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ABSTRACT

Objective. 7o correlate the expression
of microRNAs (miRNAs) 146a/b, 16,
the 17-92 cluster and 181a in salivary
and plasma samples taken from pri-
mary Sjogren’s syndrome (pSS) patients
with clinical, laboratory and ultra-
sound findings.

Methods. Plasma and salivary samples
were collected from 28 patients with
pSS according to 2012 ACR and/or
2016 ACR/EULAR criteria (27 females,
mean age 64.4+10.1 years, mean dis-
ease duration 10.7+6.9 years), and
from 23 healthy subjects used as con-
trols. The following patient data were
recorded: ESSDAI and ESSPRI scores,
anti-SSA and anti-SSB antibody status
and laboratory data, Schirmer’s test,
ultrasound scores of the four major sal-
ivary glands according to Cornec et al.,
and concomitant treatments. The retro-
transcribed and quantified miRNAs
were: miR16-5p, miR17-5p, miRI18a-
S5p, miR19a-5p, miR19b-1-5p, miR20a,
miR92-5p, miRI146a-5p, miRI146b-5p,
miR181a-5p.

Results. SS patients had higher expres-
sion of salivary miR146a than gender-
and age-matched controls (p=0.01).
Spearman’s regression analysis re-
vealed that salivary miR146b was sig-
nificantly more expressed in the patients
with worse ESSPRI scores (p=0.02),
whereas salivary miR17 and 146b and
plasma miR17 expression was lower
in the patients with higher ultrasound
scores (respectively p=0.01, p=0.01
and p=0.04). Salivary miR18a expres-
sion was significantly increased in the
patients who were anti-La/SSB positive
(p=0.04). Neither salivary nor plasma
miRNAs correlated with disease dura-
tion or concomitant therapies.
Conclusion. Our data show that sali-
vary mil46a may represent a marker of

the disease, and that the expression of
salivary miR17, 18a and 146b may be
altered in patients with pSS, and asso-
ciated with worse ultrasound and ES-
SPRI scores and anti-La/SSB positivity.

Introduction

Sjogren’s syndrome (SS) is a chronic
autoimmune disease characterised by
inflammation and dysfunctioning of
exocrine glands (primarily the salivary
and lachrymal glands), although the
inflammatory process can affect any
organ (1). Almost all of the patients suf-
fer from benign but disabling manifes-
tations such as cutaneous and mucosal
dryness, pain and fatigue, and 20-40%
of them are affected by severe systemic
manifestations.

The syndrome can present alone (pri-
mary Sjogren’s syndrome, pSS) or be
part of an underlying connective tissue
disease, typically rheumatoid arthritis
(RA) or systemic lupus erythematosus
(SLE) (secondary Sjogren’s syndrome,
sSS) (2). Although its aetiopathogen-
esis is unknown, it has been clearly
established that glandular epithelial
cells are the targets of the autoimmune
response (3). Autoantibodies reacting
against the Ro/SSA and La/SSB intra-
cellular ribonucleoproteins are the hall-
marks of the syndrome, but a biopsy
of the labial salivary glands is often
essential for diagnosis (4). Schirmer’s
test for eye involvement and ultra-
sound (US) examination of the major
salivary glands are reliable means of
monitoring the course of the disease
(5-7), and scoring methods such as the
European League Against Rheumatism
(EULAR) Sjogren’s Syndrome Disease
Activity Index (ESSDAI) and the EU-
LAR Sjogren’s Syndrome Patient Re-
ported Index (ESSPRI) allow a rapid
and standardised evaluation of disease
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activity as they are also capable of re-
cording extra-glandular manifestations
(8,9).

