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Introduction

Summary

Primary Sjogren’s syndrome (pSS) is a chronic inflammatory, autoimmune
and systemic disorder commonly associated with dry eyes and a dry mouth.
Recently, the hypothetical link between epithelial-mesenchymal transition
(EMT)-dependent salivary gland (SG) fibrosis and chronic inflammatory
conditions has been suggested. In this study, we present data demonstrat-
ing a negative correlation of the epithelial marker E-cadherin expression
and a positive correlation of mesenchymal vimentin and collagen type I
expression with increasing degrees of tissue inflammation in pSS SG speci-
mens. In addition, as it is not clear whether dysregulated cytokines in
pSS, interleukin (IL)-17 and IL-22 may also contribute to the EMT-de-
pendent fibrosis process, the effect of IL-17 and IL-22 treatment on EMT-
dependent SG fibrosis was evaluated in primary human salivary gland
epithelial cells (SGEC) isolated from healthy subjects. Here we present
data demonstrating that IL-17 and IL-22 can induce SGEC to undergo a
morphological and phenotypical transition to a mesenchymal phenotype.
In support of this, vimentin and collagen type I were up-regulated while
a decreased expression of E-cadherin occurs after interleukin treatment,
and co-operation between IL-17 and II-22 was required to induce the
EMT.

Keywords: EMT, fibrosis, interleukin, salivary glands, Sjogren’s syndrome

crucial source of myofibroblasts in fibrosis [5,6] and this
transdifferentiation is considered as a specialized process

An inflammatory process and inflammatory factors are
inseparably associated with the epithelial-mesenchymal
transition (EMT) by intricate pathways in the chronic
inflammatory condition characterizing several diseases.
Nevertheless, the cellular mechanisms by which inflam-
matory factors promote the EMT are largely unknown.
Primary Sjogren’s syndrome (pSS) is an autoimmune
disease characterized by a severe chronic inflammatory
process with the pre-eminent hallmarks of intense dryness
of the eyes and mouth and lymphocytic foci infiltrates
in lacrimal and salivary gland (SG) tissue [1,2]. The patho-
genic mechanisms are poorly understood, but several lines
of evidence show that the disease is the consequence of
an altered behaviour of the salivary gland epithelial cells
(SGEC), in which the cell phenotype switches from the
epithelial to mesenchymal fibroblast-like cell shape [3,4].
Much evidence indicates that epithelial cells are also a

of the EMT programme that may be a pivotal event in
the SG fibrosis pathogenesis. Importantly, the chronic
inflammatory microenvironment common to fibrotic and
inflammatory cells has emerged as a decisive key element
in triggering the pathological EMT programme [7,8].
In recent years great attention has been paid to the
chronic inflammatory aspects of pSS, and although inflam-
mation is known to be linked with fibrosis, the mechanisms
that lead to this disease and the role of the EMT in the
connecting inflammation and salivary fibrosis remain
unclear. Among the aberrant cytokines involved in the
pathogenesis of several chronic autoimmune inflammatory
diseases, interleukin- (IL)-17 and IL-22 result as important
proinflammatory cytokines in systemic lupus erythema-
tosus [9,10], psoriasis [11], inflammatory bowel diseases
[12,13], rheumatoid arthritis [14-16], multiple sclerosis,
rheumatic arthritis, Crohn’s disease and psoriasis [9,17,18].
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Currently, new evidence indicates that IL-17 and IL-22
are implicated in the pathogenesis of EMT-dependent
fibrosis, reporting that IL-17 triggers the EMT in airway
epithelial cells dependent on transforming growth factor
(TGF)-B1 [19-21], and IL-22 determines a dramatic up-
regulation of TGF-B, a-SMA gene expression, laminin,
hyaluronic acid and collagen type IV in human hepatic
stellate cells, promoting pathological liver fibrosis [22].
Interestingly, elevated IL-17 and IL-22 levels are detected
in SG tissue and serum of patients with pSS, clearly cor-
related with serological markers of pSS disease or the
focus score (FS) [23-28], suggesting their key participation
in this disease pathogenesis [26,29]. As the EMT is induced
by a dramatic up-regulation of cytokines and has an
important role in promoting the progression of fibrosis,
it would be interesting to determine whether IL-17-/IL-22-
dependent EMT occurs in pSS SG tissue and to correlate
the EMT with the severity of the pSS inflammatory grade.
Results obtained established that EMT-related marker
expression is correlated with an increased level of inflam-
mation and pSS disease severity; furthermore, IL-17 and
IL-22 treatment can promote the EMT in healthy SGEC
in vitro, as evidenced by a fibroblast-like morphological
appearance through the loss of the epithelial marker
E-cadherin and augmented mesenchymal markers vimentin
and collagen type I. The current research offers the excit-
ing prospect of discovering IL-17 and IL-22 as new pro-
moters of the EMT, and a plausible link between
inflammation and fibrosis.

