
salivary gland tissue in patients with primary
Sjogren’s syndrome. Front Immunol 2021;
12: 681941.

Clinical and Experimental Rheumatology 2022



Sjogren’s syndrome: one year in review 2022 / V. Manfre et al.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

https://doi.org/10.3389/fimmu.2021.681941
SEBASTIAN A, MADEJ] M, SEBASTIAN
M, MORGIEL E, WAWRYKA P, WILAND P:
Differences in clinical phenotypes of primary
Sjogren’s syndrome depending on early or late
onset. Adv Clin Exp Med 2021; 30(11): 1141-
6. https://doi.org/10.17219/acem/140178
GOZUKUCUK M, TURKYILMAZ E, KUCUK-
SAHIN O, ERTEN $, USTUN Y, YAVUZ AF:
Effects of primary Sjogren’s syndrome on
female genitalia and sexual functions. Clin
Exp Rheumatol 2021; 39 (Suppl. 133): S66-
72. https://
doi.org/10.55563/clinexprheumatol/spnjy5
FARENHORST CA, DE WOLFF L,ARENDS S et
al.: Clinical determinants of vaginal dryness
in patients with primary Sjégren’s syndrome.
Clin Exp Rheumatol 2021; 39 (Suppl. 133):
S73-9. https://
doi.org/10.55563/clinexprheumatol/hzveng
XU X, GENG L, CHEN C et al.: Olfactory im-
pairment in patients with primary Sjogren’s
syndrome and its correlation with organ in-
volvement and immunological abnormalities.
Arthritis Res Ther 2021; 23(1): 250. https://
doi.org/10.1186/s13075-021-02624-6
SISO-ALMIRALL A, MEIJER JM, BRITO-
ZERON P et al.: Practical guidelines for the
early diagnosis of Sjogren’s syndrome in pri-
mary healthcare. Clin Exp Rheumatol 2021;
39 (Suppl. 133): S197-205. https://
doi.org/10.55563/clinexprheumatol/pal3z7
KIM JE, KIM NR, CHIN HS, SEO KY, KIM TI,
JUNG JW: Factors associated with ocular sur-
face epithelial damage in patients with pri-
mary Sjogren’s syndrome. BMC Ophthalmol
2021;21(1): 114.
https://doi.org/10.1186/s12886-021-01871-0
GRAF S, KIRSCHSTEIN L, KNOPF A et al.
Systematic evaluation of laryngeal impair-
ment in Sjogren’s syndrome. Eur Arch Otorhi-
nolaryngol 2021; 278(7): 2421-8. https:/
doi.org/10.1007/s00405-021-06746-0

CUI D, MATHEWS P, LI G, VANCOURT 8,
AKPEK E: Outcomes of Sjogren’s versus
non-Sjogren’s related dry eye in a longitudi-
nal, tertiary clinic-based sample. PLoS One
2021; 16(12): €0261241.
https://doi.org/10.1371/journal .pone.0261241
ZHANG X, ZHANG S, FENG R, YAO H, TANG
S, HE J: Sonoelastography of salivary glands
for diagnosis and clinical evaluation in pri-
mary Sjogren’s syndrome. Clin Exp Rheu-
matol 2021; 39 (Suppl. 133): S184-9. https://
doi.org/10.55563/clinexprheumatol/6nu95q
AUTERI S, ALBERTI ML, FERNANDEZ ME
et al.: Occult primary Sjogren Syndrome in
patients with interstitial pneumonia with au-
toimmune features. Respir Med 2021; 182:
106405.
https://doi.org/10.1016/j.rmed.2021.106405
GAO H, SUN Y, ZHANG XY et al.: Characteris-
tics and mortality in primary Sjogren syndrome-
related interstitial lung disease. Medicine (Bal-
timore) 2021; 100(35): €26777. https:/
doi.org/10.1097/md.0000000000026777
KIM YJ, CHOE J, KIM HJ, SONG JW: Long-
term clinical course and outcome in patients
with primary Sjogren syndrome-associated
interstitial lung disease. Sci Rep 2021; 11(1):
12827.
https://doi.org/10.1038/s41598-021-92024-2

