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Abstract

of different subsets.

infiltration in the tissue.

at developing personalized treatments for pSS patients.

Background: This proof of concept study was aimed at characterizing novel salivary biomarkers specific for different
subsets in primary Sjogren’s syndrome (pSS) in order to improve patients’ profiling.

Methods: pSS patients were stratified in three subgroups according to both (a) focus score in the minor salivary
gland biopsies (i.e. intensity of immune cell infiltration in the tissue) and (b) unstimulated salivary flow rate. Healthy
volunteers were included as controls. A nano-HPLC-SWATH-MS approach was used for the analysis of saliva proteome

Results: We found 203 differentially expressed proteins in pSS patients with respect to controls with evident dif-
ferences in the expression of normal constituents of the human salivary proteome (i.e. prolactin-inducible protein,
proline-rich proteins, cystatins) and several mediators of inflammatory processes. The comparative analysis of the pSS
phenotypes unrevealed 63 proteins that were shared and specifically modulated in the three subsets of pSS patients
converging on several inflammatory pathways. Among them S100A protein appeared of particular interest merging
on IL-12 signaling and being significantly influenced by either salivary flow impairment or intensity of immune cell

Conclusions: Constellations of proteins, including ST00A proteins, characterize different pSS subsets reflecting either
salivary gland dysfunction or inflammation. Salivary proteomics may foster future research projects ultimately aimed
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Background

Primary Sjogren’s syndrome (pSS) is a complex auto-
immune disease characterized by a wide spectrum of
clinical features, ranging from inflammation and hypo-
function of salivary and lachrymal glands to severe
multi-systemic organ involvement, potentially evolving
into malignant lymphomas [1-5]. In fact, a significant
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inter-subject variability has been described in pSS also
at glandular level, with patients presenting a great deal
of variation in the intensity of their minor salivary gland
biopsy (MSGB) infiltrates and in salivary flow production
[6-8].

Recently, a growing interest has arisen in pSS patient
stratification in order to move towards personalized
treatments. To identify reliable biomarkers able to distin-
guish pSS sub-groups, salivary “omics” techniques have
been in the spotlight as novel, valuable tools [9-12]. Sev-
eral candidate biomarkers have been proposed including
numerous defense proteins, like salivary immunoglobu-
lins, cationic peptides, lysozyme, prolin-rich proteins,
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mucins and cystatins [12-25]. Despite these encourag-
ing results, however, translation into clinical practice of
the identified putative biomarkers has not been accom-
plished and particularly, pSS inter-subject variability and
heterogeneity have not been addressed [26].

In this proof of concept study a high-throughput liquid
chromatography coupled to a data-independent sequen-
tial window acquisition of all theoretical fragment ion
spectra (SWATH-MS) approach was used to search for
salivary proteomic biomarkers in pSS specific subsets.
For the purpose of this study patients were stratified on
the basis of (1) the complexity of lymphocytic infiltra-
tion detected in MSGB and (2) on the variation of their
unstimulated salivary flow rate (USER).

The ultimate aim of this study was to contribute to the
comprehension of the complexity of the disease, through
the identification of novel salivary biomarkers potentially
related to pSS different subsets characterized by distinc-
tive pathophysiological processes.

Materials and methods

Patient recruitment

To identify proteomic patterns specific to salivary gland
inflammation or dysfunction, we included in this study
patients with pSS (AECG 2002) [27] who had low-grade
or high-grade inflammation in their salivary gland biop-
sies and impaired or normal saliva production. More spe-
cifically, according to the literature [28, 29], we defined
the level of tissue inflammation on the basis of the focus
score in the gland biopsies, considering a focus score >3
as high, and the unstimulated salivary flow as decreased
when lower than 1.5 ml/15 min. Patients were therefore,
subgrouped in three different disease phenotypes charac-
terized by high-grade inflammation and normal unstim-
ulated salivary flow rate (i.e. high focus/normal flow),
high-grade inflammation and decreased unstimulated
salivary flow rate (i.e. high focus/low flow) or low-grade
inflammation and decreased unstimulated salivary flow
rate (i.e. low focus/low flow), respectively.