A further non-invasive means of fol-
lowing the steps of the inflammatory
cascade in pSS patients is the availabil-
ity of salivary biomarkers. Saliva con-
tains a number of organic and inorganic
elements whose secretion depends on
local and systemic stimuli. Chronic
salivary gland inflammation alters the
composition of saliva and various stud-
ies reported an increased expression of
cytokines, beta-2 microglobulin as well
as anti-Ro/SSA and anti-La/SSB anti-
bodies in the saliva of SS patients (10).
MicroRNAs (miRNAs) are a group
of small RNAs, 21-25 nucleotides in
length, that are involved in the regula-
tion of a wide variety of cellular and
physiological processes, including cell
proliferation and differentiation, apop-
tosis, ontogenesis, metabolism, angio-
genesis and inflammation. Furthermore,
the fundamental role of miRNAs in the
development of immune cells, as well
as in the regulation of immune respons-
es, suggests their importance in autoim-
munity (11). They modulate messenger
RNAs (mRNAs) translation by binding
to complementary sequences generally
located in the 3’ untranslated region
(UTR) of target transcripts, controlling
the expression of about 60% of protein-
coding genes (12). At the same time,
some studies have also evidenced that
miRNAs may bind the 5’UTR of some
genes and promote their expression
(13). In addition, complementary se-
quences to miRNAs have been detected
on long non-coding RNAs, circular
RNAs and pseudogene RNAs, whose
pairing may prevent the interaction
with the mRNA of coding genes, thus
fomenting the competitive endogenous
hypothesis (14). Dysregulated miRNA
expression has been observed in the
peripheral blood mononuclear cells
(PBMCs) and salivary gland biopsies
of pSS patients, with miRNA146a/b,
16, the 17-92 cluster and 181a being
aberrantly expressed (15). Human sa-
liva miRNAs have recently been used
diagnostically: for example, Yoshizawa
et al. found that they may regulate cell
proliferation and apoptosis in oral can-
cer, thus suggesting their potential use
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as biomarkers of early-stage disease
(16). The authors provided a detailed
method for isolating and profiling sali-
vary miRNAs that can potentially be
used to study salivary miRNAs in sys-
temic autoimmune diseases.

Our was a single-centre, intervention-
al, case-control, cross-sectional study
aiming to assess the role of salivary
miRNAs as biomarkers of pSS.

We aimed to correlate the expression of
miRNAs 146a/b, 16, the 17-92 cluster
and 181a in salivary and plasma sam-
ples taken from pSS patients with their
laboratory data, ESSDAI, ESSPRI, and
US scores. In addition, we correlated
the salivary and plasma expression of
the same miRNAs obtained from the
pSS cohort with that observed in a
group of healthy controls.

Materials and methods

Patients

The study involved 28 consecutive pa-
tients diagnosed as having pSS on the
basis of the 2012 American College of
Rheumatology (ACR) criteria and/or
ACR/EULAR 2016 criteria (17, 18).
All of the patients completed the self-
administered ESSPRI questionnaire
and were evaluated by an expert physi-
cian who assessed disease activity us-
ing the ESSDAI questionnaire. Further-
more, patients underwent Schirmer’s
test and US of the four major salivary
glands using an ESAOTE My Lab 70
with a linear 7.5-10.0 MHz probe, with
the images being scored according to
Cornec et al. (7). A record was also
made of their laboratory data, including
anti-SSA or anti-SSB antibody status,
erythrocyte sedimentation rate (ESR)
and C-reactive protein (CRP) levels,
as well as their SS treatment, including
corticosteroids (allowed at a maximum
dose of 10 mg/day of prednisone) and
hydroxychloroquine (200-400 mg/day),
and co-morbidities.

The control group consisted of 23
age-matched healthy subjects selected
among the patients’ physicians, nurses
and relatives, who were previously
screened for the inclusion and exclu-
sion criteria by means of a question-
naire. The exclusion criteria for both
patients and controls were concomitant
oral infections, inflammatory or neo-

plastic conditions (e.g. stomatitis, aph-
thosis, pyorrhea, dental infections and
oral cancer), other connective tissue
diseases, chronic autoimmune arthritis,
hepatitis, haematological disorders, sar-
coidosis or any other medical condition
that could lead to sSS.

Ethics

The study protocol was approved
by our local Ethics Committee (no.
36896/2017 of 14 November 2017),
and all of the participants gave their in-
formed consent to take part in the study.
All the procedures were conducted in
accordance to Helsinki Declaration.