Material and methods

Reagents and antibodies

Recombinant reagents and antibodies used were as fol-
lows: human IL-17 and recombinant human IL-22 (both
from Sigma-Aldrich, St Louis, MO, USA), mouse anti-
human f-actin monoclonal antibody (mAb) clone AC- 15
(1 : 100; Sigma-Aldrich), mouse anti-human E-cadherin
mAb (1 : 100; Dako, Santa Clara, CA, USA), mouse anti-
human vimentin mAb (1 : 100; ThermoFisher Scientific,
Middletown, VA, USA) and rabbit anti-human collagen
type I polyclonal antibody (pAb) (1 : 500; ThermoFisher).

PSS biopsy selection

The Department of Pathology, University of Bari Medical
School, selected 36 pSS minor salivary glands (MSG)
biopsies (patients aged 63-4 + 3.7 years) according to the
2016 American College of Rheumatology/European League
Against Rheumatism (ACR/EULAR) classification criteria
for pSS [30], based on evaluation of the following items:
anti-SSA/Ro antibody positivity and focal lymphocytic
2, each
scoring 3, an abnormal ocular staining score of =5 (or

sialadenitis with a focus score of >1 foci/4 mm

van Bijsterveld score of >4), a Schirmer’s test result of
<5 mm/5 min and an unstimulated salivary flow rate of
<0-1ml/min, each scoring 1. For the diagnosis of pSS,
all sections were randomly analyzed by two experts blinded
to the clinical and molecular data. Each sample was inde-
pendently evaluated, and any discrepancies were resolved
by consensus. The pSS MSG biopsy specimens selected
were assigned to three groups with different degrees of
inflammation: SS-I, mild MSG lesions (n = 8, 1+ biopsy
score), SS-II, intermediate MSG lesions (n = 8, 2+ biopsy
score) and SS-III, severe MSG lesions (n = 8, biopsies
of 3+/4+ score). In all SS patients, the biopsy focus score
(lymphocytic foci/4-mm? of tissue) was >1. Healthy sub-
jects (n = 6) analysed for an abnormal salivary function
and suspected pSS, but whose biopsy and other diagnostic
tests were normal, were enrolled as controls. Participants
gave informed consent to take part in the study, which
followed the tenets of the Declaration of Helsinki and
was approved by the local Ethics Committee. Healthy
labial MSG were harvested according to the explant out-
growth technique [31], and both biopsy specimens and
SGEC cultures were prepared as described below.

Histochemistry

Serial 3-um sections of healthy and pSS formalin-fixed,
paraffin-embedded MSGs tissues were used for immu-
nohistochemical staining. For this experimental proce-
dure, paraffin-embedded MSGs tissues from non-specific
sialadenitis were used as positive control. While rehy-
drating the deparaffinized sections in graded alcohol,
the slides were immersed for 1 h in 70% ethanol sup-
plemented with 0-25% NH,, and rehydration was resumed
by immersion in 50% ethanol for 10 min. The slides
were then washed in phosphate-buffered saline (PBS)
(pH 7.6 3 x 10 min) and immersed in ethylenediamine
tetraacetic acid (EDTA) buffer (0-01 M, pH 8.0) for
20 min in a waterbath at 98°C to unmask antigens.
The sections were immunolabelled according to the fol-
lowing procedure: blockade of endogenous peroxidase
by treatment with 3% hydrogen peroxide solution in
water for 10 min at room temperature (RT), rinsing
for 3 x 10 min in PBS, pH 7.6, preincubation in non-
immune donkey serum (Dako LSAB kit; Dako,
Carpenteria, CA, USA) for 1 h at RT and incubation
overnight at 4°C with primary antibodies against human
E-cadherin and human vimentin at the dilutions indi-
cated above. The sections were washed for 3 x 10 min
in PBS and then incubated with the relative secondary
antibodies (Santa Cruz Biotechnology, Dallas, TX, USA)
diluted 1 : 200 in PBS for 1 h at RT, rinsing for 3 x 10
min in PBS; incubation with the streptavidin—-peroxidase
complex (Vector Laboratories, Burlingame, CA, USA)
for 1 h at RT, incubation with the chromogen 3,3-diam-

inobenzidine  tetrahydrochloride = (DAB)  (Vector
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Laboratories) for 10 min at RT, then counterstaining
with  haematoxylin = (Merck Eurolab, Dietikon,
Switzerland). Negative controls of the immunoreactions
were performed by replacing the primary antibody with
donkey serum diluted 1 : 10 in PBS. After the addition
of the secondary antibody, no specific immunostaining
was observed in the negative controls (data not shown).

Histological procedures for collagen expression
analysis

To detect collagen type I expression, serial 3-um sections
of healthy, pSS and non-specific sialadenitis formalin-fixed,
paraffin-embedded MSGs tissues were stained with
Masson’s trichrome stain.

