Phagocyte-specific SI00A8/A9 is upregulated in primary
Sjogren’s syndrome and triggers the secretion of
pro-inflammatory cytokines in vitro

C. Nicaise!?, L. Weichselbaum?, L. Schandene?, V. Gangji’, F. Dehavay?,
J. Bouchat!, B. Balau', T. Vogl’, M..S. Soyfoo?

'URPhyM-NARILIS, Université de Namur, Belgium;

’Department of Pathology, Hopital Erasme, Université Libre de Bruxelles, Belgium;
SDepartment of Rheumatology, Hopital Erasme and Laboratory of Bone and Metabolic
Biochemistry, Faculty of Medicine, Université Libre de Bruxelles, Belgium;
“Department of Immunology, Hopital Erasme, Université Libre de Bruxelles, Belgium
Institute of Immunology, University of Miinster, Germany.

Abstract
Objective
To determine the role of SI00AS/A9 in the pathogenesis of primary Sjogren’s syndrome (pSS).

Methods
The serum levels of SI00A8/A9 were determined in pSS patients and healthy controls by ELISA. The expression of
S100A8/A9 in salivary glands was assessed by immunohistochemistry. The phenotype of SIO0A8* and S100A9* cells
was identified using double immunofluorescence. The effects of SIO0A8/A9 on cytokine production by peripheral blood
mononuclear cells (PBMCs) from pSS patients were determined in vitro by flow cytometry. The effects of pro-inflammatory
cytokines on S100A8/A9 secretion were additionally investigated in vitro by ELISA in PBMCs from pSS patients and
control subjects.

Results
Serum levels of SI00AS/A9 were significantly increased in pSS patients compared to healthy controls. The tissular
expression of SI00A8 and S100A9, identified in professional phagocytes (neutrophils, monocytes and plasmacytoid
dendritic cells), was increased in the salivary glands of pSS patients and correlated with focus score.
In vitro, recombinant S100A8/A9 increased the production of IL-1f, IL-6, TNF-a, IFN-v, IL-10, IL-17A and IL-22 by
PBMCs. The SI00A8/A9-induced increase in TNF-a. production in pSS patients was significant relative to controls.
Furthermore, IL-1[3, TNF-a, IL-6, and IL-17A stimulated release of SI00A8/A9 from PBMCs in pSS patients.

Conclusion
S100A8/A9 is increased in pSS patients contributing to the in vitro increased production of pro-inflammatory cytokines.
As such, SIO0AS/A9 in concert with other cytokines might contribute to the pathogenesis of pSS.
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Introduction

Sjogren’s syndrome (SS) is an autoim-
mune disorder with the pathological
hallmark of lymphocytic infiltration of
salivary and lacrimal glands (1). The
clinical spectrum of the disease varies
from the classical dry mouth and eye
symptoms to a more severe systemic
involvement of several organs. The
pathobiology underlying SS is still elu-
sive but several contributing players
including the up-regulation of Toll-like
receptors, release of pro-inflammatory
cytokines, cell death, apoptosis and
activation of T and B cells have been
shown to contribute to disease initia-
tion and perpetuation (2). The role of
damage associated molecular pattern
(DAMP) molecules has been forwarded
as new potential candidates in fostering
autoimmune inflammation in SS (3-5).
DAMPs or alarmins are liberated in
the extracellular milieu to alert the im-
mune system of imminent danger (6).
The immune system responds either by
clearing the intruding pathogens and/or
by additional secretion of pro-inflam-
matory cytokines that further activate
immigrating phagocytes.

S100A8 and S100A9 are two calcium-
binding proteins belonging to the S100
family and are also known as myeloid
related protein (MRP8) and MRP14 (7-
9). Importantly, SIO0A8 and S100A9
exist mainly as S100A8/S100A9 het-
erodimer (termed calprotectin) and
are expressed by granulocytes, mono-
cytes and early differentiation states of
macrophages. Homo-dimeric as well
as tetrameric S100A8 and S100A9
complexes have specific intracellular
and extracellular functions (10). As a
pleiotropic protein, SI00A8/A9 has a
widened spectrum of function, playing
central roles in inflammatory processes,
exerting cytokine-like and chemokine-
like features and act as innate amplifi-
ers during infectious and autoimmune
diseases (11). More recently, SI00AS8/
A9 have been identified as important
DAMPs acting as endogenous ligands
of Toll-like receptor 4 (TLR4) and
promote systemic endotoxin-induced
shock (12).