Clinical and Experimental Rheumatology 2022

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

GUO T, LONG Y, SHEN Q et al.: Clinical
profiles of SS-ILD compared with SS-NILD
in a Chinese population: a retrospective anal-
ysis of 735 patients. Ann Med 2021; 53(1):
1340-8. https://
doi.org/10.1080/07853890.2021.1965205
DONG X, GAO YL, LU Y, ZHENG Y: Char-
acteristics of primary Sjogren’s syndrome
related lymphocytic interstitial pneumonia.
Clin Rheumatol 2021; 40(2): 601-12.
https://doi.org/10.1007/s10067-020-05236-8
FAN G, DAI F, CHEN S et al.: Neurological in-
volvement in patients with primary Sjogren’s
syndrome. J Clin Rheumatol 2021; 27(2): 50-5.
https://doi.org/10.1097/rhu.0000000000001128
CAFARO G, PERRICONE C, CARUBBI F et
al.: Peripheral nervous system involvement
in sjogren’s syndrome: analysis of a cohort
from the Italian Research Group on Sjogren’s
Syndrome. Front Immunol 2021; 12: 615656.
https://doi.org/10.3389/fimmu.2021.615656
WALISZEWSKA-PROSOL. M, SEBASTIAN A,
WILAND P, BUDREWICZ S, DZIADKOWIAK E,
EIMAM: Brainstem auditory evoked potentials
in patients with primary Sjogren’s syndrome
without central nervous system involvement.
Clin Rheumatol 2021; 40(3): 991-7.
https://doi.org/10.1007/s10067-020-05344-5
VILLON C, ORGEOLET L, ROGUEDAS AM et
al.: Epidemiology of cutaneous involvement
in Sjogren syndrome: Data from three French
pSS populations (TEARS, ASSESS, diapSS).
Joint Bone Spine 2021; 88(4): 105162.
https://doi.org/10.1016/j.jbspin.2021.105162
JARROT PA, ARCANI R, DARMON O et al.:
Axial articular manifestations in primary
Sjogren syndrome: association with spondy-
loarthritis. J Rheumatol 2021; 48(7): 1037-
46. https://doi.org/10.3899/jrheum.200189
FELTEN R, GIANNINI M, NESPOLA B et al.:
Refining myositis associated with primary
Sjogren’s syndrome: data from the prospec-
tive cohort ASSESS. Rheumatology (Ox-
ford) 2021; 60(2): 675-81.
https://doi.org/10.1093/rheumatology/keaa257
LUCZAK A, MALECKI R, KULUS M, MADEJ
M, SZAHIDEWICZ-KRUPSKA E, DOROSZKO
A: Cardiovascular Risk and Endothelial Dys-
function in Primary Sjogren Syndrome Is Re-
lated to the Disease Activity. Nutrients 2021;
13(6): 2072.
https://doi.org/10.3390/nu13062072
CAFARO G, PERRICONE C, RICCUCCI I et al.:
Traditional and disease-related non-comput-
ed variables affect algorithms for cardiovas-
cular risk estimation in Sjogren’s syndrome
and rheumatoid arthritis. Clin Exp Rheuma-
tol 2021; 39 (Suppl. 133): S107-13. https://
doi.org/10.55563/clinexprheumatol/xef8uz
LIN W, XIN Z,NING X et al.: Clinical features
and risk factors of Raynaud’s phenomenon in
primary Sjogren’s syndrome. Clin Rheuma-
tol 2021; 40(10): 4081-7.
https://doi.org/10.1007/s10067-021-05749-w
PARK Y, LEE J, KOH JH et al.: Clinical influ-
ences of anticentromere antibody on primary
Sjogren’s syndrome in a prospective Korean
cohort. Korean J Intern Med 2021; 36(6):
1492-503.
https://doi.org/10.3904/kjim.2020.146

KOH JH, PARK Y, LEE J, PARK SH, KWOK SK:
Hypergammaglobulinaemia predicts glandu-

65.