Laboratory evaluations

e Saliva and plasma processing

All the subjects were asked to refrain
from eating, drinking, smoking and
oral hygiene procedures for at least two
hours before providing an unstimulated
whole salivary sample in a sterile tube,
after rinsing their mouths with distilled
drinking water. At the same time, 10
mL of whole blood was collected by
means of venipuncture into two 5 mL
vacutainer tubes containing EDTA
(Becton Dickinson, NJ, USA). The pro-
cedure of blood and saliva collecting
was conducted at the same setting by
the same operator in a timeframe from
9.00 A.M. to 6.00 PM, with the 80% of
samples obtained in the morning (until
12AM)).

The saliva samples were centrifuged
at 4000 x g for 10 minutes, and the su-
pernatant was transferred to a new tube
(avoiding transfer of the pellet) with
an equal volume of DNA/RNA Shield
(Zymo Research, Irvine, California) in
order to protect total RNA from RNase,
and then immediately extracted. Plasma
samples derived from whole blood cen-
trifuged at 2300 x g for 10 minutes were
stored at -80°C until RNA extraction. In
order to protect the RNA from degra-
dation, 200 pL of DNA/RNA Shield
were added to each 200 pL of plasma.

* RNA extraction and purification

RNA was extracted using a Quick-RNA
MiniPrep Plus kit (Zymo Research, Ir-
vine, California). In accordance with
the manufacturer’s instructions, 400
pL of the processed saliva or plasma
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samples were lysed with RNA Lysis
Buffer (1:1), and the lysed samples
were transferred to a Spin-Away filter
in a collection tube and centrifuged at
13,000 x g for one minute in order to
remove genomic DNA. One volume of
ethanol was added to the sample flow-
through, and the mixture was trans-
ferred to a Zymo-Spin III CG column
in a collection tube and centrifuged.
Finally, the samples were treated with
DNase I and incubated for 15 minutes
at room temperature.

After three washes with RNA wash
buffer to remove any unspecific bind-
ing, the miRNAs were eluted in 60 pL
of DNase/RNase-free water.

* MiRNA reverse transcription (RT)
Reverse transcription was conducted
using a miRCURY LNA Universal RT
miRNA PCR kit (Exigon, Vedbaek,
Denmark) containing, 2 pL. of 5x reac-
tion buffer, 1 pL of enzyme RT mix,
0.5 pL of synthetic RNA spike-ins, and
2.5 uL of H,O plus 4 uL of extracted
miRNAs. The samples were incubated
at 42°C for 60 minutes, after which the
enzyme was inactivated at 95°C for
five minutes. The cDNAs were stored
at -20°C until PCR quantification.

* Real-time polymerase chain

reaction (PCR)

In order to quantify miRNA expres-
sion, the samples were diluted 1:40
with DNase/RNase-free water, and an-
alysed by real-time PCR using the Exi-
LENT SYBR® Green Master Mix (Ex-
igon, Vedbaek, Denmark) and a CFX
Connect™ real-time PCR system (BIO
RAD, Hercules, CA). The thermal
profile was: 95°C for 10 minutes for
polymerase  activation-denaturation,
followed by 45 cycles of amplification
(95°C for 10 sec; 60°C for 1 min). The
analysed miRNAs were: miR16-5p,
miR17-5p, miR18a-5p, miR19a-5p,
miR19b-1-5p, miR20a, miR92-5p, mi-
R146a-5p, miR146b-5p, and miR181a-
5p. The undetermined raw CT (Cycle
Threshold) was set to 35 cycles. The
expression data were normalised to
miR-93 and miR-191, which are stable
and constitutively expressed in fluids
such as serum and plasma (19). The
relative expression levels of miRNAs
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were calculated using the comparative
AAC, method as previously described
(20). The fold changes in miRNAs
were calculated by the equation244¢,
All the analyses were run in duplicate.