The involvement of S100A8/A9 in
systemic lupus erythematosus (SLE),
rheumatoid arthritis (RA), juvenile
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idiopathic arthritis and pSS has been
described but its role in the pathogen-
esis of primary SS (pSS) is still unde-
termined (13-21). In the present work,
we hypothesise the potential role of
S100A8/A9 as an alarmin contributing
to the pathogenesis of pSS.

Patients and methods

Patients and controls

Blood was collected from 89 pSS pa-
tients and 76 healthy controls. All pa-
tients fulfilled the revised American-
European criteria for pSS (22). Disease
activity was evaluated by the European
Sjogren’s syndrome disease activ-
ity index (ESSDAI) (23). Labial sali-
vary gland biopsies from pSS patients
(n=38) and controls (sicca patients i.e.
without immunological profile and not
fulfilling criteria for pSS) (n=16) were
obtained from the biobank of the de-
partment of pathology of the Erasme
Hospital. The local ethics committee
approved this study.

ELISA

Serum concentrations of S100A8/A9
were assessed by a sandwich ELISA that
allows detection of the SI00A8/S100A9
heterodimer as previously described
(13). The ELISA was calibrated with na-
tive SI00A8/S100A9 complexes. Sensi-
tivity of the assay was 0.5 ng/mL.

Cell culture

Peripheral blood mononuclear cells
(PBMC) from 10 pSS patients and
8 healthy controls were isolated and
stimulated with 1 pg/ml of SIO0AS8 and
S100A9 to determine cytokine produc-
tion (IL-1f3, IL-2, IL-4, IL-5, IFN-y,
TNF-a, IL-6, IL-9, IL-10, IL-12, IL-
13, IL-17A, IL-22) by flow cytometry
(eBioscience, Vienna, Austria). PBMC
from 6 pSS patients and 6 healthy con-
trols were also stimulated with TNF-a,,
IL-1B, IL-6 and IL-17 and LPS to de-
termine S100A8/A9 release.

Immunohistochemistry and
immunofluorescence

Immediately after removal, salivary
glands (SG) were fixed in 4 % buff-
ered formaldehyde, paraffin-embedded
and sectioned (5 pm-thick). Immu-
nostaining against human S100AS8



Table I. Clinical and demographic charac-
teristics of pSS patients.

Clinical features

Number of patients 89
Age (years) 53+1.5
Gender (F/M) 74/15
Disease duration (years) 6.3 +0.76
ESSDAI 255+022
Medications n
Hydroxychloroquine 45
Steroids 7
Azathioprine 3
Methotrexate 2
Rituximab 1
Clinical features

Anti SSA+ 52
Anti SSB+ 31
Articular 54
Pulmonary 3
Vasculitis 5
Renal 4
Peripheral neuropathy 18
Fatigue 58
Salivary gland swelling 10
Haematologic 4
Biological features

ESR (mm/h) 173 1.8
CRP (mg/dl) 0.5 0.1
IgG (g/dl) 14+06
IgA (g/dl) 023 +0.01
IgM (g/dl) 0.1 £0.01
Neutrophil (/mm?) 3699 + 199
Lymphocytes (/mm?) 1644 £71
Monocytes (/mm?) 468 =20
Complement C4 (mg/dl) 18.1 +£1.35
Complement CH50 (mg/dl) 116 £25.7

Data are expressed as means + SEM.

