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INTRODUCTION

Sjogren’s syndrome (SjS) is a systemic autoimmune disor-
der characterized by lymphocytic infiltration in the salivary
and lacrimal glands, resulting in severe dry mouth or eyes
[1]. More than half of SjS patients also have extra-glandu-
lar manifestations, such as mainly arthralgia, fatigue, and
myalgia [2]. Variability of these symptoms may make the
diagnosis of SjS be delayed up to 9 years after the onset of
symptoms [3].

Several diagnostic criteria have been proposed for SjS
and its subsets over the years [4-6]. The 2002 modified
European-American diagnostic criteria considered two
symptoms (ocular and oral dryness) and four signs (ocu-
lar signs, oral signs, histopathology, and autoantibodies)
as key elements of diagnosis of SjS [4]. In 2012, criteria
proposed by American College of Rheumatology (ACR) fo-
cused mainly on objective signs of positive focus score, se-
rology, and ocular staining score [5]. The 2012 ACR was
replaced by another system proposed by the International
Sjogren’s Syndrome Criteria Working Group, known as the
2016 ACR/EULAR (European League against Rheumatism)
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Classification. This set give weighted points for the four
objective signs [6]. Main components of these diagnostic
criteria include histological examinations of minor sali-
vary glands for lymphocytic infiltration and serology [4-6].
However, the biopsy is an invasive procedure that is not ac-
cepted by all patients, and it may delay definitive diagno-
sis [7]. Antibodies proposed on the above classifications are
always not detected in all patients of SjS [6]. Biomarkers,
which are noninvasive, specific to diagnose, sensitive to
treatment, or useful to predict disease development of SjS,
are urgently needed for these reasons [7]. Great efforts have
been made searching for reliable biomarkers able to ame-
liorate the diagnostic algorithm and the prognostic stratifi-
cation of SjS patients and ultimately allowing the scientific
community to address some of the unmet needs for the dis-
ease [8].

Oral dryness is one of the most common symptoms of
patients who visit the department of oral medicine [9]. It
is also the most common complaint of SjS patients [1].
Therefore, oral medicine specialists need to be alert to cur-
rent knowledge as well as basic aspects mentioned in au-

thor’s previous article [10]. The aim of this article is to
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review biomarkers and treatments related to SjS for oral
medicine specialists continuing from a previous article [10].
In the first part, we have summarized the conventional and
transitional biomarkers for SjS. In the second part, we have
explored some of the novel potential biomarkers for the
disease that have been proposed more recently. In the third
part, we have summarized managements for oral and sys-

temic manifestations.

CONVENTAIONAL AND TRANSITIONAL
BIOMARKERS FOR SJOGREN’'S SYNDROME

1. Anti-SSA/Ro and Anti-SSB/La Antibodies

Clark et al. [11] identified two cytoplasmic proteins which
were termed Ro and La from sera of systemic lupus ery-
thematosus (SLE) patients in 1969 and 1974 [12]. Later,
Alspaugh and Tan [13] reported the occurrence of antibod-
ies to two cellular antigens, termed SS-A and SS-B, from
sera of SjS patients. In 1979, Alspaugh and Maddison [14]
showed agreement between Ro and SS-A, and La and SS-
B. Since then, it is known that the SSA/Ro antigens are
nuclear and cytoplasmic polypeptides which serve as au-
toantigens in SLE and SjS. Anti-SSA/Ro and anti-SSB/La
antibodies were found in approximately 50% to 70% of SjS
patients. Anti-SSA/Ro antibodies were detected either sole-
ly or concomitantly with anti-SSB/La antibodies, whereas
exclusive anti-SSB/La antibodies positivity was rare [15].
Finally, the ACR/EULAR decided to exclude anti-SSB/La
antibodies from diagnostic criteria of SjS as an item based
on group discussions and on a study demonstrating that the
presence of anti-SSB/La antibodies without anti-SSA/Ro
antibodies had no significant association with SjS pheno-

typic features, relative to seronegative participants [6].