Exclusion criteria were the presence of signs or symp-
toms of periodontitis and a USFR<0.2 ml/min [23].
Moreover, we decided not to include pSS patients with
mild infiltrates and USFR>2.5 in order to restrict the
analysis to subjects with at least either histopathological
or functional findings suggestive for the diagnosis of pSS.
A total of twenty patients were included in the study. And
age- and sex-matched healthy volunteers were used as
controls.

Salivary samples collection and pre-processing

Salivary samples were collected according to a standard-
ized protocol [15, 18]. Briefly, unstimulated whole saliva
was collected between 9 and 11 a.m. from patients who
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had refrained from eating or drinking for 2 h. Immedi-
ately after collection and salivary flow rates determina-
tion, samples were centrifuged at 2000x g for 20 min at
4 °C to remove debris and cells, and protein concentra-
tion determined by Protein Assay dye reagent (Bio-Rad;
Richmond, CA). Samples belonging to the same group
were pooled in duplicate and stored at —80 °C until
analysis.

Minor salivary gland samples collection

and histopathologic analysis

MSGBs were obtained as part of routine diagnostic pro-
cedures in pSS patients, fixed in neutral buffered for-
malin, paraffin-embedded and H&E stained. All the
samples were re-evaluated by an expert pathologist for FS
assessment.

Proteomics sample processing

Albumin and IgG were removed from saliva specimens
by immunoaffinity chromatography using the Proteo-
Prep Immunoaffinity Albumin and IgG depletion kit
(Sigma Aldrich, St. Louis, USA). 20 pg of depleted pro-
teins were dissolved in Ammonium Bicarbonate 25 mM,
reduced using dithiothreitol 5 mM at 80 °C for 20 min
and alkylated with iodoacetamide 10 mM in dark at 37 °C
for 30 min. Digestion was obtained incubating overnight
with 1:100 trypsin (Roche, Germany): substrate at 37 °C.
Peptide solutions were acidified and then loaded on a
C18 cartridge in order to eliminate debris and addition-
ally cleaned with 0.22 pm filters. Peptides were diluted
to 0.1 pg/pL by 2% Acetonitrile (ACN, Romil, UK)/0.1%
Formic Acid (FA); 5 puL were injected for library search-

™

ing and 2 pL in duplicate for SWATH = method analysis.

NanoLC-MS/MS SWATH analysis
Chromatographic separation of peptides was performed
using a nano-HPLC system (Eksigent, ABSciex, USA)
with a loading pump that pre-concentrated the sam-
ple in a pre-column cartridge (PepMap-100 C18 5 pum
100 A, 0.1 x 20 mm, Thermo Scientific, USA). Then sepa-
ration was done in a C18 PepMap-100 column (3 pm,
75 um x 250 mm, Thermo Scientific, USA) at a flow
rate of 300 nL. min~'. Runs were performed with eluent
A (Ultrapure water, 0.1% FA) under 60 min linear gradi-
ent from 5 to 40% eluent B (ACN/0.1% FA) followed by
10 min of a purge step and 20 min re-equilibration step.
Peptides eluted from chromatography were directly
processed using TripleTOF " 56004 mass spectrom-
eter (ABSciex, USA) equipped with a DuoSpray" ion
source. Data were acquired using a SWATH-MS method
for large scale data independent MRM acquisition. An
Information Dependent Acquisition (IDA) method was
first generated and used to acquire the samples, in order
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to build a comprehensive spectral ion library for subse-
quent MRM processing. SWATH-MS acquisitions were
performed over a mass range of 400—-1250 m/z split into
35 overlapping isolation mass windows of 26 Da each
(25 Da/mass selection for optimal ion transmission effi-
ciency and 1 Da of window overlap). Peptide activation
was performed using CID, using nitrogen as inert gas,
with rolling collision energy and 5 eV of energy spread.
The accumulation time was set to 0.25 s for MS1 and
90 ms for MS2 scan. The entire duty cycle was approxi-
mately 3.2 s. Maximum resolving power was reached at
20,000 enabling the extraction of fragment ion within an
accuracy of 10-30 ppm.