Aperio digital analysis

Digital images of immunohistochemically (IHC)-stained
healthy and pSS slides were obtained using a whole slide
scanner Aperio Scanscope CS2 (Leica Biosystems,
Nussloch, Germany), and an archive of the digital high-
resolution images was created. Digital slides were analyzed
with Aperio ImageScope version 11 software (Leica
Biosystems, Wetzlar, Germany) at x10 magnification and
10 fields with an equal area were randomly selected for
analysis at x40 magnification [32]. The expression of
E-cadherin and vimentin was assessed with the positive
pixel count algorithm embedded in the Aperio ImageScope
software and reported as positivity percentage, defined
as the number of positively stained pixels on the total
pixels in the image. This approach allows a reliable auto-
matic estimation of the amount of staining in the tissue
and reduced variability associated with human error [33].

Cell culture and cytokine stimulation

Healthy MSGs, obtained by the explant outgrowth tech-
nique from the lower lip [31], were dissociated by enzy-
matic and mechanical means into suspensions of single
cells and plated onto a culture flask. Healthy dispersal
SGEC were resuspended in McCoy’s 5a modified medium
supplemented with 1% heat-inactivated (56°C for 30 min)
fetal calf serum (FCS) (to avoid excessive growth during
treatment with interleukins), 1% antibiotic solution, 2 mM
L-glutamine, 50 ng ml™! epidermal growth factor (EGF;
Promega, Madison, W1, USA), 0-5 pg ml™! insulin (Novo,
Bagsvaerd, Denmark) and incubated at 37°C, 5% CO, in
air. The contaminating fibroblasts were selectively removed
with 0-02% EDTA treatment. Immunocytochemical con-
firmation of the epithelial origin of cultured cells was
routinely performed [34]. Subconfluent healthy SGEC were
stimulated with IL-17 (50 ng/ml) and IL-22 (50 ng/ml)
alone and in combination in the growth medium for
24-72 h and then harvested for future analyses. After
24 h, reverse transcriptase-polymerase chain reaction
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(RT-PCR) and quantitative real-time PCR (qRT-PCR) for
E-cadherin, vimentin and collagen gene expression were
performed; after 48 h of stimulation, E-cadherin, vimentin
and collagen protein expression was detected by Western
blot and flow cytometry. After 72 h from treatment, SGEC
morphological changes were evaluated. All experiments
were performed in triplicate and repeated three times.

Assessment of morphological EMT-related changes in
SGEC

To confirm the activation of IL-17- and IL-22-dependent
EMT-dependent fibrosis in pSS, in-vitro analysis of the
morphological changes indicative of the EMT was per-
formed in 72-h-treated SGEC with IL-17 (50 ng/ml), IL-22
(50 ng/ml) or the combination of IL-17 + IL-22. Changes
in cell morphology were assessed under phase-contrast
light microscopy.

Gene transcripts amplification by RT-PCR and
qRT-PCR

Total RNA was extracted from untreated and variously
treated healthy SGEC following the manufacturer’s protocol
and reverse-transcribed as previously reported [35,36]. Total
RNA from untreated and variously treated healthy SGEC
was isolated using the TRIzol reagent (Invitrogen, Carlsbad,
CA, USA). First-strand cDNA was synthesized by M-MLV
reverse transcriptase (Promega, Madison, WI, USA) with
1 ug each of DNA-free total RNA sample and oligo-(dT)15
(Life Technologies, Grand Island, NY, USA). Equal amounts
of cDNA were subsequently amplified by PCR in a 20-pl
reaction mixture containing 2 pM of each sense and anti-
sense primer, PCR buffer, 2.4 mM MgCI2, 0-2 mM each
dNTP, 10 ul of transcribed cDNA and 0-04 U/pl Taq
DNA polymerase. The primers used to amplify cDNA
fragments were as follows: E-cadherin, forward 5'-
TTCCCTGCGTATACCCTGGT-3" and reverse 5-GCG
AAGATACCGGGGGACACTCATGAG-3'; vimentin, for-
ward 5-AGGAAATGGCTCGTCACCTTCGTGAATA-3'
and reverse 5- GGAGTGTCGGTTGTTAAGAACTAG
AGCT-3'; and collagen type I, forward 5'- GAGCGGAGA
GTACTGGATCG-3', reverse 5-TACTCGAACGGGAAT
CCATC-3'.