2. Rheumatoid Factor

Rheumatoid factor (RF), a class of immunoglobulins (Ig)
that has different isotypes and affinities, was first detect-
ed more than 70 years ago and has commonly been found
in the sera of SjS patients [16]. RF is present in up to 70%
of SjS patients and its positivity has been associated with
younger age, female predominance, positive salivary gland
biopsy, and extra-glandular manifestations. Both the pres-

ence and the concentration of RF have been positively
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correlated to the number of extra-glandular manifestations
found in SjS [15].

However, RF can be found in patients with other autoim-
mune such as such as SLE, mixed connective tissue disease,
polymyositis, and dermatomyositis and also found in non-
autoimmune conditions as well as in healthy subjects [17].
Thus, it may not be useful for clinical diagnosis or research
classification purposes although RF is a prognostic finding
in SjS patient [18].

3. Anti-nuclear Antibodies

Anti-nuclear antibodies (ANAs) are a class of antibodies
that bind to cellular components in the nucleus including
proteins, DNA, RNA, and nucleic acid-protein complexes
[19]. Since they were first described in 1948, ANAs identifi-
cation has been the foundation of diagnosis for connective
tissue autoimmune disorders including SLE, SjS, and poly-
myositis/dermatomyositis. Increased titers are characteris-
tic of individuals with connective tissue disorders, although
20% to 30% of the average population has detectable levels
of ANAs [20].

ANAs, along with RF, are parameters commonly mea-
sured in SjS as clinical and diagnostic tools [21]. ANAs de-
tected by indirect immunofluorescence on HEp-2 cells were
found positive in 59% to 85% of SjS patients. Positive pa-
tients for ANAs in SjS were more frequently female and
had a lower mean age at diagnosis than males. ANAs were
also characterized by a higher prevalence of recurrent pa-
rotidomegaly and an increased frequency of extra-glandu-
lar features, such as Raynaud phenomenon, cutaneous vas-
culitis, articular and renal involvement, fever, adenopathies,
cytopenias and erythrocyte sedimentation rate (ESR) > 50
mm/h [15].

Huo et al. [22] showed that ANAs sand RF had the pre-
dictive and prognostic values for those who did not fulfill
the higher stringent 2002 revised criteria but were indicated
for immunomodulatory therapy. They suggested that ANAs
and RF should be reconsidered as items of classification cri-
teria for SjS. Theander et al. [23] found at least one auto-
antibody specificity (ANAs, RF, anti-SSA/Ro antibody, and
anti-SSB/La antibody) in 81% of 117 primary SjS patients
up to 20 years before diagnosis, being the highest positive

predictive values for anti-SSA/Ro antibodies.
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4. Anti-a-fodrin Antibodies

The antigen recognized by the anti-o-fodrin antibodies
is a 120 kDa cleavage product of o-fodrin, which is formed
during apoptosis in the inflamed salivary gland tissue and
represents an organ-specific autoantigen that may be re-
sponsible for the development of autoimmune lesions and
the perpetuation of tissue destruction. In 1997, Haneji et al.
[24] found that the anti-o-fodrin antibodies were specifi-
cally expressed in the lesional salivary glands and had a
very high sensitivity (96%) in the diagnosis of SjS. Anti-o-
fodrin IgG was detected in 22 studies whereas anti-a-fodrin
IgA was detected in 11 studies. The sensitivities of anti-o-
fodrin IgG for the diagnosis of SjS in the involved studies
were from 6% to 100% and specificities were from 33% to
100%, respectively. For anti-o-fodrin IgA, the sensitivities
were from 17% to 62.6% and specificities were from 71% to
100%. Hu et al. [25] concluded that anti-a-fodrin antibod-
ies as a marker showed moderate accuracy for the diagno-
sis of SjS. Willeke et al. [26] observed clinical and immu-
nological characteristics in primary SjS patients with and
without antibodies to o-fodrin and showed a positive cor-
relation of o-fodrin antibody serum concentrations and the
degree of lymphocytic infiltration in salivary glands. Qin et
al. [27] suggeted anti-o-fodrin IgG and IgA may be useful
diagnostic markers which may improve the accuracy of SjS

diagnosis.