(HPA024372; Sigma-Aldrich) and
S100A9 (HPA004193; Sigma-Al-
drich) were performed as previously
described using diaminobenzidine
as chromogen (24). The numbers of
S100A8* and S100A9* cells infiltrat-
ing the salivary glands were blindly
counted by two investigators (C.N. and
FD.) using a semi-quantitative score
(score 0: <5 cells/mm?; score 1: <15
cells/mm2; score 2 <50 cells/mm?; score
3 =50cells/mm?). For double immuno-
fluorescence, random salivary gland
sections from control (n=5) and pSS
patients (n=5) were dewaxed, rehy-
drated, permeabilised in Tris-buffered
saline (TBS), and blocked with 5%
normal goat serum for 15 minutes at
room temperature, preceded by a heat-
induced antigen retrieval (10 minutes at
95°C) in 10 mM citrate buffer pH6.0.
Sections were next incubated with the
primary antibodies diluted in TBS with
1% goat serum, overnight at room tem-
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perature. The following primary anti-
bodies were used: rabbit anti-human
S100A8 (HPA024372; Sigma-Aldrich),
1:100; mouse anti-human S100A8
(MAB4570; R&Dsystems), 1:100; rab-
bit anti-human S100A9 (HPA004193;
Sigma-Aldrich), 1:100; mouse anti-
human MPO (392105; R&Dsystems),
1:50; mouse anti-human CD68 (M08 14;
Dako), 1:50; mouse anti-human aSMA
(18-0106; Life Technologies), 1:100;
mouse anti-human CD123 (MAB301;
R&Dsystems) 1/25; and mouse anti-
human cytokeratins (clone AE1/AE3,
Dako), 1/100. The secondary antibod-
ies goat anti-rabbit IgG conjugated to
Alexa Fluor 488 (1:200; Life Technolo-
gies) and goat anti-mouse IgG conju-
gated to Alexa Fluor 568 (1:200; Life
Technologies) were added for 1 hour at
room temperature. Slides were washed
once again in TBS and mounted using
Prolong Gold anti-fade reagent plus
DAPI (P36931; Life Technologies). In
all experiments, negative controls were
carried out by omitting the primary an-
tibody. Images were acquired on an up-
right epifluorescent microscope (Olym-
pus BX63) equipped with ORCA-ER
camera (Hamamatsu).

Statistical analysis

Significance was assessed by one-way
analysis of variance followed by multi-
ple comparisons for multiple compari-
sons and the -test for comparison be-
tween 2 different groups. Spearman’s
rank coefficient was used to determine
the correlation with different biological
variables and ESSDAI. The Kendall
tau Rank Correlation was used to com-
pute the correlation between S100AS8/
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A9 tissular immunoreactivites and
Chisholm score (Wessa, 2012, Kend-
all tau Rank Correlation (v. 1.0.11) in
Free Statistics Software (v. 1.1.23-17),
Office for Research Development and
Education, URL http://www.wessa.
net/rwasp_kendall.wasp/). p<0.05 was
considered as statistically significant.

Results

In our study we included 89 pSS pa-
tients and 76 control subjects. The rel-
evant clinical data of pSS patients are
summarised in Table I. The control sub-
jects for the dosage of serum S100A8/
A9 were healthy patients (without any
sicca symptoms) and consisted of 50
females and 26 males (18+2.9 years).
The serum levels of SIO0A8/A9 were
significantly increased in pSS patients
compared to controls (p<0.001, Fig.
1). The increase in S100A8/A9 ob-
served in pSS patients was significant
in pSS patient subgroups with anti-
SSA (and/or anti-SSB, data not shown)
antibodies compared to pSS patients
without anti-SSA antibodies or con-
trols (p<0.001). We next determined
if serum S100A8/A9 levels could be
a marker of disease activity of pSS.
There was no significant correlation
between serum S100A8/A9 levels and
ESSDAI (r=0.11 and p=0.299, data not
shown). We also determined whether
serum levels of SI00A8/A9 could cor-
relate with high disease activity (ES-
SDAI= 5). Serum S100A8/A9 levels
were not significantly increased in pSS
patients with high disease activity com-
pared to pSS patients with low disease
activity (p=0.14) and did not correlate
with disease activity (p=0.25). There
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Fig. 2. S100A8 immunohistochemistry in labial salivary glands of controls (A) and pSS patients (B). Quantification of SI00A8 immunoreactivity (S100A8-
ir) shows a significantly higher density of SI0O0A8* cells in SG from pSS patients compared to controls (p<0.001) (C). Inset in C represents the correlation
between Chisholm score and S100A8 histological score. D-F. SI00A9 immunohistochemistry in labial salivary glands of controls (D) and pSS patients
(E). Quantification of SI00A9 immunoreactivity (S100A9-ir) shows a significantly higher density of SI00A9* cells in SG from pSS patients compared
to controls (p<0.001) (C). Inset in F represents the correlation between Chisholm focus score and SI00A9 histological score. SI00A8 and S100A9 im-
munoreactivities were confined to the cytoplasmic compartment of infiltrating cells, although some S100A9 extracellular staining could be detected for the

were semi-quantified on 16 and 38 slides respectively for controls and pSS patients. As shown in panel G”, SI00A8* cells (green, G) co-express SI00A9
(red, G). Scale bar in A, B, D, E and G represents 50 um.