Amplification products were electrophoresed on 1-5%
agarose gel containing ethidium bromide and visualized
under ultraviolet transillumination. For gRT-PCR, forward
and reverse primers for all the genes tested and the internal
control gene 2 microglobulin (part no. 4326319E; f2M)
were purchased from Applied Biosystems (Assays-On-
Demand; Applied Biosystems, Foster City, CA, USA). Each
qPCR reaction was run in triplicate on ABI PRISM 7700
sequence detector (Applied Biosystems). Relative gene
mRNA expression ratios were calculated using the AACt
formula where Ct is the threshold cycle time value. The
different expression of mRNA was deducted from 2724 Ct.
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Data evaluation and sequence analysis

mRNA quantification data were based on the average of
a set of three independent experiments, and densitometric
analysis was performed by gel image software (Bio-Profil
Bio-1D; Itf Labortechnik GmbH, Wasserburg, Germany).
The intensity values for each band relative to glyceralde-
hyde 3-phosphate dehydrogenase (GAPDH) (internal
control for lane loading) were determined and expressed
as arbitrary units. The identity of each PCR product was
confirmed by the size, and the purified products were
directly sequenced during the gene-specific forward or
reverse primers.

Western blot analysis

Lysates obtained from untreated and variously treated
healthy SGEC were subjected to sodium dodecyl sulphate-
polyacrylamide gel electrophoresis (SDS-PAGE), and pro-
teins (30 pg/lane) with prestained standards (BioRad
Laboratories, Hercules, CA, USA) were loaded on SDS-
polyacrylamide precast gels. After electrophoresis, the
resolved proteins were transferred from gel to nitrocel-
lulose membranes. A blot buffer [20 mM Tris/150 mM
glycine, pH 8, 20% (v/v) methanol] was used for gel and
membrane saturation and blotting. The blot conditions
were the following: 200 mA (constant amperage), 200 V
for 110 min. Blots were then blocked by PBS pH 7.2
with 0-1% (v/v) Tween 20, 5% w/v non-fat dried milk
for 1 h and washed three times with 0-1% (v/v) Tween
20-PBS 1 x (T-PBS). Membranes were incubated for
90 min with mouse anti-human E-cadherin mAb, mouse
anti-human vimentin mAb and rabbit anti-human collagen
type I pAb, and subsequently for 30 min with the relative
secondary conjugated antibody-horseradish peroxidase
(HRP) (Santa Cruz Biotechnology). Proteins recognized
by the antibodies were revealed using chemiluminescence
luminal reagent (Santa Cruz Biotechnology), according
to the manufacturer’s protocol. Immunoblots were then
incubated with stripping buffer (Thermo Scientific,
Middletown, VA, USA) and probed with mouse anti-
human B-actin mAb clone AC-15 as control.

Flow cytometry

Healthy and variously treated pSS SGEC were analysed
for E-cadherin, vimentin and collagen I expression in
flow cytometry. Cells were incubated with the anti-human
E-cadherin, vimentin and collagen I as primary antibodies
and with secondary antibodies conjugated with Alexa Fluor
488 (Invitrogen). Protein expression was analyzed by a
Becton-Dickinson (BD, Becton-Dickinson, Kelberg,
Germany) FACS Canto™ II flow cytometer and BD FACS
Diva software. Indirect staining using only the secondary
antibody was performed as negative standard, indicated
in the figures as ‘negative’. The events were acquired, and

data were analyzed as mean fluorescence intensity (MFI)
using the FACS Diva software package (BD Biosciences).
MFI values were compared with those observed in healthy
untreated SGEC. This procedure was repeated for at least
three passages.

Statistical analysis

Normalized data of mRNA, protein and enzymatic activity
were processed to calculate mean values + standard error
(s.e.). Differences between parameters were evaluated using
Student’s t-test. Spearman’s correlation coefficients were
calculated to evaluate associations between EMT molecular
marker expression and pSS inflammatory grade. Differences
were considered statistically significant at P < 0-05.