For library, MS/MS data were processed with Protein-
Pilot™ Software (ABSciex, USA). The false discovery rate
(FDR) analysis was set to a confidence level of 95%.

The label free statistical comparative analysis was
performed using PeakView  Software with MS/MS
(ALL) with SWATH™ Acquisition MicroApp 2.0 and
MarkerView (ABSciex, USA). Retention time alignment
was obtained using selected peptides (top confidence and
top level transitions) from top score protein. Processing
settings were: 7 peptides per protein, 7 transitions per
peptide, 92% peptide confidence (according to Paragon
algorithm result) and 1% FDR; XIC options: extraction
window 10 min, width 50 ppm and 0.1 Da.

Fragment ion abundances were extracted for each
matched peptide and integrated together in order to
obtain the peptide abundance. Proteins abundances were
calculated by summing the abundances of their specific
peptides and normalization was performed using the
total ion current (TIC) extracted from the full MS1 sur-
vey scan acquisition for each run.

Gene ontology (GO) terms analysis

All differentially expressed proteins commonly found in
the three pSS phenotypes (group A, B and C) were cat-
egorized for GO annotations using the ClueGo plug-in
[30] of Cytoscape software. This tool allows the extrac-
tion of non-redundant biological GO features, the fusion
of those terms which share similar associated genes and
their grouping according to their kappa score. GO analy-
sis was performed with the following parameters: a GO
tree interval between 3 and 8 levels; an inclusion cri-
terion of at least 3 proteins and 4% of proteins per GO
term, and a kappa score of 0.4 was selected; significance
(p value) of protein entries association with each term
was calculated using a two-side hypergeometric test and
corrected with a Bonferroni step down. GO terms with
a p value <0.01 were included for the analysis. GO term
grouping was carried out with 1 initial group size and a
50% genes group merge.
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ELISA assay

S100A7/psoriasin levels were determined by CircuLex
S100A7/psoriasin ELISA kit (MBL International Corpo-
ration), following manufacturer’s instructions. Thirty-five
additional pSS patients (AECG 2002), properly strati-
fied in the three above defined groups were included in
order to validate the differential expression of S100A7/
psoriasin in whole saliva. Data were compared using the
Mann—Whitney U test and a p value lower than 0.05 was
considered as significant.

Statistical analysis

The experimental data were analysed for statistical signif-
icance using R software (version 3.5.1) A Shapiro—Wilk
test was used to assess the normality of data distribution.
Level of significance between pSS groups was addressed
by performing a Student’s two-tailed t-test. p values were
corrected using the Benjamini-Hochberg procedure
as post hoc test, in order to minimize any type I errors
and thus the occurrence of false positives. Proteins were
considered significant and differentially expressed with a
p value lower than 0.05 and a fold change higher than 2
(—2>FC>+2).

Results

Patient features

Twenty pSS patients and 20 age- and sex-matched
healthy volunteers were included in the study. As defined
in Methods, we subgrouped three pSS patients pheno-
types who differed for sialometry and MSGB focus score.
Patients’ demographic and clinical features are summa-
rized in Additional file 1: Table S1. Patients presenting
high focus/normal flow were significantly younger when
compared to those included in the other groups. No fur-
ther differences were detected between the three groups.
Figure 1 shows representative images of MSGBs char-
acterized by different focus score and infiltrate compo-
sition severity. Figure 1A, B show respectively the H&E
stain of a MSGB with lower focus score and the relative
lymphocytic infiltration, mainly consisting of T-cells. Fig-
ure 1C-F depicts a more severe lesion with higher focus
score and a more complex infiltration characterized by
T-cells (1D), B-cells (1E) and germinal centers (1F).