was no significant correlation of serum
S100A8/A9 levels with the histologi-
cal focus scores in the salivary glands
(SG) in pSS patients (data not shown).
Furthermore, correlations with differ-
ent clinical laboratory variables were
made. We could determine significant

correlations of serum S100A8/A9 lev-
els with lymphocyte counts (r= -0.21;
p=0.01), serum IgA (r=0.368; p=0.007)
and C-reactive protein (r=0.30; p=0.01)
while other clinical variables such as
erythrocyte sedimentation rate, circu-
lating monocytes, neutrophils and other
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serum immunoglobulins did not corre-
late significantly with serum S100A8/
A9 levels.

Next, we determined the immunore-
activities for SI00A8 and S100A9 in
the salivary glands from pSS patients
(n=38) and from sicca patients (n=16).
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Fig. 3. The phenotype of intratissular ST00A8* and S100A9 * cells was identified using double immunofluorescence against pan-cytokeratin (panCK),
aSMA, MPO, CD68 and CD123 markers. PanCK-immunoreactive acinar or ductal epithelial cells did not express SI00AS (asterix in A) or SIO0A9 (asterix
in F). Rare S100A8* (B) or SI00A9* (G) cells were labelled for aSMA. Many S100A8* or SI00A9* cells co-expressed MPO (white arrows in C and H),
although colocalisation was not full and some MPO positive cells were not SI00A8* (asterix in C). SI00A8* or SI00A9* cells also co-labelled with CD68
(white arrows in D and I) or CD123 markers (insets in D and I). Scale bars represent 50 pm. n=5 controls and n=5 pSS salivary glands; no difference was
detected in the phenotype of SI00A8/A9-immunoreactive cells between control and pSS samples. Graphs E and J show the percentage of cells double posi-
tive for SI00A8/A9 markers and MPO, CD68, panCK or aSMA.
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There was no immunoreactivity for
S100A8 and S100A9 in the acinar struc-
tures and ducts of SG of both pSS and
controls (Fig. 2A-D). While absent in
control patients, SI00A8* and SI00A9*
cells were infiltrating the connective
tissue around the acini (Fig. 2B and E).
Based on the density of immunoreac-
tive cells per field, we semi-quantified
S100A8 and S100A9 immunoreactivity
in whole-salivary glands. Immunoreac-
tivity scores for SI00A8 (Fig. 2C) and
S100A9 (Fig. 2F) were significantly en-
hanced in Sjogren salivary glands com-
pared to controls (p<0.001 and p<0.001
respectively). Moreover, according to
Kendall tau Rank Correlation, SI00A8
and S100A9 immunoreactivities were
positively correlated to Chisholm score
in Sjogren patients (insets in Fig. 2C
and F, r=043, p<0.001 and r=041,
p<0.01, respectively). Remarkably, all
S100A8* cells co-expressed S100A9
protein and inversely (Fig. 2G). Using
double immunofluorescence, we then
sought to identify the STO0A8/A9 cells
infiltrating the salivary tissue. SI00A8*
or SI00A9* cells never expressed pan-
cytokeratin marker and were rarely im-
munoreactive for aSMA (Fig. 3A-B and
F-G). However, markers of phagocytic
cells, including MPO for neutrophils,
CD68 for monocytes/macrophages and
CD123 for plasmacytoid dendritic cells,
were highly correlated with S100AS8
and S100A9 expressions (Fig. 3C-D
and H-I). More than 60% of S100A8/
A9-expressing cells were MPO*, fol-
lowed by about 37% of CD68* cells and
about 3% of aSMA* cells (Fig. 3E and
J). Among the phagocytic cells immu-
noreactive for SI00A8/A9, we could
identify CD123* cells, most likely plas-
macytoid dendritic cells (insets in Fig.
3D and I).