Results

Immunohistochemical findings

EMT activation in the pSS minor SG bioptic specimen
groups with different degrees of inflammation, SS-I, SS-1I
and SS-III was statistically evaluated by the immunohis-
tochemical determination of E-cadherin, vimentin and
collagen type I expression, in comparison with healthy
SGs tissues. Labelled vimentin and E-cadherin proteins
in the healthy and pSS biopsies quantification performed
by the Aperio ScanScope was submitted to a computer-
ized morphometric analysis software to measure pixel
intensities (Fig. 1la,b); in this analysis the expression of
vimentin was significantly increased (P < 0-01), while
E-cadherin expression was decreased in pSS. Collagen
expression was assessed using Masson’s trichrome staining
to evaluate it as a possible additional marker of fibrosis
in pSS (Fig. 2). Quantifying the intensity of blue, fibrotic
areas had a rich fibrillar collagen level, and the total col-
lagen density was lower in healthy normal SG tissue (Fig.
2a) than in pSS specimens (Fig. 2b-d). Spearman’s rank
correlation analysis of the histological fibrosis markers
results and the inflammation grade demonstrated that
there were significant differences in the distribution of
fibrosis markers and inflammation grade between healthy
subjects and the SS-I, SS-II and SS-III groups. In fact, a
significant inverse association between membranous stain-
ing for E-cadherin and the histological inflammatory grade
of pSS was reported (r = -0-234 for grade I, r = -0-387
for grade II and r = -0-574 for grade III; P < 0-001).
Conversely, high cytoplasmic vimentin expression was
closely associated with a high inflammatory degree (for
vimentin, r = 0-20 for grade I, r = 0-54 for grade II and
r = 0-674 for grade III; P < 0-01). Similarly, investigating
the association of collagen content with the increased FC
with Spearman’s correlation analysis, the collagen type I
expression and the pSS inflammatory grade was signifi-
cantly positively correlated (r = 0-29 for grade I, r = 0-47
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Fig. 1. (a) Immunohistochemical localization of E-cadherin (a-d) and vimentin (e-h) in healthy (a,e) and primary Sjogren’s syndrome (pSS)
(b-d,f-h) salivary gland (SG) tissues classified according to different grades of inflammation (I, I, III). Paraffin-embedded minor salivary glands
(MSGs) tissues from non-specific sialadenitis (non-SS) were used as positive control (Fig. le,j). A significantly (P < 0-01) increased expression of

vimentin and a reduction of E-cadherin in pSS was evident, correlated with the increased inflammatory grade and FC. Brown staining shows positive
immunoreactions; blue staining shows nuclei (a-h); bar = 20 pm. (b) All images were scanned and analyzed with the Aperio ImageScope instrument.
The expression of labelled vimentin and E-cadherin proteins in the healthy and pSS (grades I, IL, III) biopsies obtained by the Aperio ScanScope was

also quantified using computerized morphometric analysis software and expressed in terms of pixel/intensities. Histograms represent
immunohistochemistry signal quantification of E-cadherin and vimentin positivity performed by the Aperio ImageScope software on healthy and
pSS (grades I, I, IIT) SGs sections. The positive control related to Aperio ScanScope quantification of non-specific sialadenitis specimens was
indicated as non-SS. Absorbance measurements performed by Aperio confirmed the microscope observations, showing a significant (**P < 0-01)
inverse association between membranous staining for E-cadherin and the histological inflammatory grade of pSS, and high cytoplasmic vimentin
expression, closely associated with a high inflammatory pSS degree, respectively (**P < 0-01).

for grade II and r = 0-774 for grade III; P < 0-001). In
all these experimental procedures paraffin-embedded MSGs
tissues from non-specific sialadenitis were used as positive
control (Fig. le,j, Fig. 2e; in Fig. 1b, related to the Aperio
ScanScope, quantification of this control was indicated as
non-SS).

Effects of IL-17 and IL-22 on the epithelial cell
phenotype of healthy SGEC

As reported in the literature, IL-22 and associated cytokine
IL-17 are highly present in the inflamed salivary glands
of SS patients, both correlated with the degree of tissue
inflammation [24]. We therefore assessed the effects of

IL-17 and IL-22 treatment in EMT-induced fibrosis in
human SGEC, in-vitro treating SGEC with IL-17, IL-22
or IL-17 + IL-22 and conducting an analysis of epithelial
cell phenotype modifications. As shown in Fig. 3, under
the phase-contrast microscope, IL-17 or IL-22 alone trigger
a programme that involves the conversion of epithelial
cells to a mesenchymal phenotype having a discernible
effect on the morphology of cultured primary healthy
SGEC (Fig. 3a-d). However, we noted that 3 days of
IL-17 + IL-22 stimulation preferentially promoted the most
complete change to a mesenchymal phenotype in cultures
of healthy SGEC (Fig. 3d) that convert to spindle-shaped
cells.
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Fig. 2. Histochemical analysis of collagen fibre deposits in salivary gland (SG) tissues from healthy controls (a) and primary Sjogren’s syndrome (pSS)

(b) patient tissues classified according to different grades of inflammation (I, II, III). Paraffin-embedded minor salivary glands (MSGs) tissues from

non-specific sialadenitis (non-SS) were used as positive control (Fig. 2e). The slides were subjected to Masson’s trichrome staining to analyse collagen

deposits (blue). At x20 magnification, a remarkable deposition of collagen fibres were seen in the interstitial area around acinar and ductal cells in

PSS SGs tissues (b-d) compared to controls (a). The figure shows an increased collagen deposition from low (b) to high (d) grades of inflammation.

Scale bar = 20 um.

(@) (b)

Fig. 3. Morphological changes in in-vitro-cultured salivary gland epithelial cells (SGEC) treated with interleukin (IL)-17, IL-22 or IL-17 + IL-22.
SGEC derived from salivary gland (SG) biopsies of healthy donors were incubated with 50 ng/ml interleukins for 72 h. (a) Untreated SGEC show a
clear pebble-like shape and cell-cell adhesion. IL-17- and IL-22-treated cells (b,c) show a decrease in cell-cell contacts and a more elongated

morphological shape. The most evident morphological changes toward a mesenchymal phenotype were observed in SGEC subjected to double

stimulation with IL-17 + IL-22 (d) that showed a high proportion of spindle-shaped cells. Changes in cell morphology were assessed under phase

contrast light microscopy. Bar = 20 pm.