66.

67.

68.

69.

70.

71.

72

73.

74.

75.

lar and extra-glandular damage in primary
Sjogren’s syndrome: results from the KISS
cohort study. Clin Exp Rheumatol 2021; 39
(Suppl. 133): S114-22. https://
doi.org/10.55563/clinexprheumatol/volsh1
YAZISIZ V, ASLAN B, ERBASAN F, UCAR
I, OGUT TS, TERZIOGLU ME: Clinical and
serological characteristics of seronegative
primary Sjogren’s syndrome: a comparative
study. Clin Rheumatol 2021; 40(1): 221-9.
https://doi.org/10.1007/s10067-020-05154-9
CHATZIS LG, PEZOULAS V, VOULGARI PV
et al.: Combined seronegativity in Sjogren’s
syndrome. Clin Exp Rheumatol 2021; 39
(Suppl. 133): S80-4. https://
doi.org/10.55563/clinexprheumatol/47a4kr
SEBASTIAN A, MADEJ M, SEBASTIAN M et
al.: The clinical and immunological activity
depending on the presence of interferon vy in
primary Sjogren’s syndrome - a pilot study. J
Clin Med 2021; 11(1): 3.
https://doi.org/10.3390/jcm11010003
RETAMOZO S, ACAR-DENIZLI N, HORVATH
IF et al.: Influence of the age at diagnosis in
the disease expression of primary Sjogren syn-
drome. Analysis of 12,753 patients from the
Sjogren Big Data Consortium. Clin Exp Rheu-
matol 2021; 39 (Suppl. 133): S166-74. https://
doi.org/10.55563/clinexprheumatol/egnd1i
MOSSEL E, VAN NIMWEGEN JF, STEL AJ et
al.: Clinical phenotyping of primary Sjogren
syndrome patients using salivary gland ultra-
sonography: data from the RESULT cohort. J
Rheumatol 2021; 48(5): 717-27.
https://doi.org/10.3899/jrheum.200482

LEE 1J, PARK YJ, PARK M, YIM HW, PARK
SH, KWOK SK: Longitudinal analysis of
symptom-based clustering in patients with
primary Sjogren’s syndrome: a prospective
cohort study with a 5-year follow-up period.
J Transl Med 2021; 19(1): 394.
https://doi.org/10.1186/s12967-021-03051-6
GAIRY K, KNIGHT C, ANTHONY P, HOSKIN
B: Burden of illness among subgroups of pa-
tients with primary Sjogren’s syndrome and
systemic involvement. Rheumatology (Ox-
ford) 2021; 60(4): 1871-81.
https://doi.org/10.1093/rheumatology/keaa508

. SANDOVAL-FLORES MG, CHAN-CAMPOS 1,

HERNANDEZ-MOLINA G: Factors influenc-
ing the EULAR Sjogren’s Syndrome Patient
Reported Index in primary Sjogren’s syn-
drome. Clin Exp Rheumatol 2021; 39 (Suppl.
133): S153-8. https://
doi.org/10.55563/clinexprheumatol/mvcai5
BEJARANO MV, ROMANINI F, CATALAN
PELLET A et al.: Work productivity and ac-
tivity impairment in patients with primary
Sjogren’s syndrome. Clin Exp Rheumatol
2021; 39 (Suppl. 133): S93-9. https://
doi.org/10.55563/clinexprheumatol/6rd9mr
MCcCOY SS, BARTELS CM, SALDANHA 1J et
al.: National Sjogren’s Foundation Survey:
Burden of oral and systemic involvement
on quality of life. J Rheumatol 2021; 48(7):
1029-36.
https://doi.org/10.3899/jrheum.200733

DIAS LH, MIYAMOTO ST, GIOVELLI RA, DE
MAGALHAES CIM, VALIM V: Pain and fa-
tigue are predictors of quality of life in pri-
mary Sjogren’s syndrome. Adv Rheumatol
2021; 61(1): 28.