To determine if the release of SIO0AS8/
A9 triggers an immune response, we in-
vestigated the extent to which ST00AS8/
A9 was able to induce cytokine secre-
tion by PBMCs from pSS patients.
S100A8/A9 in a dose-related manner
(from Ing/ml to 1pg/ml) significantly
stimulated the production of IL-1f3, IL-
6, TNF-a, IFN-y, IL-10, IL-17A and
IL-22. In pSS patients, SIO0A8/A9 at
1ug/ml induced more than 100-fold the
secretion of IL-1f, IL-6, TNF-a (Fig.

A % 20000~ *kk 500+
& *%
5 150004 Mot
B *kk 300+
8 100004
g ek 2000
w
.g 50004 * *%% 1004
X
[e]
& 0- 0-
6\“6\‘5\‘“\ ,&é<<y o O & Qv q,"lr
\Z WV
& AP\ Q @e \\/
B ? 160001
= [ controls
= B 0SS
‘5 120004
°
3 80004
© 30007
o
@ 2000- *
S 10004
[e]
5 o
S AN R &0 A g
RS S RPANIR 2PN ¢
10001 [ controls M pSS
8004

o
1

S100A8/A9 production (pg/ml)

Ladin

medium IL-1 TNF-a IL-17A IL-6

Fig. 4. Stimulation of PBMCs from 10 pSS patients with 1 pg/ml of recombinant S100A8/A9 induced
the significant release of cytokines (IFN-y, IL-13, TNF-a, IL-6, IL-10, IL-17A, IL-22) compared to
unstimulated condition (medium) (A). SI00A8/A9-induced cytokines production in PBMCs from 10
pSS patients relative to age and sex-matched controls (B). IL-1f3, TNF-a., IL-6, Lipopolysaccaride
(LPS) and IL-17A induced release of SI00A8/A9 in PBMCs from 6 pSS patients and 6 age and sex-
matched controls (C). Bars represent values of mean + standard error of the mean.

#p<0.05, ¥p<0.01, ¥¥%p<0.001.

4A). Furthermore, we investigated
whether the S100A8/A9 stimulated
cytokine production by PBMCs from
pSS patients differed from PBMCs
from controls. Similarly to the results
observed with pSS patients, ST00A8/
A9 stimulated the production of IL-1f3,
IL-6, TNF-a, IFN-y, IL-10, IL-17A
and IL-22. The S100A8/A9-induced
cytokine secretion was not signifi-
cantly different between pSS patients
and controls except for a significantly
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greater increase in TNF-a production
in pSS patients (Fig. 4B).

We also determined if the stimulation
by IL-18, TNF-, IL-17A, IL-6 and LPS
could trigger the secretion of SI00AS8/
A9 thereby constituting a vicious in-
flammatory loop perpetuating disease
progression. IL-1f3, TNF-a., IL-6, LPS
and IL-17A significantly (p<0.01) in-
creased the secretion of S100A8/A9
in PBMCs from pSS patients. Simi-
larly, the stimulation of PBMCs with



IL-1B, TNF-a, IL-6, LPS and IL-17A
significantly stimulated S100A8/A9
production in healthy controls. The
S100A8/A9-induced secretion by IL-
1B, TNF-a, IL-6, LPS and IL-17A was
not significantly different between pSS
patients and controls (Fig. 4C).