5. Anti-centromere Antibodies

Anti-centromere antibodies (ACAs) are commonly found
among patients with limited cutaneous scleroderma. The
prevalence of ACAs in primary SjS ranges from 4% to
27.0% when detected by indirect immunofluorescence.
ACAs Positive patients had a higher mean age at disease
onset and a greater frequency of Raynaud’s phenomenon,
keratoconjunctivitis sicca, peripheral neuropathy and con-
comitant autoimmune disorders, such as primary biliary cir-
rhosis when compared to the ACAs negative group [15]. Lee
et al. [28] also found that ACAs positive SjS patients had
a higher prevalence of Raynaud’s phenomenon, sclerodac-
tyly and autoimmune thyroiditis and a lower prevalence of
anti-SSA/Ro and anti-SSB/La antibodies compared to ACAs
negative patients. These patients were associated with more

severe objective ocular sicca and more severe subjective and

objective oral sicca compared to healthy controls [29,30].
These results may show that patients with SjS who have
ACAs differ from classic SjS patients in several clinical and
laboratory parameters and should be monitored the occur-

rence of these clinical features in caution [28-30].

6. Anti-salivary Protein 1, Anti-carbonic Anhydrase 6, and

Anti-parotid Secretory Protein Antibodies

Anti-salivary gland protein 1 (anti-SP1), anti-carbonic
anhydrase 6 (anti-CA6), and anti-parotid secretory protein
(anti-PSP) autoantibodies were first identified from inter-
leukin 14 alpha transgenic mouse [31]. Since these anti-
bodies were found from animal models of SjS, they have
been found in patients with SjS both with anti-SSA/Ro and
anti-SSB/La antibodies and without together, as well as
in patients with idiopathic dry mouth and dry eye disease
[32,33]. Martin-Nares and Hernandez-Molina showed that
anti-SP1, anti-CA6 and anti-PSP antibodies occurred in an
earlier stage than anti-SSA/Ro and anti-SSB/La antibodies
and might identify a subset of SjS patients with mild or in-
complete disease [34]. One of the novel aspects of anti-SP1,
CA®6, and PSP is that they are found selectively in the sali-
vary and lacrimal glands compared to anti-SSA/Ro and an-
ti-SSB/La antibodies which are found virtually in every cell.
It is unclear why anti-SSA/Ro and anti-SSB/La antibod-
ies, found in SLE and various other autoimmune diseases,
should be specific for SjS [35].

NEW POTENTIAL BIOMARKES FOR
SJOGREN’S SYNDROME

SjS patients despite apparently similar in their clinical
presentation, may have a different long-term outcome and
conventional biomarkers are generally not predictive of
clinical outcome. The urgent need for biomarker develop-

ment in SjS has been promoted [36].

1. Anti-muscarinic Type 3 Receptor Antibody

Muscarinic type 3 receptor (M3R) is one of the new prom-
ising biomarkers with direct biological and functional links
to exocrine secretion. It is suspected that antibodies towards
M3R may potentially inhibit saliva secretion and some have
reported a 60% to 80% concordance of anti-M3R antibody
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with SjS [21]. Deng et al. [37] evaluated the diagnostic val-
ue of anti-M3R antibody in SjS by a meta-analysis and
suggested that anti-M3R antibody had high specificity but
relatively low sensitivity for the diagnosis of SjS. Zuo et al.
[38] analyzed clinical parameters of primary SjS in associa-
tion with anti-M3R antibody. It was significantly elevated
in SjS plasma in comparison with healthy controls, SLE, or
rheumatoid arthritis. SjS anti-M3R intensities were greater
than two-standard deviations above the healthy controls.
Furthermore, anti-M3R antibody was associated with anti-
SSA/Ro antibody positivity with focus score and had nega-
tive associations with saliva flow rate. However, anti-M3R
antibody is not widely used as a biomarker in clinical set-
tings, as the usage has been hampered by reproducibility
issues [21]. Currently, Mona et al. [39] analyzed plasma-
anti-M3R antibody in primary SjS using the modified on-
cell western assay with the stable cell line expressing hu-
man M3R-GFP protein and showed that it was higher in
SjS compared to other control groups, differentiating SjS
with good-to-excellent diagnostic power with a specificity
of 85% and a sensitivity between 75% and 98%. These re-
sults could underscore anti-M3R antibody in SjS diagnosis,
where clinical assessments by multi-disciplinary special-
ists, such as lip biopsy, sialometry, or ocular evaluation, are

limited.

