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Summary
IL-15 is a key regulatory cytokine that shares many bio-
logical properties with IL-2. Recently, it has been shown
that IL-15 could be up-regulated in T cell-mediated in-
flammatory disorders, such as rheumatoid arthritis and
inflammatory bowel diseases. However, the role and
expression of IL-15 in the inflammatory autoimmune dis-
ease Sjögren’s syndrome (SS) has not been investigated.
In the present study we evaluated the expression of IL-15
mRNA and protein in minor salivary gland (MSG) biopsy
specimens and in human salivary gland epithelial cell
(SGEC) cultures obtained from patients with primary SS
(pSS) and compared their expression with that seen in
normal healthy control subjects. IL-15 gene and protein
analysis revealed that SGEC are able to produce IL-15.
Results obtained demonstrated that the number of IL-15+

cultured SGEC was significantly higher in cells derived
from patients with pSS in comparison with SGEC from
healthy subjects; similar results were obtained for IL-15
immunoreactivity by using immunohistochemistry that
revealed a strong expression both in acinar and in ductal
cells from pSS MSG. These studies could provide a
rational basis to determine whether IL-15 could be a good
candidate for anti-cytokine therapy in chronic inflammatory
pSS diseases.
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INTRODUCTION
Sjögren’s syndrome (SS) is a systemic autoimmune disease
that presents with sicca symptomatology of mucosal surfaces,
mainly dry mouth and dry eyes.1 There is often systemic
involvement (extra glandular manifestations), lymphoma is a
recognised complication2 and SS is one of the most prevalent
autoimmune diseases.3 The expression ‘autoimmune epithe-
litis’ has been proposed as alternative term for SS since as it is
considered as an epithelial cell-specific autoimmune disease.4

SS is classified as primary (pSS) when it occurs in the
absence of another underlying rheumatic disorder.3 A great
deal of knowledge has been gained regarding the
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circumstances leading to cytokines-chemokines production
by epithelial cells, and some evidence suggests that minor
salivary gland (MSG) inflammation in pSS is associated with
increased production by human salivary gland epithelial cells
(SGEC) of pro-inflammatory cytokines which might even be
the apex of the inflammatory cascade.5–10 Immunoregulatory
cytokines have been demonstrated to have a very important
role in the inflammation linked to autoimmune conditions,
and in particular IL-15, which has a key role for the modu-
lation of lymphocyte homeostasis as well as natural killer T-
cell development, and has been demonstrated to have an
important role in the processes that lead to an abnormal in-
flammatory response.11,12 IL-15, a 14 kDa glycoprotein
mainly produced by macrophages as well as non-lymphoid
cells, is a key regulatory cytokine which supports the ho-
meostasis between innate and adaptive immunity.12,13 IL-15
is a member of a cytokine family that exerts its function via
the common g chain and the IL-2 receptor (IL-2R)-b chain.
IL-2 and IL-15 bind to common T-cell surface receptors
comprised of unique alpha (IL-2Ra or IL-15Ra) and shared
b/g chain subunits.13 Although IL-2 and IL-15 are structur-
ally related they have distinct roles with regard to apoptosis
and T-cell survival; in fact, ligation of this receptor by IL-2
can lead to apoptosis whereas IL-15 ligation seems to
favour cell survival.13 Functionally, IL-15 plays its role via
JAK/ STAT and Ras/MAPK signalling pathways and
preventing cell death by a fine balance between pro- and anti-
apoptotic signals that involves the activation of the PI3K
pathway.13 As IL-15 expression is strictly regulated at mul-
tiple distinct levels, including transcription, translation, and
intracellular trafficking,11 removal of these negative control
mechanisms results in increased IL-15 production, which
may predispose to the risk of excessive autoreactive T-cell
survival and abnormal lymphocyte activation, thus leading to
the development of autoimmune or chronic inflammatory
diseases.11 Indeed, IL-15 overexpression is associated with
an array of immune mediated disorders, such as inflammatory
bowel disease,14 coeliac disease,15,16 and rheumatoid
arthritis.17 Little information is available on the levels of IL-
15 expression in plasma samples of pSS patients,18 and un-
fortunately no data are present in the literature on the exact
role of IL-15 in salivary gland pathogenesis or a possible
relation between IL-15 production and pSS disease activity.
On the basis of this background, in this study we examined
the expression of IL-15 in salivary glands from patients with
pSS as well as in normal control subjects. Because the
expression of IL-15 is regulated at multiple steps, including
hologists of Australasia. Published by Elsevier B.V. All rights reserved.
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transcriptional and translational controls,11 we examined both
the gene and protein expression in salivary gland biopsy
specimens from pSS patients and in pSS SGEC cultures.