Saliva proteomics profiling
Comparison between the three pSS phenotypes and
healthy controls was carried out by using the normalized
protein abundances derived from the integration of all
the peptide-specific extract ion chromatograms fragment
ions for each matched protein.

A total of 674 proteins were identified in the ion spec-
tral library with a FDR lower than 1%. Among these
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Fig. 1 Immunohistochemical characterization of different subsets of pSS phenotypes. Representative images of different subsets of pSS: MSGB
characterized by a low focus score (A H&E stain, magnification x4) with T-cell marker (CD3) immunohistochemically evaluated (B) and MSGB
characterized by a high focus score (C, H&E stain, magnification x4) with the inflammatory cell infiltrate evaluation [CD3 (D), CD20 (E) and CD21 (F)]

detected proteins, 302 proteins were quantified across all
samples with a Protein Confidence higher than 95% and
with a local false discovery rate lower than 1%, as strin-
gent criterion to avoid false positives (Additional file 2:
Table S2).

203 proteins resulted differently expressed in pSS
patients with respect to control group. The majority of
those proteins were up-regulated in pSS patients com-
pared to controls. Particularly, 21.5%, 51.3% and 53.6%
of proteins were found to be over-expressed (FC>+2,
p<0.05) in pSSpatients with high focus/normal flow, high

focus/low flow and low focus/low flowrespectively, com-
pared to controls. On the other hand, the level of down-
regulated (FC<—2, p<0.05) proteins was significantly
low with 2.6%, 6.6% and 5.6% for pSS patients with high
focus/normal flow, high focus/low flow and low focus/
low flow, respectively (Fig. 2).

We found evident differences between control group
and the three pSS phenotypes regarding the expression
of proteins that are normal components of the human
salivary proteome, including: prolactin-inducible pro-
tein (PIP), proline-rich proteins (PRPs), cystatins and
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Fig. 2 Comparison between pSS phenotypes and controls. Volcano plots show the differentially expressed proteins up- and down-regulated (fold
change threshold =2) among pSS phenotypes High Focus/Normal Flow, High Focus/Low Flow and Low Focus/Low Flow relative to controls
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Fig. 3 Significant differentially expressed proteins. Bar plots show the relative protein abundances between controls (grey) and High Focus/Normal
Flow (blue), High Focus/Low Flow (red) and Low Focus/Low Flow (green) pSS groups of prolactine-inducible protein (a), proteins involved in the
inflammatory process (b); protein family members of proline-rich proteins (c) and Cystatins (d). Difference significance was expressed as follows:
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several mediators of inflammatory processes, as well.
In particular, PIP protein showed lower level of expres-
sion compared to control especially in pSS patients with