IL-17 and IL-22 induce mesenchymal gene expression
in primary healthy SGEC

Cytokine-mediated signalling mechanisms regulating
EMT-dependent fibrosis in SGs have been little addressed
in the literature to date [37]. To determine whether
the increased expression of IL-17 and IL-22 recently
linked to the pathogenesis of pSS tissue inflammation
was involved in the regulation of epithelial and mes-
enchymal markers, the incubation of cultured healthy
SGEC with IL-17 and IL-22 alone or in combination
for 2 days was performed. Epithelial E-cadherin and
mesenchymal vimentin and collagen type I gene expres-
sion was determined by RT-PCR following 48 h of
stimulation with IL-17, IL-22 or IL-17 + IL-22 (Fig. 4).
All genes examined showed dramatic changes; in fact,
stimulation promoted a significantly (P < 0-01) marked
increase in the expression of vimentin and collagen type
I mRNAs, while stimulation with I1L-17 and IL-22 alone

reduced the E-cadherin gene transcription rate (Fig.
4a,b). Double stimulation with IL-17 + IL-22 had an
additional effect on the expression of E-cadherin mRNA
(Fig. 4a,b) (P < 0-01). The levels of expressed genes
were quantified by RT-PCR (Fig. 4c) and confirmed
these results, demonstrating that the majority of healthy
SGEC were negative for vimentin and collagen type I
mRNAs but, under the IL-17 and IL-22 treatment con-
dition, collagen type I and vimentin mRNA expression
was induced. The effect was more evident in response
to IL-17 and IL-22 double stimulation (Fig. 4a-c).

IL-17 and IL-22 regulate the epithelial and
mesenchymal protein marker expression in SGEC

We sought to investigate the differences in protein levels
of E-cadherin, vimentin and collagen type I between
untreated and IL-treated healthy SGEC. Cell lysates was
collected from cultured cells after 3 days of treatment with

266 © 2019 British Society for Immunology, Clinical and Experimental Inmunology, 198: 261-272



(@)

M Healthy IL-17 IL-22 IL-17+IL-22

E-Cadherin

Vimentin

Collagen
Type |

GAPDH

E-Cadh/ Vim/Collagen/ GAPDH

—~
O
~

(arbitrary unit)

Interleukin-17 and -22 synergy linking inflammation

M Healthy

i Healthy + IL-17

M Healthy + IL-22

i Healthy + IL-17 +IL-22
0,9 =

08 - =

0,7 -
0,6 o =
05 - T

0,4
0,3
0,2
0,1

Densitometric analysis

*
*k T

Collagen
typel

E-Cadherin Vimentin

—
O
~

Real Time- PCR

H Healthy
M Healthy + IL-17

0,9
0,38
0,7
0,6
0,5
0,4
0,3
0,2
0,1

[

E-Cadh/ Vim/Collagen
expression
(fold induction)

E-Cadherin

*l*
S
*T* *1*
igf*

LI Healthy + IL-22
M Healthy + IL-17 +IL-22

Vimentin Collagen type |

Fig. 4. E-cadherin, vimentin and collagen type I gene expression was quantified by semiquantitative reverse transcription-polymerase chain reaction
(RT-PCR) (a) and real-time PCR (c) in in-vitro-cultured healthy salivary gland epithelial cells (SGEC) treated for 24 h with interleukin (IL)-17, IL-22
or IL-17 + IL-22, and in untreated control healthy SGEC. The images show that interleukin treatment determined an increased gene expression of
mesenchymal marker vimentin and collagen type I and decreased gene expression of epithelial marker E-cadherin. IL-17 and IL-22 co-operate to
induce these effects. Bands intensities were analyzed by densitometric analysis performed by gel image software, normalized against that of
glyceraldehyde 3-phosphate dehydrogenase (GAPDH) and expressed in arbitrary units (b). Gene expression changes observed in real-time PCR
analysis (c) are in agreement with the results monitored by semiquantitative RT-PCR [data represent mean =+ standard error (s.e.); n = 3]. Asterisks

indicate statistical significance P < 0-01. M = marker.