MATERIALS AND METHODS
Patient selection

MSG biopsies were obtained from 20 pSS patients (20 female, mean age
48 ± 15 years, mean disease duration 24 ± 18 months), fulfilling the Amer-
ican–European Consensus Group criteria for pSS.19 All patients showed the
clinical symptoms of dry eyes and mouth, a positive Schirmer’s test (less than
5 mmwetting of a strip of filter paper per 6 minutes) and Rose Bengal staining
with the presence of at least one of the following autoantibodies: anti-Ro/
SSA, anti-La/SSB, or both. The clinical and laboratory features of pSS pa-
tients enrolled in the study are detailed in Table 1. The patients all gave their
written consent, the study was approved by the local Ethical Review Com-
mittee and the experiments were conducted according to the tenets of the
Declaration of Helsinki. Fifteen healthy subjects (female, mean age 46 ± 12
years) awaiting removal of salivary mucoceles from the lower lip were
considered as control group. Healthy subjects had no sicca symptoms; they
were advised about the investigational nature of the study and none refused to
participate. MSGs were harvested from the lower lip under local anaesthesia
through normal mucosa, according to the explant outgrowth technique.20 All
MSG tissue sections from pSS patients had been evaluated by an oral
pathologist and a focus score �1 was found. MSG tissue sections derived
from from pSS and healthy control subjects were fixed in formalin, embedded
in paraffin and stained with haematoxylin and eosin (H&E). MSG sections
from pSS patients presented a proportion of epithelial cells comparable with
that revealed in healthy MSG sections. MSG sections from pSS patients
showed the lymphocytic infiltration that is the histological hallmark of SS.

Microdissection and primary explant cultures of human salivary gland
epithelial cells

MSG samples, after removal, were divided into two portions. One portion was
immediately analysed to obtain primary cultures of human SGEC or to extract
RNA and proteins. The second piece was processed for morphological and
immunohistochemical analysis. Microdissection and collagenase
(Worthington Diagnostic Division, USA) digestion procedure was used to
Table 1 Characteristics of healthy subjects and pSS patients enrolled in
this study

Feature pSS (n = 20) Controls (n = 15)

General
Age, mean ± SD years 48 ± 15 46 ± 12
Female/male (n) 20/0 15/0
Disease duration,

mean ± SD months
24 ± 18 NA

Histological (MSG biopsy)
Biopsy focus score �1 (%) 100 0

Clinical
Lymphadenopathy (%) 10 0
Lymphoma (%) 1 0
Arthritis (%) 55 0
Vasculitis (%) 20 0
Lung fibrosis (%) 10 0
Renal involvement (%) 5 0
Myositis (%) 15 0
Haematological disorder (%) 35 0

Laboratory
Anti-SSA (%) 85 0
Anti-SSB (%) 55 0
ANA (%) 65 0
Rheumatoid factor (%) 30 0
Hypergammaglobulinaemia (%) 65 0
Cryoglobulinaemia (%) 5 0

MSG, minor salivary gland; NA, not applicable; pSS, primary Sjögren’s
syndrome; SD, standard deviation.
obtain the SGEC cultures, which were then re-suspended in McCoy’s 5a
modified medium supplemented with 10% fetal bovine serum, 1% antibiotic
solution, 2 mM L-Glutamine, 20 ng/mL epidermal growth factor (EGF;
Promega, USA), 0.5 mg/mL insulin (Novo, Denmark) and incubated at 37�C,
5% CO2 in air. SGEC cultures were fed every 5 days with fresh culture
medium and when they reached 70–80% confluence, were used for the
experimental procedure. SGEC were routinely subcultured for a total of four
passages during which all experimental procedures were completed. To
reduce and eliminate the contamination of fibroblast in the SGEC cultures,
treatment with 0.02% EDTA was employed. The epithelial origin of cultured
cells was routinely confirmed by immunohistochemistry using specific
monoclonal antibodies against epithelial-specific markers that include
different cytokeratins and epithelial membrane antigens as previously
described.21