2223



Sjogren’s syndrome: one year in review 2022 / V. Manfre et al.

76.

77.

78.

79.

80.

81.

82.

83.

https://doi.org/10.1186/s42358-021-00181-9
PRIORI R, GIARDINA F, IZZO R et al.: Resil-
ience in women with primary Sjogren’s syn-
drome. Rheumatol Int 2021; 41(11): 1987-94.
https://doi.org/10.1007/s00296-021-04899-z
CHOWDHURY F, GRIGORIADOU S, BOM-
BARDIERI M: Severity of COVID-19 infec-
tion in primary Sjogren’s syndrome and the
emerging evidence of COVID-19-induced
xerostomia. Clin Exp Rheumatol 2021; 39
(Suppl. 133): S215-22. https://
doi.org/10.55563/clinexprheumatol/k7x3ta
BRITO-ZERON P, ACAR-DENIZLI N, ROMAO
VC et al.: Post-COVID-19 syndrome in pa-
tients with primary Sjogren’s syndrome after
acute SARS-CoV-2 infection. Clin Exp Rheu-
matol 2021; 39 (Suppl. 133): S57-65. https://
doi.org/10.55563/clinexprheumatol/Oanatx
LIU Y, LI C, WANG S et al.: Human umbilical
cord mesenchymal stem cells confer potent
immunosuppressive effects in Sjogren’s syn-
drome by inducing regulatory T cells. Mod
Rheumatol 2021; 31(1): 186-96. https://
doi.org/10.1080/14397595.2019.1707996

LI B, XING Y, GAN Y, HE J, HUA H: Labial
gland-derived mesenchymal stem cells and
their exosomes ameliorate murine Sjogren’s
syndrome by modulating the balance of Treg
and Thl17 cells. Stem Cell Res Ther 2021;
12(1): 478.
https://doi.org/10.1186/s13287-021-02541-0
RUI K, HONG Y, ZHU Q et al.: Olfactory ecto-
mesenchymal stem cell-derived exosomes
ameliorate murine Sjogren’s syndrome by
modulating the function of myeloid-derived
suppressor cells. Cell Mol Immunol 2021;
18(2): 440-51.
https://doi.org/10.1038/s41423-020-00587-3
JASMER KJ, WOODS LT, FORTI KM et al.:
P2Y, receptor antagonism resolves si-
aladenitis and improves salivary flow in a
Sjogren’s syndrome mouse model. Arch Oral
Biol 2021; 124: 105067. https://
doi.org/10.1016/j.archoralbio.2021.105067
GEROSSIER E, NAYAR S, FROIDEVAUX S et
al.: Cenerimod, a selective S1P. Arthritis Res
Ther 2021; 23(1): 289.
https://doi.org/10.1186/s13075-021-02673-x

2224

84.

85.

86.

87.

88.

89.

90.

91.

ZHAN T, WANG B, FU J et al.: Artesunate in-
hibits Sjogren’s syndrome-like autoimmune
responses and BAFF-induced B cell hyperac-
tivation via TRAF6-mediated NF-xB signal-
ing. Phytomedicine 2021; 80: 153381. https://
doi.org/10.1016/j.phymed.2020.153381