IL-17, IL-22 or IL-17 + IL-22 and E-cadherin, vimentin
and collagen type I protein expression (Fig. 5a,b) was
detected by Western blot. As shown, IL-17 and IL-22
stimulation on healthy SGEC efficiently reduced E-cadherin
expression at the protein level (Fig. 5a), with a trend
towards a further decrease in E-cadherin expression with
IL-17 + IL-22 treatment (Fig. 5a; P < 0-01). In fact, semi-
quantitative analysis of the results (Fig. 5b) confirmed
significant inhibitory effects of IL-17 and IL-22 on the
expression of the epithelial marker (P < 0-01). The down-
regulated E-cadherin expression was accompanied by a
simultaneously increased expression of mesenchymal mark-
ers such as vimentin and collagen type I (Fig. 5). In the
light of these data, we further determined by flow cytometry
whether IL-17 and IL- 22 treatment might affect vimentin,
collagen type I and E-cadherin expression in cultured SGEC.

© 2019 British Society for Immunology, Clinical and Experimental Inmunology, 198: 261-272

Figure 5¢, in which the MFI values are reported, showed
that the maintenance of E-cadherin expression by SGEC
is counteracted by the treatment of IL-17 and IL-22 alone
and, in addition, combined treatment with IL-17 + IL-22
mainly enhances the vimentin and collagen type I expres-
sion in healthy SGEC at the expense of E-cadherin
(P < 0-01). These data strongly support the direct involve-
ment of IL-17 and IL-22 in the process of SGs EMT
mimicking what happens in the pSS disease, characterized
by chronic over-expression of these interleukins.

Discussion

Much research on EMT-dependent fibrosis has been
carried out relating to cancer; it is not clear whether
EMT plays a role in autoimmune conditions and whether
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Fig. 5. (a) Western blot analysis of the epithelial marker E-cadherin and mesenchymal markers vimentin and collagen type I in cultured untreated
salivary gland epithelial cells (SGEC) and in healthy SGEC treated with interleukin (IL)-17 (50 ng/ml), IL-22 (50 ng/ml) or IL-17 + IL-22 for 48 h.
Lane 1: healthy control SGEC, lane 2: IL-17-treated healthy SGEC, lane 3: IL-22-treated healthy SGEC, lane 4: IL- 17 + IL-22-treated healthy SGEC.
Protein expressions were quantified using Image] software (b). The data are expressed as relative intensity of proteins normalized to B-actin
expression. Values are considered statistically significant at *P < 0-05 or **P < 0-01. Interleukin treatment determined a significant increase in
mesenchymal vimentin and collagen type I band intensity, while epithelial marker E-cadherin expression was reduced compared with untreated
control SGEC. All Western blots were repeated a minimum of three times. (c) Summary of flow cytometry analysis for E-cadherin, vimentin and
collagen type I SGEC expression in the presence of IL-17, IL-22 or IL-17 + IL-22. The mean fluorescence intensity (MFI) is shown. Treatment with
IL-17 + IL-22 mainly interferes with E-cadherin basal expression in healthy SGEC, while vimentin and collagen type I expression was increased
following interleukin treatment in comparison with untreated control cells (**P < 0-01). Data summarize three independent experiments

[mean + standard error (s.e.)].
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epithelial cells can undergo the EMT during autoim-
mune diseases. Furthermore, understanding the role of
the EMT process in pathological fibrosis is of great
significance, and thus it could lead to identifying
approaches which could hamper the formation of fibrotic
tissue in autoimmune disease. Our work reveals for the
first time, to our knowledge, that in the markedly inflam-
matory microenviroment of pSS SGs, characterized by
an intense increase of proinflammatory cytokines, the
loss of E-cadherin and acquisition of vimentin and col-
lagen type I occur in SGEC in a correlated manner
with the growing inflammatory grade. Additionally, to
corroborate this observation, we demonstrated that IL-17
and IL-22 contribute to trigger the EMT-dependent
fibrotic process in healthy SGEC and, furthermore, com-
bined treatment with IL-17 and IL-22 induces and
accentuates EMT progression. Our findings provide
important insight into the induction of the EMT in
SGEC, and it seems clear that inflammatory mediators
play a role in both the initiation and the progression
of pathological SG fibrosis in pSS. Chronic inflamma-
tion leads to the release of a wide range of inflammatory
mediators which can drive and regulate multiple aspects
of inflammatory disease and contribute to the patho-
logical fibrosis that, in turn, is the final consequence
of many diseases with chronic inflammatory features
[38-40]. It should be noted that salivary fibrosis is a
pathological characteristic of pSS related to inflamma-
tion in SG foci [41]. TGF-P1 is the main mediator that
promotes pathological fibrosis in the majority of inflam-
matory disorders, involving organs such as the kidney
[42-44], lung [45] and liver [46]. Interestingly, TGF-p1
over-production or the effects of profibrotic boosting
induce evident fibrotic changes and lead to an increase
of pathological fibrotic tissue, affecting normal organ
function [47-50]. Recently, it was discovered that the
TGF-B1 levels was augmented in SG tissues derived
from biopsies of pSS patients, characterized by a sus-
tained inflammatory disorder that determines an excess
of fibrotic tissue, altering the functional morphology of
SGs [37]. In fact, the earliest changes in the SG struc-
ture appear to be due to an active EMT, which is asso-
ciated with a cascade of changes in the expression of
TGF-B1-dependent regulators, including Smads, Snail
and profibrotic markers [37]. The ability of other
cytokines to directly drive the EMT and the mechanisms
initiating or maintaining the EMT-dependent fibrotic
process involved in the pathogenesis of pSS remain
poorly explored. Elevated levels of several cytokines and
chemokines are detected in the peripheral blood, and
in the affected SGs and pSS their alteration triggers
both systemic and exocrine manifestations [51,52]. In
addition, our previous reports have shown the presence
of marked inflammatory cell components in functionally