2. Anti-cofilin-1, Anti-a-aenolase and Anti-RG12

Antibodies

Cui et al. [40] identified three novel autoantibodies (anti-
cofilin-1, anti- o-enolase, and anti- RG12 antibodies) using
proteomic techniques with the purpose of finding biomark-
ers for primary SjS and mucosa-associated lymphoid tissue
(MALT) lymphoma. They observed that the level of the three
autoantibodies were over-expressed in primary SjS/MALT
lymphoma patients compared to primary SS patients and
healthy controls. Receiver operating characteristic curve
analysis revealed that the combination of the three auto-
antibodies were highly useful for the distinction of primary
SjS and primary SjS/MALT lymphoma patients vs. controls
and for the distinction of primary SjS patients vs. primary
SjS/MALT lymphoma [40]. Anti-cofilin-1, anti-o-aenolase,
and anti-RGI2 antibodies are potential biomarkers of MALT
lymphoma [34].

www.journalomp.org

3. MicroRNAs

MicroRNAs (miRNAs) are a family of small, non-coding
RNAs that regulate gene expression in a sequence-specific
manner. Hundreds of miRNAs have been identified in al-
most all metazoan genomes, including worms, flies, plants
and mammals. MiRNAs have diverse expression patterns
and might regulate various developmental and physi-
ological processes [41]. In recent years, an ever-increasing
number of studies have reported that miRNAs are associ-
ated with SjS salivary gland tissue inflammation and are
shown to be deregulated in salivary gland, cultured salivary
gland-derived epithelial cells, and peripheral blood mono-
nuclear cells from SjS patients. However, miRNAs may be
released by all cells in the body, their specificity as diagnos-
tic biomarkers can be impacted by high background [42].
Sembler-Mpller et al. [43] showed that the miRNA expres-
sion profile in saliva, which is the direct product of the af-
fected target organ, may enable to discriminate between
primary SjS and non-primary SjS patients. In saliva of pri-
mary SjS, 14 miRNAs were significantly differentially ex-
pressed including downregulation of the miRNA-17 fam-
ily. Further validation in larger cohorts is needed as well as

functional analyses of the miRNAs in saliva [43].

TREATMENTS OF SJOGREN’S SYNDROME

1. Non-pharmacological Management for Systemic Disease

Systemic dryness, fatigue, and pain are predominant
symptoms in SjS patients, which affect the health-related
quality of life [44]. In SjS patients, moderate to high-inten-
sity exercise alleviate depression, fatigue scores, and physi-
cal function [45]. Lifestyle management includes sleep and
activity management, rest, and cognitive behavioral ther-
apy, which can be helpful to patients whose daily activity
performance is significantly affected by fatigue of SjS pa-
tients [46].

2. Current Treatments: Immunomodulation

There is no curative treatment targeting the SjS-specific
immune activation [47]. Symptomatic treatment is recom-
mended to relieve common symptoms such as enervate fa-
tigue, mucose dryness, and diffuse pain [48]. Unlike other

autoimmune diseases, aggressive immunomodulation in
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patients with SjS is not recommended due to a lack of evi-
dence base [46]. Although aggressive immunomodulation
is not recommended in SjS patients, immunomodulation is
required when serious complications affect internal organs.
Extra-glandular manifestations are present in more than
70% of patients with SjS and about 15% are severe [49].
The guidelines of the British and American Rheumatology
Societies allow the use of immunomodulation agents con-

sidered the limited evidence and clinical experience [46,50].

1) Corticosteroids

Although there have been no large trials about glucocor-
ticoids for patients with SjS, corticosteroids are considered
the first treatment option [46,51]. Prednisolone has been
shown to improve systemic manifestations of SjS includ-
ing cytopaenias, lung disease, myelopathy [52-55]. There
is a study that low-dose prednisolone has shown improve-
ments in sicca symptoms, but it is still controversial [56].
Short-term use of glucocorticoids reduce glandular enlarge-
ments, not sicca symptoms [48]. Despite Some benefits of
corticosteroids in systemic manifestations of SjS, long-term
use of corticosteroids should be carefully considered [46,48].
This is because long-term use of steroids increased the risk
of infections, oral candidiasis, hyperglycemia, osteoporosis
[57,58].