RNA extraction and quantitative TaqMan real-time PCR

Total RNA was isolated from human cultured healthy and pSS SGEC using
TRIzol reagent and following the manufacturer’s protocol (Invitrogen, USA).
RNA quality was analysed by gel electrophoresis to confirm the integrity of
the RNA preparations and then was treated with DNase I (GIBCO, Life
Technologies, USA) prior to reverse transcription with Moloney murine
leukaemia virus reverse transcriptase (GIBCO) in the presence of RNaseOUT
(GIBCO). One tenth of the cDNA preparation for each PCR reaction was
used. Master mix and Taqman gene expression assays for b-2 microglobulin
(part no. 4326319E; b2M, control gene) and target genes IL-15 were obtained
from Applied Biosystems (USA). Taqman qPCR amplifications were
performed as duplex reactions with assays for the test and control in the same
well. The result of the relative increase in reporter fluorescent dye emission
was analysed by an ABI PRISM 7700 sequence detector (Applied Bio-
systems). Relative changes in gene expression between pSS and healthy
controls samples were determined using the 2−DDCt method. Final values were
expressed as fold of induction.

Western blot analysis of IL-15 expression

Cell lysates were obtained through the incubation with lysis buffer [1% (v/v)
Triton X-100, 20 mM Tris-HCl, 137 mM NaCl, 10% (v/v) glycerol, 2 mM
EDTA, 1 mM phenylmethylsulfonyl fluoride (PMSF), 20 mM leupeptin
hemisulfate salt, 0.2 U/mL aprotinin] for 30 min on ice. The lysates (40 mg
protein per lane) were electrophoresed on a sodium dodecyl sulfate (SDS)-
polyacrylamide gel and then transferred to a nitrocellulose membrane. For
gel, membrane saturation and blot was used a blot buffer [20 mM Tris/
150 mM glycine, pH 8, 20% (v/v) methanol]. The blot conditions were the
following: 200 mA (constant amperage), 200 V for 110 min. Then, the blot
was blocked by phosphate-buffered saline (PBS) pH 7.2 with 0.1% (v/v)
Tween 20, 5% w/v non-fat dried milk for 1 h, washed three times with 0.1%
(v/v) Tween 20-PBS 1x (T-PBS) and the membranes were incubated for
90 min with mouse anti-human IL-15 monoclonal Ab (mAb) (R&D Systems,
USA; cat no. MAB247, 0.1 mg/mL) and for 30 min with the relative sec-
ondary antibody-HRP conjugates (Santa Cruz Biotechnology, USA). Proteins
recognised by the antibodies were revealed using chemoluminescence
luminal reagent (Santa Cruz Biotechnology) according to the protocol. Im-
munoblots were then stripped with stripping buffer (Thermo Scientific, USA)
for 20 min, washed three times × 10 min in 0.1% PBS/Tween. As a control for
equal protein loading, Western blot for b-actin (Santa Cruz Biotechnology;
cat no. sc-130300, 0.25 mg/mL) was performed.

Immunohistochemical analysis for IL-15 expression in MSG

Paraffin embedded sections of 5 mm thickness were stained with H&E for the
histological evaluation of the presence of lymphocytic infiltrates and/or foci.
A focus was defined as an aggregate of �50 lymphocytes and the focus score
was reported as the number of foci per 4 mm2 of tissue. The sections were
deparaffinised, dehydrated and washed in Tris-buffered saline (TBS) (Sigma,
USA) containing 0.1% BSA. Endogenous peroxidase activity was quenched
by incubating the slides in a solution of 700 mL H2O2 (30%) in 70 mL
methanol. The sections were pre-treated with pepsin (0.4%) for 30 min at
37�C. Blocking was performed with normal serum. After incubation with the
primary antibody against IL-15 (R&D Systems; cat no. MAB247), at room
temperature for 60 min, the slides were washed in TBS buffer, the HRP-
conjugated secondary antibody (Santa Cruz Biotechnology) was added and
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the slides were incubated at room temperature for 30 min. Afterwards the
slides were incubated with diaminobenzidine tetrahydrochloride (DAB)
(Sigma) as substrate. Negative controls without primary antibody were
included in each experiment to verify antibody specificity. The images were
captured under the Nikon Eclipse 80i light microscope (Nikon, Japan).