Discussion

In this study, we show that the expres-
sion of S100A8/A9 is upregulated in
pSS patients, both in serum and in the
salivary tissue and that S100A8/A9
displays both intracellular and extra-
cellular functions and is able to trig-
ger the secretion of pro-inflammatory
cytokines by PBMCs in vitro. Several
lines of evidence underline the involve-
ment of SIO0A8/A9 in triggering in-
flammatory processes (7, 11). In SLE
and RA for example, serum S100A8/
A9 levels have been shown to corre-
late with disease activity and are thus
potential markers to monitor disease
activity and response to treatment. In
SLE, SI00A8/A9 has also been shown
to be valuable markers to differentiate
between disease flare and concomitant
infection (13). SI00A8/A9 secreted by
activated phagocytes in inflammatory
conditions portrays as a better marker
of disease activity as compared to acute
phase reactants synthesised by the liv-
er (13, 25). A pivotal role of the S100
proteins inflammatory processes has
been highlighted by the identification
of a new inflammatory syndrome char-
acterised by extremely high levels of
these molecules (26). Increased serum
and salivary S100A8/A9 levels have
been shown in pSS patients compared
to controls (16, 20, 27). A recent study
by Nordal et al. showed significantly
increased levels of SI00A8/A9 as well
as SI00A12 in a cohort of 141 pSS pa-
tients relative to controls. In another
study, however, serum S100A8A/A9
levels did not differ significantly from
healthy patients while salivary SI00A8/
A9 levels were significantly increased
in SS patients (28). Moreover, faecal
S100A8/A9 was significantly increased
in pSS patients and correlated with
ESSDAI relative to controls (29).

We identified the STO0OA8/A9* cells in-
filtrating the pSS salivary glands as be-
ing mostly polymorphonuclear neutro-
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phils and macrophages. Some S100A8/
A9-immunoreactive cells were sparse-
ly positive for markers of myofibro-
blasts and plasmacytoid dendritic cells,
this should be further confirmed by
using other specific cell markers such
as vimentin or BDCA2 and BDCA4,
respectively. The involvement of plas-
macytoid dendritic cells has recently
been forwarded in the pathophysiology
of pSS or other autoimmune disease
(30,31).

In vitro, we showed that PBMCs expo-
sition to recombinant SI00A8/A9 pro-
motes the release of pro-inflammatory
cytokines. Indeed, SIO0AS8/A9 triggers
the release of TNF-a, IL-6, IFN-v, IL-
10, IL-1pB, IL-17A and IL-22. One of
the main pathophysiological features
of pSS is the release of pro-inflam-
matory cytokines contributing to the
initiation and perpetuation of disease.
As such, STO0A8/A9 once secreted can
stimulate immune cells to produce in-
flammatory mediators such as TNF-a
thereby promoting further infiltration
of epithelial cells and ensuing damage.
Apart from TNF-a, no significant dif-
ference was observed between pSS and
controls patients for other STO0A8/A9-
induced cytokines. This could suggest
that STO0A8/A9-induced activation of
circulating immune cells is not ham-
pered. Furthermore, the production of
pro-inflammatory cytokines can in vi-
cious loop fashion trigger the secretion
of ST00A8/A9 thereby entertaining the
inflammatory cycle perpetuating dam-
age. These observations have also been
shown in psoriasis (32). Our in vitro re-
sults are consistent with other observa-
tions including lupus glomerulonephri-
tis and inflammatory arthritis where
following the secretion of SI00A8/A9
and activation of biochemical cascade
there is transduction of several pro in-
flammatory cytokines (such as TNF-a.).
Furthermore, S100A8/A9, in a con-
certed fashion, through paracrine and
autocrine effects, amplify the inflam-
matory response (33-36). One question
remains open in respect to the effect of
S100A8/A9 on the epithelial cells. To
remind, the increase in serum S100A8/
A9 was only signifcant for the pSS sub-
group with anti-SSA and/or antiSSB
antibodies. Multiple hypothesis might
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explain this phenomenon: autoanti-
bodies-activated phagocytes would be
more prone to extracellularly release
S100A8/A9; or inversely SI00A8/A9*
phagocytes are a population of anti-
gen-presenting cells that stimulate the
humoral response in a way that favors
the production of autoantibodies; or we
cannot rule out a pro-apoptotic effect of
extracellular STO0A8/A9 on glandular
epithelial cells, inducing uncontrolled
release and exposition of autoantigens
to imunne system. Indeed, pro-apoptot-
ic and cytotoxic effects have been de-
scribed when S100A8/A9 was applied
onto cancer cells (37).

In conclusion, our study emphasises
that phagocyte-specific SI00A8/A9 is
upregulated in pSS and that it triggers
the secretion of pro-inflammatory cy-
tokines in vitro that could further con-
tribute to disease perpetuation.

Key message

S100A8/A9 is increased in Sjogren’s
syndrome and could play an important
role in perpetuating inflammation
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