Statistics

The data were reported as mean val-
ues + standard deviation (SD) or me-
dian values with interquartile (IQ)
and range depending on whether their
distribution was Gaussian or not. Data
distribution was assessed by means of
Kolmogorov-Smirnov test for normal-
ity. The salivary and plasmatic miR-
NAs of patients and controls were
correlated using parametric (Student’s
t-test) or non-parametric (Wilcoxon
test) analysis according to Gaussian or
non-Gaussian distribution of the data.
Spearman’s test was used in order to
evaluate any associations between the
miRNAs and the quantitative variables,
and a two-tailed Mann-Whitney U test
for unpaired samples was used to ana-
lyse miRNASs’ expression in relation to
the qualitative variables. Fisher’s exact
test was used for the comparison of
nominal data. A p-value of <0.05 was
considered statistically significant. All
of the statistical analyses were made
using SPSS 23 statistical software.

Results

Twenty-eight patients (27 women,
mean age 64.4+10.1 years, mean dis-
ease duration 10.7+6.9 years) and
23 age-matched healthy controls (15
women, mean age 57.0+5.2 years)
were consecutively enrolled in Novem-
ber and December 2017. Anti-Ro/SSA
and anti-La/SSB antibodies were de-
tected in respectively 18 (64.2%) and
8 patients (28.5%); rheumatoid factor
in 8 (28.5%) and anti-nuclear antibod-
ies (ANAs) in 26 (92.8%) patients.
Median CRP level was 1.9 mg/L, (IQ
2.2. range 0.6-52.0), and mean + SD
ESR was 28.0+17.8 mm in the first
hour. The median ESSDAI and ESS-
PRI scores were respectively 1.0 (IQ 2,
range 0-8) and 23 (IQ 10, range 6-28),
which pointed out a low severity of
symptoms. Only four patients had in
fact an ESSDAI score =5, and could be
considered as affected by a moderately
active disease, according to Seror et al.

Table I. Demographic characteristics of the
28 pSS patients.

Variable Value
Age, years (mean + SD) 644 +10.1
Gender, female (n°, %) 27,96 .4%
Disease duration (mean + SD) 10.7+6.9
Anti-nuclear antibodies (n°, %) 26,92.8%
Anti-Ro/SSA positivity (n°, %) 18,64.2%
Anti-La/SSB positivity (n°, %) 8,28.5%
RF positivity (n°, %) 8,28.5%
ESR, mm 1% hour (mean + SD) 280178
CRP, mg/L (median, IQ) 19,22
ESSDAI (median, 1Q) 10,2
ESSPRI (median, IQ) 23,10
Schirmer’s test (median, IQ) 45,6
Ultrasound score (mean + SD) 43+33
Hydroxychloroquine 200-400 11,39.2%
mg/day (n°, %)
Prednisone 2.5-5 mg/day (n°, %) 7,25%

(21). Specifically, 3 patients (10.7%)
had a glandular involvement alone, 12
(42.8%) an extra-glandular involve-
ment alone and 13 (46.4%) had both
glandular and extraglandular involve-
ment. Extraglandular involvement
was articular in 19 cases, nervous in 4
cases, constitutional in 1 case, cutane-
ous in 6 cases, pulmonary in 4 cases,
muscular in 2 cases, lympho-nodal in 2
cases, and haematologic in 2 cases. The
median Schirmer’s test score (the sum
of the millimetres of lachrymal imbi-
bition per eye) was 4.5 (IQ 6, range
0-32), and the mean + SD US score
4.3+3.3. Eleven patients underwent a
biopsy of the minor salivary glands,
which was positive in 4 cases (36.3%).
None of the patients had a sialometry
performed.

The demographic characteristics of the
patient cohort are summarised in Table
L.

There was a significant difference be-
tween the two groups in terms of gen-
der, being males more numerous in the
control group (p=0.006; Fisher’s exact
test). Therefore, we also performed a
subanalysis considering only the fe-
male patients and controls, although,
according to a study on healthy sub-
jects, gender seems not to influence
the expression of salivary miRNAs
(22), and no data are available on SS
patients.