Flow cytometry

Expression of IL-15 was analysed by incubating the cells for 30 min at 4�C in
the dark at optimal concentrations of antibodies. Intracellular detection of IL-
15 was performed using the mouse anti-human-Phycoerythrin (PE) conju-
gated antibody (R&D Systems, cat no. IC2471P). The protein expression was
analysed by a Becton Dickinson (BD, Germany) FACSCanto II flow cy-
tometer and BD FACS diva software according to manufacturer instructions.
Values were given as percentages of positive cells, and the mean fluorescence
intensity (MFI) was reported.

Statistical analysis

Experimental values were expressed as mean ± SE, and the differences in
means for paired observations were analysed by Student’s t-test; we subjected
the results of measurements from all sets to an analysis of variance (ANOVA).
p values < 0.05 were considered statistically significant.
RESULTS
Differential expression of the IL-15 gene and protein
between healthy subjects and pSS patients

Inflammatory cytokines lead to systemic and exocrine man-
ifestations that characterise pSS and an exacerbated expres-
sion of these molecules is able to alter the glandular integrity
and functionality dramatically. Following the discovery of
pro-inflammatory cytokines accumulation in functionally and
structurally damaged areas of the salivary glands and its
pathogenic significance in this autoimmune disease,5 we
assessed the gene and protein expression levels of IL-15 in
SGEC derived from pSS patients and healthy subjects.
Quantitative real-time PCR was employed. The results
Fig. 1 Detection of IL-15 gene and protein expression in the minor salivary gland (M
Expression of IL-15 mRNA was determined by quantitative real-time PCR in human s
pSS patients and healthy (H) control subjects (A). Normalised gene expression levels w
b-2 microglobulin. PCR reactions were performed in triplicate and the data were presen
section (mean ± SE of three independent experiments). The protein expression of IL-15
representative western blot analysis reports a strong expression of IL-15 in pSS SGEC in
compared with the protein lysate of healthy control SGEC and are means ± SE of indi
protein loading control b-actin. Asterisks indicate statistical significance (*p < 0.01).
showed that IL-15 mRNA levels were detected in both
healthy and pSS subjects with significantly increased
expression of IL-15 mRNA in pSS SGEC (Fig. 1A). The IL-
15 mRNA copy number in pSS cells was about 2–3-fold
higher than in control cells, revealing an up-regulation of
IL-15 gene expression (p < 0.01) in diseased cells.
In view of the observed transcriptional up-regulation of IL-

15 gene in pSS patients, we evaluated IL-15 protein expres-
sion in pSS SGEC by western blotting (Fig. 1B). The anal-
ysis, performed with an affinity-purified anti-human IL-15
monoclonal antibody on healthy and pSS cultured SGEC,
yielded a 14 kDa immunoreactive band for IL-15 in the
control and pSS samples and the densitometric analysis
indicated a clear increase of IL-15 protein expression in SS
cell lysates (Fig. 1C). Specificity was proven in controls
without the primary antibody, which was deemed negative
(not shown). These initial results demonstrate that IL-15 is
overexpressed at both mRNA and protein levels in the
inflamed salivary glands of patients with pSS.