2) Hydroxychloroquine

Hydroxychloroquine (HCQ) is an anti-malarial agent and
possibly leads to immune inhibition [59]. Several studies
reported the effect of HCQ in SjS patients [60]. Kruize et
al. [61] investigated the effect of HCQ in SjS patients with
high salivary IgG (mean 20.4 g/L), ESR (mean 32.5 mm/
h). Although no significant effect on sicca symptoms, IgG,
IgM, and ESR levels was reduced. Gottenberg et al. [62] per-
formed a randomized controlled trial study on the clinical
effects of HCQ in SjS patients with low disease activity (no
systemic disease). HCQ decreased Ig levels and ESR in the
treatment group at six months but did not reach significant
levels in the end [62]. A meta-analysis of six previous stud-
ies failed to validate the effect of anti-malarial agent in SjS
treatment and suggested that more quality research would
be needed [63]. However, HCQ is effective in SLE. In a co-

hort study, the clinical flare-up was significantly increased

after discontinued HCQ in SLE [63]. It is also effectively
shown to improve subacute lupus, a symptom of SjS [64].
Therefore, more studies on the long-term use of HCQ in SjS
patients are needed, but HCQ treatment was recommended
with monitoring in patients with evidence of systemic dis-
ease [46,48].

3) Methotrexate

Methotrexate (MTX) is an effective drug for rheumatoid
arthritis [65,66]. MTX reduced RF and Ig levels in rheuma-
toid arthritis patients [67]. RF, which activates monocytes,
present in a considerable proportion of SjS patients [68].
However, therapeutic evidence of MTX in SjS patients is in-
sufficient. MTX has low to moderate clinical effects in SjS
patients with myelopathy [51]. An open pilot study in 17
patients with SjS showed MTX improvement in sicca symp-
toms, arthralgia, glandular enlargement, dry cough. In con-
trast, objective results such as Shirmer’s test, salivary flow
rate, IgG levels, and ESR was not improved [69]. MTX may
be useful in SjS patients with inflammatory arthritis, not

sicca symptoms alone [46].

4) Azathioprine

Azathioprine (AZA) is a purine antagonist that disturb the
function of endogenous purinase (essential for DNA repli-
cation and repair) [70]. AZA is effective immunomodula-
tion in inflammatory bowel disease that was shown to in-
duce apoptosis in activated lymphocytes [71]. AZA could be
effective by inhibiting lymphocytes in SjS patients. There
were numerous case reports about the effect of AZA in SjS
patients with extra-glandular manifestations such as inter-
stitial cystitis, interstitial lung disease, nephritis, myelopa-
thy [71-75]. However, AZA is not routinely recommended
in SjS patients without systemic manifestations [46,50]. In a
double-blind placebo-controlled study on the effectiveness
of AZA in SjS patients, there was no significant benefit and
the frequency of side effects was high [76]. In conclusion,
AZA has effectively been used to manage serious extra-
glandular manifestation, not for common symptoms in SjS

patients.

3. Future Treatments: Biologics

Research on the pathogenesis of SjS increases interest in
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biologics targeting specific molecules. Although biologics
are currently limited by the lack of licensing for the treat-
ment of SjS, several studies have been reported testing the
effectiveness of modified drugs that target specific immune
cells [77-82]. The British Society for Rheumatology (BSR)
recommends some biologics in certain clinical situations
with severe extra-glandular manifestations. B-cell targeted
therapy, the most frequently tested biological drug, may be
considered for SjS patients with refractory systemic disease
[44]. Where biologics are used, careful monitoring is re-
quired according to the recommendations of the latest BSR
DMARD (disease-modifying anti-rheumatic drugs) guide-
lines [47].

1) Rituximab

Rituximab, a chimeric monoclonal antibody against the
CD20 on B-Cells, could affect inflammatory disease-associ-
ated B cells [48]. An open-label trial on rituximab therapy
in SjS patients had suggested that rituximab was not as-
sociated with any unexpected toxicities and had clinical
benefits about subjective sicca symptoms [81]. Rituximab
also reported its efficacy in the treatment of systemic SjS
patients [78,80,83]. Recently, Delli et al. [84] reported that
high CD20" B cells infiltration in the parotid parenchyma
predicts a better response to rituximab treatment. Although
more studies are needed, it suggests that rituximab has the
potential to be used as a target agent for SjS treatment in
the future.