Interleukin-17 and -22 synergy linking inflammation

and structurally damaged SGs of pSS patients that con-
tribute to an increased proinflammatory cytokine accu-
mulation and thus to the amplification of the
epithelial-derived cytokine cascade [28,35,53]. In addi-
tion, high levels of IL-22, strictly associated with hypo-
salivation, have recently been shown in pSS patients’
sera [24] and a marked up-regulation of IL-17 and IL-22
has been reported in biopsies isolated from patients
affected by pSS, suggesting a potential direct involve-
ment of IL-17 and IL-22 in the initiation and progres-
sion of pSS [24,54]. Moreover, a recent report has
reported that IL-22 and linked cytokine IL-17 are strongly
present in the inflamed SGs of pSS patients, both cor-
related with the degree of tissue inflammation [24,55].
In addition, contemporary expression of IL-17 and IL-22
in the inflamed pSS SG seems to suggest a predominant
proinflammatory role of these cytokines. Increasing evi-
dence has suggested that IL-17 is clearly linked with
the EMT in lung inflammatory diseases [56] and pul-
monary fibrosis [56,57]. Recently, it was demonstrated
that in obliterative bronchiolitis, IL-17-mediated type
V collagen expression mediated by IL-17 and the EMT
may have an affect via TGF-Bl-dependent signalling
[57]. Therefore, recent work [56] has provided evidence
that an antagonist of IL-17 is able to inhibit the chronic
inflammatory response and pulmonary fibrosis in a TGF-
B1-dependent way. Additionally, several findings have
demonstrated that strong expression of IL-17 and IL-22
has a prospective role in the development of fibrosis
in several organs, such as the heart [58], kidney [59]
and liver [60]. However, although up-regulation of IL-17
and IL-22 has been reported in patients with pSS, little
is known regarding their role in the regulation of the
EMT and the underlying mechanisms as possible induc-
ers of the EMT programme in SGs. To address this
question, we examined, as the first step, the expression
of epithelial and mesenchymal markers by immunobhis-
tochemical analysis in biopsies derived from pSS patients
with different grades of inflammatory lesions and FC
in comparison with controls. As expected, we observed
the progressive loss of epithelial marker E-cadherin and
a growing increase in expression of the mesenchymal
markers vimentin and collagen type I in the highest
degrees of tissue inflammation and pSS FC. These find-
ings contribute to supporting our emerging idea that
SGs biopsies undergo EMT-dependent fibrosis correlated
with the degree of tissue inflammation.

To investigate whether IL-17 and IL-22 can induce the
EMT programme in SGs, SGEC were cultured in vitro in
the presence of IL-17, IL-22 and with a mix of IL-17 + IL-22.
As expected, after cytokine treatment morphological changes
from a rounded shape epithelial phenotype to a spindle-
like mesenchymal phenotype in SGEC were observed, which
are indicative of the beginning of an EMT process.
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Furthermore, the effect was more evident in response to
IL-17 and IL-22 double exposure. The morphological
changes from an epithelial to a mesenchymal phenotype
were determined by analyzing changes in the expression
of E-cadherin, vimentin and collagen type I by qualitative
and quantitative RT-PCR, Western blotting and flow
cytometry analysis. The results revealed that IL-17 and
IL-22 treatment changes the phenotypical markers in SGEC,
inducing an EMT process based on the down-regulation
of E-cadherin expression and up-regulation of vimentin
and collagen type I expression compared with controls.
In conclusion, the present study demonstrated that
IL-17 and IL-22 have a potential role in the EMT pro-
gram of pSS SGEC, as revealed by the feature changes
in the altered gene and protein expression of the EMT
markers E-cadherin, vimentin and collagen type I, as
well as by characteristic morphological changes directing
SGEC transdifferentiation towards a mesenchymal cell
type. Therefore, these findings support the hypothesis that
when the normal biological function of SGEC is impaired
the progression of SGs fibrosis may be initiated, and
suggest that IL-17 and IL-22 suppression may open new
therapeutic avenues for pSS patients and could contribute
to our overall understanding of the pSS pathogenesis.
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