Table II shows the expression of plas-
ma and salivary miRNAs in the pa-
tients and controls reported as mean
(£ SD) or median (IQ and range) fold-
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Table II. Plasma and salivary miRNA expression in patients and controls. Mean values + SD or median values, IQ and range (Kolmogorov-

Smirnov test).

miRNA Patient plasma Control plasma Difference in Patient saliva Control saliva Difference in
samples samples plasma expression samples samples salivary expression
(n-fold) (n-fold) (n-fold) (n-fold)
miR16 86.4;1Q 57.8 94.8 +£38.0 Yes (p=0.04) 135.8 £38.5 1340+£522 No
(41.3-269.4)
miR17 70.151Q 79.0 89.1+51.3 No 1872+ 1354 106.4;1Q 138.3 No
(14.8-1484.0) (0-5493)
miR18a 109.1; 1Q 90.0 1274 £40.6 No 120.5;1Q 947.7 85.0; 1Q 165.7 No
(28.7-534.8) (11.3-141.3) (0-11104.5)
miR20a 1250+53.1 1214 +25.7 No 146.9 £ 56.5 129.6;1Q 173.5 No
(41.8-583.6)
miR146a 107.9;1Q 44.3 146.9 +57.4 No 193.1+173.9 75.1;1Q 80.1 No
(32.9-240.0) (0-714.8)
miR146b  10713;1Q 15540 116169523 No 156.9;1Q 317.2 271.4;1Q 579.3 No
(424.6-24136.0) (31.5-1333.8) (0-1993.9)
miR181a 204.7 £ 65.1 1612 +70.5 Yes (p=0.02) 83.2+37.5 81.7+32.7 No
change (N-fold): miR19a-5p, miR19b-
1-5p and miR92-5p were undetectable 25000007 =T=
using our laboratory procedures, and
therefore excluded from the analyses. p=0.04
Considering the overall cohort, we did 200000 0-
not find any significant difference in
salivary miRNA expression between
patients and controls. Plasma miR16 2
. . % 150000,0-
and 181a were significantly more ex- =
pressed in the patients than in controls §
(respectively p=0.04 and p=0.02; two- z
tailed Wilcoxon test and Student’s ¢ test % 100000 0
for unpaired samples). When selecting »
only female patients and controls, we
found a higher expression of salivary 40000.0-
miR146a in patients than in controls ' 19346 8
(193.1£173.9 vs. 57.7£38.4 N-fold, -
p=0.01), whereas no difference was )
found in the expression of the remain- iy —— 886
ing salivary and plasma miRNAs. T T
The plasma and salivary miRNA ex- e rresent
P Y anti-LaSSB

pression was not significantly similar
in the patients and controls, thus sup-
porting the view that local miRNA pro-
duction in the oral cavity presides over
specific tasks. MiR16, 17 and 20a were
more expressed and miR146b and 181a
less expressed in the salivary samples
than in the plasma samples of both
patients and controls. In comparison
with their plasma counterparts, salivary
miR18a and 146a were more expressed
in the patients, but less expressed in the
controls.

In the SS group, salivary miR181la
and 146a expression was significantly
increased among the older subjects

Clinical and Experimental Rheumatology 2019

Fig. 1. Salivary miRNA18a expression by anti-La/SSB positivity in patients with primary Sjégren’s

syndrome.

(»=0.01 and p=0.04; Spearman’s test),
whereas the older subjects in the con-
trol group showed the greater expres-
sion of salivary miR16 (p=0.006) and
20a (p=0.02). Spearman’s regression
analysis showed that salivary miR146b
was significantly more expressed in
the patients with worse ESSPRI scores
(p=0.02), whereas plasma and salivary
miR17 and salivary miR146b expres-
sion was lower in the patients with
higher US scores (p=0.04, p=0.01, and

p=0.01). Plasma expression of miR18a
was increased in the patients showing
less lachrymal production at Schirmer’s
test (p=0.01), whereas plasma expres-
sion of miR17 was reduced in the pa-
tients with higher ESR values (p=0.01).
Salivary miR18a expression was sig-
nificantly increased in the patients who
were anti-La/SSB  positive (p=0.04;
Mann-Whitney U-test for unpaired sam-
ples) (Fig. 1). Salivary and plasma miR-
NAs did not correlate with disease dura-

S-73



Salivary microRNA expression in Sjogren’s syndrome / R. Talotta et al.