high focus/low flow, while no significant variations were
observed between patients with high focus/normal flow
and low focus/low flow relative to controls (Fig. 3a).
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Some members of PRPs family such as, small proline-rich
protein 3, 2A and 2F, together with proline-rich protein
4 showed a higher level of up-regulation in patients with
high focus/low flow than patients with high focus/normal
flow and low focus/low flow compared to controls, with
the only exception for basic salivary proline-rich protein
1 and 2, which showed a reverse trend (higher in patients
with high focus/normal flow and low focus/low flow
compared to patients with high focus/low flow) (Fig. 3c).
Cystatins were generally downregulated in patients with
high focus/low flow compared to patients with high
focus/normal flow and to some extent to patients with
low focus/low flow with an exception for cystatin B and
A that are expressed by oral mucosa and not by salivary
glands and that showed a higher expression in patients
with high focus/low flow than in the other patient pheno-
types compared to control group (Fig. 3d). Interestingly, a
large number of proteins differentially expressed among
the three phenotypes of pSS were shown to be involved
in the regulation of inflammatory processes (Fig. 3b). The
majority of them showed a similar pattern of expression
characterized by a significant increase in patients with
high focus/low flow compared to the other pSS pheno-
types, relative to controls. In particular, we observed
that the levels of both lactotransferrin and macrophage
migration inhibitory factor, which are implicated in the
activation of NF-kB pathway through LPS signaling, were
drastically higher in patients with high focus/low flow. To
the same extent, two members of the interleukin family,
namely interleukin 1 receptor agonist and interleukin 36
gamma, and plastin-2 which altogether participate to the
interleukin 12 mediated signaling pathway, were found to
be up-regulated in patients with high focus/low flow and
in those with low focus/low flow, respectively. Moreover,
proteins involved in the antimicrobial humoral response
such as Myeloperoxidase, Azurocidin, Lysozyme and
Bactericidal fold-containing family B member 1, showed
all the same expression trend with higher levels in
patients with high focus/low flow. Finally, different mem-
bers of cathepsin family involved in the regulation of
complement activation, were found to be up-regulated in
all the three phenotype groups (Cathepsin B and D) com-
pared to control group, while Cathepsin G and Z showed
a significant increase in patients with high focus/low flow
and in those with low focus/low flow, respectively, com-
pared to control group.

Comparative analysis of different pSS phenotypes: do S100
proteins have a role in disease profiling?

Among the overall differentially expressed proteins, the
three pSSgroups shared 63 proteins, whereas 19 and 23
were uniquely found in in patients with high focus/low
flow and in those with low focus/low flow, respectively
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(Fig. 4a, Additional file 3: Table S3). The level of variation
of the 63 proteins commonly identified in all three pSS
phenotypes were compared in order to have an overall
view of the main differences between the three subsets.
As evidenced by the heat map, patients with high focus/
low flow and in those with low focus/low flow, showed a
higher level of up-regulation compared to patients with
high focus/normal flow, indicating a clear variability
among different phenotypes of the same disease (Fig. 4b).

In order to understand the functional network in
which these proteins belong to, GO enrichment analysis
was carried out for biological processes (Fig. 5). Results
showed a significant enrichment of GO terms associ-
ated to the regulation of immune response, chemokine
production and secretion, chemotaxis, macrophage acti-
vation and in general to several other pathways that regu-
late the inflammatory processes. Accordingly, the family
of S-100 proteins were found to co-localize in almost
all the canonical pathway associated to the regulation of
inflammatory response, including IL-12 signaling, thus
indicating a key role of this class of proteins in this bio-
logical process. Of note, the level of S-100 A2, A7, A8 and
A9 was shown to be higher in in patients with high focus/
low flow, while S-100 A11 and A12 appeared significantly
increased in patients with low focus/low flow, (Fig. 6a).
Due to the potential pathogenetic role of S1I00A pro-
teins in pSS and in the production of other inflammatory
mediators, including IL-1 family proteins, we validated
the expression of S100 A7 in 19 additional pSS patients
and 8 controls confirming that SI00A7 expression was
significantly higher in patients with high focus/low flow
(305.6+ 174 ng/ml vs 11414 ng/ml vs 75.7 £21.6 ng/ml,
p=0.000) (Fig. 6b).

Discussion

In this proof of concept study we identified several can-
didate salivary biomarkers able to distinguish patients
with pSS from healthy controls and also to characterize
different subsets of the disease. A number of specific pro-
tein families resulted as differently expressed in the three
subgroups stratified according to patients unstimulated
salivary flow rate and MSGB focus score. We speculated
that these proteins may represent potential candidate
biomarkers for disease specific pathogenic pathways and
pSS clinical subsets.