Immunohistochemistry and flow cytometric analysis
confirmed the increased IL-15 expression in the MSG of
pSS

Since the findings so far suggested increased expression of
IL-15 in cultured pSS SGEC as compared with healthy
SGEC, we examined whether increased IL-15 levels could be
found within the pSS MSG biopsies. Representative samples
of IL-15 immunohistochemical staining are shown in
Fig. 2A. Significantly higher expression of IL-15 was
observed in pSS compared to controls and each biopsy
specimen examined from the 20 pSS patients exhibited
similar staining patterns for IL-15. In control subjects, IL-15
expression was rarely detected and observed essentially
among cells located closely to ducts (Fig. 2A,B). Conversely,
SG) from healthy subjects and primary Sjögren’s syndrome (pSS) patients.
alivary gland epithelial cell (SGEC) cultures obtained from MSG explants from
ere given as the ratio between the mean value for the target gene and that for the
ted as fold change in gene expression, as explained in the Material and Methods
(B) was measured by western blot in protein extract from pSS and H SGEC. The
comparison with healthy cells. All results shown are expressed as fold increase

vidual experiments. (C) Densitometric analysis of IL-15, performed against the
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in pSS the expression of IL-15 was observed in inflammatory
infiltrates among lymphoid cells (Fig. 2A,C) and a significant
acinar and/or ductal epithelial expression of IL-15 was
observed in pSS patients (Fig. 2A,C). Microscopic observa-
tion revealed, as shown, that diffuse infiltrating mononuclear
cells were found in the salivary glands of pSS biopsies
(Fig. 2A,C) but not in those of normal subjects (Fig. 2A,B).
The flow cytometry results (Fig. 2C), and the evaluation of
MFI (Fig. 2B), also confirmed the above reported data; in
fact, a significant increase in the levels of IL-15 MFI was
observed in pSS SGEC (median MFI = 9926 ± 215), as
compared with MFI of healthy subjects (median
MFI = 2788 ± 207, p < 0.01). These data are highly indica-
tive of a clear over-expression of IL-15 protein in pSS SGEC.
DISCUSSION
The inflammatory reaction characterises the pathogenesis of
the autoimmune disease involving both cellular and soluble
players. Pro-inflammatory cytokines are at the centre of the
pathways resulting in an altered activation of immune cells.
Immunoregulatory cytokines have been demonstrated to have
a central role for the regulation of lymphocyte homeostasis,
and in particular IL-15 has been shown to have an important
Fig. 2 Expression of interleukin-15 protein in the minor salivary gland (MSG) of prima
and flow-cytometric analysis (B,C). Explanted MSGs from pSS patients were fixed and
IL-15 primary antibody. Negative controls were performed through the staining with sec
ductal and acinar cells from healthy biopsies was detected. On the contrary, pSS biops
staining shows positive immunoreaction; blue staining shows nuclei. Bar = 20 mm. Lar
(B,C) Levels of IL-15 expression on healthy (H) and pSS SGEC were measured by fl

periments were repeated twice with similar results.
function in the events that lead to an abnormal inflammatory
response.11 IL-15 mRNA is constitutively expressed by a
wide variety of human tissues and cell types, including
activated monocytes, macrophages, dendritic cells, osteo-
clasts and fibroblasts of the spleen, gingiva and skin.12

Interestingly, the patterns of IL-15 protein and mRNA
expression differ greatly depending on the cell type, indi-
cating tight control of protein production at both translational
and post-translational levels.
Despite an array of regulatory controls, disordered IL-15

expression has been observed in patients with a series of
inflammatory autoimmune diseases. McInnes and colleagues
reported abnormalities of IL-15 in rheumatoid arthritis and
have suggested that IL-15 might precede TNF-a in the
cytokine cascade.22 Excessive overexpression of IL-15, that
perpetuates epithelial damage and promotes the emergence of
T cell clonal proliferations, has also been observed in re-
fractory coeliac disease.16 In addition, there was a resolution
of psoriasis after blockade of IL-15 activity in a xenograft
mouse model of human psoriasis.23,24 IL-15 has also been
suggested to have a pathogenic role in an array of other
chronic inflammatory diseases including sarcoidosis,25