Table III. Significant associations between
salivary miRNAs and patient characteri-
stics.

Salivary Variables Significance
miRNA

1T miRNA181a 1 Age p=0.01
1 miRNA146a p=0.04
1 miRNA146b 1 ESSPRI p=0.02
| miRNA17 1 Ultrasound scores p=0.01
| miRNA146b p=0.01

1T miRNA18a Anti-La/SSB positivity p=0.04

SD: standard deviation; ESR: erythrocyte se-
dimentation rate; CRP: C-reactive protein; RF:
rheumatoid factor; IQ: interquartile; ESSDAI:
EULAR Sjogren’s Syndrome Disease Activity
Index; ESSPRI: EULAR Sjogren’s Syndrome
Patient Reported Index; n-fold: target miRNA
expression/control miRNA expression.

tion, which was significantly associated
with worse ESSDALI scores (p=0.004),
and the use of prednisone and hydroxy-
chloroquine was not significantly asso-
ciated with miRNA expression or the
other variables.

Table III summarises the significant as-
sociations between salivary miRNAs
and the clinical, laboratory and US
variables.

Discussion

It has been shown that impaired epige-
netic control is involved in the patho-
genesis of many autoimmune diseases,
including pSS. The main epigenetic
mechanisms repressing gene expres-
sion are histone deacetylation,5’ —C—
phosphate—G—3’ (CpG) methylation
and the formation of miRNA/mRNA
complexes. MiRNAs are short non-
coding RNAs that control many bio-
logical processes, including cell sur-
vival, metabolism and inflammation,
and are responsible for the epigenetic
regulation of about 60% of protein-
coding genes either by silencing or pro-
moting mRNA expression (12, 13, 23).
In addition, it has been demonstrated
that long non-coding RNAs, circular
RNAs and pseudogene RNAs share
a complementary sequence to many
miRNAs, thus adding a further means
of controlling gene expression by com-
peting with mRNAs (14). Unbalanced
miRNA expression contributes to the
inflammatory cascade of many system-
ic inflammatory diseases, and may be
measured in tissues and secreted fluids.

S-74

The evaluation of salivary miRNAs
obtained by means of an easy and non-
invasive procedure may be useful in
monitoring and predicting the course
of pSS. In this study, we proposed a
method of extracting miRNAs from
salivary fluid which, although being
still expensive and poorly standardised,
may be an alternative means of directly
assaying salivary gland dysfunction. In
addition, we evaluated the associations
between salivary miRNAs and disease
activity as measured by means of the
ESSPRI and ESSDAI questionnaires,
laboratory data, Schirmer’s test and US
findings. Results showed that miRNA
expression was differently regulated
in the salivary and plasma samples of
both patients and controls, that salivary
miR 146a was more expressed in female
SS patients than in female controls, and
that salivary miR17, 18a and 146b ex-
pression in the pSS patients was asso-
ciated with anti-La/SSB positivity and
worse US and ESSPRI scores. These
findings confirm an unbalanced epige-
netic signature in pSS patients that is
characterised by tissue specificity and
may encourage the evaluation of sam-
ples other than plasma as a source of
disease biomarkers.

It has been previously demonstrated
that SS patients have an aberrant epige-
netic background. Some authors have
found the presence of demethylated
sequences next to pro-inflammatory
genes in the genome of cells extracted
from labial gland biopsies (24), and
recent studies have revealed the hy-
pomethylation of some regions in the
inactive chromosome X, which may
explain the higher prevalence of pSS
among females (25).