In patients with established pSS and decreased sali-
vary flow (i.e. both patients with high focus/low flow and
low focus/low flow), proteomics analysis showed a con-
siderable reduction of the normal constituent of saliva
(i.e. PRPs, cystatins, GCDFP15/PIP, carboanhydrase VI)
directly correlated to the impairment of salivary flow
and to the salivary gland damage. In particular, patients
with high focus/low flow expressed at the highest level
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inflammation proteins, thus mirroring salivary gland
infiltration. Moreover, another class of proteins, specifi-
cally increased in these patients with low salivary flow,
was represented by inflammatory proteins including
MPO, H4 and cathepsin G. These proteins exert a pivotal
role in the modulation of oral microbiota but their func-
tional role remained enigmatic. In this study we enrolled
patients without an overt periodontitis, however, we used
whole saliva therefore we cannot exclude that these pro-
teins may reflect the alteration of oral environment.

As expected, considering the preserved salivary flow
and the significant younger age at the diagnosis, patients
with high focus/normal flow presented a less remarked
reduction of the normal constituent of saliva. A likely
hypothesis is that those patients are characterized by an
early pSS phenotype that may be favored towards the
evolution into the other subgroups. From this perspective

the observed alterations may be suggested as early bio-
marker of the disease. However, since we used a cross-
sectional study design in the absence of longitudinal
prospective data, it remains debatable whether the three
subsets may evolve one into the other over the time.

A point of strength of the study was the adopted work-
flow strategy. Proteomic studies carried out in pSS in the
past few years, have focused on highly abundant proteins,
normal components of whole saliva. In the current work
we applied a immunodepletion protocol to remove albu-
min and IgGin order to unmask potential low-abundance
biomarkers. A similar immunodepletion protocol was
used in 2015 by Deutsch et al. [22]. These authors by
applying 2D-PAGE and quantitative dimethylation liquid
chromatography tandem mass spectrometry (LC-MS/
MS) described 61 proteins differentially expressed in pSS
vs healthy controls. In our work, instead of 2D-PAGE



Cecchettini et al. Clin Proteom (2019) 16:26 Page 8 of 11

antimicrobial humoral response

regulation of lipopolysaccharide-mediated signaling pathway
regulation of chemokine production
regulation of protein activation cascade
regulation of humoral immune response
positive regulation of organic acid transport
macrophage chemotaxis

protein kinase A signaling

positive regulation of production of molecular mediator of immune response
macrophage migration

cellular oxidant detoxification

hexose biosynthetic process

killing of cells of other organism

disruption of cells of other organism
negative regulation of intrinsic apoptotic signaling pathway
positive regulation of anion transport
defense response to fungus

regulation of organic acid transport

positive regulation of inflammatory response
gluconeogenesis

tumor necrosis factor production

positive regulation of fibroblast proliferation
positive chemotaxis

regulation of complement activation
response to interleukin-12

macrophage activation

positive regulation of lipid localization
interleukin-12-mediated signaling pathway
cellular response to interleukin-12

regulation of fibroblast proliferation
response to fungus

NAD metabolic process

| ) ©
-logqg (p-value)

Fig. 5 Gene ontology (GO) analysis for biological processes. A significant enrichment of canonical pathways related to inflammatory response was
evidenced for the 63 differentially expressed proteins found to be in common between the three pSS phenotypes described in this study

$100 proteins b 600-

400 -

S100A7

200 +

Log2 Abundances

-200 r . : :
Controls High Focus - High Focus - Low Focus -
Normal Flow Low Flow Low Flow

Fig. 6 Proteomic profiling of S100 proteins. Different response of S100 family members was evidenced across High Focus/Normal Flow (blue), High
Focus/Low Flow (Fleissig et al.) and Low Focus/Low Flow (green) pSS groups. (a); ELISA assay validated the MS data. Figure shows the concentration
(expressed in ng/ml) of S 100 A7 in controls and the three pSS phenotypes (b); *p <0.05; **p < 0.01; ***p < 0.005; ****p <0.001




Cecchettini et al. Clin Proteom (2019) 16:26

we exploited a nano-HPLC system coupled with a Tri-
pleTOF 5600+ mass spectrometer. This high throughput
technique allowed the identification of 133 differentially
expressed proteins. Thus, in addition to normal com-
ponents of saliva, we were able to characterize proteins
involved in oral innate and adaptive immune response
[31].