WU H, CHEN X, GU F et al.: CP-25 alleviates
antigen-induced experimental Sjogren’s syn-
drome in mice by inhibiting JAK1-STAT1/2-
CXCL13 signaling and interfering with
B-cell migration. Lab Invest 2021; 101(8):
1084-97.
https://doi.org/10.1038/s41374-020-0453-0
KIM DS, WOO JS, MIN HK et al.: Short-chain
fatty acid butyrate induces IL-10-producing
B cells by regulating circadian-clock-related
genes to ameliorate Sjogren’s syndrome.
J Autoimmun 2021; 119: 102611.
https://doi.org/10.1016/j. jaut.2021.102611
GUPTA S, LI D, OSTROV DA, NGUYEN CQ:
Blocking IAg. Life Sci 2022; 288: 120182.
https://doi.org/10.1016/j.1fs.2021.120182
KILLIAN M, COLAONE F, HAUMONT P et
al.: Therapeutic potential of anti-interferon
o vaccination on SjS-related features in the
MRL/Ipr autoimmune mouse model. Front
Immunol 2021; 12: 666134.
https://doi.org/10.3389/fimmu.2021.666134
MOAWAD P, SHAMMA R, HASSANEIN D, RA-
GAB G, EL ZAWAHRY O: Evaluation of the
effect of topical tacrolimus 0.03% versus
cyclosporine 0.05% in the treatment of dry
eye secondary to Sjogren syndrome. Eur J
Ophthalmol 2022; 32(1): 673-9.
https://doi.org/10.1177/1120672121992680
KIM J, MOON TK, YOON HJ, JT YS, YOON KC:
Efficacy of Switching from cyclosporine A
0.05% anionic emulsion to cyclosporine A
0.1% cationic emulsion in patients with dry
eye associated with Sjogren’s syndrome. J
Ocul Pharmacol Ther 2021; 37(8): 472-8.
https://doi.org/10.1089/jop.2020.0146
KARAGOZOGLU KH, VISSINK A, FOROU-
ZANFART et al.: Sialendoscopy increases sa-
liva secretion and reduces xerostomia up to
60 weeks in Sjogren’s syndrome patients: a
randomized controlled study. Rheumatology
(Oxford) 2021; 60(3): 1353-63.

92.

93.

94.

95.

96.

97.

98.

https://doi.org/10.1093/rheumatology/keaa284
ARAKAWA H, TANESE K, TANAKA R et al.:
Efficacy of hydroxychloroquine for treating
annular erythema associated with Sjogren’s
syndrome. J Dermatol 2021; 48(10): 1526-32.
https://doi.org/10.1111/1346-8138.16045
BOWMAN SJ, FOX R, DORNER T et al.: Safety
and efficacy of subcutaneous ianalumab
(VAY736) in patients with primary Sjogren’s
syndrome: a randomised, double-blind, pla-
cebo-controlled, phase 2b dose-finding trial.
Lancet 2022; 399(10320): 161-71. https://
doi.org/10.1016/s0140-6736(21)02251-0
JUAREZ M, DIAZ N, JOHNSTON GI et al.
A phase 2 randomized, double-blind, place-
bo-controlled, proof-of-concept study of oral
seletalisib in primary Sjogren’s syndrome.
Rheumatology (Oxford) 2021; 60(3): 1364-
75.
https://doi.org/10.1093/rheumatology/keaa4 10
CHEN H, QI X, LIY et al.: Iguratimod treat-
ment reduces disease activity in early prima-
ry Sjogren’s syndrome: An open-label pilot
study. Mod Rheumatol 2021; 31(2): 394-8.
https://
doi.org/10.1080/14397595.2020.1789335
SHAO Q, WANG S, JIANG H, LIU L: Efficacy
and safety of iguratimod on patients with
primary Sjogren’s syndrome: a randomized,
placebo-controlled clinical trial. Scand J
Rheumatol 2021; 50(2): 143-52. https://
doi.org/10.1080/03009742.2020.1809701
POSADA J, VALADKHAN S, BURGE D et al.:
Improvement of Severe Fatigue Following
Nuclease Therapy in Patients With Primary
Sjogren’s Syndrome: A Randomized Clinical
Trial. Arthritis Rheumatol 2021; 73(1): 143-
50. https://doi.org/10.1002/art.41489

SEROR R, BARON G, CAMUS M et al.:
NECESSITY WP5 - STAR development
working group; NECESSITY WP5- STAR
development working group. Development
and preliminary validation of the Sjogren’s
Tool for Assessing Response (STAR): a con-
sensual composite score for assessing treat-
ment effect in primary Sjogren’s syndrome.
Ann Rheum Dis 2022; 81: 979-89. https://
doi.org/10.1136/annrheumdis-2021-222054

Clinical and Experimental Rheumatology 2022