As miRNAs play a central role in or-
chestrating the immune response, vari-
ous studies have evaluated their ex-
pression in patients with malignancies
and systemic autoimmune diseases.
The hyperexpression of miR146a, 16
and 155 in the blood and synovial fluid
of RA patients has been associated with
the likelihood of having the disease
and greater disease activity (26, 27).
It has also been shown that miRNA
expression is unbalanced in patients
with SLE, SS and systemic sclerosis
(28). Some studies have found simi-

lar expression of a number of miR-
NAs (including the over-expression of
miR146a, 16 and 21) in the PBMCs of
both SLE and SS patients, which sug-
gests that the two diseases may share
pathogenic mechanisms such as the ac-
tivation of B-lymphocytes (29). Con-
versely, others have shown that the ex-
pression of miR34b-3p, 4701-5p, 609,
300, 3162-3p and 877-3p in CD14*
monocytes is different in SS and SLE
patients as a result of a differential
control of the mitogen-activated pro-
tein kinase (MAPK) and transforming
growth factor-beta (TGF-) pathways
(30). Finally, a recent study has re-
ported an altered miRNA expression in
the B and T lymphocytes of SS patients
(31). These divergent data indicate that
the expression of miRNAsS is tissue and
cell dependent, and highly variable in
patients with systemic autoimmune
diseases characterised by the involve-
ment of multiple anatomical districts.
It has also been demonstrated that in-
fections may generate viral miRNAs in
infected cells that alter their functions:
for example, the salivary glands of SS
patients may host Epstein Barr virus
(EBV), a putative inducer of B cell
lymphomas, and it has been reported
that viral miR181a may be over-ex-
pressed in infected B lymphocytes and
involved in B-cell proliferation, thus
providing a hypothetical link between
SS and the risk of developing a lym-
phoproliferative disorder (32).

The salivary glands are the primary
sites of inflammation in pSS patients,
and various studies have shown that
about 94 miRNAs extracted from the
salivary gland tissue and PBMCs of SS
patients are dysregulated and differ-
ently expressed, including miR146a/b,
16, the 17-92 cluster and 181a (15). It
has been found that miR181a and 16
are down-regulated in the labial sali-
vary glands of SS patients and their
levels of expression are inversely cor-
related with the severity of histological
findings (33). The anomalous expres-
sion of miRNAs in SS patients seems
to be involved in Ro/SSA and La/SSB
epigenetic modulation: according to
some authors, miR181a extracted from
the minor salivary glands and PBMCs
of pSS patients is associated with the
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Ro52/tripartite motif-containing pro-
tein 21 (TRIM21) and La/SSB mRNA
expression (34). Moreover, it has been
found that miR 146a is significantly up-
regulated in the PBMCs and salivary
glands of SS patients (35, 36). Alevizos
et al. have shown that miRNA expres-
sion profiles is not only useful in dis-
tinguishing the glands of SS patients
and controls, but they also identified
subsets of SS patients with low- or
high-level inflammation (37). The
miR17-92 cluster has been associated
with specific types of lymphocytes and
lymphocytic diseases, and is down-
regulated in patients with high salivary
gland biopsy scores, and up-regulated
in patients with lymphoproliferative
diseases (11, 38).