Interestingly GO analysis showed a significant enrich-
ment of canonical pathways related to antimicrobial and
inflammatory response in all of the three pSS subsets
thus indicating that potential biomarker of disease could
be fished among them.

We specifically focused on S100A proteins that have
been reported to be increased in saliva and serum of pSS
[32] and associated also to a high risk of vascular com-
plications in pSS patients [33—-35]. S100 A proteins con-
verged on IL-12 signaling at the GO analysis, a biological
process that has been demonstrated to play active roles
in the expansion and organization of infiltrative injuries
in SS, mirroring specifically DC involvement and Thl
cells differentiation in the disease pathogenesis [6, 36].
We found that S100A proteins were expressed abun-
dantly in saliva, at local sites of inflammation, and we
also observed their increase in a stage-manner from pSS-
phenotype with normal flow to pSS-phenotype with low
flow. These observations lead us to speculate that these
proteins may be key factors in the progression of pSS
glandular dysfunction and oral involvement and can be
used as biomarkers for pSS.

Infact, among S100 A proteins, S100A7, S100AS,
S100A9, S100A12 have been already described as dif-
ferentially expressed in other systemic autoimmune dis-
eases and particularly in Systemic Sclerosis [11, 37-40].
Moreover, increased S100A7 has also been observed in
oral dysplasia thus arising the possibility that the oral epi-
thelium might be the source of expression for them, also
in pSS [41].

However, although the exact role of S100 proteins in
the pathogenesis of pSS is notyet clear, their increased
expression in infiltrating cells and around blood vessel
walls has been demonstrated, thus suggesting that they
might be functionally relevant in the pathogenesis ofthe
disease [42—44]. Indeed, S100 proteins are able to inter-
act with TLR4 and to induce a TLR4-dependent NF-kB
activation and a pro-inflammatory cytokine response in
monocytes [45, 46].

We acknowledge that our results need to be validated
in a larger population including not only pSS patients but
also different disease control groups (i.e. patients with
HCYV infection or sarcoidosis). Moreover, further stud-
ies are necessary to deeply investigate the role of S100
proteins in pSS pathogenesis. However, this proof of
concept study reinforces the role of salivary proteomics
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in profiling different subsets of pSS and the potentiality
of this approach in unveiling pathophysiologic processes
underlying glandular inflammation and dysfunction.

Conclusions

In this study we have explored the potentialities of sali-
vary proteomics to identify pSS different phenotypes.
The originality of our work stands in the use of a power-
ful LC-SWATH-MS technology to the analysis of a com-
plex and heterogeneous systemic disease such as pSS.
This approach allowed the identification of a panel of dif-
ferently expressed proteins that seems apparently able to
distinguish specific subsets of pSS patients. Some of the
identified proteins apparently reflect the inflammation
and damage that characterize pSS. Other proteins such
as S100 proteins have a more defined role in the patho-
genesis of the disease. Therefore, these findings, once
evaluated in larger studies, may represent the first step
towards the identification of reliable biomarkers, useful
to stratify homogeneous subsets of patients. The identi-
fication of S100 proteins as potential pSS early biomark-
ers for pSS glandular inflammation and dysfunction may
improve the assessment of the disease, ultimately foster-
ing the development of novel tailored treatments.
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Additional file 1: Table S1. Patients demographic and clinical features
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Additional file 2: Table S2. Quantitative data from the three different
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and Low Focus/Low Flow). Protein abundances are expressed as average
between biological and technical replicates. Fold changes were calculated
relatively to control group. Reproducibilty was expressed as %CV.

Additional file 3: Table S3. Differentially expressed proteins found in
common between High Focus/Normal Flow, High Focus/ Low Flow
and Low Focus/Low Flow groups. Fold changes were showed per each
protein.
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