2) Belimumab

Belimumab is a human monoclonal antibody which di-
rectly inhibits B cell-activating factor [85]. In an open-
label trial of belimumab, there was an improvement in SjS
Disease Activity Index Score and non-malignant glandular
enlargement [86]. A randomized clinical trial is underway
for a combination of rituximab and belimumab in SjS pa-
tients. This combination could be beneficial for SjS treat-
ment as depletion of B cells may have a more pronounced
effect on pathogenic B cells [87].

4. Management of Oral Manifestation

1) Pharmacological management

Xerostomia is the majority character of SjS patients [88].
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Long-term xerostomia can lead to various complications
such as dental caries, oral candidiasis, burning pain, and
traumatic ulcer [89]. Effective management of xerostomia is
important because these discomforts are related to the qual-
ity of life in SjS patients [89,90]. Despite the importance of
treatment, there is no golden method for oral manifesta-
tions treatment in SjS patients. Clinical evidence for the ef-
fectiveness of interventions for oral manifestations in SjS
patients is lacking [90]. A meta-analysis studying immuno-
modulatory drugs was showed that no individual immuno-
modulatory drug had a clinical benefit in sicca symptoms
[91]. Another meta-analysis study showed little evidence for
immunomodulatory drugs for the management of xerosto-
mia [92].

Pilocarpine hydrochloride is recommended for the treat-
ment of xerostomia in SjS patients [46,90]. There are several
randomized controlled trials showing that pilocarpine im-
proved subjective dryness and increased salivary flow rate
in SjS patients [93-95]. Results from a meta-analysis study
confirmed that there is high-quality evidence for pilocar-
pine in the improvement of xerostomia [92]. Although pi-
locarpine is the most supportive treatment, dose-dependent
side effects such as sweating, palpitations, and flushing may
limit clinical use [96]. Topical application of pilocarpine is
considered in patients with contra-indications such as un-
controlled asthma, chronic obstructive pulmonary disease,
and acute iritis. A recent study of the use of topical liquid
pilocarpine has shown promising symptom improvement
with fewer side effects [97].

2) Conservative management

Saliva substitution is considered to alleviate symptoms of
oral dryness in SjS patients. Neutral pH saliva substitutes
containing fluoride are commercially available in various
forms, including oral sprays, gels, and rinses [44,46]. The
Cochrane study, which evaluated the effectiveness of topi-
cal treatments for dry mouth from any cause, reported no
strong evidence of effectiveness [98]. The use of salivary
substitutes is recommended because, despite limited evi-
dence, patients report increased oral comfort without sig-
nificant side effects [46,98,99].

Sugar-free gum or sweets is often used in xerostomia pa-

tients, but there is little literature evidence to support its
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efficacy [46]. Chewing sugar-free gum increases saliva flow,
and the xylitol in sugar-free gum may have a role in caries
prevention [100]. According to the Cochrane review of the
efficacy for xylitol, the use of fluoride toothpaste contain-
ing 10% xylitol may reduce dental caries by 13% compared
to fluoride-only toothpaste, but other xylitol-containing
products showed insufficient evidence [101]. Acidic prod-
ucts and sugar-containing products may be more effective
in stimulating saliva production but should be avoided be-
cause of their cariogenic potential. Murugesh et al. [102] re-
ported that yogurt was more effective at salivary-stimulat-
ing than lemon juice, suggesting that yogurt is a potential

candidate for xerostomia treatment.

CONCLUSION

The study of biomarkers in SjS is alive and well. Many
studies are being carried out to discern pathological attri-
butions of disease through associated biomarkers in SjS.
Various biomarkers are reported in association with SjS.

Many immunosuppressants have been used for severe
extra-glandular manifestations in SjS, although they do not
alleviate common symptoms of SjS. For the alleviation of
dry mouth, the application of various topical agents and in
case of need the use of salivation-stimulant may be helpful.

To date, biomarkers for SjS preceding disease do not pro-
vide an opportunity to identify and study subjects before
disease onset and treatments at this stage are not developed.
However, many biomarkers can open a window for making
additions to the diagnostic approach and to treatments in

individuals for a role in the clinic in the future.
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