Our patients had higher plasma but not
salivary miR16 and 181a levels than
controls but these results were not con-
firmed when only female subjects were
analysed. Increased PBMC miR181a
expression has previously been found in
SS patients (39), and the lack of a paral-
lel increase in salivary samples may be
explained on the basis of a tissue-spe-
cific epigenetic regulation, and is in line
with the findings of a previous study
demonstrating the hypo-expression of
miR181a in salivary glands (33).
Salivary miRNA146a expression was
more pronounced in female SS patients
that in controls and salivary miR146b
but not miR146a expression levels in-
versely correlated with the patients’ US
scores and directly with their ESSPRI
scores. Moreover, both blood and sali-
vary miR17 expression inversely corre-
lated with US-revealed glandular dam-
age. These observations raise a number
of considerations. The different behav-
iour of miR146a and 146b, which have
previously been clustered together, may
be related to changes in their molecu-
lar structure, coding chromosomes and
biological functions (40). In particu-
lar, miR146b is encoded on chromo-
some 10, induced by interferon-gamma
(IFN-v), platelet-derived growth factor-
beta (PDGF-f3) or TGF-Peta, and seems
to prevent inflammation, while promot-
ing fibrosis and repair. MiR 146a, which
is encoded on chromosome 5, seems
to be more involved in the acute phase
of inflammatory processes. Induced
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by other cytokines (e.g. interleukin-1
(IL-1), it counteracts the activation of
the nuclear factor kappa light chain
enhancer of activated B cells (NFkB)
and interferes with co-stimulatory sig-
nals (41). The increased expression of
miR146a in salivary samples of SS pa-
tients than in those of gender-matched
controls may represent the clue of a
buccal inflammatory process. On the
other hand, the reduced expression
of salivary miR146b in patients with
more damaged salivary glands may un-
derlie chronic inflammation, thus lead-
ing to worse US scores. Neverthless,
only eleven patients had a minor sali-
vary gland biopsy performed, showing
an inflammatory infiltrate in four cases,
despite a glandular involvement clini-
cally and instrumentally detected in 16
patients. Unless the usefulness of mi-
nor salivary gland biopsy in diagnosis
and prognosis of SS, several false posi-
tive or negative cases may actually oc-
curr, due to concomitant inflammation
sustained by other causes, advanced
age or insufficient number of salivary
glands included (42) Therefore, fol-
lowing these limits and in considera-
tion of the invasiveness of the proce-
dure, some authors have proposed the
assessment of the autoantibody status
as a preferable way of evaluating SS
disease activity in daily clinical prac-
tice compared to minor salivary gland
biopsy (43).

The reduced production of miR17, ob-
served in patients with US-document-
ed advanced glandular disease, may
be related to the inhibitory effect of
miR17 on the tumour necrosis factor-
alpha (TNF-a) signalling cascade,
as observed in patients with RA (44).
Whereas, the increased plasma expres-
sion of miR18a in patients with less
lachrymal production as well as the as-
sociation between salivary miR18a and
anti-La/SSB antibodies, may be due to
its central role in the differentiation of
T-helper 17 lymphocytes (45). Finally,
the absence of a significant association
between salivary miR18a and Schirm-
er’s test scores may be related to dif-
ferences in the regulation of miRNA
expression at different production sites
(in this case, differences between the
lachrymal and salivary districts).

It has been reported that miR155 is
up-regulated and miR19a and miR20a
down-regulated in an experimental
model of SS (46), but our clinical,
laboratory and instrumental findings
did not reveal any variation in salivary
or plasma miR20a expression. We also
obtained similar results when testing
miR181a, which has been associated
with the presence of anti-Ro/SSA and
anti-La/SSB antibodies in previous
studies (33).

The main limitations of our study are
the small number of patients and con-
trols, an unbalanced pSS population
(27 females vs. 1 male) which was
gender-mismatched with controls, the
collection of blood and saliva sample
in a variable time frame and the lack
of standardised laboratory methodolo-
gies. We extracted miRNAs from the
a-cellular component of biological
fluids (plasma and saliva), and there
is some risk of early deterioration. It
has recently been found that evaluat-
ing the miRNAs contained in secreted
exosomes significantly improves the
sensitivity of the test and allows the
detection of higher amounts of miR-
NAs in biological fluids such as saliva
(47); this may be a stronger means of
assessing miRNAs in human fluids in
the future.

Conclusions

Our data show that salivary mil46a
may represent a marker of the disease,
and that the expression of salivary
miR17, 18a and 146b is altered in pSS
patients, and associated with worse US
and ESSPRI scores and anti-La/SSB
positivity. The demonstration of an im-
balance in the expression of miRNAs
in specific anatomical districts in SS
patients and their central role in chron-
ic inflammation may pave the way for
the development of a new class of anti-
sense oligonucleotide drugs that could
be locally administered in order to
regulate miRNA expression by means
of base-pairing complementation (48).
However, given our small number of
patients and controls and the poorly
standardised methodology, further
studies are needed to clarify the role of
salivary miRNAs as biomarkers of SS
or targets of future medications.
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