chronic hepatitis C,26 ulcerative colitis,27,28 and inflamma-
tory bowel diseases.29
ry Sjögren’s syndrome (pSS) patients determined by immunohistochemistry (A)
embedded in paraffin. Sections were cut to 5 mm and stained with anti-human
ondary antibody alone (A,a). A weak positive staining for IL-15 protein (A,b) in
ies show a strong cytoplasmic positivity in ductal and acinar cells (A,c). Brown
ge arrows indicate acinar cells and small arrows indicate intercalated duct cells.
ow cytometry and expressed as mean fluorescence intensity (MFI). These ex-
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The role of IL-15 in pSS is still largely unexplored;
Szodoray et al. measured the amount of IL-15 in the plasma
samples of SS patients, demonstrating a higher expression in
comparison with healthy subjects,18 but to date, the function
of IL-15 in the healthy salivary gland and under pSS disease
conditions remains unexplored. In this study we evaluated the
expression of IL-15 in human MSG tissue and in primary
cultured SGEC obtained from patients with pSS as well as
from normal subjects. Different techniques were employed to
demonstrate and provide the first direct evidence that IL-15 is
expressed both at the mRNA and protein level in human
salivary gland epithelial cells. These results increased the list
of epithelial cells from various tissues that have been docu-
mented to produce IL-15 mRNA and/or protein, including
kidney epithelial cell lines,30 epidermal skin cells and kera-
tinocytes,31 fetal skin,32 retinal pigment epithelium33 and
intestinal epithelial cells.34 Furthermore, from our study it is
clear that salivary glands from pSS patients showed an
intensified epithelial expression of IL-15, as demonstrated
also from the experiments conducted on the primary pSS
epithelial cells culture. These observations seem to be
consistent with the role that IL-15 plays in the immune
system.13 First, it is known that IL-15 is involved in the
proliferation and survival of T cells, and it occupies a key role
in the development of numerous autoimmune diseases.35

Moreover, IL-15 enhances the proliferation of B-lympho-
cytes and their differentiation into plasma cells,36 and it is
known that disturbances in B cell homeostasis, including
their role in ectopic germinal tissue in lacrimal and salivary
glands, are major characteristics of SS and SS-like disease.3

Obviously, it remains unclear whether in pSS, IL-15 facili-
tates the recruitment and activation of T and B cells, and in
addition, if IL-15 plays a role in the perpetual production of
other pro-inflammatory cytokines, thereby contributing to the
pathophysiology of exacerbation of pSS. Our emerging un-
derstanding of the IL-15 role in pSS is providing the scientific
basis for the development of various approaches for the IL-
15-targeted treatment of this autoimmune disease. Further-
more, considering the recent observation that IL-15 trans-
genic mice develop CD8/NK lymphomas and leukaemia,37

and that a significant percentage of pSS patients develop
lymphoma,8 we suggest that the introduction of strategies that
inhibit IL-15 action might prove to be of great value in the
treatment of the pSS inflammatory autoimmune disorder and
in the knowledge of how continuous B-cell activation and
inflammation may lead to lymphomagenesis in pSS patients.
The clear intensified epithelial expression of IL-15 in

salivary glands from pSS patients, therefore, could be
explained considering that several important studies have
revealed the inherent capacity of SGEC to induce and pro-
mote chronic inflammatory reactions, as corroborated by the
constitutive or inducible expression of various molecules
implicated in innate and acquired immune responses. This
fact strongly indicates the operation of intrinsic activation
mechanisms in the epithelia of pSS patients and further
supports the active participation of these cells in the patho-
genesis of the disorder. In this respect, it can be argued that
SGEC, through the IL-15 production, along with other pro-
inflammatory cytokines and chemokines, could exert their
chemoattractive function for leukocytes, driving their
compartmentalisation into lymphoid structures, and therefore
priming and contributing to both the initiation and the
ongoing amplification of the inflammatory autoimmune
response. On the other hand, it is plausible to maintain that
IL-15 could be a general survival factor for SGEC. In fact,
although initially IL-15 was identified as a survival factor in
T cells, it is now clear from recent studies that IL-15 is a
survival factor for a broader array of cell types. IL-15 pro-
motes cell survival in haematopoietic cells38–40 as well as in
non-haematopoietic cells, since IL-15 resulted in anti-
apoptotic behaviour in fibroblasts41 and keratinocytes.24

Moreover, in vivo studies demonstrated the capacity of IL-
15 to suppress apoptosis in hepatocytes.42 Further clarifica-
tion is then required to establish whether all the events which
can potentially be initiated and/or maintained by IL-15 result
in chronic inflammation in an abnormal immune response,
and in tissue damage or, on the contrary, in the enhanced
survival of pSS SGEC.
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